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ENGINEERING. 


THE WORKS OF MESSRS.CAMBRIDGE 
INSTRUMENT COMPANY, LIMITED. 


AmonG the works which will be open for inspec- 
tion by the members of the Institution of Mechanical 
Engineers during the Summer Meeting, to be held 
in Cambridge, during the week commencing July 13 
next, are those of Messrs. Cambridge Instrument 
Company, Limited, in Chesterton-road, and an 





interesting circumstance in relation to this is that 
the present year is the fiftieth since the firm’s 





tures. Manufacturers were then beginning to 
realise the importance of temperature measurement 
in their works processes, and as a result of the 
growing demand, many instruments sufficiently 
robust to withstand the rough treatment of the 
workshop, and yet capable of giving accurate 
measurements, were developed. Large numbers of 
laboratory instruments of high precision for research 
work were also produced. As the business grew, 
works were acquired in Chesterton-road in 1899, 
and were enlarged in 1900, further additions being 
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inception. Roughly, we think it may be said, the 
growth of the firm during the fifty years of its 
existence corresponds with the development of the 
use of instruments for scientific and industrial 
measurements during that period, and it may, 
perhaps, be added that the existence of the firm 
itself has been a by no means negligible factor in 
that development. For this reason, we propose 
to give a résumé of the history of the company, 
followed by an account of its Cambridge works and 
some of its more recent products, the importance 
of which is becoming increasingly obvious. 

The Cambridge Instrument Company, Limited, 
originated from a small business formed by the 
late Mr. Dew Smith, a worker in physiology, who, 
feeling the need for improvement in the design and 
manufacture of scientific instruments, entered into 
partnership with the late Mr. (subsequently Sir) 
Horace Darwin in 1881, for the purpose of carrying 
on this work. They commenced operations as a 
private firm under the name of The Cambridge 
Scientific Instrument Company, with a small shop 
in Panton-street, Cambridge, in which six men were 
employed ; in 1895, however, the business was 
formed into a limited liability company with Mr. 
Horace Darwin as chairman. Physiological instru- 
ments were first manufactured, and later research 
instruments for the measurement of high tempera- 
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made in 1906 and 1912. The latter extension brought 
the total available floor space to 22,000 sq. ft. A 
new shop was built in 1913, and further enlargements 
were made in 1915 and 1918, including an additional 
bay and two-storeyed building, comprising a packing 
room and stores on the ground floor, and a drawing 
office and administration offices on the first floor. 
By this time, the total floor area covered was about 
30,000 sq.ft. The last addition, made in 1928, was 
a three-storey building and workshop, with a mess 
room on the top floor capable of seating 200 persons. 

During the war period, as would be expected, the 
ordinary work of the firm was largely suspended, 
and its resources were engaged in the production of 
instruments and apparatus for war purposes, such 
as clinometers, sound-ranging equipment, aircraft 
range finders and shell-fuse testing gear, although 
a large quantity of temperature-measuring equip- 
ment was supplied to various munition factories 
in different parts of the country. Soon after the 
termination of the war, numerous alterations and 
further extensions were made to cope with the 
rapidly-increasing demands for industrial and 
scientific instruments of precision, and, in 1919, the 
electrical business of Mr. R. W. Paul, at New 
Southgate, London, was purchased by the firm, the 
name being changed to the Cambridge and Paul 
Instrument Company, Limited, of which Sir Horace 





Darwin remained chairman until his death in 1928. 
The sales offices and showrooms of the company 
were also removed from Cambridge in 1919, to 
their present address at 45, Grosvenor-place, 
London, 8.W.1. In 1922, an associated American 
company was formed with offices and showrooms 
at Grand Central Terminal, New York City, and 
works at Ossington-on-Hudson, and in 1924, the 
name of the British company was again changed to 
its present simpler title. There are now about 
200 employees at the New Southgate works, and 
400 at the Cambridge works, a plan of which is 
given on Fig. 1, annexed. In addition, small 
repair depots have been established in the large 
industrial centres, and the firm has resident engineers 
and representatives in all the principal towns in this 
country, and in practically all important British 
possessions and foreign countries. 

Many of the firm’s products are already well known 
to engineers, and a number of them have been 
illustrated and described in our columns on previous 
occasions. We may mention, however, that the 
engineering instruments made include extenso- 
meters, recording counters and chronographs, vibro- 
graphs and accelerometers, draught and pressure 
gauges, CO, and CO indicators and recorders, stress 
recorders, gas and fuel calorimeters, &c., as well as 
indicating and recording thermometers of the 
mercury-in-steel type, radiation and optical pyro- 
meters, thermo-electric pyrometers, resistance pyro- 
meters, and automatic temperature regulators. 
Other products include electrical instruments, such 
as ammeters and voltmeters, resistances and bridges, 
galvanometers, oscillographs, fluxmeters, &c., as well 
as a variety of physical, physiological and medical 
instruments. These, with the exception of some 
electrical measuring instruments, automatic tem- 
perature regulators and gas calorimeters, made 
at the New Southgate works, are manufactured 
at Cambridge, and from this some idea of 
the wide range of operations carried out can be 
obtained. 

In the design of these instruments the geometric 
principle, of which the late Sir Horace Darwin was 
perhaps the greatest exponent, is largely employed, 
although its limitations are not overlooked. An 
excellent example of geometric design is the Cam- 
bridge rocking microtome, a recent model of which 
we illustrate in Fig. 2, on page 2, although it is 
of interest to mention that the design has remained 
practically unaltered since its introduction in 1884. 
Its object is, of course, to cut exceedingly thin 
sections of anima] tissues embedded in paraffin for 
microscopic examination, and a feature of it is 
that the sections can be made to adhere together 
to form long ribbons. The object, embedded in 
paraffin, is carried in a holder at the end of a rocking 
arm pivoted on knife-edges which are formed on a 
second arm, the latter working on fixed knife-edges 
formed on the base casting. Both arms are held 
in position by springs, and the lower arm can be 
tilted by means of a micrometer screw so as to 
move the rocking arm towards a fixed razor clamped 
in Jugs formed on the base casting, as shown on the 
left in Fig. 2. As the rocking arm is operated, 
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Fig. 2. 


the specimen is drawn across the edge of the razor 
and a thin section is cut off. The movement of 
the rocking arm, however, is made, by means of a 
ratchet and pawl mechanism, to rotate the micro- 
meter screw by a definite amount at each stroke, 
so that the specimen is moved forward step by step 


and a series of sections of equal thickness is obtained. | 


By adjusting the ratchet and paw] mechanism the 
thickness of the sections can be varied from 
0-002 mm. to 0-024 mm. The rocking arm is 


operated by means of a spring-controlled hand | 


lever, seen on the right in Fig. 2, through a cord 
and pulley, and the specimen can be adjusted in 
relation to the razor by altering the length of the 
cord. 

An interesting fact relating to this instrument 
is that it can be made to operate perfectly by 
merely assembling the two arms and the base in 
the form of rough castings, i.e., without any machi- 
ning of the knife-edge surfaces, but an accurate 
micrometer screw is, of course, essential to the 
production of sections of uniform thickness. 

Another interesting example of the effective 
application of the geometric principle of instrument 
design is the Lucas focusing gear for reading micro- 
scopes illustrated in Fig. 3, annexed. In this 


the microscope tube rests in a pair of “vees” | 


formed in a cradle which can be clamped on to a 


cylindrical bar or supported in any other convenient | 
A rod is screwed on to the microscope | 
tube, as shown, and with this rod the inner conical] | 


manner. 


surfaces of a tapered groove formed on a transverse 
spindle engage. The spindle, which is fitted with 
a knurled disc at one end, rests at the other end in 


a half-bearing formed in a bar screwed on to two | 


legs of the cradle, while a flat spring screwed on 
to the other two legs of the cradle exerts a pressure 
on the spindle at a point between the knurled disc 
and grooved central portion. The pressure of the 
spring thus holds all the parts in position, but 
since the angle between the conical surfaces of the 


groove on the spindle is much smaJler than that | 


of the “vees” in which the microscope tube 
rests, the friction at the former will be greater 
than at the latter and the microscope tube will slide 
in the cradle when the knurled disc is rotated. The 
motion is quite uniform, free from backlash and 
unaffected by wear, and the gear, moreover, is 
simple and inexpensive to manufacture, since no 
very accurate machining or particularly careful 
fitting is necessary. 

Coming now to the works, which it is our main 
object to describe, we may mention that they are 
situated at the junction of Carlyle-road and Chester- 
ton-road, near the Jesus Lock foot-bridge. As the 
instruments made demand a great variety of cast- 
ings ranging in weight from a few ounces to, say, 
half a ton, and in almost every metal and alloy, 
they are purchased from specialist firms, no foundry 
equipment being provided at the works. Die 
castings, stampings, pressings and forgings are 
also purchased as required, but these, as well as 
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|the castings, are machined 
‘and finished by the firm. 
| The machine shop C, 
| which is illustrated in Figs. 
'5 and 6 on Plate I, is 
divided into four sections, 
| as shown in the plan, Fig. 1, 
|on page 1. Of these, one 
|is occupied by toolmakers, 
| grinding and polishing ma- 
chines, one by milling ma- 
chines, one by capstan 
lathes, and the remainder 
|is used for the production 
lof dial gauges, &c. The 
|chief tools in the machine 
ishop include 23 capstan 
| lathes, 12 milling machines, 
| a combined boring and mill- 
| ing machine, shown in Fig. 6, 
jand a Waltham thread- 
|milling machine. Micro- 
;meter screws are roughed 
/out on the latter, and are 
finished on a_ Bryant- 
|Symons_ precision micro- 
meter screw-cutting lathe 
|which is located in the 
assembly shop G, where a 
gear hobber is also installed. 
Fig. 4, annexed, shows 
part of the polishing plant. 
The buffs are mounted on 
the spindles of totally en- 
closed motors, and are en- 
|closed in metal sheaths 
|which are connected by 
pipes to the dust-exhaust- 
ing system. The special feature of the sheaths, which 
are clearly shown in Fig. 4, is that they are fitted 
| with balanced hoods, which are adjustable to suit 
the size of the buff, and are designed to catch and 
|retain any of the larger particles thrown off which 
are not drawn off by the dust-exhausting system. 
The hoods above the buffs are a friction fit and are 
also adjustable. 

Fig. 7, on Plate I, is a view of the assembly 
| Shop G, above referred to. Part of this shop is used 
| for fitting up pyrometers, indicators and recorders, 
}and the other part for similar work on general 
| scientific instruments, such as measuring micro- 
| scopes, cathetometers, electrometers, galvanometers, 

&e. As might be expected, a number of interesting 
| Special appliances are used in this work, some of 








| which we may briefly describe. The instrument | 


| illustrated in Fig. 13, on page 4, for instance, is 

used chiefly for preparing linear inspection scales for 
|indicators and recorders from angular calibration 
|readings. The scale is first sprayed with white 
| cellulose enamel, then marked out in ordinary 


| Indian ink with the apparatus, as will be explained 
| below, and finally lacquered to protect the markings. 





Fie. 4. ApgusTABLE Hoops For PoLisHInG Boss. 


The scale to be marked is fixed in a holder at the 
back of the base plate, and the holder, which is 
mounted in guides, is moved in a longitudinal direc- 
tion by rotating the graduated dial shown in the 
figure. The movement of the holder is effected by 
means of a steel ribbon attached to the ends and 
passed round a drum fixed to the dial, as will be 
clear from Fig. 13. A complete rotation of the dial 
moves the holder a distance of 10 cm., so that very 
fine divisions can be obtained. A pen attached to 
a pantograph gear and filled with Indian ink is 
moved by means of a stylus, and by depressing the 
latter the pen is brought into contact with the scale. 
Lines can be drawn on the scale by moving the 
stylus in a master and turning the graduated dial 
between the strokes. The plate carrying the dial 
and holder can then be brought forward a sufficient 
distance for the figures to be marked on the scale 
by the pantograph gear, and after another forward 
movement the scale name can be marked in a 
similar manner. The ratio of the movement of the 
pen to that of the stylus is fixed at 1:4, the size 
of the figures and letters being determined by the 
size of the masters used. 
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The instrument illustrated in Fig. 14, on page 4, 
is used for engraving figures on glass scales, such 
as are used in microscope eyepieces, by means of a 
diamond, the operator observing the work in 
progress with the aid of the microscope shown in 
the figure. The scale to be engraved is fixed in 
clips at the top of a conical arm which is supported 
by a pivot near its upper end so that it can turn 
in any direction about this pivot. The lower end 
of the conical arm is fitted with a stylus, which 
the operator moves by hand in a master figure 
mounted on the base plate, so that the glass scale 
follows this movement on a greatly reduced scale ; 
the actual ratio of reduction is 50:1, so that 
extremely small figures can be produced. The 
diamond is mounted on a hinged bar and, when in 
use, rests stationary on the glass scale with a slight 
pressure produced by a weight, and as the scale 
follows the movement of the stylus, the figure is 
engraved. To enable the work to be observed, a 
beam of light is thrown on to an inclined mirror 
set up so that the reflected beam passes vertically 
downwards through the scale and is reflected by a 
second inclined mirror into the microscope objective. 
The operator thus sees a magnified image of the 
scale, and by adjusting the position of the latter 
until the line to be figured comes into coincidence 
with cross wires in the eyepiece, can ensure that the 
figure is engraved in the correct position. 

One other piece of apparatus in the assembly 
shop which calls for comment is illustrated in 
Fig. 15, on page 4, and is used for shop tests of 
tuning forks, the vibrating bars used for timing in 
electro-cardiographs, &c. The apparatus is of the 
stroboscopic type, and comprises a rotating mirror, 
seen on the right in Fig. 15, driven by an electric 
motor mounted on the same baseboard, together 
with rheostats giving a fine adjustment of the motor 
speed. A beam of light from an arc lamp is directed 
on to the mirror, and as the latter rotates the beam 
is flashed across a standard tuning fork or vibrating 
bar of known frequency, the speed of the mirror 
being adjusted until the standard fork appears to 
be at rest. The fork or bar to be tested is placed 
close to the standard fork, as shown in the figure, 
and is adjusted until it also appears to be stationary 
in the intermittent light beam, its frequency then 
being equal to that of the standard. Phonic wheels, 
one of which is visible in the foreground in Fig. 15 
can also be tested with this apparatus. 

Adjoining the assembly shop, as shownin the plan, 
Fig. 1, is shop E, which is devoted to the manufac- 
ture and calibration of mercury-in-steel thermometers 
and thermographs. In these instruments a steel 
bulb containing mercury is connected by stout steel 
capillary tubing to a Bourdon tube, and the varia- 
tions in pressure in the mercury resulting from its 
expansion or contraction relatively to the bulb are 
indicated or recorded by the movement of the 
Bourdon tube. It is, obviously, important that 
the volume of mercury in the connecting tube 
should be as small as possible, since otherwise the 
readings would be affected by temperature changes 
in the atmosphere in contact with it. For this 
reason, since it is impossible to draw a tube of 
sufficiently fine bore, the actual bore is almost filled 
by inserting a steel wire of only slightly smaller 
diameter. The tube, for instance, may be drawn 
with a hole 0-015 in. in diameter and have a wire 
0-0124 in. in diameter inserted in it. These tubes, 
which may be up to 100 ft. in length, are gas-welded 
to the bulb, the dimensions of which, of course, 
depend upon the temperature range to be provided 
for. The bulb is made from solid-drawn steel 
tubing closed at one end by a screwed plug for 
ordinary air temperatures or swaged over and welded 


up for high temperatures. The Bourdon tube is | 


made by flattening out ordinary circular tubing, 
and winding it into the form of a spiral of about 
four turns, with a screwed plug for filling. For this 
purpose, the whole system, including the bulb, 
capillary and Bourdon tube, are evacuated by a 
Fleuss pump, after which mercury is forced in under 
a pressure of 1,500 lb. per square inch, and the 
system is closed up. It is then mounted in a case, 
and a number of instruments so prepared are placed 
on a trolley and taken to the various baths for 
calibration. Melting ice is, of course, used for the 
freezing point, and hypsometers for the boiling 


| point, while intermediate temperatures are obtained 
from water baths. The latter are air-stirred, and 
their temperatures are indicated by platinum- 
resistance thermometers. For calibration at higher 
temperatures, gas-heated oil baths, fitted with 
mechanical stirrers, are used, and for still higher 
temperatures, up to 1,000 deg. F., electrically heated 
tin baths are employed. In each case the temperature 
of the bath, which is indicated by a carefully cali- 
brated platinum-resistance pyrometer, is automati- 
cally controlled, and alarm signals are provided to 
give warning of any deviation from the desired 
temperature value. Some of these baths are illus- 
trated in Fig. 17, on page 16. Draught and vacuum 
gauges are also assembled and calibrated in one 
portion of the mercury-thermometer shop, and 
another part is utilised for mounting mercury-in- 
glass thermometers for various industria] purposes. 

Shop A, shown near the top left-hand corner of 
the plan, Fig. 1, page 1, and also in Fig. 8, on 
Plate I, is known as the electrical] assembly shop, 
and a part of it is used for the manufacture of 
thermocouples in all the usual metals and for making 
up the leads. In this shop the Shakespear-type 
katharometers for indicating and recording the 
proportion of CO,, CO, &c., in flue and other gases 
are assembled, and the wiring and mounting of 
thread recorders, millivoltmeters, and _ similar 
instruments is carried out. A variety of coils are 
also wound here, and in this work it may be of 
interest to mention that as each layer is applied it 
is coated with a solution containing a dye contrasting 
in colour with the covering of the wire, to facilitate 
the placing of the next layer. Another item of 
interest in this department is the winding of 
platinum-resistance thermometers, of which various 
|types are made. In the distant-reading type, 
| platinum wire of a very high resistance is wound on 
a steatite former and glazed, the resistance being 
made as high as possible so that, in comparison with 
it, the resistance of the leads will be negligible. The 
special feature of the firm’s quick-reading platinum 
resistance thermometers, an example of which was 
ilustrated on page 55 of our last volume, is that the 
resistance element is enclosed in a copper casing, 
so that it presents a very large surface to the 
medium in which it is immersed, and thus rapidly 
acquires the temperature of the latter. From this 
an extremely quick-acting wall thermometer for 
ordinary air temperatures has recently been 
developed. Before passing on from this depart- 
ment we may mention that the magnetic suspension 
movements for pivoted instruments are assembled 
here, and since some of our readers may not be 
familiar with this device, we illustrate it in Fig. 16, 
on page 5. In this the whole moving system floats 
magnetically in the field of the galvanometer 
magnet, and in this way a highly resilient support 
is obtained, and the pivots are effectively protected 
from the effects of vibration. In the figure A, A, 
are two iron discs ; B the iron core around which the 
coil C rotates; D, the pole piece; E, the magnet ; 
F, the zero-adjusting post; G, G,, the control 
springs; and H, H,, the pivots. It will be seen 
that the two iron discs, which carry the pivots, are 
connected by a light rod which passes through the 
axis of the core, and as the permanent magnet 
induces like poles in the core and discs, the latter 
are equally repelled and a floating effect is obtained. 

The more delicate mounting of the moving 
systems of galvanometers is carried out in the 
mounting room part of which is sbown in Fig. 10, 
on Plate I. As an example of the class of work 
here, we may mention the suspended system of the 
Paschen galvanometer which comprises two groups, 
each of 13 minute magnets of cobalt steel, arranged 
alternately on the opposite sides of a glass stem. 
| A plane mirror, 2-5 mm. square, is attached to the 
|stem midway between the groups of magnets and 
the whole is suspended by a quartz fibre ; the weight 
of the complete suspended system does not exceed 
20 mg. The magnets are cut from sheet, tested for 
magnetic moment and sorted in batches, and a 
special jig is used for mounting them on the stem 
to ensure their being correctly spaced and orien- 
tated. The spinning of glass and quartz fibres for 
this and other similar suspended systems. which 
| is carried out in the room, is a particularly interesting 
‘process. For spinning glass fibres, a short rod ot 




















suitable glass is placed in a small electrically-heated 
tubular furnace which heats the central portion of 
the rod so that the glass softens. One end of the 
rod is then pulled out of the furnace by hand, 
leaving the other part in position, and the thread 
so produced is attached to one of the arms of a 
square frame the arms of which are coated with a 
tacky shellac preparation. The frame is then 
rotated by an electric motor, the effect of the rota- 
tion being to draw out a continuous fibre of glass 
which adheres to the arms of the frame and can be 
removed when sufficient has accumulated. Quartz 
fibres are produced in a similar manner, except 
that the central portion of a quartz rod is fused by 
means of an oxy-hydrogen blowpipe instead of by 
the electric furnace. The fibres produced by this 
method, which may be as fine as 3u in diameter, 
are measured by an instrument previously described 
in our columns.* If required to be electrically 
conducting, as is necessary for the strings of the 
Einthoven galvanometer, they are coated with 
gold by cathodic bombardment. This operation is 
carried out in a vertical glass cylinder provided with 
a movable air-tight cover and evacuated by a 
Hyvac pump. The fibres are mounted on a frame 
and placed in the cylinder between two loops of 
gold wire to which, after evacuation, an alternating 
current at a pressure up to 4,000 volts is applied 
so that each gold-wire frame is alternately anode 
and cathode. Gold is in this way deposited on the 
fibres from each loop as it becomes the cathode. 
The fibres, after this treatment, are tested, sorted 
into batches, and left to age for a period before use. 
Before dispatch all electrical instruments are 
calibrated and tested, both as individual units and 
as complete equipments, in the electrical test room 
of which a photograph is reproduced in Fig. 9, on 
Plate I. All thermocouples and resistance thermo- 
meters are grouped in batches, and as all in a batch 
are interchangeable, the indicators can be calibrated 
separately either by a potentiometer or resistance 
bridge. Indicators are all re-checked individually 
after their scales have been made, two or three 
readings being taken against a standard with the 
actual thermocouple or resistance element with 
which they will be used. Ice baths, hypsometers 
and molten-metal baths are provided for these 
tests, and platinum-resistance thermometers, which 
are periodically certified by the National Physical 
Laboratory, are used as standards. A special form 
of gas-heated furnace has been designed and set 
up in this department for testing radiation pyro- 
meters against a standard. It consists essentially 
of a refractory sighting tube closed at the inner end 
and located in the axis of the inner of two con- 
centric refractory cylinders near one end. The 
flame entering at the opposite end of the inner 
cylinder passes round the closed end of the sighting 
tube, and then through the space between the inner 
and outer cylinders, whence it escapes from the 
same end at which it entered. The furnace, it is 
claimed, closely represents, on a small scale, the 
actual conditions under which radiation pyrometers 
are employed in practice. The tube is heated very 
uniformly and gives good black-body radiation 
conditions. Although the gas consumption is only 
50 cub. ft. per hour, the sighting tube attains a 
temperature of 1,000 deg. C. in 5 mins., of 1,200 
deg. C. in 15 mins., and of 1,300 deg. C. in 45 mins., 
the last-mentioned temperature remaining constant. 
Another advantage of the furnace which may be 
pointed out is that, since the open end of the sighting 
tube projects slightly beyond the front of the furnace 
the sighting is not done through the gas flames. 
Moreover, the heat radiated from the furnace front 
is practically limited to that from the sighting 
aperture, so that the operator can work in comfort 
and the instrument under test is not liable to 
damage from the radiant heat even if left in 
position indefinitely. In this department all thread 
recorders are tested to check the linearity of the 
scale and the accuracy of the clock, each instru- 
ment of this type being run under observation for 
three weeks before dispatch. Another section of 
the test room is devoted to the checking of CO, 
indicators and recorders, and other gas-analysis 
apparatus, against standard instruments, 





* See ENGINEERING, vol, cxxv, page 655 (1928), 
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tains the materials 
or parts required by 
that shop. Neither 
instrument makers 
nor apprentices are 
allowed to collect ma- 
terial from the stores 
themselves, the re- 
quirements being 
brought to them by 
a@ man under the 
direction of the fore- 
As all transactions pass 


amount of research is necessary in connection with | through this man, congestion at the stores door is 


work of the class we have referred to above, both 


| 


avoided, and the responsibility for wrong material 


for the production of new designs and for meeting | or wrong booking can be definitely allocated. 


customers’ special requirements. For this purpose, 
a well-equipped research department, a photograph 


of which is reproduced in Fis. 11, on Plate I, | 


has been established. 
duction work on special optical instruments and 
electrical devices is also carried on in the research 
department. 
the development of the mechanical details of new 
instruments, and mention may be made of the 
enamelling, lacquering and plating equipment. In 





A certain amount of pro- | 


There is an experimental shop for | 


Having completed our account of the works, we 
may conclude with a brief reference to some of the 
recent developments which we noticed in production 
during the course of a recent visit. Fig. 18, on 
page 16, shows a portable electro-cardiograph with 
its cover removed, measuring 22 in. by 11 in. by 
12 in. and weighing only 70 lb. The electro- 


| cardiograph, as our readers are probably aware, is 


|extensively employed 


the latter, nickel, copper, zinc, silver and gold | 


plating are carried out, and in an adjoining shop 
instrument cases are primed and filled before being 
passed on to the enamelling shop. 


in connection with the 
diagnosis of heart disorders, but until recently its 
utility was somewhat limited by the cost, weight, 
and complexity of the equipment. The cardio- 


| graph illustrated in Fig. 18, however, while giving 


In this there | 


are three spraying hoods, and three gas-heated | 
ovens for stoving, as well as a drying and cooling | 
|near the centre of Fig. 18, is lighter and more 


room. 
With regard to the works organisation, it may be 


| 


mentioned that for those instruments produced in | 


quantity the methods employed do not differ 
materially from those of other shops engaged on| 
light engineering work. Many of the products, | 
however, are instruments and apparatus, often of a 
complex character, which are only required in single | 
units. Such apparatus is, in general, made through- 
out by one highly skilled man, or else by a small 
group of such men, each of whom is provided with 
a precision lathe, and has ready access to drilling | 
machines, milling machines and other tools. The | 
stores, one of which is shown in Fig. 12, on Plate 
I, are arranged in a narrow space occupying the 
central portion of the site, as shown in the plan, | 


results identical with those obtained with the 
standard equipment, can be taken from place to 
place in an ordinary car. The galvanometer, seen 


compact than the Einthoven galvanometer used 
in the standard equipment, and the sensitivity and 
period are comparable with the latter. The fibre 
is, however, shorter and more easily accessible ; a 
spare fibre case is provided and can be inserted 
through the top of the galvanometer casing. The 
source of light is a 12-volt lamp enclosed in a 
compartment on the right and supplied with 
current from an accumulator. The light is focused 
on to the fibre by a condenser carried in a sliding 
tube within the galvanometer, and is then projected 
by an apochromatic objective and eyepiece. The 


| projected beam passes through the spokes of a 
|rotating disc, which gives a time indication, on 


to a silvered lens, located below the camera on the 


Fig. 1, and the section adjacent to each shop con- | left, from which it is reflected back to a plane mirror | bromide paper, and the developed record thus shows 
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on the right. From the latter it is reflected back 
to the camera and forms an image of the fibre on a 
photographic film, the optical system giving a 
magnification of 600 diameters, as in the standard 
instrument. 

The camera is provided with a spindle which 
rotates through one turn only, and the film, which 
is wrapped round a holder in the dark room and 
covered by a sliding outer cylinder, can be fitted 
on the camera spindle in full daylight. When 
fixed in position, the outer cylinder is drawn back 
and the film is then ready for exposure. Three 
spare film holders are fitted in the instrument, as 
shown in the illustration. In taking a record, a 
plunger on the top of the instrument is depressed, 
which causes the camera spindle to make one 
revolution at a constant speed and simultaneously 
operates the time marker, which produces a series 
of lines on the record at intervals of one twenty-fifth 
|of a second, with a heavier line at each fifth of a 
'second. The camera shutter is made in three parts 
| of equal width, each of which may be operated 
independently, and a record with different connec- 
| tions between the patient and the galvanometer is 
| taken through each part of the shutter on the same 
| film by adjusting the plane mirror above referred to. 
| Of, perhaps, more direct interest to engineers is 
| the instrument shown in Fig. 19, on page 16, and 
| known as a Shadowgraph. It has been designed for 
| recording the temperature in a ship’s hold carrying 
| perishable cargo, and since it is capable of giving 
|a record of over sixty days’ duration without any 
| attention, it can be left in position for the whole of 

a long voyage. Indisputable evidence is thus pro- 
| vided of the temperature conditions to which the 
|cargo has been subjected. In it, a mercury-in- 
| glass thermometer with a wide bore is mounted 
so that its stem stands between a small electric 
lamp and a strip of bromide paper wrapped round 
the periphery of a drum, which is slowly rotated by 
clockwork. Every twelve hours, or other conve- 
| nient interval, a contact is made causing the lamp 
| to light up and cast a shadow of the thermometer 
| mercury column on to the sensitive paper, so that 
| the portion of the latter above the mercury column 
| is exposed to the light. The figures of the tempera- 
| ture scale are etched on the thermometer stem in 
|such a way that they are also projected on to the 
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these figures in the darkened portion above the 
mercury column. A portion of a temperature 
record obtained in this way is reproduced, on a 
reduced scale, in Fig. 20, on page 16. The power 
for lighting the lamp and winding the clock is 
obtained from dry batteries enclosed in the casing, 
and a bag containing calcium chloride is placed in 
a tube in the casing to keep the enclosed air in a 
dry condition. The paper must, of course, be placed 
on the drum in a dark room, and must also be 


removed and developed in a dark-room at the end | 


of the voyage. 

Finally, we may refer to some investigations on 
the electrical measurement of humidity which the 
firm has been carrying out for the past two years. 
Considerable progress has recently been made in 
this direction by employing the quick-acting type 
of platinum-resistance thermometer, above referred 
to. The obvious difficulty in employing this ther- 
mometer was to ensure a steady supply of water 


F>! 
Fig.16. | | 


inal 











Cc 1 ia 
G1 


i 
3 
(2705.@,) lead “ENGINEERING” 


to the whole 6-ft. length of capillary tubing con- 
taining the platinum resistance, and it was even- 
tually decided—at all events, for experimental 
purposes—to use the 6-ft. length of capillary in a 
straight vertical position, fit it with sleeving, and 
provide a supply of water from the upper end, 
so that the water would run down the whole length 
of the sleeving by gravity. So far, the method, we 
understand, has proved to be distinctly promising, 
responding almost instantaneously to rapidly 
varying conditions. The exact form which these 
instruments will take is at present undecided, but 
it appears likely that, wherever possible, the straight 
vertical form of the 6-ft. capillary with gravity 
water feed will be retained. A portable indicator 
with wet and dry thermometers having coiled-up 
capillaries has, however, been developed. In this 
instrument, which is illustrated in Fig. 21, on 
page 16, the wet-thermometer capillary is immersed 
in water before use, and a direct reading of per- 




















centage relative humidity can be obtained in two | 


minutes without reference to any form of humidity 
table. 








INTERNATIONAL CONFERENCE ON Bituminous Coat, 


PirrsBURGH.—As previously announced in ENGINEERING, | 
a third International Conference on Bituminous Coal | 
will be held at The Carnegie Institute of Technology, | 


Schenley Park, Pittsburgh, U.S.A., from November 16 
to 21 next. Among other British scientists, Professor 
W. A. Bone, Dr. C. H. Lander, Dr. R. Lessing, and 
Dr. W. H. Cadman, have accepted the invitation to 
participate in the meeting. The representatives of 
France will include Professors Mailhe, C. Matignon, and 
Mr. André Kling, and those of Germany, Drs. F. Bergius, 
F. Fischer and E. Berl. 


Deer-SEA Harsour AT MACKAY, QUEENSLAND, 
AusTRALIA.—A scheme for the construction of a deep-sea 
harbour at Mackay, on the coast of Queensland, Aus- 
tralia, has been submitted to the Government of the 
State by the Mackay Harbour Board. The scheme 
provides for a harbour 140 acres in area, enclosed by a 
southern breakwater 4,350 ft. in length and a northern 
breakwater 2,250 ft. long. At the commencement, 
wharfage accommodation would be provided along the 
southern breakwater, but piers would be constructed 
when extensions became necesary. The scheme also 
includes rail and road approach works, storage sheds, 
and the like. Extensive dredging operations would 
also be carried out. 
estimated would cost about 809,000/., is at present under 
investigation. 


The entire scheme, which it is | 


THE NATIONAL PHYSICAL 
LABORATORY. 


THE expanding applications of physical and 
mechanical science are rarely more strikingly 
exemplified than by the annual reports of the 
National Physical Laboratory. Each year marks 
advances in empirical and fundamental knowledge ; 
each successive report shows extensions of research 
programmes; and, despite the growth of the 
Laboratory during recent years—remarkable in a 
period of severe economic depression—there is no 
indication of a condition of equilibrium in which 
all demands for further work can be met by the 
existing equipment. The recently-published Report 
for 1930*, upholds, in these respects, a well estab- 
lished tradition of steady progress, and evinces, 
both in the size of the report and in the range of 
activities described, a widespread recognition of the 
importance of research in industry. The volume 
of work carried out in the Laboratory for firms and 
outside bodies has increased considerably during 
the past five years, and the total receipts for paid 
work in the financial years ending 1929 and 1930 
have exceeded those in any previous year. In 
some departments of the Laboratory the claims of 
|industrial developments have tended, indeed, to 
relegate pure research to an increasingly subordinate 
| position; and whilst the existing conditions in 
industry have resulted in some abatement of the 
/demand during 1930, the amount of investigatory 
| and test work for payment has continued through- 
/out the past year at a high level. The possibility 
| that the disparity between pure and applied research 
|may assume proportions detrimental alike to the 
| best interests of industry and the advancement of 
science, has not passed unnoticed. The present 
report records, in this connection, an appeal by 
Lord Rutherford for the preservation of an har- 
monious balance between the two classes of work 
which the Laboratory is called upon to undertake. 
Such an exhortation is, of course, addressed very 
largely to the converted, but the preservation of an 
economic balance in the prosecution of research 
rests not merely on conviction as regards policy. 
That the fullest consideration is being taken for 
present and future industrial needs is manifest 
from the extent and variety of additions to the 
permanent equipment of the Laboratory. Promi- 
nent among these are the compressed air tunnel, 
the new ship-testing tank now in course of con- 
struction, and the recently completed physics 
building. These extensions, and others under 
favourable consideration, insure an unhampered 
progress of the work of the Laboratory which can 
hardly fail to meet with the widest approval. 

The present report comprises, as usual, a com- 
prehensive survey of the year’s work in the various 
departments of the Laboratory, accompanied by 
short accounts of all the more important investiga- 
tions, both in hand at the moment or recently 
completed. Despite, however, the necessarily 
general character of these descriptions, which pre- 
|cludes as a rule all but typical numerical results, 
| the report has a decidedly informative value addi- 
| tional to the admirable compactness with which it 
| epitomises a tremendous volume of detailed work. 








|For convenience of review, the various activities 
|of the Laboratory are grouped under the heading 
|of the department principally concerned, but it 
cannot be too strongly emphasised that the co- 
operation among the separate divisions is in all 
respects of the most intimate and profitable 
character. 

The Annual Reception by the General Board of 
the Laboratory provides an excellent supplement 
to the report, affording as it does an opportunity to 
|inspect the equipment utilised in the work and to 
| witness experiments in actual progress. This year’s 
reception, held on Tuesday, June 23, was, as usual, 
the occasion for a large and representative gathering. 
Visitors were received by the President of the Royal 
Society, Sir Frederick Gowland Hopkins, who is, 
ex officio, chairman of the Board; Sir Richard 


Glazebrook, chairman of the Executive Committee ; 
and Sir Joseph Petavel, the Director of the Labora- 
tory. 

ENGINEERING DEPARTMENT. 

In December, 1930, Sir Thomas Stanton retired 
from the position of Superintendent of the Engi- 
neering Department of the Laboratory, which he 
had occupied for nearly thirty years. During that 
period he not only contributed largely to the success 
of the Laboratory, but exerted also a great influence 
in engineering as regards both its general advance- 
ment and the experimental treatment of its prob- 
lems. His earlier work extended over a wide field, 
from wind pressure on structures to the failure of 
materials under repetition of stress, while his more 
recent investigations on lubrication, heat trans- 
mission and varied aspects of fluid motion are as 
valuable as they are well known. Sir Thomas 
enjoyed, among other distinctions, that of being 
a pioneer in this country of aeronautical research ; 
and when, in 1909, a systematic investigation of 
mechanical flight was inaugurated at Teddington, 
the rapid advances achieved were, in no small 
measure, due to his experience and initiative. Sir 
Thomas is succeeded as Superintendent of the 
Engineering Department by Dr. H. J. Gough, M.B.E., 
who has a wide reputation in a line of research he 
has made especially his own, namely, the relation of 
atomic structure to fracture and fatigue failure in 
metals and alloys. One other personal matter is the 
retirement, through progressively failing health, of 
Mr. J. H. Hyde. Well known in engineering circles, 
Mr. Hyde combines exceptional talent as an experi- 
menter with an enviable personal popularity, and 
his premature disability is universally deplored. 

Reinforced Concrete Columns.—The year’s work 
in the Engineering Department falls, for the most 
part, under the two heads of General Research and 
Government Research, the latter being largely 
under the direction of Advisory Committees. The 
remainder comprises special investigations and test 
work of the usual miscellaneous character. With 
regard to many of the more important researches, 
which are of considerable magnitude and have been 
in hand over long periods, references to the earlier 
stages will be found in previous reviews of the work 
at the Laboratory* A case in point is provided by 
the experiments of Mr. H. E. Smith to ascertain 
the stress distribution in reinforced concrete 
columns under axial and eccentric loading. The 
test columns were 8-in. square section, and 8 ft. 
long, reinforced with four §-in. diameter mild steel 
rods braced by }-in. stirrups at 5-in. intervals, 
and were cast from a 4:2:1 mixture of Thames 
ballast, sand, and Ferrocrete. As a preliminary to 
the loading tests, strain measurements were made 
between the second and sixteenth day after pouring. 
The strain recorded, amounting to 30 x 10-° over 
a 10-in. length at the middle of the column, corre- 
sponded to an inconsiderable stress in the steel 
reinforcement of about 900 lb. per square inch, 
and was of the same order as that arising from 
variations of atmospheric temperature. Similar 
results were obtained with another column which 
was kept moist during the hardening period. 

The results of axial loading on the 63rd day after 
casting are summarised by Fig. 1, page 6, in which 
the curve marked ‘total compression ”’ relates to 
the total length of the column, whilst those for steel 
and concrete are from extensometer readings at 
the middle 10-in. length. Adhesion between steel 
and concrete was. maintained, accompanied by 
an approximately linear relation between load and 
deflection, up to a load of 30 tons, the strain, ex- 
pressed as a fraction of the gauge length, amounting 
to7 <x 10-° perton. The value for Young’s modulus 
for concrete, 4:56 x 10° lb. per square inch, given 
by this test is considerably higher than that obtained 
for test cylinders made from the same mix, and more 
than twice the value usually assumed in reinforced 
concrete design. A probable explanation of this 
disparity lies in the “creep” of concrete under 
long-continued loadt which is known to reduce 
the effective modulus. 








* The National Physical Laboratory, Report for the Year 
1930. Published by H.M. Stationery Office for the 
| Department of Scientific and Industrial Research. 
| [Price 12s, 6d. net.] 





* ENGINEERING, vol. cxxx, page 66, et seq. 

+ Cf. Glanville “Studies in Reinforced Concrete: 
No. 3. The Creep or Flow of Concrete under Load.” 
Building Research Technical Report No, 12, D.S.1.R., 1930. 
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Gear Teeth—Part of a general research, by By analogy with static indentation tests, the depth | which exhibit a high resistance to abrasion and of 
of the scratch, for its indications to be unaffected | the conditions under which minimum abrasion 


Messrs. J. H. Hyde, G. A. Tomlinson and G. W. C. 
Allan, into the efficiency of power transmission by 


gears, has taken the form of static tests on gear | one-tenth of that thickness. Accordingly, a “ V” 
scratch 0-0003 in. wide, in which the angle of the 
'V is 148 deg., would be suitable for a plating 
0-0005 in. thick. With a small constant load of 
10 to 30 grammes on the scratching tool, the width 
of the scratch has been found to yield, over a 
rotation of the wheel to permit the application of considerable range, indications of hardness in good 
agreement with those derived by the diamond pyra- 
'mid indentation method. The scratch test is, 
| therefore, being analysed to give quantitative results 
on the same scale as the ordinary indentation hard- 


teeth, carried out in a compression’ testing machine 
by the use of a special fitting, which comprises a 
rigid mounting for the wheel and a rack, provided 
with a thickened tooth, for the application of the 
load. Provision is made for sufficient angular 


the load at the root, pitch line and tip of the tooth. 
The deflection of the loaded tooth is determined, to 
within 0-0001 in., from the distance of entry of a 
circular cylinder into the adjacent space. The 
results of the deflection tests, summarised in the 
table given below, show that the deflections occurring 
under normal working loads are by no means 
negligible. 

The average value of the breaking load, applied 
to the tip of a tooth, } in. wide, is found to be 
10-75 + 1-25 tons, the alternative values depending 
on the direction of sliding between the teeth in 
contact. The mean static load to produce fracture 
is thus well above that predicted by simple bending 


Fig.1. 
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theory, whence it may be concluded that to design 
a gear tooth as a cantilever is at once inaccurate 
and misleading. It may be observed that the maxi- 
mum running load which could be applied to this 
particular test wheel without fatigue fracture is 
1,125 Ib. (i.e., 1,500 Ib. per inch of width). Since 
this load would, under running conditions, be 
shared by two teeth, it represents less than one- 





Approximate load per 


Load. | inch of tooth width. | Deflection, in. 
| | | 
Load Load at | Toad 
ome. | id. at Tip. |Pitch Line.| at Root. 
| 
SEE iaEnEnEEEEERETEEeneeiee eon _ Cate 
0-5 1,500 0-0006 | 0-0005 | 0-0002 
1:0 3,000 | 0-0010; | 0-0010; | 0-00055 
1:5 | 4,500 0-0017; | 0-0015; | 0-0010 
2-0 | 6,000 0:0021 | 0-0014; 
| 


| 0-00235, | 


thirtieth of the static strength—a figure which is 
incompatible with the usual ratio of fatigue to 
ultimate strengths. It must be concluded, therefore, | 
that such factors as the concentration of stress due 
to tooth form, and increased stresses due to accelera- 
tion arising from irregularities of shape and from 
deformation under load, are capable of material | 
reductions in the running strength of gear teeth. 








Hardness and Abrasion Tests.—The diamond | range investigated. A Vickers hardness testing | line. 


ness numbers. 


An important point in the industrial application 
of indentation hardness tests is the minimum size 
of test piece to ensure reliable results. For steel 
ball Brinell tests, a thickness of test piece exceeding 
| seven times the depth of the impression is generally 
| considered satisfactory, and Dr. Hankins has con- 

firmed the validity of this working rule in the case 
For steels of high hardness, however, 
» | mounted ona base plate. The experimental bearing 


of mild steel. 
which call for diamond pyramid indentation tests 


| by the thickness of the material, should be about 


can be obtained has led to the design 6f a machine 
by which appropriate tests can be made. On account, 
however, of the number of physical variables in- 
volved, the work so far attempted is of a merely 
tentative nature intended to reveal test methods 
suitable for a range of field conditions. 

Boundary Lubrication —Sir Thomas Stanton’s 
study of the characteristics of boundary lubrica- 
tion between surfaces under relative reciprocat- 
ing motion has been considerably advanced during 
the year by the use of novel apparatus, to which 
a brief reference was made in our last review. 
The main objective in this new design of oscil- 
lating tester is the prevention of errors, in the 
indications of frictional force, arising from the 
inertia of rapidly-moving parts. It has been achieved 
by drastic reductions of the relative angular velocity 
of the lubricated surfaces under test. The construc- 
tion of the machine, which has proved very suc- 
cessful in operation, is shown by Figs. 2 to 4. The 
reciprocating shaft S is carried in ball bearings BB, 
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experiment suggests that, for steel strip of hardness 
number about 390, the minimum thickness of the 
specimen should be equal to the diagonal of the 
test impression, whilst for materials of hardness 
number about 490, a thickness 1 -5 times the diagonal 
of the impression is requisite. 

An attractive exhibit on the annual reception day 
was Dr. Hankins’s apparatus for performing static 
indentation tests on white-metal bearings at 
various temperatures. A feature of the method 
is that tests are made on the white metal in actual 
half bearings ready for service and special precau- 
tions are, accordingly, necessary to ensure repre- 
sentative results on the thin sections involved. 
Relatively small impressions cannot be avoided, and 
it becomes particularly desirable, therefore, that 
the impressions should be as large as is compatible 
with the small thickness of the specimens. By 
the use of a 150 deg. steel cone as the indenting tool, 
the surface of metal under test is kept large in 
relation to the depth of the impression, whilst any 
convenient load can be employed with a given cone. 
The loads actually applied range from 10 kg. at 
air temperature to 1 kg. at 350 deg. F., so that all 
impressions are of about the same size irrespective 
of the temperature conditions of testing. Results 
are expressed in terms of the mean load per unit 
area of test impression and thus furnish a direct 


Detlecting Mirror M C 


| 


Fixed Mirror Mr; 





Ais driven into a steel casing to which loads may 
be applied through a lever system, so arranged that 
the bearing pressure occurs on the under side of 
the shaft, where the oil is readily retained. In 
order to ensure thorough lubrication of the whole 
length of the bearing, the lubricant is admitted to 
a hole drilled axially along the shaft, and thence 
passes, through a series of radial holes, to grooves 
cut in the bearing. 

A rocking motion, having a period of about 
six seconds, is imparted to the disc crank D, from 
an electric motor driving a connecting rod through 
50:1 reduction gearing, and transmitted to the 
experimental shaft through a torsion meter which 
serves to measure the frictional force between the 
shaft and bearing. The meter consists of a slender 
rod T, inserted in a rigid sleeve E, which is carried 
by the roller bearings FF, A projecting arm P 
on the sleeve engages with a hardened steel ball 
on an arm G, attached to a mirror M, which is 
free to rotate on a spindle fixed to the shaft end 
of the torque bar T. When the apparatus is in 
operation, any friction between the surfaces of the 
shaft and bearing causes the mirror end of the 
torque bar to lag behind the sleeve end, the sleeve 
thus causing the mirror to rotate about its axis. 
A spot of light reflected from the mirror to the 
screen H, Figs. 2 and 3, of the camera box J, 
thus gives a measure of the friction between the 
rubbing surfaces. A second mirror, Mr (Fig. 4), 





| comparison of hardness over the whole temperature | is fixed to the torque bar, and provides a zero 


By inserting a photographic plate in place 


pyramid hardness scratch test for use with metallic | machine is used for the application of the load, and | of the screen in the camera box, and giving an 
platings, such as electrolytically deposited chromium | each bearing is immersed in an oil bath and main- | exposure while the apparatus completes a cycle, 


(which may be 0-0005 in. or less in thickness) has 


tained, throughout the test, at the requisite 


been extended by Dr. G. A. Hankins beyond the | temperature. 


preliminary stages referred to in last year’s report. 





The importance of a knowledge of materials 


{ 


a continuous line is obtained. The length of 
the diagram is a measure of the angle through 
which the shaft S is rotated, while the width 
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is a measure of the friction produced. A calibrated 
chart is obtained by attaching a lever to the free 
end of the shaft S and applying weights at a known 
radius; the bearing being removed during this 
operation. The temperature of the bearing is 
measured by means of a thermocouple K, passing 
through the case and into the bearing on the under 
side. Provision is made for varying the frequency 
of the oscillations and the intensity of the load. 

A Beardshaw steel shaft, hardened and ground 
to 1-50 in. diameter, has been used throughout 
the experiments. Bushes of phosphor-bronze, soft 
brass, Babbit metal, “ Y” alloy and cast steel, 
2-5 in. long, and bored to 1-501 in. diameter, have 
been used for the bearing, the upper half in each 
case being cleared away, giving 3-in. clearance. 
A phosphor-bronze bush, having grooves in the 
form of a square thread of four threads per inch 
has also been used, while the present experiments 
are being carried out using a cast-steel bush having 
grooves cut in the form of a right-hand and left- 
hand square thread, thus providing a series of 
diamond-shaped surfaces. 

The type of record obtained is illustrated in 
Fig. 5, the horizontal scale giving the angle 
through which the shaft rotates, the actual angle 
depending on the angle of twist in the torque bar T. 
The vertical scale is a measure of the frictional 
resistance between the surfaces, and is given in 
pounds. It will be seen that the conditions corre- 
spond to those of boundary lubrication, the friction 
being independent of the speed, and its value closely 
corresponding to that obtained by the use of the 
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Deeley method. For example, in the present 
machine, the coefficient of friction for phosphor- 
bronze or steel with castor oil is roughly 0-1. 
Using the same metals in the Deeley machine, the 
value for castor oil has been found to be 0-11. 

A somewhat unexpected feature of records 
derived from the new machine is that the maximum 
friction occurs a little after the reversal of relative 
motion between the lubricated surfaces. No com- 
pletely satisfactory explanation of this phenomenon 
is, at present, adduced. The observations suggest, 
however, that over a minute displacement following 
the outset of relative motion between the metal 
surfaces, something analogous to a state of elastic 
strain is set up in the molecules comprising the 
lubricating film, and that the shearing resistance 
required to break down this static condition is 
rather larger than the subsequent viscous shear 
arising from relative motion of the molecules of the 
film. 

Improvement of Lubricating Oils by Addition of 
Chemicals.—Mr. C. Jakeman’s experiments on the 
effects of lead ethyl in reducing the minimum fric- 
tion and increasing the seizing temperature of many 
types of lubricating oil were discussed in some detail 
in last year’s report. Subsequent tests, whilst pro- 
ductive of no remarkable fresh discoveries support 
the earlier conclusions as to the varied but largely 
favourable influence of the dope on different 
mineral oils, and confirm the sharp contrast afforded 
by the behaviour of castor oil which, by the addition 
of lead ethyl, suffers an increase of minimum 
friction and a decrease of seizing temperature. 














Further experiments are now chiefly concerned 
with the nature of the constituent of mineral oil 
which is affected by the admixture of chemical 
ingredients. In this connexion whilst no definite 
conclusion has been reached, some evidence has 
accrued from tests of asphaltic base oil from three 
different sources. In all three cases marked reduc- 
tions of the minimum friction accompanied by 
increase, to varying extents, of the seizing tem- 
perature, are produced either by oxidation or by 
the addition of lead ethyl. If, however, the oils 
are oxidised to the optimum condition, no further 
improvement is effected by doping. 


(To be continued.) 








THE SwepIsH METALLOGRAPHIC INSTITUTE AND SIR 
Rospert HapFretp.—A bust of Sir Robert Hadfield, 
Bart., F.R.S., has been placed in the Swedish Metallo- 
graphic Institute, Stockholm, of which Professor Carl 
Benedicks is the director. Sir Robert is an honorary 
member of the Swedish Metallographic Society, to which 
the bust was presented, and is also a member of the 
Swedish Academy of Science. 


LIGHTHOUSE-SERVICE VES3EL BUILT IN AUSTRALIA.— 
Progress is being made at Cockatoo Island Dockyard, 
Sydney, New South Wales, with a lighthouse-service 
vessel, ordered recently by the Government of the 
Commonwealth of Australia. It is anticipated that the 
ship, which is to replace 8.8. Kyogle, built in Glasgow 
in 1902, will be launched in August. She is to be fur- 
nished with complete wireless equipment, manufactured 
by Messrs. Amalgamated Wireless (Australasia), Limited, 
and this will include a 14-kw. transmitter, a direction 
finder and automatic alarm apparatus. 
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40,000 KV.-A. HYDRAULIC TRANSMITTER AND CLUTCH. 
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40,000 KV.-A. HYDRAULIC TRANS- 
MITTER COMBINED WITH POSITIVE 
CLUTCH. 


WarteER power shows to best advantage when there 
is an all-day load. The load curves of most power 
stations, however, show pronounced peaks, whilst 
the night load is commonly but a small fraction of 
the mean. This has led, in Germany and elsewhere, to 
using the turbines during the night, and at other times 
of low load, to pump up water into a storage reservoir, 
thus making it possible for the power stations to take 
a higher day load than would otherwise be possible. 
During the day, the turbines drive electro-generators, 
whilst at night, they are coupled to turbine pumps 
which are, in many cases, of a capacity unapproached 
in any other service. If run at no load, these pumps 
absorb considerable power unless provision be made 
for running them in vacuum ; it is therefore, desirable, 
to cut them out when not in service, but this should 
not involve even the temporary shutting down the 
turbine at times of change-over. 

An interesting solution of the problem here involved 
has been worked out by Messrs. J. M. Voith, of Heiden- 
heim, and been applied by them in the hydro-electric 
power station at Herdecke in the Ruhr, Germany. 

In this station there are four hydraulic turbines, 
each of which runs at 300 r.p.m., and drives a generator 
which at 0-8 power factor is rated at 40,000 kv.-a., and 
three of the units are coupled up at night, by the 
Voith coupling, to large pumps. 

A view of the interior of this power station is repro- 
duced in Fig. 1, page 7, showing one of the turbines on 
the extreme right. Next to it comes the generator, and 
at the far end of the set is a Sulzer pump rated at 
36,000 h.p. The Voith coupling by which this pump 
can be put into service o» disconnected as desired, is 
located between the generator and the pump. Figs. 
2 and 3 on this page show parts of the coupling as 
dismantled ready for transport, and convey a good 
idea of its massive proportions. Another view of it 
after final erection is reproduced in Fig. 5, page 9. 

A section through this coupling is reproduced in 
Fig. 4, opposite. It consists, essentially, of a Féttinger 
hydraulic coupling, combined with an automatic 
friction clutch. The hydraulic coupling is used to 
bring up the speed of the pump to within some 15 per 
cent. of the fullspeed. At this stage, the friction clutch 
comes into action and grips together firmly, the driving 
and following components of the clutch, in which 


Fig. 2. TRANSMITTER COMPONENT MouUNTED FOR Ratt TRANSPORT. 


| position they are mechanically locked and can only be 


since this follower element is running more slowly 
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disengaged by the direct action of the station operative. 

Referring to Fig. 4, the driving shaft is shown at A 
on the left, and the pump shaft at B, on the right. 
Each shaft carries, it will be seen, one-half of an 
hydraulic coupling. This is put into service by 
admitting water through the hollow shaft, which 
opens up at C into the interior space of the hydraulic 
coupling. When the coupling is charged, the water 
circulates through the buckets, as indicated by the 
arrows. Entering the driving element at D, it gains 
speed and passes up to E, and is delivered into the 
follower element of which it has to acquire the speed, 


than the driving half of the coupling. A certain 
proportion of the angular momentum of the water 
entering is therefore destroyed, with a resultant drive 
on the buckets. There will thus be no drive on the 
follower unless it runs more slowly than the driver. In 
normal Féttinger practice, the difference in the angular 
speed of the two components is some 3 per cent. to 5 per 
cent., and the efficiency of the coupling is about 95 per 
cent. To secure such a figure, however, in the case of 
the very large torque to be transmitted at Herdecke, the 
coupling would have to be much larger and more 
expensive than that represented in Fig. 4. In this 
case, so soon as the speed of the follower reaches 
85 per cent. of that of the driving shaft, a friction clutch 
comes automatically into action. This clutch consists 
essentially of the two discs F and G, having gripping 
surfaces at H andI. As shown in the upper part of the 
illustration, these discs are in the service position. 
When, on the other hand, the coupling is disengaged 





they are held by the springs J on to conical seats KK, 
near their inner peripheries, as indicated in the lower | 
half of the figure. The gripping surfaces are brought | 
automatically into contact, owing to the fact that | 
when the hydraulic coupling is charged, water also | 
finds admission between these plates by the drilled | 
ports L. It cannot escape at the other periphery, | 
owing to the presence of a ring of soft packing M. 
Hence, as the follower speeds up, pressure is generated 
by the centrifugal forces acting on the water, and at 
the proper moment this pressure forces the two discs 
apart, and brings the gripping surfaces to bear. In 
this position they are locked mechanically, owing to 
the fact that at their outer periphery the two discs 
are provided with claws which intermesh with each 
other. The opposing faces of these claws are inclined | 
in such a way that the drive transmitted tends to | 
make them ride over each other, and thus to force | 


































































3. CLurcH In EREcTING SHOP. 


the discs apart and the gripping surfaces harder 
together. Hence, the grip is maintained even after 
the clutch has been completely drained. This draining 
takes place through the small holes near the outer 
periphery, of which one is shown at N. 

To release the clutch, water is admitted through the 
ports O, which communicate, it will be seen, with 
the middle of a kind of labyrinth packing. That part 
of the water which escapes internally collects in the 
spaces PP, and ultimately under the pressure developed 
by the centrifugal forces, pushes the plates together 
and on to the seats KK. During this motion of 
release, the inclined faces of the jaws above described 
are kept in contact by the springs represented at Q, 
but which, perhaps, are more clearly shown in Fig. 3, 
which is reproduced from a photograph of the back of 
the follower component of the clutch. Messrs. Voith, 
the makers of the clutch, are represented in this 
country by Messrs. Perrins, Limited, of 3, Central 
Buildings, London, S.W.1, to whom we are indebted for 
the data on which has been based the foregoing account 
of this noteworthy clutch, which is of course, suitable 
for many other applications than that described. 








THe Rattway YEAR Book FoR 1931.—The fastest 
railway run on record in the British Isles was made on 
the Great Western Railway, on May 9, 1904, when a 
mail train covered the distance of 118} miles from Bristol 
to Paddington, via Bath, in 99 minutes 46 seconds, at 
an average speed of 71-3 miles per hour; the maximum 
speed attained during the journey was 91-8 miles per 
hour. This item of information, together with many 
other data concerning railways, is contained in The Rail- 
way Year Book for 1931, now in its thirty-fourth year of 
publication. As heretofore, detailed particulars and 
statistics are given regarding the history, services, rolling- 
stock, stations, bridges and engineering works, tracks, 
and docks and harbours of the railways of the United 
Kingdom and Ireland. More succinct particulars are 
furnished concerning European, Indian and other Asiatic, 
African, North and South American and Australasian 
railways. The volume contains upwards of 370 pages, 
and the first 75 contain general historical, statistical, 
and official and parliamentary data, many of which are 
of an authoritative and unique character. At the end 
of the volume appear a railway bibliography and a rail- 
way ‘‘Who’s Who,” which latter feature is of great 
utility in many directions. Nineteen maps of railway 
systems are included in the year book, which, taken as 
a whole, fully justifies its sub-title, namely, ‘“‘ The 
Whitaker of the Railway World.” It is published, price 
5s. net, by Messrs. The Railway Publishing Company, 
Limited, 33, Tothill street, London, 8S.W.1. 
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40,000 KV.-A. HYDRAULIC TRANSMITTER AND CLUTCH. 


CONSTRUCTED BY MESSRS. J. M. VOITH, ENGINEERS, HEIDENHEIM. 
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Fig. 5. Unit in HerpEecKE Power STATION. 
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THE INSTITUTE OF BRITISH 
FOUNDRYMEN. 


Tue twenty-eighth annual meeting of the Institute 
of British Foundrymen was held from June 9 to 12, 
at Birmingham and Coventry, under the chairmanship 
of the president, Mr. A. Harley. In addition to papers 
submitted by the members, certain contributions 
were presented on behalf of the similar institutions 
in other countries as exchange papers. 





RESEARCH Work IN INDUSTRY. 

The time has passed, it might be thought, when it 
is necessary to advocate research work as a means of 
facilitating industrial progress, but that such advo- 
cacy is still necessary was evident from the intro- 
duction to the paper by Mr. J. G. Pearce, the Director 
of the British Cast Iron Research Association, on the 
subject of ‘Recent Developments in Cast Iron and 
Foundry Practice in Great Britain.” He stated that 
only 15 per cent. of the foundries which could profit 
by membership of the Association actually participated 
in financing the work as members. To obtain the 
usual grant from the Government funds, it was neces- 
sary that the participation of the industry should be 
doubled. Mr. Pearce dealt with some recent work, 
which was available for general publication, as a 
means of showing what was being done, but he was 
naturally only able to allude in general terms to the 
service rendered to participants in the scheme in 
connection with their individual problems. It is to 
be hoped that success will attend the efforts to obtain 
greater assistance from the industry generally for the 
valuable work carried out by the Association in the 
improvement of foundry practice and products. 

Three main points were dealt with by Mr. Pearce : 
moulding sands, the cupola melting furnace, and the 
properties of cast iron itself. It was not possible 
for anyone to say, for any specific sand, what type of 
mixture, milling time, treatment, moisture content, 
&e., was required for the particular work of any 
foundry unless the conditions of working were com- 
pletely understood. For the purposes of daily foundry 
control, however, it was only necessary to institute a 
scheme for the taking of two tests, viz., of strength 
and of permeability. Simple apparatus had been made 
available by the British Cast Iron Research Association 
for the performance of these determinations, and its use 
ensured the requisite control. With a little experience 
of the results obtained, it was possible to fix upper 
and lower limits for both results, between which the 
sand gave satisfactory service. While some foundries 
worked entirely with new sand, the majority, knowing 
the troubles associated with poor material, used 
much more new sand than was strictly necessary in 
order to have a margin against mishap. By proper 
sand control, this margin could be diminished, with 
consequent savings. It was estimated that the applica- 
tion of the present knowledge of sands and refractory 
materials to the foundry industry as a whole would 
result in a saving of at least 100,000/. per annum. 

The Association, under the guidance of Mr. J. E. 
Fletcher, had followed up the production of the soft- 
blast type of cupola by the introduction of what was 
known as the balanced-blast cupola. In this latter 
equipment there was a single row of main tuyeres, 
and two or more rows of smaller auxiliary tuyeres, 
all fed from the same air system. The particular 
feature of the cupola was that the main lowermost 
tuyeres were controlled by finely adjustable screw 
valves, so that the air they passed was capable of 
gradual and exact regulation. Though the annular 
stream of air passing through the valves was at a high 
velocity, the impinging effect upon the coke was reduced 
to produce a softer blast. The system of tuyeres was 
such that the cupola could be controlled by the foundry. 
man to suit any melting conditions which arose, and, 
after a little practice, it was found that, beyond the 
determination of the best valve position for the early 
part of the blow, no other adjustment was needed until, 
during the last half-hour or so of the blow, the valve 
openings had to be further throttled. In the trials 
of this cupola, the coke consumption for a 54-in. bore 
furnace was reduced to 5-6 per cent. (a ratio of nearly 
18to1). The metal temperature was uniform through- 
out, being between 1,400 and 1,425 deg. C. Less 
patching was required than with a normal type of 
cupola, and it was much cleaner after a day’s run. The 
melting rate was increased from 10 tons to nearly 
14 tons per hour. Service results showed savings in 
coke of 334 per cent., while 50 per cent. was sometimes 
obtained, and the diminished coke consumption resulted 
in a smaller pick-up of sulphur. 

It was well known that cast iron under certain 
conditions of temperature was subject to growth. 
Earlier work showed this to be due to the presence 
of silicon, and that the more such contents were reduced 
the more satisfactory did the metal become. This 
view persisted until 1928, at the end of which year it was 





established in the laboratories of the Association, by 
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Dr. A. L. Norbury and Mr. E. Morgan, that it was 
possible to diminish the growth of grey cast iron to a 
much greater extent than was otherwise obtainable 
by increasing the silicon content to more than 4 per 
cent. This work has led to the establishment of a 
new series of heat-resisting irons, with the name of Silal. 
The new material was being applied to such castings as 
firebars, stoker bricks, furnace castings, melting pots 
and retorts. The work done by the Association on 
malleable iron consisted of the examination of the 
effects of the individual elements of composition, 
carbon, silicon, manganese, &c., on the mechanical 
properties of the annealed white-heart material. The 
effects of certain additions, such as nickel and chromium, 
had been investigated over a range greater than that 
used in ordinary practice, and resulted in the discovery 
of several interesting irons of novel properties. 


Sanps aNnD SanpD TESTING. 

Dr. J. G. A. Skerl dealt with the subject of ‘‘ Sands 
and Sand Testing’’ in a paper, in which he gave the 
most recent results obtained in work for the British 
Cast Iron Research Association. The sands chosen 
for experiment were typical of those used in the various 
foundry districts of the country and thus covered the 
entire range of types. The results showed that the 
strength of a moulding sand was increased by ramming, 
by the addition of further bonding material, and by 
milling. For new sands, at least 10 minutes milling 
was required to develop the greatest strength. The 
permeability of a moulding sand was controlled chiefly 
by its coarseness; it was decreased by ramming and 
by the presence of the silt grade in the sand. 


Cast METALS FOR HIGH-TEMPERATURE SERVICE. 


In modern practice, the temperatures and pressures 
used in steam plants, oil cracking and chemical processes 
have been greatly increased. Mr. L. W. Spring, of 
Chicago, dealt with some of the questions involved 
in meeting such conditions, in a paper entitled ‘“‘ Some 
Considerations and Tests for Cast Materials for High- 
Temperature, High-Pressure Service.” With the 
definite establishment of the growth of cast iron under 
conditions within the range of those of practical use, 
it was recognised that common cast iron was not a 
suitable material for general application. The brasses 
and bronzes suffered similar disadvantages. Both the 
higher temperatures used, and, particularly, the chemi- 
cal corrosion caused in oil-distillation equipment, made 
brass unsuitable for use, except for auxiliary appliances. 
Aluminium bronze offered resistance to chemical 
action and was therefore used in oil-cracking plants, 
particularly as forgings. Nickel-copper alloys had 
been found to be too soft to resist scoring where sur- 
faces rubbed against each other under heavy pressure. 
They were also found to be defective in the sulphur- 
laden atmospheres found in oil-cracking plants. Straight 
chromium stainless irons, containing 12 to 13 per cent. 
of chromium and less than 0-12 per cent. of carbon, 





had proved successful in such applications, as also 
had the well-known chrome-nickel alloy styled 18-8 | 
metal, because of the ratio of its two components, as | 
well as some alloys of other compositions. 

For a long time carbon-steel castings, with steel | 
piping, were considered satisfactory for service in 
power stations and oil refineries. As temperatures 
were increased, these materials‘ proved to be of short 
life. Thin tubes of 18 per cent. chromium, and having 
a carbon content of 0-12 to 0-20 per cent., were used 
for a period. This material possessed high strength 
accompanied by high resistance to corrosion. It 
proved, however, to be unstable at the particular 
range of 427 to 538 deg. C., at which many superheater 
tubes and oil-cracking equipments were run. The 
18-8 chrome-nickel alloy had now been introduced for 
service at even higher temperatures. Castings were 
to be preferred to forgings, because they lasted longer 
when associated with corrosive materials. They also 
resisted scoring much better than the same materials 
in a rolled or forged condition. 


Heat Conpuctivity or Cast [Ron. 


A paper on “The Thermal Conductivity of Cast 
Iron between 0 and 100 deg. C.”” was submitted, as a 
Belgian exchange paper, by Messrs. H. Thyssen, Jean R. 
Maréchal and Paul Lénaerts. In this, they reviewed 
the theoretical principles of heat transmission and 
described a method of determining relative conducti- 
vities. Test results were given relating to the types 
of iron generally used in the foundries of the Compagnie 
des Conduites d’Eau. As it was desired to ascertain 
from the tests, not only the influence of the chemical 
elements but also that of the structure, five bars, 60 cm. 
in length and 30, 40, 50, 60, and 70 mm. in diameter, 
respectively, were cast in each of these metals for the 
purpose of varying the structure by variation of the 
law of cooling. All the bars were then turned to 30 mm. 
diameter. Generally speaking, it was found that the 
thermal conductivity improved as the percentage of 





phosphorus in the metal increased. Further, the 


work showed that crystallisation in fine lamella was 
favourable to the conduction of heat, but this influence 
was concealed, when the phosphorus content exceeded 
a certain limit, by an encroachment of the phosphorus 
eutectic, which was probably a better conductor of 
heat than iron and its solid solutions. 


Smicon 1n ALLoys. 


Silicon entered into the composition of so many alloys 
that the subject prompted the presentation of a paper 
entitled ‘‘ Silicon as an Alloying Element,” by Mr. 
J. Arnott. Silicon, he contended, had much to recom- 
mend its use as an alloying element with iron, copper, 
aluminium and nickel. Alloys with silicon generally 
had good properties from the point of view of the foun- 
dry. Its presence in a composite metal conferred 
fluidity, and did not give rise to the formation of such 
troublesome oxide films as were found in, say, copper 
alloys containing aluminium. 

Tron-silicon alloys, containing 14 per cent. of silicon, 
had a high resistance to the corrosive action of such 
strong reagents as sulphuric and nitric acids. This 
silicon iron was brittle and almost unmachineable, but, 
in spite of its poor physical properties otherwise, it 
was used extensively, because of its freedom from deteri- 
oration, in plant used in chemical manufacture. With 
lower silicon contents, iron alloys containing a minimum 
of 5 per cent. of silicon had been found to be free from 
growth and resistant to the production of scale, with 
or without the addition of other elements, such as 
aluminium and chromium. Until quite recently, the 
copper-silicon alloys appeared to have received but 
little attention. However, when tin was very expen- 
sive, attempts were made to replace it with silicon to 
obtain alloys suitable for specific duties. When alloyed 
with copper, 4 per cent. of silicon was found equivalent 
of 10 per cent. of tin in its hardening effect. Finally, 
it was found that an alloy of approximately 94 per 
cent. copper, 4 per cent. silicon, and 2 per cent. zinc 
had physical properties which warranted its being 
tried as a suitable casting alloy for certain designs of 
castings, and the investigation showed its merits. 
This silicon bronze had a strength at high temperatures 
slightly higher than that of Admiralty gunmetal, but 
not sufficiently so to make it suitable for applications 
where gunmetal was unsuitable. It had undoubted 
advantages in regard to hardness, and resisted the 
action of sea water and industrial waters. The shrink- 
age of silicon bronze was the principal objection to 
its wider application. Silicon gave, with aluminium, 
a series of alloys which had proved very useful in engi- 
neering. Commonly, the silicon content was 9 to 
14 per cent., but some useful alloys contained less of 
this element. All had good foundry characteristics ; 
their shrinkage was small and they were relatively 
free from hot-shortness. The addition of silicon to 
nickel continuously improved its hardness characteristic, 
as determined by the Brinell test, though it had no 
appreciable effect upon the tensile strength. There 
was, however, but little call as yet for hardened nickel, 
though the future might witness a demand for such 


| purposes as food-handling equipment. The addition 


of silicon also added to the hardness of nickel-copper 
alloys of the Monel ratio (70 Ni to 30 Cu). Such alloys 
were proving of great use in parts subject to severe 
abrasive and corrosive conditions. They probably 
represented the highest combination of strength, hard- 
ness and corrosion resistance available commercially 
at the present time. 


THE LABORATORY AND THE FounpDRY. 


The need for testing raw materials and the neces- 
sity for strict control of working conditions was the 
theme of a contribution of Mr. R. Arzens on “‘ The 
Laboratory and the Foundry.” This was a French 
exchange paper. Consistent products complying with 
the provisions in a strict specification could only be 
obtained where the chemist controlled the calculation 
of the mixture, the charging of the cupola, the melting, 
including fuel consumption and blast conditions, and 
also the pouring conditions. Co-operation between the 
chemist and the practical foundryman was essential to 
successful accomplishment in the modern foundry. 


METALLURGICAL REQUIREMENTS OF THE AUTOMOBILE 
INDUSTRY. 

In his paper on “The Relationship Between the 
Engineering and the Foundry Trades,” Mr. L. H. 
Pomeroy emphasised the need for knowledge of 
modern foundry practice being available to the de- 
signer. In non-ferrous castings, particularly with 
aluminium and magnesium alloys, work of great value 
had been done in recent years. There was a great need 
for bearing metals to meet the ever-increasing duties 
performed in motor omnibus and aero engines; limits 
of usefulness had now been reached with the tin-base 
alloys available for the duty. The oil-film temperatures 
in modern bearings were now rising into the region of 
300 to 350 deg. F., a temperature range in which 
white metal had very little compressive strength. 
Plain phosphor bronze was useless in combination with 





an unhardened crankshaft, because of its non-plastic 
nature. The lack of a bearing alloy with the physical 
properties required was preventing the utilisation of 
about 20 per cent. of the power capable of being 
developed by motor-omnibus engines, and was further 
responsible for a large part of the cost of upkeep of 
existing engines, in none of which was the life of the 
bearings as long as could be desired. There was also need 
for cast-iron alloys capable of resisting pressures of 1,000 
Ib. per square inch, without unreasonable increase in the 
cylinder-wall thickness. Another problem that faced 
automobile engineers was that of obtaining alloys able 
to resist the wear of modern brake-lining fabrics. Such 
properties were apparently easier to find in certain 
varieties of cast iron than in either cast or forged steel. 








THE SECOND INTERNATIONAL 
CONGRESS OF THE HISTORY OF 
SCIENCE AND TECHNOLOGY. 


Tue Second International Congress of the History of 
Science and Technology was opened on Monday after- 
noon in the Great Hall of the Royal Geographical 
Society by the President of the Board of Education, 
Mr. Lees-Smith. The Congress originated with the 
Comité International d’ Histoire des Sciences, which was 
founded at Oslo on August 17, 1928, and which mects 
annually in Paris and organises congresses every three 
years. Some 24 countries are represented at the 
present congress, and the representatives were welcomed 
by Mr. Lees-Smith on behalf of the British Government. 
In his introductory speech, he said that the greatest 
events in the history of the world had taken place in the 
realm of ideas, and we were now realising more than ever 
that ideas which emerged and developed in the minds 
of men of science and technology moulded the history of 
mankind, and that these should be studied side by side 
with other aspects of history. Referring to the rapidity 
with which science and technology were progressing, he 
said that in the 18 months he had held office as Post- 
master General he had inaugurated the first public 
service by which photographs, plans and sketches were 
sent abroad, he had seen the establishment of wireless 
telephony between this country and ships at sea, and 
had taken part in the opening of a telephone service 
with Australia. 

The inaugural address of Dr. C. Singer, the President 
of the Congress, which followed after the speech of 
Mr. Lees-Smith and the reception of the delegates, was 
entitled “‘ The Beginnings of Science.”” The question 
when did science begin, he said, demanded the founda- 
tion of an exact and generally acceptable definition of 
science. That, as yet, no one had succeeded in doing. 
Science, however, might be treated as a systematic 
process of recording natural happenings with the object 
of discovering some relation between them. Science 
that had ceased to develop soon ceased to be a science 
at all. The scientific views of our own time were but a 
stage in a great secular process which would continue 
when we were no more. It, therefore, behoved the his- 
torian of science to be charitable and forbearing, not 
judging previous ages by standards of his own. Scientific 
progress in modern times had turned men’s thoughts 
away from its ancient achievements. Yet it was clear 
that if we would understand the process itself we must 
examine its application in the past, and watch its action 
under conditions different from those in which we our- 
selves lived. Anthropologists had detected germs of the 
scientific process in the lowest and rudest of races of 
mankind, but it was not possible from these to trace 
them forward in a continuous stream; there were 
gaps in the historical narrative. Tracing the records 
of science backwards, however, we saw its varied 
branches dwindling to two, namely, to medicine and 
mathematics. The earliest of all complete scientific 
treatises that had come down to us were those in the 
medical class, Sections of the so-called Hippocratic 
Collections might well date back to the sixth or seventh 
century B.c. With the aid of the Iliad, scientific 
tradition among the Greeks could be traced back to the 
ninth and tenth century B.c., and the Ebers Papyrus 
and the Edwin Smith Papyrus of Egypt took us back 
still farther. In the mathematics class, there were the 
Rhind Papyrus and the very recently discovered 
Moscow Papyrus. The former professed to be a ‘“ guide 
for calculation,’ and in it was found the measure of a 
circle from which a value of x as 3-16 could be deduced. 
The Moscow Papyrus, only published in full by Professor 
Struve a few months ago, was the oldest of them all. 
Its contents included the determination of the volume 
of a truncated pyramid and the area of a hemisphere. 
Whether the determinations were based on general 
formule, or whether they were empirically obtained, 
remained to be proved. If the former, it would be 
necessary to rewrite the history of ancient science. 

After the opening proceedings at the Royal Geo- 
graphical Society, the delegates and members of the 
Congress adjourned to the Science Museum, where 
they were received by the President of the Board of 
Education and Mrs. “ees-Smith, the Director of the 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of the 
London Metal Exchange for “fine foreign” and “standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted for 


steel plates and rails, and also for hematite and Cleveland pig-iron. 


The prices given, in the case of steel 


plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 


The price of quicksilver is per 


bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


Museum (Sir Henry Lyons) and Lady Lyons; and in 
the evening the President of the Congress and Mrs. 
Singer gave a reception at the Royal Society of 
Medicine, Wimpole-street. At this, Mr. G. H. Gabb 
displayed his unique collection of Priestley relics, 
Dr. R. S. Clay exhibited a part of his collection of 
historical optical instruments, and Professor E. N. da C. 
Andrade repeated a lecture on ‘‘ Light and Electricity,” 
as given by the old scientific worthy, Francis Hauksbee, 
who died in 1713. 

Many visits, excursions and receptions have been 
arranged for the benefit of the visitors and members, 
but the main work of the Congress was confined to 
three morning sessions on June 30, July 2, and to-day, 
the meetings being held in the new lecture theatre 
at the Science Museum. The subjects for discussion 
on June 30 were: ‘‘The Sciences as an Integral 
Part of General Historical Study,’’ and ‘‘ The Teaching 
of the History of Science,” the respective chairmen 
being Professor Gino Loria, of Genoa, well known for 
his writings on Greek mathematics, and Professor 
Welch, of John Hopkins University. The discussion 
on the first of these subjects was opened by Professor 
G. N. Clark, of Oxford, who was followed by Sir 
W. C. D. Dampier-Whetham, Professor A. V. Hill, 
Professor A. M. Masharrafa and others. Though his 
own studies, said Professor Clark, had been mainly 
concerned with international relations in the economic 





and political spheres, he had been led in more ways 
than one to regard the history of science as closely and 
necessarily connected with them, and the governing 
ideas in social organisation, in politics and philosophy 
could not be studied in isolation from the ideas of 
science. Professor Clark’s view was that of a 
general historian. The points of view of a physicist 
and a biologist were dealt with by Sir W. C. D. 
Dampier-Whetham and Professor A. V. Hill. The 
campaign of the historians of science, said Professor 
Hill, was a campaign against the ignorance and pride 
of otherwise educated people who did not realise that 
science was part of culture, as scientific discovery was 
part of history, and who did not understand that natural 
knowledge had changed not only the face of the earth, 
but also the complexion of men’s minds. In the middle 
of the Thirty Years’ War, which reduced Germany 
to a state of misery that no historian had been able 
adequately to describe, a little book on The Motion 
of the Heart and Blood was published. Was history 
really made by Gustavus and Wallenstein, or by 
Harvey ? Again, was the story of Joan of Are of 
any importance when compared with the invention of 
printing? Was John Brown’s attack on Harper’s 
Ferry, the first step in the American Civil War, of 
anything like the importance of Darwin’s Origin of 
Species published that year? If history was to deal 
with human greatness, with things which had given 


man control of himself and his surroundings, that had 
relieved him, and could relieve him, of superstition, 
ignorance, ill-health and incompetence in the face of 
natural forces, then Harvey, Darwin, Newton, Fara- 
day, Maxwell and Rutherford, and their discoveries, 
deserved a more worthy place even in children’s 
history books. Continuing to emphasise the changes 
wrought in man’s ideas of the universe by astronomical 
discoveries from Galileo to Einstein, and other factors, 
Professor Hill remarked that bacteriology and parasit- 
ology were rendering vast tracts of the earth habitable. 
Plant breeding, cold storage, the transport of food, 
the manufacture of artificial fertilisers, the recognition 
of vitamins and their importance, the hygiene of large 
industrial centres, were making possible an increase 
of population, a concentration of population, and a 
movement of population, which were regarded until 
recently as impossible. Though neither Professor Hill 
nor any of the speakers made special mention of the 
work of mechanicians, instrument makers or engineers 
in relation to the progress of either physical or bio- 
logical sciences or to the widespread application of 
them, it must not be forgotten that, in the vast 
changes brought about in modern times, as much 
|has been due to the technologists as to the scientific 
‘discoverers. In this connection, it is perhaps worth 
| recalling that, addressing the Engineering Section of 
| the British Association in 1927, Sir James Henderson 
| remarked that “ the history of the nineteenth century 
;and the enormous economic and political progress 
made in it might be summed up in the word ‘ inven- 
tion.’’’ Applied in its broadest sense, invention has, 
perhaps, from the beginning of the world, been the 
most potent force in the progress of mankind, and we 
could have wished that this aspect had received more 
attention in a discussion, which should have embraced 
technology as well as science. 


(To be continued.) 











SwepDIsH Exports or Woop Pute.—Exports of wood 
pulp from Sweden totalled 1,632,135 metric tons in 1930, 
as compared with 1,789,299 tons in the previous year, 
and 1,326,786 tons in 1928, 





THE InstITUTE oF METALS,—As previously announced 
in ENGINEERING, the annual autumn meeting of the 
Institute of Metals will be held in Ziirich, from September 
13 to 15 next. The headquarters of the Institute and 
the office of the honorary local secretary will be at the 
Savoy Hotel, while the meetings will be held in the 
Federal Polytechnic (Eidgendssische Technische Hoch- 
schule). At 7.30 p.m. on September 13, Mr. U. R. 
Evans will deliver the tenth autumn lecture, entitled, 
““Thin Films on Metals in Relation to Corrosion Prob- 
lems.” The mornings of September 14 and 15 will be 
given to the reading and discussion of papers and the 
afternoons to visits to works in Ziirich, Waggital, Schafi- 
hausen, Oerlikon, Baden and Winterthur. A tour via 
the Rigi, Lucerne, Interlaken, Thun, and either Sierre 
(Siders), in the Rhéne valley, or Bienne, has been 
arranged for September 16, 17 and 18. Visits will be 
paid to the aluminium-alloy rolling mills at Chippis- 
Siders, or to a watch factory at Bienne. The parties 
will return to London, either from Sierre, via Lausanne, or 
direct from Bienne. Arrangements have been made, for 
those members who desire it, to proceed to Milan on the 
evening of September 18 to visit the International 
Foundry Exhibition, which is open until September 27. 
Members are reminded that their reply forms should be 
returned before July 31, to the Secretary, The Institute 
of Metals, 36, Victoria-street, London, 8.W.1. 





UNIVERSAL DIRECTORY OF RAILWAY OFFICIALS, 1931. 
—The 37th annual edition of the Universal Directory of 
Railway Officials has now been issued. As was the case 
with previous editions, the volume is divided up into ten 
main sections, comprising an official directory, which 
includes particulars of railway institutions, associations, 
societies and unions, and Government departments 
concerned with railway administration and operation, 
and nine geographical sections. The latter deal with 
the railways of Great Britain, Ireland, Europe, Asia, 
Africa, Australasia, North America, Central America, 
and South America. In each of the main geographical 
sections, the various countries —~ in alphabetical 
order, as do also the railways in each individual country. 
The name, in English, of the railway is given first in 
heavy type, then follow the name in the language of the 
particular country, the mileage of line open to traffic, 
the gauge, the number of locomotives and passenger, 
goods, and other roliing-stock, and, finally, the names 
of the various officials of the railway, together with their 
official titles and addresses. The book closes with two 
indexes, the first being an alphabetical list of the names 
of railways, railway institutions and associations, and 
the second, a personal index of railway officials. The 
value of the directory lies in the fact that it enables 
engineering firms to turn up with the minimum of 
trouble the name and address of any railway official 
in any part of the world. Moreover, in communications 
to foreign railways, the title of the official and the name 
of the railway itself can be put in the language of the 
country, thus ensuring that the letter will be delivered 
to its correct destination. The directory is compiled 
from official sources under the direction of the Editor 
of The Railway Gazette, and is published, price 25s. net, 
by Messrs. The Directory Publishing Company, Limited, 
33, Tothill-street, London, 8.W.1. 
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ISMAILIA TIDE FLAP WITH | 
AUXILIARY VALVE. | 

Tue tide flap valve shown in Figs. 1 to 3 above will | 
not be new, as regards principle, to readers of ENGINE- | 
ERING, as this was fully explained in vol. exvi, page 392 
(1923), when the earlier form was described. The | 
valve is supplied by Messrs. Ismailia Valve Company, 
17, Victoria-street, London, 8.W.1, a company which 
derives its name from the pumping station at Cairo, | 
where the difficult pumping conditions prevailing led 
to the valve’s invention. The particular feature of the 
type illustrated is the addition of an auxiliary valve | 
below the main one. As is well known, the Ismailia 
tide flap valve is used for the drainage of surface 
water, sewage, or industrial effluents into tidal waters, 
in which duties it has proved very satisfactory. In 
some cases it is clear that the discharge must continue | 
even when the flow is very small, that is, when the 
pipe has to be completely drained. The small auxi- 
liary valve fitted for this purpose results in the com- 
bination being very sensitive to the smallest possible | 


flow on the one hand or variation in tide level on the | 
other, without the use of balance weights and gear. | 

A photograph of a 30-in. valve is reproduced in Fig. 3, | 
which shows that, in both the main and auxiliary, or | 
by-pass, valves, the method of suspension adopted | 
in the original design is employed, the ordinary form | 
of hinge, either simple or linked, being eliminated. | 
An arm, having a curved contour, is bolted or cast to | 
the flap, and is furnished at its outer end with circular | 
lugs, as shown in Fig. 1. These ride on an unmachined | 
convex surface in a bracket on the valve-seat casing, the 
arms of which bracxet form vertical guides and prevent 
lateral motion. The point of suspension is well away 
from the valve seat, so that the valve opens freely over 
practically the whole of its circumference. There is, 
further, no vibration during discharge or closing, or from 
wave action, and consequently a minimum of wear, with 
water-tightness. The joint is made with a dove-tailed 
rubber ring on the edge of the flap, and the seat is in- 
clined at such an angle that the flap falls firmly into | 
place. The method of suspension has, further, the merit | 
of rendering the valve self-freeing from any sticks or | 
other floating matter on either the outflow or reflux sides. | 
The valve-seat casing is made either with a spigot for | 
building into masonry, as shown in Fig. 3, a socket for | 
concrete pipes as in Fig. 1, or, as is indicated by the | 
dotted lines in Fig. 2, with a square flange for bolting 
to masonry. 
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e.g., cement-making, do a good deal to defile their 
surroundings by the deposition of dust. At the same 
time, an effective method of separating solids from 
flue gases before these leave the chimney would add 
appreciably to the advantages of using powdered fuel. 


| In ENGINEERING, vol. cxxvii, page 831 (1929) we 


described and illustrated in some detail a flue-dust 
extracting apparatus, known as the Modave system, 
which has been applied with a good deal of success in 
Belgium and elsewhere. This apparatus Messrs. Alfred 
Herbert, Limited, Coventry, who are the makers 
are developing in this 
country, and on Tuesday, June 23, we witnessed a 
test upon it at Messrs. Herbert’s works, which certainly 
bore out the claims made on behalf of the system. 
The test plant used is illustrated in Figs. 1 to 3, and 
some results are given in Figs. 4 to 6, on the oppo- 
site page. 

It is not proposed to describe the Modave apparatus 
in detail, as its construction has, as stated above, been 


|already described, but the salient features may be 


briefly recapitulated. The dust extractor consists of 


| a number of square tubes with concave sides arranged 
vertically in staggered rows across the boiler flues. | 
These tubes are closed at the bottom and open at the | 


top. In each, at this latter point, is inserted a small 
open-ended pipe projecting from the bottom of an 
overhead tank and fitted with a regulating nozzle at 
the point of junction with the tank, which is filled with 
water at a constant level maintained by a ball-cock. 
The water flows down into the square tube, the internal 
tubes being carried some way down the latter, and then 
travels upwards to the open end of the square tube, 
over which it overflows and trickles down the concave 
surfaces on which the flue gases impinge. The major 
portion of the dust is entrained in the water, which 
collects in a hopper-shaped receptacle at the base of 
the tubes and is then drawn off continuously to settling 
tanks. 

The extractor is not, of course, visible in Fig. 1, 


which shows the test plant arranged above the boiler- | 


house at Messrs. Herbert’s works, but the casing 
containing it may be made out between the two fans 
on the right-hand side. These fans are arranged to draw 
a portion of the hot gases from the flue leading to the 
chimney at the inlet and outlet sides of the separator 
respectively, the speeds being arranged to give a gas 
velocity at the fan outlets equivalent to that obtaining 
in the flue itself. The discharge pipes were closed by 
canvas filter bags about 12 ft. long and 2 ft. in diameter, 
the gases escaping through the interstices of the 
material and the dust being retained. These bags are 
seen on the left-hand side of the figure. The pipes were 
fitted with orifice plates and recording manometers 


TIDE FLAP WITH AUXILIARY VALVE. 


ISMAILIA VALVE COMPANY, ENGINEERS, LONDON. 





| 





THE opponents of pulverised fuel for boiler firing} and thermometers. The bags were weighed when | 


allege that the emission of dust with the flue gases | clean and empty before the test, and at its conclusion | 


when this system is used is of the nature of a public 
nuisance. This does not mean that other methods | 
of firing are blameless ; London fogs, for instance, are 
not due to pulverised fuel, and certain industries, 





with the contained dust, the difference between the 
two weights being, naturally, a measure of the efficiency 
of the extractor. The boilers of which the gases were 
sampled were those normally supplying power and 
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Fic. 3. 30-In. Tipe Fuap. 


heat to the works. They are of the Babcock and 
Wilcox type, fired by the Atritor coal-pulverising 
system. Wide-angle flare-type burners are fitted. 
The boilers were on a light, or summer, load at the 
time of the test. 

The main test was carried on for 50 minutes, during 
which time approximately 715 kg. of Griff slack coal 
were burned. The moisture content, as fed to the 
Atritor pulveriser, was 9-5 per cent., and the analysis 
of a dry sample showed 21-8 per cent. of ash, 31-5 per 
cent. of volatile matter, and 1-32 per cent. of sulphur. 
The temperature of the gases entering the extractor 
was 82-5 deg. C., and the volume passed per minute 
was 242 cub. m. The CO, content of the gases, taken 


Tests of Modave Dust Extractor. 

comer inasa 
No. 1 Test. No. 2 Test. 
Soot Blowing. 


Ordinary Firing. 


1. Temperature of gases, 
deg. C. 


we , | 88 72 
. Pressure drop at dia- | 





phragms, milli- 
metres (P) .. an 
3. Calculated volume of 
gases, cubic metres 
per minute (V) E 
4. Density of gases corre- 
sponding to Vj (d) .. 
5. Actual density of gases 


| 
| 
| 
| 
| 34 | 35 
| 

| 26-5 


1-0 1:0 1- 


on 


(dy) .. ~ acl, Lee 0-977 | 
3. Actual volume of | 
gases, cubic metres 


| 
21-4 [26-1 

| 

| 


| | 
aa A | 142-3 

. Total weight of dry | 
dust caught, kilo- | 


nN 


6-28 


grams ae | 
8. Dust content of gases, 
grams per cubic | 
metre Se oe 
9. Efficiency a stot ae | B 
| 90-2 93 
| 


| 

| 

44-10 | 
A | 





when leaving the boiler, was 9-5 per cent. A second 
test of seven minutes’ duration was carried out with 
the steam soot-blowers in action on the boiler tubes. 
The conditions generally were the same as for those of 
the first test, but the gas temperature was increased 
by about 10 percent. The manometer pressure records, 
in millimetres of water, for both tests are shown in 
Figs. 4 to 6. 

The pressure drop P, between the readings on the 
two sides of the extractor was used to calculate the 
volumes of gas passing the measuring orifice, the for- 
mula employed being given by the makers of the record- 
ing manometer. This formula is: volume, V, in cubic 


metres per minute = 31-8 ms . 


The calculations 


resulting from this formula in the tests under discussion 
are given in line 3 of the accompanying table. The 
volume is then corrected for the actual density of the 
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MODAVE FLUE-DUST EXTRACTOR. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 
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Fie. 2. 
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Fie. 3. ExTeRNAL SETTLING TANKS OF CONCRETE. 


gases, and for the duration of the test by the formula 
273 


y 


v= Vv fe x x t, where d is the density assumed 
1 

as corresponding to V, d, the actual density at the 

time of the test, ¢ is the time in minutes, T is the 

temperature, and V, the actual volume of the gases 

passed in cubic metres. The values of V, are given 








in line 6 of the table. Dividing these by the weights 

of dust in the two filters, the dust content of the gases in 

grams per cubic metre before and after dust separation 

is obtained. These values are termed A and B in the 

table, and the efficiency is then arrived at from the 
: 100 (A — B) 

formula : efficiency = ——; saa 





These efficiencies, good as they are, have been exceeded 
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in other plants; for instance, at the works of Messrs. 
Synthetic Ammonia and Nitrates, Limited, Billingham, 
an average of five tests yielded an efficiency figure 
of 94-84 per cent. It is worthy of note, however, 
that the figures may be influenced by the fact that 
in the tests the gases which would normally pass 
through the extractor are diminished by the amount 
drawn away by the first fan, and the extractor thus 
becomes, relatively, larger during the test, though 
the number of rows of tubes, which is the important 
factor as regards degree of efficiency, is not increased. 
But, however this may be, the guaranteed efficiency 
of the apparatus is the very considerable figure of 
90 per cent. 

Further tests made by introducing cement meal into 
the gases in order to reproduce the conditions existing 
in a rotary cement kiln showed efficiencies approaching 
95 per cent. The figures in this case were checked by 
weighing the dust entrained in the water and separated 
out in the settling tanks. With regard to these tanks, 
reference may now be made to Figs. 2 and 3. The 
first of these shows the normal main steel tank fitted 
in the boiler-house, and the second a series of concrete 
tanks situated outside it, the water being passed 
through both systems. These latter tanks are required 
to ensure that the water is returned to the canal along- 
side the test plant in a perfectly clear condition, and 
in cases where a high degree of purity of the effluent is 
not required they could be omitted. It may be 
mentioned that the Modave extractor also removes 
oxides of sulphur from the flue gases. This was not 
demonstrated at the test described above, but, with 
normal apparatus having six rows of tubes, it is stated 
that 70 per cent. of sulphur can be removed from the 
gases, partly as free acid and partly in combination 
with the separated dust in the form of sulphates and 
sulphites. It is also stated that, provided the water 
is not re-circulated in the system, there is no risk of 
corrosion of the tubes taking place, 
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TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British posses- 
sions and foreign countries. The closing date of tenders 
is stated where possible. Details may be obtained on 
application to the Department at the above address, 
the reference number given being quoted in each case. 


Pumping House and Plant.—The supply and erection 
of a pumping house and plant, including two four-stroke, 
cold-starting heavy-oil engines, four main centrifugal or 
turbine pumps, purifying and water-filtering installations, 
generators, shafting, lighting installation, &c. The 
Egyptian Ministry of Public Works, Cairo; August 1. 
(Ref. No. G.X. 10,536.) 


Structural Bridgework.—The supply of structural 
bridgework. The South African Railways and Harbours 
Administration, Johannesburg; August 17. (Ref. No. 
G.X. 10,537.) 








BOOKS RECEIVED. 


United States Bureau of Mines. Mineral Resources of 
the United States. 1:9. Secondary Metals in 1929. 
By J. P. Duntor. [Price 5 cents.] 1: 10. Chromite 
in 1929. By L. A. Smiru. [Price 5 cents.] 1: 11. 
Lead in 1929 (General Report). By E. W. Peurson. 
[Price 10 cents.] 1:12. Gold, Silver, Copper, and 
Lead in South Dakota pu Wyoming in 1929. Mine 
Report. By C. W. HenpeErson. [Price 5 cents.] 
Washington: Government Printing Office. 

Power and the Internal-Combustion Engine. 
sor W. E. Datsy. London: Edward 
Company. [Price 18s. net.] 

Government of India. Indian Stores Department, A Com- 
parison between the Physical Properties of Rails, Pro- 
duced by the Open.Hearth and Duplex Processes. By 
E. A. Wraicut. Calcutta: Government of India 
Central Publication Branch. [Price ls. 9d.] 

Air Ministry. Aeronautical Research Committee. Reports 
and Memoranda No. 1361. Carburettor Fuel Metering 
Characteristics. By W. C. CLoruter. London: His 
Majesty’s Stationery Office. [Price 9d. net.] 

United States Treasury Department. Public Health Ser- 
vice. Detailed Instructions for the Performance of the 
Dissolved Oxygen and Biochemical Oxygen Demand 
Tests. Supplement No. 90 to the Public Health Re- 
ports. By E. J. THertautt. Washington: Govern- 
ment Printing Office. [Price 10 cents. | 

Abhandlungen aus dem Aerodynamischen Institut an der 


By PRorEs- 
Arnold and 


Technischen Hochschule Aachen. Heft 10. Berlin: 
Julius Springer. [Price 12 marks. ] 
Bogenbriicken. Handbuch fiir Eisenbetonbau. By Pro- 


FESSOR J. MELAN and Dr. Tx. Gestescut. Berlin: 
Wilhelm Ernst und Sohn. [Price 6.60 marks. ] 
Fiinfzig Jahre Metallgesellschaft, 1881-1931. By Dr. 
W. Dasritrz, Frankfort-on-Main: Metallgesellschaft 
A.G. Berlin: V. D. I. Verlag G.m.b.H. 
Ente Autonomo per L’Acquedotto Pugliese. 
al Parlamento. Bari: G, Laterza and Figli. 
Faraday. London: The British Electrical and Allied 
Manufacturers’ Association, Inc. [Price 7s. 6d. net. ] 
Department of Overseas Trade. Economic Conditions in 


Relazione 


the United States of America, March, 1931. Report. 
By Sir J. J. Broperick and A. J. Pack. London: 
His Majesty’s Stationery Office. [Price 3s. net.] 

Sag and Tensions in Overhead Lines. By C. G. Watson. 
London: Sir Isaac Pitman and Sons, Limited. [Price 
12s. 6d. net.]} 

United States Geological Survey. Water Supply Paper 


No. 637-B. Preliminary Report on the Ground Water 
Supply of Mimbres Valley, New Mexico. By W. N. 
Wuirr. No. 637-C. Water Power Resources of the 
McKenzie River and its Tributaries, Oregon. By B. E. 
Jones and H. T. Stearns. [Price l5cents.] No. 645. 
Surface Water Supply of the United States, 1927. Part 
V. Hudson Bay and Upper Mississippi River Basins. 
[Price 20 cents.] Professional Paper No. 165-D. 
Geology of the Big Snowy Mountains, Montana. By 
F. REEvEs. [Price 20 cents.] Washington: Govern- 
ment Printing Office. 

Die Berechnung Ebener und Gekrummter Behdlterbéden. 
By Professor Dr. Puitipp ForRCHHEIMER. Third 
edition enlarged. Berlin: Wilhelm Ernst und Sohn 
Price 4:80 marks. ] 

Cement Chemistry in Theory and Practice. By Professor 
Dr. Hans Kunz, Translated by J. W. Christelow. 
London: Concrete Publications, Limited. [Price 
7s. 6d. net. ] 

Reinforced Concrete Bridges. By W.L.ScortandC, W. J 
Spicer. Third edition, revised and enlarged. London: 
Crosby Lockwood and Son. [Price 28s. net 


Steam Turbine Operation. By Wittiam J. Kearron | 5/. 15s, ; steel billets (medium), 61. 12s. 6d. ; steel billets 
London: Sir Isaac Pitman and Sons, Limited. [Price (hard), 71. 2s. 6d. ; steel ship plates, 8. 15s. ; steel angles, 
12s, 6d. net.] 81. 7s. 6d. ; steel joists, 87. lds. ; heavy sections of steel 


University of Iliinois. Engineering Experiment Station. 
Bulletin No. 226. Laboratory Tests of Reinforced 
Concrete Arches with Decks. By W. M. Watson. 
[Price 50 cents.] No. 227. The Effect of Smelter 
Atmospheres on the Quality of Dry Process Enamels 
for Cast Iron. By A. I. ANpDREws and H. W. 
ALEXANDER, [Price 10 cents.] Urbana, Ill. : Univer- 
sity of Illinois. 

Minutes of Proceedings of the Institution of Civil Engineers. 
Vol. 230, 1929-30, Part 2. Edited by H. H. Jerrcorr. 
London : Offices of the Institution. 

Examples in Power Distribution and Electric Traction. 
By A. T. Dover. London: Sir Isaac Pitman and 
Sons, Limited. [Price 3s. 6d. net.] 

Electric Motor Management. By ALtFrep H. Avery. 


smaller lots ; 
gauge), 81. ; 
gauge), 


sale, but heavy steel is in alittle betterdemand. Borings 
are 22s. ; 
east iron, 42s. 6d. ; 
steel, 


mercial Counsellor at Washington, has left the United 
States to take up the appointment of H.M. Minister at 
Havana, 


Mines Department. Safety in Mines Research Board. 
Paper No. 66. Haulage Accidents in Coal Mines. 
Report of the Haulage Committee of the Safety in Mines 
Research Board. [Price 6d. net.] No. 68. A Routine 
Test of the Inflammability of Mine Dusts. By A. L. 
GopBert. [Price 6d. net.] London: His Majesty’s 

| Stationery Office. 

| Department of Scientific and Industrial Research. Building 
| Research. Bulletin No. 11. The Effect of Building 
| Materials on Paint Films. By H. M. LLEWELLYN. 
| London: His Majesty’s Stationery Office. [Price 
2d. net.] 


Proceedings of the Rugby Engineering Society. Vol. XXV, 


Part I. Session 1930-31. Rugby: Offices of the 
Society. [Price 10s. 6d.] 

Cross-Country Flying. By Mason OLIVER STEWART. 
London: Constable and Company, Limited. [Price 
6s. net.] 

The Universal Directory of Railway Officials, 1931. 


London: The Directory Publishing Company, Limited. 
[Price 20s. net.] 

Stock Exchanges (London and Provincial) Ten-Year 
Record of Prices and Dividends, 1921-1931, Inclusive. 
London: C. Mathieson and Sons. [Price 21s. net.] 

Erléuterungen zu den Vorschriften fiir Geschweissle 
Stahlbauten. By Dr.-Ine. O. KoMMERELL, Third 
edition, revised. Berlin: Wilhelm Ernst und Sohn. 
[Price 3-30 marks. ] 

Selected Papers from the Journal of the Institution of 
Engineers, Australia. Vol. I, 1929. Edited by the 
Secretary. Sydney: Offices of the Institution. 

Canada, Department of Mines. Mines Branch No. 
713. The Mining Laws of Canada. A _ Digest of 
Dominion and Provincial Laws Affecting Mining. 
Ottawa: Department of Mines. Mines Branch. 
[Price 25 cents. ] 

Thermodynamische Rechnungsgrundlagen der Verbren- 
nungskraftmaschinen und thre Anwendung auf den 
Héhenflugmotor. By Dr. Ine. Asmus HAvsEN. 
Berlin: V.D.I. Verlag G.m.b.H. [Price 5 marks. ] 

Charts and Data on Marine Boiler Design. By H. C. 

WaLkKER. London: Chapman and Hall, Limited. 

[Price 25s. net.] 











NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business is still very quiet. 
The limited output of Cleveland pig iron is rather more 
than sufficient for current moderate needs, and stocks, 
while far from heavy, are assuming about as large pro- 
portions as makers consider desirable. Ironmasters adhere 
to their minimum fixed figures for home trade, though 
customers complain more than ever that they are 
charged too much for the moderate quantities they are 
compelled to buy. No. 1 is 61s. ; No. 3, g.m.b., 58s. 6d. ; 
No. 4 foundry, 57s. 6d.; and No. 4 forge, 57s. Much 
lower prices would be accepted from firms in Scotland who, 
however, continue to take supplies of cheap overseas iron. 
The use of Midland iron by Tees-side firms is increasing. 
Dealers in Midland pig are enabled to compete success- 
fully for orders here by securing concessions in railway 
rates. 
Hematite.—Customers are still buying East-Coast 
hematite sparingly, though prices have sunk to low levels 
as compared with rates ruling for Cleveland pig, and are 
believed to have almost touched bottom. Ordinary 
qualities of hematite are on sale at 62s. 6d. or only 4s. 
above the market value of No. 3 Cleveland, whereas the 
pre-war normal difference in quotations was 8s. to 10s. 
Foreign Ore.—There is virtually no demand for foreign 
The nominal price of best rubio is 15s., c.i.f., Tees. 


Blast-Furnace Coke.—Demand for Durham blast- 
furnace coke does not improve. Local users state they 
experience no difliculty in satisfying their requirements 
on the basis of good average qualities at 15s. delivered, 
but sellers are not disposed to discuss forward business 
except on higher terms. 


Manufactured Iron and Steel.—Conditions in the 
various branches of manufactured iron and steel are little 
changed. Sheet makers are faced with keen Belgian 
competition for galvanised kinds, and America is 
invading markets that have hitherto drawn supplies of 
black sheets largely from this district. Constructional 
steel producers are turning out a fair amount of tonnage. 
Orders for railway material would be very welcome and 
manufacturers of shipbuilding requisites are greatly in 
need of work. Common iron bars are 10/.; best bars, 


ore. 


107. 10s.; double best bars, 11/.; treble best bars, 
11/. 10s.; packing (parallel), 87 packing (tapered), 
107. ; iron and steel rivets, 11/. 5s.; steel billets (soft), 


rails, S82. 10s., for parcels of 500 tons and over, and 9/. for 
fish plates, 12/.-10s. ; black sheets (No. 24 
and galvanised corrugated sheets (No. 24 
107. 


Scrap.—Scrap is plentiful, and most kinds are slow of 


: light cast iron, 32s. 6d. ; heavy 
and heavy 


turnings, 25s. 
machinery metal, 44s. ; 
37s. 6d. 





Personat,—ASir J. J. Broderick, until recently Com- 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—While many sections of the local 
steel and engineering trades continue to suffer from the 
effects of the long-standing depression, an increased 
feeling of optimism is prevalent. Orders tend to become 
more numerous, but, taken on the whole, the general 
position has undergone little, if any, change. The raw 
and semi-finished steel trades are unable to make head- 
way. Inquiries are more numerous, but the amount 
of actual business materialising is of small dimensions, 
with the result that a large amount of plant continues 
out of action. The market for scrap and ferro-alloys 
is in a moribund condition. The demand for railway 
rolling-stock is limited. Orders are expected from 
China in the near future. Work on Indian account 
shows a further decline, while British railways continue 
to order sparingly. The Sheffield Corporation have placed 
a contract with a local firm for the supply of 50 steel 
tramear axle forgings at 51. 2s. 6d. each. They have 
also ordered from Birmingham a 60-ton hydraulic press. 
The Corporation during the past year have put 23 new 
tramcars into service. Nineteen were made at the tram- 
way workshops and four supplied by contract. It has 
been decided to construct 30 additional tramcars at the 
Corporation workshops during the next year. All kinds 
of electrical equipment is in demand. The Sheffield Cor- 
poration have placed contracts for the supply of eight 
150 kv.-a. transformers, nine 300 kv.-a. transformers, two 
450 kv.-a. transformers, and coal-handling plant. Little 
business is passing in coal-mining machinery and imple- 
ments on home account. Foreign mining enterprises 
have come to the rescue with some good orders, but 
works could comfortably handle a much greater volume 
of business. Automobile steel and fittings are not in 
such good demand as three months ago. Agricultural 
machinery requirements are steady, and shipments 
abroad tend to increase. The tool trades fail to make 
appreciable headway. Tool-steel makers are experienc- 
ing keen competition from the Continent, and have great 
difficulty in booking orders. 

South Yorkshire Coal Trade.—A brighter tone is 
evident in the coal trade generally and improvement 
has developed in several directions. House coal is in 
improved request, users taking advantage of the low 
prices in operation. Country buyers are also purchasing 
more freely. The demand for industrial fuel has under- 
gone little change. A revival is unlikely until activity 
is more general in the iron andsteel trades. Foundry and 
furnace coke are steady. Prices have weakened to 13s. 
to 14s. per ton. Gas coke is firm and realising from 23s. 
to 25s. per ton f.o.b. at Humber ports. Quotations : 
Best branch hand picked 24s. 6d. to 25s. 6d, Derbyshire 
best brights 19s. to 20s., Derbyshire best house, 18s. 6d. 
to 20s., sereened house 17s. to 18s., screened nuts 14s. 6d. 
to 15s., Yorkshire hards 15s. to 16s. 6d., Derbyshire 
hards, 15s. to 16s. 6d., rough slacks 8s. 6d. to 98. 6d., 
nutty slacks 6s. to 7s. éd., smalls 4s. to 5s. 6d. 








BritisH STANDARD SPECIFICATION FOR Woop Saws. 
—The British Engineering Standards Association has 
issued specification No. 411—1931, which deals with 
the attachment of circular saws for wood working. The 
pamphlet gives the dimensions for the diameter of the 
centre hole, the diameter of the pin and pin-hole, and the 
distance of the pin from the centre hole, for saws of four 
different ranges of diameter. Tolerances on the more 
important dimensions are also specified. In fixing these 
dimensions, the Committee responsible has endeavoured 
to keep in mind the desirability of accommodating 
worn saws on smaller machines, and interchangeability 
can be obtained over quite a wide range of saw diameters. 
The specification also includes recommended methods by 
means of which saws made to British Standard dimen- 
sions may be used on existing saw benches, or whereby 
more than one range of saws can be accommodated on 
the same machine. Copies of the new specification can 
be obtained on — to the B.E.S.A., Publications 
Department, 28, Victoria-street, London, 8.W.1, price 
2s. 2d. post free. 





ScrencE HovusE, SyDNEy, AvsTRALIA.—We have, 
on several previous occasions, referred to the scheme 
for the housing of the scientific and technical institutions 
and societies of Sydney, New South Wales, in one common 
building. It will be recalled that the scheme took 
definite shape in 1925 and that, in the following year, 
the Royal Society of New South Wales, the Institution 
of Engineers, Australia, and the Linnean Society of New 
South Wales, approached the Government of the State 
for a grant of land, upon which to erect the building. 
As a result, a piece of land in Gloucester-street, Sydney, 
having a frontage of 113 ft., and a depth of 51 ft., was 
made available, and building operations were begun in 
1930. The building. which is named ‘‘ Science House,” 
has now been completed and was officially opened in 
May last by Air Vice-Marshal Sir Philip Game, Governor 
of New South Wales. The Chairman at the opening 
ceremony was Mr. E. Cheel, President of the Royal 
Society of New South Wales, who stated, in the course 
of his speech, that the new building had cost 45,000/. 
In addition to the three societies mentioned above, who 
were the owners of the building, many other local scientific 
bodies were now housed in the building. A feature 
of the opening ceremony was a series of exhibitions illus- 
trative of the work of the societies occupying offices 
in Science House, and prominent among these was 
that of the Standards Association of Australia. This 





Cuba. Mr. H. O. Chalkley, formerly Com- 





London: Percival Marshall and Company, Limited. 
[Price 3s. 6d. net.] 





| mercial Counsellor at 
John Broderick as Commercial Counsellor at Washington, ' to be done. 


Buenos Aires, has succeeded Sir , 


indicated what had already been achieved in the 
direction of the standardisation of Australian manu- 
factured articles and products and what still remained 
























































































a 
: 
4 

24 
| 

+ 

be) 
a 
fA 

4 
4 

is] 
3 
4 
4 


rast) SES GEA EN 


Aker 


Heres 


















































































































































eral 


unt 
ons, 


SS] |S =. = & 


agi: ett Seka 











JULY 3, 1931.] 


ENGINEERING. 


15 








NOTES FROM THE NORTH. 


Gtascow, Wednesday. 

Scottish Steel Trade.—Depression is still general in 
the Scottish steel trade and short time is the rule all 
round. With so little activity at the shipyards the 
demands from that quarter are at their lowest, and 
other consumers are not sending in specifications of any 
note on account of the poor state of trade. Export 
business shows no sign of opening out, but the Hoover 
plan is expected to give more confidence, and some 
increase is anticipated in overseas buying in the near 
future. The inquiry is better, and this gives hope. In 
the black sheet trade there is little change to report, 
although one or two works have a fair amount of 
business on hand. No distance ahead can be seen, 
however, and the same applies to galvanised sheets, 
which remain dull. The following are the current 
market quotations :—Boiler plates, 101. 10s. per ton; 
ship plates, 8/. 15s. per ton; sections, 8/. 7s. 6d. per ton ; 
black steel sheets, } in., 7/. 10s. per ton; and galvanised 
corrugated sheets (No. 24 gauge), 11/. 7s. 6d. per ton, 
all delivered at Glasgow stations. The latter are now 
quoted at about 10/. 5s. per ton for export. 

Malleable-Iron Trade.—No improvement has taken 
place in the malleable-iron trade of the West of Scotland 
during the past week, and hand-to-mouth conditions 
still prevail. Orders are so scarce, both on home and 
export account, that makers find it impossible to keep 
their plant running the full week. The re-rollers of 
steel bars are in a similar predicament, and they are 
having to face very severe competition for any business 
on offer. Market quotations are unchanged and are 
as follows :—‘‘ Crown ” bars, 101. 5s. per ton for home 
delivery, and 9/. 15s. per ton for export; re-rolled steel 
bars, 6/. 5s, per ton for home delivery, and 6/1. 2s. 6d. 
per ton for export. 

Scottish Pig-Iron Trade.—The pig-iron trade of 
Scotland continues in a dull state, and the demand is 
easily met by the output from the six furnaces now in 
blast. Stocks on hand are ample to meet all calls for 
the local brands, and much business is lost through the 
regular shipments here of pig-iron from overseas. Prices 
are unchanged and are as follow :—Hematite, 70s. per 
ton, delivered at the steel works; foundry iron, No. 1, 
73s. 6d. per ton, and No. 3, 71s. per ton, both on trucks 
at makers’ yards. 

_ Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
last Saturday, June 27, amounted to 667 tons. Of this 
total 647 tons went overseas and 20 tons coastwise. 
During the corresponding week of last year the figures 
were 757 tons overseas and 29 tons coastwise, making 
a total shipment of 786 tons. 


Scottish Shipbuilding.—The decline in shipbuilding 
becomes more noticeable every month, and few new 
orders are being booked to replace those vessels put into 
the water. During last month the only contracts 
reported were the four torpedo-boat destroyers booked 
by Messrs. Yarrow and Company, Limited, for the 
Portuguese Government; a tug of 350 tons to be built 
by Messrs. Lobnitz and Company, Limited, Renfrew, for 
the Karachi Port Trust; and a buoy-layer to be built 
by the same firm for the Bombay Port Trust. The latter 
vessel will have a length of 115 ft. and a beam of 32 ft. 
It will be driven by twin-screws worked by triple- 
expansion engines giving a speed of 8} knots. The 
output of new tonnage during the month of June from 
all Scottish districts only amounted to six vessels with 
a total of 18,357 tons, and the details, with the figures 
for the half-year, for the various shipbuilding districts, 
are given in the tables set out below :— 





June, 1931. Six Months. 

any ——— 
Vessels Tons. Vessels Tons. 
The Clyde... ee 2 10,000 36 103,871 
The Forth 1 50 8 1,647 
The Tay «... sco CO 8,200 3 24,600 

The Dee and Moray ? 

Firth exe 1 107 ll 2,923 
Total jaa 5 : 18,357 58 133,041 


These figures make very poor reading and are almost 
a record for smallness in tonnage. June is usually a 
fairly good month for output, but the past month is one 
of the worst on record. 








Seamuess Steet Or Fitter.—The filling of oil cans 
direct from a large storage container is, more often than 
not, a wasteful and none too cleanly process; both draw- 
backs can be easily avoided by the use of an intermediate 
vessel, The ‘‘ K”’ seamless steel oil filler is designed for this 
duty, and Messrs. Joseph Kaye & Sons, Limited, Leeds, 
have recently introduced an improved form of it which is 
a good example of the solid workmanship needed in an 
article receiving a large amount of usage. The body is 
pressed from a single piece of heavy steel, and the top is 
attached by the serrated process adopted in the firm’s 
well-known oil feeders. It is concave, and is provided 
with a large filling hole closed by a substantial sliding 
door held in internal grooves. A segmental guard pre- 
vents drip, and any leakage drains back to the filling 
hole. The spout, which has an orifice of } in. in diameter, 
is particularly strong, being double-walled, which con- 
struction also makes it virtually seamless. The handle 
is of solid steel, and is supplied riveted either to the back 
or the side. The oil filler forms a useful vessel for storing 
small quantities of oil in a form handy for replenishing 
oil feeders or oil cups. The two-pint size is 43 in. in 


NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 


Hoover War Debt Proposal.—Although leading autho- 
rities in the north-western iron and steel and heavy 
engineering industries are not inclined to exaggerate the 
possibilities of the war debt ‘“ holiday ” proposals out- 
lined by Mr. Hoover, there is a feeling that the immediate 
beneficial effect on the security and commodity markets 
can hardly fail to be reflected, in the course of time in 
most sections of industry. Therefore, without envisaging 
any extensive trade revival, they do anticipate a favour- 
able repercussion in the next few months. As has been 
the case for the past two or three years, the electrical 
plant and equipment manufacturing section continues to 
be the bright spot in local engineering circles, and lead- 
ing firms report a steady influx of new work. Among 
the most important orders obtained recently by Messrs. 
the Metropolitan-Vickers Electrical Company, Limited, 
of Trafford Park, Manchester, is one for the construc- 
tion of a 26,000-kw. turbo-alternator for the Rhodesian 
Government, at a contract figure of approximately 
105,0007. Messrs. Ferranti Limited, of ollinwood, 
who are also well booked, are to supply current trans- 
formers required by the Manchester Electricity Depart- 
ment in the next 12 months, and Messrs. Ferguson, Pailin 
Limited, Higher Openshaw, Manchester, have obtained 
an order for 30,000-volt sub-station switchgear from the 
same authority. 


Steelwork and Motor Orders.—Structural steelwork 
undertakings are now finding conditions definitely more 
encouraging. Inquiries are circulating with greater free- 
dom than for some time past, and a number of smaller 
orders are being released. In the last few days, Messrs. 
Redpath-Brown and Company, Limited, of Trafford 
Park, Manchester, have strengthened their order book 
with instructions from the Manchester Education Com- 
mittee for steelwork for three new schools; while the 
Committee has placed an order for materials for a 
further school with Messrs. Banister, Walton and Com- 
pany, Limited, also of Trafford Park. Messrs. Skipwith, 
Jones and Lomax, Limited, are to supply the steel re- 
quired in school canteen extensions. Messrs. Charles 
Roberts and Company, Limited, of Horbury, have 
received an order from the Egyptian State Railways 
for the supply of ten 10-ton benzine tank wagons. New 
work continues to materialise steadily for motor manu- 
facturers, Messrs. Crossley Motors, Limited, of Gorton, 
who are receiving an increasing inquiry for oil-engined 
motor omnibuses, have been favoured by the Bury 
Corporation with a contract for the manufacture of five 
machines of this type, to be fitted with double decker 
bodies; and Messrs. The Sentinel Wagon Works, 
Limited, of Shrewsbury, are fairly busy on a number of 
orders for rail and road undertakings. 


New Industries for Manchester.—Messrs. E. F. Hough- 
ton and Company, Limited, of Philadelphia, manufac- 
turers of oils and leathers for industrial purposes, are 
erecting a new factory at Trafford Park, Manchester. 
There they will manufacture textile oils and softeners, 
metal working oils, heat-treating salts and other products. 
Messrs. Oswald Tillotson (1929) Limited, of Burnley, are 
also transferring their heavy motor engineering and repair 
depot from Cheetham to the Trafford Park neighbour- 
hood. 








THE Goup-Mrinina INpusTRY oF OnTARIO.—One of 
the outstanding features of the gold-mining industry of 
Ontario, Canada, is the increased production of the 
precious metal from the Kirkland Lake district. The 
leading mine in this area, the Lake Shore, is producing 
gold, the weekly value of which is 45,000/., and has 
lately been working on large bodies of very rich ores 
containing gold to the value of from 61. to 8/. per ton. 
In 1923, after having produced gold steadily for six 
years, the annual output of gold from this mine was 
worth only 100,000/. In each of the past two years, 
the production has been well over 1,000,000/. in value, 
that of 1930 being worth 1,570,000/. 





ESTABLISHMENT OF A PAPER INDUSTRY IN AUSTRALIA. 
—The Assistant Minister for Industry of the Government 
of the Commonwealth of Australia, Mr. E. J. Holloway, 
recently presented to the House of Representatives, at 
Canberra, a report concerning the paper industry of 
Australia. The report was signed by Mr. I. H. Boas, 
chief of the Forest Products Division of the Australian 
Council for Scientific and Industrial Research, and also 
by Mr. H. W. Gepp, consultant on development to the 
Commonwealth Government. The report stated that a 
strong case existed in favour of the inauguration, at an 
early date, of a paper-pulp and paper-manufacturing 
industry in Australia, based mainly on the resources of 
hardwood timbers in Tasmania. It was recommended 
that complete information should be obtained concerning 
the cost of erection of the proposed plants at Burnie and 
Kermandie in Tasmania, and that detailed forest surveys 
should be carried out. It was further pointed out, in the 
report, that it had been demonstrated that Australian 
eucalyptus hardwoods could be used commercially for 
the manufacture of certain types and qualities of paper. 
About 40,000 tons of writing papers are imported into 
Australia annually and, of this quantity, it was urged that 
at least 25,000 tons could be produced within the Common- 
wealth from Australian raw materials. Furthermore, 
Australia utilises annually some 135,000 tons of news- 
print paper, and the evidence pointed to the fact that the 
whole of this could be manufactured from Australian 
timber. It was recommended, in the report, that the 
Commonwealth and Tasmanian Governments should 





diameter by 4§ in. high, weighs 1 lb. 10 oz., and costs 
38. 8d. post free. 


render all possible assistance to enable the industry to be 
established, 


NOTICE OF MEETING. 





Royat Instrrutrion.—Monday, July 6, 5 p.m, 


Albemarle-street, W.1. General meeting. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—There is every prospect that the 
Egyptian State Railway contract for 200,000 metric 
tons of large coal delivered at Alexandria over August, 
September and October will be retained in South Wales. 
Prices for this contract were opened in Cairo yesterday, 
the lowest figure for large coal being submitted by 
Messrs. T. Beynon and Company, Limited, with a price 
of 24s, ld. per metric ton c.i.f. Alexandria, and 18s. 7d. 
per metric ton f.o.b. The first figure was for 100,000 tons, 
and the second price for a similar quantity. The c.i.f. 
price compares with 25s. 14d. and 25s. 5d. accepted for 
two 50,000 tons lots placed in April last. An American 
firm has offered run-of-mine coal at 15s. 6d. per metric ton 
f.o.b., but it is not expected that the American coal will 
displace the Welsh. In the meantime the general con- 
ditions in the Welsh steam-coal trade have become much 
quieter. Collieries are compelled to rely almost exclu- 
sively on period contracts, arranged some time ago, for a 
clearance of current production, as consumers abroad 
follow a hand-to-mouth policy in purchases. Exports, 
however, are insufficient to clear wagons, with the result, 
that colliery stoppages are becoming more frequent on 
account of the lack of orders and scarcity of empty 
trucks. Best and lower-grade large coals are in negligible 
demand, but secondary qualities move off fairly well. 
Sized coals too, are in quiet request, with the exception 
of dry nuts which are scarce and command a premium 
on the schedule prices. On the other hand, smalls of all 
varieties are a drug on the market. Demand is negligible, 
as already thousands of tons have had to be banked 
because of the impossibility of securing orders, and the 
necessity of clearing loaded wagons in order to provide 
trucks for the movement of large and sized qualities. 
In the past week shipments as cargo foreign totalled but 
354,220 tons, of which 196,470 tons were cleared from 
Cardiff, 69,680 tons from Newport, 49,630 tons from 
Swansea, 31,730 tons from Port Talbot and 6,710 tons 
from Llanelly. In the first half of this year, coal and coke 
exports have amounted to just over 10,000,000 tons, or 
more than 3,000,000 tons less than was shipped in the 
first half of last year. 


Iron and Steel.—Exports of iron and steel goods totalled 
only 6,087 tons in the past week, representing the lowest 
level for any similar period this year. The total compared 
with 18,902 tons a year ago. Shipments of tin-plates and 
terne-plates, compared with a week ago, were reduced 
from 9,447 tons to 4,755 tons, of black-plates and sheets, 
from 2,161 tons to 242 tons, of galvanised sheets, from 
2,483 tons to 239 tons, and of other iron and steel goods 
from 4,811 tons to 852 tons. The upward trend in base 
metals has created a rather more hopeful feeling in the 
Welsh tin-plate trade, and some works are now holding 
out for 14s. per box for tin-plates. Inquiries show some 
expansion, but actual business remains quiet. 








TrapING METHODS AND CONDITIONS IN FOREIGN 
CountRIES.—Confidential memoranda on methods of 
trading and the appointment of agents in The Nether- 
lands and in the Philippine Islands have been issued 
by the Department of Overseas Trade, 35, Old Queen- 
street, London, S.W.1. A further memorandum on 
trading conditions in Persia has also been prepared. 
Interested United Kingdom firms desirous of possessing 
copies of these memoranda should apply to the Depart- 
ment, quoting reference No. C.X. 3575 in the case of 
The Netherlands, C.X. 3571 in that of the Philippine 
Islands, and C.X. 3586 in that of Persia. 





Tue Imporr TrapeE or TurRKEY.—A memorandum 
issued recently by the Department of Overseas Trade, 
and based on information supplied by the Commercial 
Secretary at Istanbul, shows that Turkey has not 
escaped the prevailing depression in commerce. Her 
imports dwindled from £T256,191,172 in 1929, to 
£T 147,534,361 in 1930, and the volume of imports from 
the United Kingdom last year was only slightly more 
than half of that of 1929. Germany, Italy and France 
also suffered marked declines. In 1930, Germany 
accounted for 18-6 per cent. of the total imports, Italy 
for 13-8 per cent., the United Kingdom for 11-2 per cent., 
and France for 10-5 per cent. 


ExuHIBITION or Macutne Toots.—lt may be recalled 
that the exhibits at the last Foundry Exhibition included 
a number of machine tools shown by the Machinery Im- 
rters’ Association. This innovation proved so success- 
ful that the Association has announced its intention 
of exhibiting at the forthcoming Shipping, Engineering 
and Machinery Exhibition, which will be held at Olympia 
in September next. We understand that the whole of the 
northern extension of the main hall has been reserved 
for the Association, and that all the available space has 
been taken, so that the exhibition will constitute the 
most important machine tool display held in England 
apart from the four-yearly exhibition of the Machine 
Tool Association. Practically the whole of the exhibits 
will be shown in motion, and many new machines will 
be exhibited for the first time. It may be mentioned that 
at a recent Council meeting of the Machinery Importers’ 
Association, Mr. E. H. Jones was elected chairman, and 





Mr. Doll vice-chairman, for the ensuing year. 
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Tue ALumMINiIumM-CHRoMIUM ALLoy, CRoMAL.—A new 
aluminium alloy, which is stated to possess great hard- 
ness and tensile strength, combined with low specific 
gravity, has been invented and perfected by Mr. J. 
Harden, of the Metallographic Institute, Stockholm. 
The alloy, which is termed Cromal, contains from 2 to 
4 per cent. of chromium, together with small quantities 
of nickel and manganese. Its tensile strength is given 
as from 23 to 27 tons per square inch and its hardness 
as being equivalent to that of mild steel. Extensive 
tests have indicated that it is highly resistant to corrosion. 
It is stated that the alloy is mainly intended for foundry 
purposes, and that its casting temperature is 700 deg. C. 





Some suggested applications for the new alloy are aero- 
planes, milk and oil separators, cooking vessels, acces- 
sories for motor boats and light-alloy pistons. 
British STANDARD TABLES OF STEEL FLANGES FOR 
Pipes, VALVES AND Firtincs.—The British Engineering 
Standards Association has published Part 4 of their 
specification No. 10. This is designated No. 10—Part 4 
—1931, and deals with steel flanges for pipes, valves and 
fittings, for land use, for working steam pressures from 
600 lb. to 900 lb. per square inch, and for temperatures 
up to 800 deg. F. (427 deg. C.). With these temperatures 
it is necessary to pay special attention to the steel for 





PorTABLE DrrEcT-READING Humipiry INDICATOR. 


the stud bolts, and a specification is given, in this connec- 
tion, of a typical steel suitable for the purpose, as a guide 
to users. The specification, however, permits of the use 
of any other steel with free-cutting properties, which 
has a resistance to embrittlement greater than that 
specified. Copies of this publication may be obtained 
from the B.E.S.A. Publications Department, 28, Victoria- 
street, London, 8.W.1, price 2s. 2d. post free. 


ASSOCIATION OF CONSULTING ENGINEERS.—The report 
of the Committee of the Association of Consulting 
Engineers, for the year ending April 30 last, which report 
was presented at the recent annual general meeting 
of the Association, showed that the total membership 
was 131 at the end of April last. The Chairman, Mr. 
A. H. Dykes, stated, during the course of his speech at 
the meeting that this was the largest number of members 
which the Association had had since its foundation 21 
yearsago. The next important feature of the year, it was 
stated in the report, had been the completion of the 
standard ‘‘ Form of Agreement and General Conditions 
of Contract for Use in Connection with Works of Civil 
Engineering Construction.’’ These Conditions had been 
drawn up in conjunction with the Federation of Civil 
Engineering Contractors, and it was pointed out by 
Mr. Dykes that nearly 9,000 copies had been purchased 
and circulated all over this country, and also in India 
and the overseas Dominions and Colonies. The new 
committee, at its first meeting after the annual general 
meeting, elected Mr. S. C. Lewis, Chairman for the 
ensuing year, and Messrs. A. H. Dykes and S. R. Raffety, 
joint honorary secretaries. The offices of the Association 
are at 11, Victoria-street, London, 8.W.1. 
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IN MEMORIAM. 

NIXON.—On July 3, 1926, at Finchley, Frederick A. Nixon, 
M.Inst.C.E., M.I.E.E. As Chief Engineer in London for the 
Victoria Falls and Transvaal Power Company, Limited, 1911 
to 1926, he was responsible for the whole of the 1913-14 exten- 
sions at Brakpan, Simmerpan, Rosherville and Vereeniging, and 
was in entire charge of all the engineering work and scheme in 
connection with the new Witbank Power Station. He also 
planned extensions for the Wankie Colliery Company, Limited, 
and for the Chinese Engineering Company, Limited. 
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SCIENTIFIC HISTORY. 


History is, or should be, more than a chronicle 
of events. It should tell of the birth and growth 
of ideas, of generalisations and their verification, 
should trace the long course of trains of thought, 
and show how the beliefs and convictions of to-day 
had their germ in a distant past. While most 
political history is mere chronicle, it would not be 
fair to say it of all, and even in the strangely 
unscientific world of political administration the 
term “the scientific study of history ” has found a 
place. Some few lay historians have realised the 
basic lesson of scientific advance, and have attempted 
to apply it in the tangled sphere in which their 
researches lie. That more may do this depends 
upon how far the scientific spirit is able to influence 
the gencral educated thought of the day. It is 
doubtful if any of the older political histories are 
more than chronicles, and that something better 
has been done of later years, owes everything to 
workers in a very different sphere, who have 
looked to the future rather than the past, but whose 
methods have influenced a few whose field lies 
outside their own. 

It, unfortunately, cannot be said that scientific 
men have set lay historians any good example by 
showing how real history should be conceived and 
written. They have neglected their own field and 
not only are good scientific histories few, but scienti- 
fic histories of any kind are few—few, that is, 
compared with the stream of publications of all 
degrees of merit—and demerit—which tell of the 
political and social doings of mankind. This 








neglect may partly be due to the essential interest 
of the scientific worker being concentrated on the 
future of his science rather than its past; it is 
probably, however, also conditioned by the immense 
difficulty of writing true scientific histories. His- 
tories or biographies of the greater scientific workers 
are fairly common, but histories tracing the course 
of the ideas and conceptions which they brought 
into being are almost non-existent. The matter is 
one of enormous difficulty and demanding immense 
labour. Something is known for instance of the 
teaching of such a pioneer as Paracelsus, one of the 
great figures preceding the dawn of modern chemis- 
try and physics, but who is to trace the ramifications 
of his teaching and follow its thread up to the 
advent of, say, Robert Boyle. 

It has been one of the conveniences of the chronicle 
type of political history that it has had mainly to 
concern itself with people of some prominence in 
the times with which it was concerned. No such 
easy path can be followed in scientific history. As 
Dr. Charles Singer said in his opening address to 
the Congress on the History of Science and Tech- 
nology now meeting in London, the greatest events 
in history were the advents of ideas, not the occur- 
rences of incidents, and to trace the course of ideas 
—particularly scientific ideas—through the cen- 
turies, is a matter requiring not only laborious 
research, but a high order of scientific skill. The 
great names in the history of science had no mono- 
poly in originality or industry, and if the tangled 
history of some of the commonplaces of scientific 
thought of to-day could be traced in all its ramifi- 
cations, it would probably be found that vital steps, 
or suggestive ideas, were provided by men whose 
names have long been unknown, some of them, 
perhaps, comparatively small men, but who, none 
the less, contributed their small share towards the 


- | final generalisation. 


Scientific history of this kind demands labour 
and enthusiasm, and is little likely to be undertaken 
on any important scale in the absence of a reasonably 
wide general interest in the subject. Late years 
have shown signs of the growth of such an interest, 
the Congress to which we have referred being a very 
evident example. The work of our own Newcomen 
Society is another illustration. This society has 
probably up to the present been concerned with the 
collection of the data of engineering history rather 
than with scientific history of the type we have 
referred to, but the most scientific historian must 
have his facts and his outline on which to work, 
and the proceedings of the society are gradually 
building up a valuable collection of information 
which is likely to prove of great value to future 
workers. It is also helping to create a wider interest 
in the whole subject. This is a work of cardinal im- 
portance. It is not only desirable, it is necessary, for 
the future ordered progress of mankind that a wide 
and a more understanding interest should be taken 
in scientific matter by the educated world generally. 

We said in our second paragraph that scientific 
men had neglected scientific history. Although this 
is no excuse for, it may be a partial explanation 
of the neglect of science in all its aspects by educated 
society outside purely scientific spheres. It is an 
everyday occurrence to hear, say, a Cabinet Minister 
assert, apparently with a certain amount of satis- 
faction, that, of course, he knows nothing of science. 
The same man would, however, be little likely to 
say that, of course, he knew nothing of literature or 
history. The self-contained nature of science, its 
almost complete divorce from lay educated thought, 
is not only unsatisfactory, it is dangerous. The 
whole possibilities of present-day material civilisa- 
tion rest on the work of scientists and technologists. 
Their work has created a machine of almost incon- 
ceivable complexity, which is being handled and 
run by people who have not even the broadest 
general ideas of the principles on which it is con- 
structed. The reason that the machine works lies 
in its inherent excellence and owes nothing to the 
manner in which it is operated. A comparison of 
scientific history and political history over the last 
hundred years will suggest the relative degrees of 
competence with which scientific men and political 
men conduct their affairs. 

It is possible that scientific history might prove 
a liaison subject between scientific thought and 





18 


ENGINEERING. 


[Jury 3, 1931. 











general unscientific thought. History is a subject 
which appeals to a fair proportion of the great body 
of educated men whose training has been confined 
to the humanities. If scientific men can themselves 
cultivate scientific history to the point of its 
becoming a matter of more general interest in 
educated circles, it may be that in time it will be 
accepted by historians proper as a fit subject for 
their attention, and by this somewhat tortuous track 
science may come to receive something a little nearer 
its proper share of attention. The present Congress 
should be of some influence in directing the attention 
of the educated world generally to the subject on 
which their whole material welfare is dependent. 

If scientific history can come to be recognised as a 
fit subject to stand alongside investigations into 
obscure squabbles in obscure continental countries 
any time in the last five hundred years, or even 
against dissertations on minor Latin writers, then in 
time science itself may come to be recognised as 
essentially one of the important intellectual interests 
of the day. When that stage is reached, one may 
begin to dream of the time when arts students at 
our older universities shall be compelled to take 
some one science subject in their first year, or to 
such an extent as is necessary to give them some 
conception of the scientific point of view. One has 
heard much of compulsory Latin for science students 
in the past. We need not reopen the subject here. 
It is important, but has little educative weight 
compared with compulsory science for arts students, 
a subject which up to the present has hardly been 
discussed. Occasionally there are indications that 
the importance of science is at last becoming recog- 
nised in educational circles. At one of our well- 
known public schools, at which the wise practice 
exists of requiring all boys to read some specified 
book during each term, the Classical Sixth were 
recently instructed to occupy themselves with 
Jeans’ Riddle of the Universe. If the boys had but 
little scientific training before, they are not likely 
to have made much of it, but the incident is a 
valuable indication of a growing appreciation of 
the fact that a so-called educated man of to-day 
who has no scientific education may well be 
described as “ so-called.” 








THE MANUFACTURE OF WATER 
GAS. 


Tue advantages associated with the use of gas 
as a fuel have caused, and are causing, considerable 
activity in investigations of the possibilities for 
making it more generally available. These are 
directed both towards the utilisation of surplus gas 
produced, for example, in the manufacture of coke, 
and to increased efficiency in the direct manufacture 
of gas. Apart from its use as a fuel, whether as plain 
blue gas or carburetted with oil, interest in improved 
methods of producing water-gas is stimulated by 
the large quantities of hydrogen required for various 
chemical processes, such as the manufacture of 
ammonia and the hydrogenisation of coal. The 
principal difference between water gas and producer 
gas is due to the elimination of nitrogen in the 
former and the production of a gas consisting prac- 
tically of combustibles, carbon monoxide and 
hydrogen, with a minimum of inert constituents. 
Normally, this necessitates two-stage operation, a 
“blow ” during which the fuel is raised in tempera- 
ture by a blast of air, and a “run” in which steam 
is decomposed by the hot fuel bed. One attempt 
to produce a similar gas by a continuous process was 
described by Galoczy in a paper to the World Power 
Conference last year. In this, the fuel is blown with 
a mixture of oxygen and steam, and the results 
appear promising. While not differing quite so much 
from ordinary practice reference may also be made 
to the Omgas producer which Dr. Thau and 
K. Schmidt described in a paper, entitled “ Kraft- 
gas-erzeugung und -verwendung in besonderen An- 
lagen,” at the same meeting. Another method of 
dealing with the problem was discussed by Dr. Thau 
in the paper, “ The Continuous Production of Water 
Gas from Powdered Fuel,” which he gave to the 
Institute of Fuel, on May 13 last. He described the 
producer designed by Dr. Heller, of Aussig, in which 
external heating is employed, giving a number of 
operating results. 





The essential difficulty in the control of the 
ordinary two-stage process of water gas manufacture 
arises from the rapid variations during the short 
cycle of operation. These prevent the attainment of 
steady conditions and introduce uncertainty, both 
in the application of the results of experimental 
work on the combustion of coke, depth and tempera- 
ture of fuel bed, &c., and in the measurement of the 
different quantities which enter into the various 
changes. An attempt to meet this difficulty is con- 
tained in a dissertation by Dr. Lloyd Logan, 
entitled ‘ An Investigation of the Manufacture of 
Water Gas with Especial Reference \to the Decom- 
position of Steam,” which has been recently issued 
by the Department of Gas Engineering of the John 
Hopkins University, Baltimore. Dr. Logan sug- 
gested that the subject might well be considered 
a priori, and pointed out that, in spite of variations 
such as due to the presence of volatiles in the coke, 
considerable assistance could be obtained by regard- 
ing the blow and run stages as essentially reactions 
of carbon with air and steam respectively. 

The complete combustion of carbon evolves, as is 
well known, rather more than three times the heat 
given off in the production of carbon monoxide. It 
is, therefore, obviously desirable to limit the latter 
during the blow or heating stage, with the maximum 
production of carbon dioxide. Dr. Logan discussed 
the experimental work which has been done on the 
equilibrium conditions, which shows that complete 
combustion is best attained by a low fuel-bed 
temperature. On the other hand, the maximum 
decomposition of steam, which is the essential 
portion of the process, calls for a high temperature. 
The balancing of these two conditions to secure 
maximum overall efficiency, and the control of the 
other operating factors, give rise to many problems. 
Thus, as pointed out, it may be advisable to vary 
the length and kind of cycle, air rates, steam rates, 
height of fuel bed, speed of ash removal and similar 
factors, according to the type of fuel, or to vary 
conditions, such as those due to changes of oil rates, 
in order to maintain a constant heating value in a 
mixed gas. Material and heat balances obtained 
by ordinary means can supply at best only average 
values of the thermal efficiency and capacity of a 
water-gas set and afford no guide to differences in 
performance of the generator from cycle to cycle. 
Yet, it is just under such conditions, where the 
process itself involves constant and rapid changes, 
that average values may be most misleading. 

A study of the stoichiometry of the process on the 
basis of carbon-air and carbon-steam reactions led 
to very simple conclusions. In the case of the blow, 
providing no free oxygen is present, the composition 
of the gas is fully determined by measurement of 
one of the constituents, say, carbon dioxide. If the 
quantity of air blown be known, the consumption of 
carbon and the amount of blast gas formed can both 
be calculated. Similar simple relations exist in 
connection with the run. For this, the carbon con- 
sumption, volume of blue gas formed and the 
amount of steam decomposed can be obtained from 
a knowledge of the steam input and the respective 
percentages of hydrogen in the dry blue gas and in 
the gas-steam mixture. It is pointed out that, 
owing to the volume of hydrogen and oxides of 
carbon (monoxide and, or, dioxide) being greater 
than that of the steam decomposed, the percentage 
of steam decomposed is less than the percentage of 
gas in the gas-steam mixture leaving the generator 
(except at the limits of 0 and 100 per cent. decom- 
position). Attention is drawn to the fact that in 
the decomposition of steam one volume of hydrogen 
is formed for each volume of carbon monoxide and 
two volumes of hydrogen for each volume of carbon 
dioxide. Departure from unity of the ratio 
(CO + 2CO,)/H, in the observed blus gas composi- 
tions is therefore suggested as an aid to the detec- 
tion and analysis of abnormalities in operation. 

Methods of gas analysis depending on chemical 
reactions, such as ordinary CO, recorders, require an 
appreciable time and the author therefore carried 
out experiments on the application of the thermal 
conductivity method. In industrial practice the 
thermal conductivity of a gas is determined by 
comparison of the relative cooling effect of the gas 
on an electrically-heated platinum spiral with that 
of a reference gas surrounding an identical spiral. 





As the spiral cools, its electrical resistance changes 
and the difference in resistance of the two spirals, 
which form two arms of a Wheatstone bridge, is 
indicated by a galvanometer. The thermal conduc- 
tivity of hydrogen being approximately seven times 
that of carbon monoxide, nitrogen, oxygen, water 
vapour or air, variations in the proportions of this 
gas in a mixture can be readily measured by this 
method. A number of cells were accordingly pre- 
pared and calibrated by passing gases of different 
known compositions through them. Similar cells 
were used for the measurement of carbon dioxide 
in the blast gas. It was found possible to reduce the 
time lag to very small limits by the use of this 
apparatus. 

The large-scale experiments were carried out on a 
12-ft. diameter, fully automatic water-gas generator 
of the backrun type at the Spring Gardens Plant of 
the Consolidated Gas Electric Light and Power 
Company, of Baltimore. The shortest operating 
cycle obtainable with the existing valve timing 
mechanism, 7.e., 3-6 minutes, was used, a typical 
division of this being 36 per cent. blow and 64 per 
cent. run. The run period was generally divided into 
an uprun of 46 per cent. and a backrun of 54 per 
cent. The generator air rate was usually held at 
about 13,100 cub. ft. per minute, and the steam rate 
at approximately 200 1b. per minute. The maximum 
capacity of the plant under the conditions obtaining 
during the tests was approximately 5,000,000 cub. ft. 
perday. The determination of carbon dioxide in the 
blast gas was found to be interfered with by the 
presence of unburned hydrogen, attributable, in 
some cases at least, to blue gas production during 
the blow from the leakage of water-cooled parts. 

The samples of blue gas were taken alternately 
from the generator offtake and from the backrun 
pipe. The sample was divided, a portion passing 
without condensation through a steam-jacketed cell, 
the remainder passing through the other cells after 
successive removal of water vapour by means of a 
water-cooled condenser, an ice-cooled condenser and 
phosphorus pentoxide tubes. In the case of the cell 
for the determination of carbon dioxide in the blue 
gas, the reference gas was passed also over potas- 
sium hydroxide. In the case of the cell for the 
blue gas-steam mixture, a stream of blue gas dried 
as above described was used as the reference gas 
in the earliest tests. In the later tests with this cell, 
as well as with the cell, for the determination of 
hydrogen in the dry blue gas and of carbon dioxide 
in the blast gas, dried air sealed in the cell was used 
as the reference gas. 

Simultaneous readings of the thermal conduc- 
tivity of the gas-steam mixture and of the dried 
blue gas served during these tests as a measure of 
the percentage of blue gas in the gas-steam mixture, 
from which the percentage of steam decomposed 
was determined in conjunction with the proportion 
of hydrogen in the dry gas. Although it was not 
practicable deliberately to vary widely such condi- 
tions as fuel height, air-to-steam ratios, carburettor 
heats, size of fuel, and similar factors, the thermal 
conductivity of the blue gas-steam mixture was 
found to reflect well the variations in fire conditions. 
Calculations for this set of readings indicated the 
average steam decomposition on the backrun to 
vary between 50 and 40 per cent., depending on the 
temperature of the fire. At the beginning of each 
backrun, however, the readings indicated a high 
percentage of steam in the blue gas-steam mixture 
which is really higher than that in the gas-steam 
mixture leaving the fuel bed, since considerable 
moisture condensed in the ash pit on the uprun is 
re-evaporated on the backrun. The thermal con- 
ductivity readings of the dried blue gas were con- 
sistently higher on the backrun than on the up run. 
This was observed in over 150 observations taken 
over a period of several weeks. A sharp drop in the 
thermal conductivity of the dried gas coincided with 
a leak in the blast valve. In other instances in 
which rapid changes in the thermal conductivity 
of the dry gas occurred, abnormalities in operation 
were found as, for instance, a drop in the generator 
air rate due to a derangement of the air-flow regu- 
lator. In the few continuous tests on the blue gas- 
steam mixture, the speed of response was remark- 
able, the pen movement nearly coinciding with the 
action of the valve admitting gas to the cells. 
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THE ROYAL SOCIETY 
CONVERSAZIONE. 


THE second conversazione of the Royal Society, 
held at Burlington House on June 24, contained 
some exhibits of interest which were not shown at 
the first conversazione, which we dealt with in our 
issues of May 22 and 29. Mr. L. F. G. Simmons, of 
the National Physical Laboratory, showed in a 
small wind tunnel one of the methods that have 
been developed at the Laboratory for observing 
visually the flow of air past models of aeroplanes. 
It is a method in which smoke is introduced into 
the air stream at a velocity insufficient to produce 
a sensible alteration of the air flow, and is caught 
up and carried along by the stream, like a few 
drops of dye introduced into a current of water. 
The smoke is produced by the chemical reaction 
between titanium tetrachloride and the atmospheric 
moisture. A few drops of the liquid is spread over 
the surface of the model under test, and the clouds 
of white vapour which it generates by reaction 
with the atmospheric moisture are sufficient to 
show up the details of the air-flow pattern round 
the model. The flow past the model is either 
examined directly, or its pattern, as exhibited by 
the white vapour, is projected on to a screen. 

Another exhibit from the National Physical 
Laboratory was by Mr. C. Dunbar, Mr. J.S. Preston, 
and Mr. R. E. C. Dorling, showing the microscopic 
measurement of concentration and size of small 
particles, such as those present in opal glass. 
These may be extremely minute, and the measure- 
ment is accordingly made by observing the shifting 
of the interference fringes in an auxiliary interfero- 
meter system, when the image of a particle is made 
to traverse a fixed cross-wire, by moving the micro- 
scope stage. The concentration of the particles is 
similarly determined by traversing a certain thick- 
ness, to an extent also measured by means of an 
interferometer, and counting the number of particles 
in a smal] field limited by a stop. 

Imperial Chemical Industries, Limited, again 
exhibited examples of research apparatus used in 
the Research Department of Messrs. Brunner, Mond 
and Company, Limited, and this time included an 
apparatus for determining vapour compositions at 
relatively high temperatures and pressures over 
mixtures of inorganic or organic liquids. An 
interesting element of this exhibit was a high- 
pressure window with an aperture of nearly 3 in. 
diameter, made out of ordinary glass a little under 
? in. thick, and working up to 100 deg. C. and 2,000 
atmospheres. Tightness at this temperature was 
assured by the use of a chromium steel, having the 
same coefficient of expansion as the glass. The same 
principle was shown in some electric leads passing 
through a fitting encased in a glass sheath and 
working up to 200 deg. C. and 30 atmospheres, the 
insulation of which remained practically perfect. 

A new construction of an automatic projection 
microscope was exhibited by Professor H. Hartridge. 
This instrument was so arranged that, by suitably 
changing the eye-pieces and object glasses through 
the operation of two hand levers, eight different 
magnifications could be obtained, ranging from 
8 diameters to 1,000 diameter. The time occupied 
in making the change was between 2 seconds and 
3 seconds. 

It is not always remembered that during five years 
Faraday made and investigated a variety of steels. 
Sir Robert Hadfield exhibited a photographic copy 
of the first page of the paper which Faraday pub- 
lished, in the proceedings of the Royal Society for 
1822, on the alloys of steel, and other photographs 
showing 79 specimens which have been preserved at 
the Royal Institution. 








GENERATION OF ELECTRICITY IN GREAT BRITAIN.— 
During the first five months of 1931, the total amount 
of electricity generated by authorised undertakers in 
Great Britain was 4,854 million units, as compared with 
the finally revised figure of 4,712 million units during 
the corresponding period of 19380. 





SweEpIsH Exports oF IRON AND STEEL.—According 
to a recent issue of The Swedish Economic Review, a 
journal published by the Swedish Foreign Office, Stock- 
holm, exports of pig-iron, wrought iron and steel totalled 
out 40,300 tons during the last quarter of 1930, as 
compared with 64,900 tons, and 73,900 tons in the 
corresponding periods of 1929 and 1928, respectively. 


THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 


(Concluded from vol. cxxxi, page 834.) 
Tue Ligutrne Loap. 


On Thursday afternoon, June 18, a paper on “The 
Value of the Lighting Load to Authorised Undertak- 
ings” was read by Mr. C.W.Sully, who said that, while 
the amount of electricity sold for power had increased 
by 101 per cent. between 1922-23 and 1928-29, the 
increase in the consumption for street lighting had 
been 118 per cent. and for lighting and domestic 
purposes 209 per cent. Much of the latter was 
entirely due to the increase in the lighting load, 
which had been encouraged both by propaganda 
and the improvement in lamp manufacture. As 
the result of research it had been possible to recom- 
mend the use of one standard voltage and to prove 
the importance and practicability of reducing the 
drop in light output during the life of the lamp. 
For instance, the average lumens of a 60-watt, 
230-volt lamp throughout its life had been increased 
from 463 to 524 between 1924 and 1930. To do 
this had meant the closest attention being given 
to every part of the manufacturing process. Prema- 
ture failures due to hot spots would occur if there 
was any variation in the ultimate crystal of which 
the filament was made, or the slightest difference 
in the diameter of that filament throughout its 
length. The exactitude required to ensure the 
latter would be understood when it was stated that 
a 1 per cent. variation in the diameter of a 40-watt 
lamp filament meant a difference of not more than 
0:00001 in. Again, the gas used in gas-filled lamps 
had to be so dry that no chemical analysis had yet 
been devised which was capable of detecting the 
required absence of moisture. 

When the metal-filament lamp was first introduced 
its high efficiency encouraged the use of more light. 
That appetite had since grown to such extent that 
consumers to-day were using more current for 
lighting purposes than in the days of the carbon- 
filament lamp, this increase in three separate districts 
round London being of the order of 71 per cent. 
between 1922 and 1930. On the other hand, there 
were still some seven million houses not using 
electricity, so that there was a great deal to be done. 
Experience showed that the: higher standard of 
lighting inspired its longer use, as it was switched 
on when it was better than the daylight available, 
and was not switched off until it was noticeably 
worse. The result in the City of London had been 
a 55 per cent. improvement in the load factor, and 
the individual load factor of such a consumer as 
a restaurant might be as high as 63 per cent. In 
fact, when illumination was employed to its fullest 
extent, the load factor obtained was well above the 
average figure of 31-6 per cent. for 1928-29, being 
anything up to 50 per cent. in the case of street 
and shop lighting and to 40 per cent. in the case 
of hotels, restaurants, and signs. It was true that 
this was accompanied by an increase in the peak, 
but there appeared no reason why a peak load, if 
it paid, should not be encouraged. 

In organising lighting development, the aim should 
be to persuade consumers to use more electricity for 
lighting purposes over extended periods, to ensure 
that adequate facilities were provided in all new 
installation, and to evolve new uses for light. To 
carry out these aims there should be a staff of 
lighting specialists attached to each undertaking, 
who would make an analysis of the various fields of 
lighting in the area, and create a desire for the 
proposed lighting on the part of the consumer, 
besides preparing plans and following up the matter 
until a decision to carry out the proposed installa- 
tion had been reached. 

Discussing this paper, Mr. T. P. Wilmshurst 
said that our foresight in pressing for a standard 
pressure of 230 volts to 240 volts had paved the 
way for the rapid development of the heating and 
cooking load, and the lamp manufacturers deserved 
great credit for producing a high-quality lamp which 
could be used on such circuits. He wished, on 
behalf of the Commissioners, to urge that when a 
change in system had to be made, the lay view should 
be taken and the standard voltage should be 
adopted, even if it meant an increased expenditure. 





Financial assistance for this purpose could. be 


obtained from the Unemployment Grants Com- 
mittee, and it was to the benefit of the industry as 
a whole that the standard pressure should be 
adopted. 

Mr. C. C. Paterson said that the object of the 
paper was to provide the consumer with good 
technical advice on the subject of lighting. This 
was particularly necessary in the case of street 
lighting, in which field the question of utility must 
be the predominating factor. The expenditure that 
could be afforded on this service was small, and 
unless it was used to obtain the maximum visibility 
we should not obtain safe, much less beautiful, 
installations. Light sources that gave high bril- 
liancy often did not give the best visibility. 

Mr. C. W. Salt said that in the case of small 
properties it was necessary to increase the revenue 
obtained from lighting by encouraging the con- 
sumption of electricity for other purposes. He 
thought that in urban areas the street lighting 
should be such that the use of motor-car head-lights 
was unnecessary. 

Mr. A. C. Cramb said a great increase in the 
lighting load could be obtained by paying more 
attention to shops and other similar premises. As 
the standard of illumination had been doubled 
since the war, these offered a wide potential field. 
The tendency to reduce the price of electricity 
for lighting to unnecessarily low levels had a bad 
effect on development in other fields, and was to 
be deplored. 

Mr. L. L. Robinson argued that we were going too 
far in seeking to produce a high-efficiency lamp, 
for, as the price of current was falling rapidly, this 
was of less relative importance than the price of the 
lamp itself. The load factor did not matter so 
long as the price charged for each class of load was 
proportional to the cost of supplying it. The light- 
ing load of small houses was of greater value than 
might be expected, as it was largely “off peak.” 
It was time the Association got into touch with the 
Ministry of Transport to discover whether street 
lighting could not be assisted from the Road Fund. 

In the evening the annual dinner was held at the 
Grand Hotel, the President being in the chair. 
Proposing the toast of “The Association,” the 
Right. Hon. Herbert Morrison, M.P., said that, large 
as the field that electricity supply now covered was, 
there were still vast territories to be conquered, 
and in dealing with these all sections of the industry 
must co-operate. Sluggards among the supply 
undertakings handicapped the manufacturer, while 
any determination by the latter to keep prices at a 
maximum was a sore affliction to the undertakings. 
The further electrification of factories must be aimed 
at, and the practical steps towards railway electri- 
fication must be considered. 








THE LATE SIR HUGH BELL, BART. 


By the death of Sir Hugh Bell, the second baronet, 
at an advanced age on Monday last, at his London 
house, England has lost a highly gifted personality— 
a man who in all this country’s industrial and 
business circles commanded the confidence of 
everyone by reason of his distinguished achieve- 
ments and optimistic disposition. Nor were the 
friends he made throughout the course of his long 
life of service limited to this country alone; his 
name was well known and rightly esteemed in 
foreign countries. He combined undoubted scien- 
tific ability with keen business acumen and with 
a wide knowledge of the industrial and commercial 
world. To the end of his life he remained an 
accomplished speaker, and his discourses at various 
functions—at the meetings of the Iron and Steel 
Institute, for example—were always listened to 
with marked attention and interest. 

Sir Hugh was born on February 10, 1844, at 
Walker-on-Tyne. He was the grandson of Mr. 
Thomas Bell, who early in the nineteenth century 
migrated from Carlisle to the North-East Coast, and 
eventually became partner in the firm of Messrs. 
Losh, Wilson and Bell, iron manufacturers, of 
Walker. Sir Hugh was the elder son of Sir Lowthian 
Bell, Bart., who founded the firm of Messrs. Bell 
Brothers and put down, later, the Clarence Iron 
Works, Middlesbrough, for smelting Cleveland iron- 
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and became in succeeding years one of the most 
important steel works in England. Sir Hugh was 
educated at Merchiston Castle School, Edinburgh, 
and in 1859 was sent to the Sorbonne, Paris, where 
he studied chemistry under the late Professor Henri 
Sainte-Claire-Deville. Finally, he passed on to 
Géttingen University, and returned home in the 
autumn of 1862, when 18 years of age. Soon 
afterwards he entered the Clarence Works, in 
which, together with his brother, Mr. Charles 
Lowthian Bell, who died in 1906, he was associated 
with his father, Sir Lowthian, in actively developing 
the manufacture of iron and steel. It is interesting 
to mention at this point 
of our memoir that a 
large bed of rock salt 
was discovered in the 
early sixties of last cen- 
tury in the Middlesbrough 
district, at a depth of 
about 1,000 ft. A method 
of extracting the salt by 
flooding with fresh water 
and pumping up the brine 
was introduced in the 
’eighties by Messrs. Bell 
Brothers, the firm thus 
adding the manufacture 
of salt to their metallur- 
gical specialities. This 
line of activity has con- 
tinued in the district ever 
since. 

The Clarence Works 
were commenced in 1853 
with the construction of 
three open-top blast fur- 
naces, 47 ft. 10 in. in 
height, a large propor- 
tion of the pioneer work 
for the improvement 
of blast-furnace practice 
at different times being 
originated at the Clarence 
Works. The plant gradu- 
ally increased in scope in 
the following years, and 
the works were taken 
over, in 1923, by Messrs. 
Dorman, Long and Com- 
pany, Limited, together 
with the plant and proper- 
ties of Messrs. The North- 
Eastern Steel Company, 
Limited ; Messrs. Sir B. 
Samuelson and Company, 
Limited—both at Middles- 
brough—and Messrs. The 
Carlton Iron Company, 
Limited, Ferry Hill, Co. 
Durham. The works and 
properties of Messrs. 
Bolckow, Vaughan and 
Company, Limited, were 
added to the group by 
fusion in 1929. For many 
years Sir Hugh acted as 
vice-chairman of Messrs. 
Dorman, Long and Com- 
pany, Limited, and on 
the death, on February 12, 
last, of Sir Arthur Dor- 
man, he was appointed 
chairman, and remained in that capacity until 
the end. In addition to his other activities, Sir 
Hugh was chairman of Messrs. Horden Collieries, 
Limited ; chairman of Messrs. Pearson and Dorman 
Long, Limited, proprietors of Kentish collieries ; 
a director of the London and North Eastern Railway 
Company, of the Yorkshire Insurance Company, 
and of several other concerns. 

By the death of Sir Hugh the Iron and Steel 
Institute loses one of its two remaining original 
members, who took up their membership in 1869. 
Sir Hugh acted as President of the Institute for a 
period of three years instead of the customary two 
years, namely, from 1907 to 1910, owing to the 
fact that Sir William Lewis—later, Lord Merthyr 
of Senghenydd—who had been appointed president- 
elect, found himself compelled, at the last moment, 






















to relinquish the office. Sir Hugh, who was for 
many years one of the trustees of the Bessemer 
Medal Fund, regularly attended the meetings of 
the Institute and was always listened to with 
pleasure, his remarks being invariably courteous and 
tothe point. During the latter period of his father’s 
life—Sir Lowthian Bell, it will be recalled, died in 
1904—Sir Hugh acted as his right-hand man. 
Several of the papers which in his later years his 
distinguished parent contributed to the Iron and 
Steel Institute were to a great extent written in 
collaboration with his no less distinguished son ; 
moreover, these contributions recorded experiments 





Tue Late Strr Hue BELL. 


carried out in a large measure ‘by the latter. In 
his own name Sir Hugh contributed only one paper 
to the Institute’s proceedings. This was entitled 
““Notes on a Bloom of Roman Iron found at 
Corstopitum (Corbridge),” and was presented at 
the annual meeting held in London in May, 1912. 
In his contribution Sir Hugh gave a description 
of one of the largest masses of Roman wrought iron 
ever found in England. This had been unearthed 
in 1909 during the exploration of the Romano- 
British site of Corstopitum, near the modern 
Corbridge, Northumberland. 

In simple justice to Sir Hugh Bell it should be 
stated that he would have graced any position in 
life. Had he embraced a Parliamentary career he 
might have been nominated to the Cabinet. At 
all events, taking into consideration his business 








capacity, his wide experience, his command of 
foreign languages, his high literary attainments, 
facility of speech and knowledge of men, he would 
certainly have rendered eminent service to the 
Empire as a legislator at Westminster, whilst still 
continuing to give the benefit of his advice and 
experience to the various industries with which his 
name was so intimately connected. He did, in fact, 
contest a seat for the House of Commons on two 
different occasions—first as a Unionist at Middles- 
brough in 1892, and a second time as a Liberal in 
the City of London, but was not elected in either 
constituency. Local affairs, on the other hand, 
claimed much of his atten- 
tion. He was appointed 
Lord-Lieutenant of the 
North Riding of Yorkshire 
in 1906, and was Chairman 
of the Tees Conservancy 
Commissioners for a very 
long period. He was also 
an alderman of the North 
Riding County Council, 
a Middlesbrough borough 
magistrate, and was 
Mayor of Middlesbrough 
in 1874, 1883, and 1910. 
Throughout his life, Sir 
Hugh was a great tra- 
veller, and as recently as 
1924, although he was 
then 80 years of age, he 
undertook the long voyage 
to Australia, along with 
the late Sir Arthur Dor- 
man, in order to be 
present at the laying of 
the foundation stone of 
Sydney Harbour Bridge, 
the contract for which had 
been secured by his firm, 
Messrs. Dorman, Long 
and Company, Limited. 
It was his ambition to re- 
turn to Sydney next year 
to attend the opening 
ceremony of the bridge, 
but this, his last ambition, 
he has failed to realise. 

Unlike many men in his 
sphere, Sir Hugh was an 
ardent free-trader. A 
possible explanation of 
this attitude on his part 
may perhaps be found in 
what we may be allowed 
to term his “‘international- 
ism in the matter of 
trade,” a self-interested 
one, as he himself admitted 
itto be. In this connection 
we may recall that in his 
speech at the Iron and 
Steel Institute dinner, 
held on May 14, 1909, he 
stated he had never been 
able to feel any jealousy 
of the prosperity of his 
neighbour. Under what- 
ever sky his neighbour first 
saw the light, and whether 
he were an Englishman, 
a Scotsman, a Welshman, 
a Frenchman or a German, he was content to see 
this neighbour of his enjoying prosperity, and his 
content, he regretted to add, was based upon nothing 
but the purest selfishness, for he believed that if his 
neighbour were successful, his (Sir Hugh’s) pros 
perity could not fail to be increased by that very 
fact. Unfortunately, trade between nations does 
not always appear to work out on this system. 

Sir Hugh was for several years chairman of the 
Statistical Committee of the National Federation 
of Iron and Steel Manufacturers; he was also an 
original member of the Institute of Metals, a 
member of the Board of Governors of the Imperial 
College of Science and Technology, and a member 
of the Council of the Federation of British Industries. 
He was appointed a Companion of the Order of the 
Bath in 1918, and held the degrees of D.C.L., 











<AeseaiSeaa ey aly on ag Nas eA aes 


CORREA APRS 














PLATE I. 


1931. 


3, 


JULY 


ENGINEERING, 








‘AOHY ATAWASSY ‘IVOIULOMIG ‘gS “DTA 

















‘ANIHOV[A ONITIUJL GNV DNIUOG GANIANOD “9 “OI ‘dOHQ ANTIHOVIL ‘C ‘OIG 











aaa 


Tall Wh, PEs 
ae. 4 : 











(‘| ebvg aas ‘uoydiuosaq 40j) 


HAOCIWANVD GHLINIT ‘ANVdNOD LNAWOULSNI ADCIYVANVD ‘SUSSHN AO SNYOM AHL 





















. r " ‘ oe : Sad oe ae 
ome OF OD ot am Sieg odDe rm HOW Ogee tt nzanooeage ! OM se SO fH WS SS BReaed@BH#eragpmVAwBRaoepmpaBosecsgyesastrPeregae?BZBeweaw,rer Cade seageea @ 


























er 4 
joe 


























‘SHUOLS “ZT ‘DIT 
“INGNLUVAGQ] HOUVESAY “TT ° 























“SNOISNUdSAS UALAWONVATVY) HOX AOHY ONILNAOW ‘OT “DLT 


‘WOOY LST], “6 “OL 





pony sommes. 


sis T ¥ Ps 
< 

















perce oT . ERR set 
eT ee TC ee ee eet 
De Wea ee pA ees RUE es 











SEE each TAS DEE 


er Mais 


sata 


Shae ae 





pascwiee 
Se eae 


aN 


oS ae ga! 





JULY 3, 1931.] 


ENGINEERING. 





2I 








Durham University, and of LL.D., Leeds, Oxford, 
and Sheffield Universities. The Iron and Steel 
Institute awarded him the Bessemer Medal in 1926. 

Sir Hugh is succeeded by his son, Lieut.-Colonel 
Maurice Hugh Lowthian Bell, C.M.G., T.D., who 
has also taken up his father’s business activities. 
This brief notice would be incomplete were we to 
make no mention of Sir Hugh Bell’s gifted wife, 
Lady Bell, who passed away on May 16, 1930, and 
of his talented daughter, the late Miss Gertrude Bell. 
Lady Bell was the authoress of a number of novels 
and plays, both in English and in French, written 
for children, also of plays which have been produced 
at London theatres. Miss Gertrude Bell, after 
occupying various important Government positions 
in Eastern Countries, was appointed, in 1920, 
Oriental Secretary to the High Commissioner of 
‘Traq, where her untimely end occurred in July, 1926. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 


For the third time in its history, the Institution 
of Naval Architects is enjoying, at its summer 
meeting, the hospitality, cordially extended and 
sincerely appreciated, of its French counterpart, 
l Association Technique Maritime et Aéronautique. 
The first occasion was in the year 1895, the second 
in the year 1922, and on both visits the meetings 
were held in the historic Sorbonne. This year 
they take place in the Jena Hall, a modern addition 
to a mansion formerly belonging to that eminent 
geographer, Prince Roland Bonaparte, and now the 
property of the Suez Canal Company. The choice, 
in view of the fact that both nations have peculiar 
interests in the Canal, is not, therefore, inappro- 
priate ; neither is the fact that the Geographical 
Society occupies the first floor of the building dis- 
cordant with the presence of men whose profession 
is to provide the means of intercommunication 
between distant lands. 

Although the official opening of the meeting took 
place on Tuesday, June 30, the members of the 
Association and the Institution were afforded the 
opportunity of meeting one another at a very pleas- 
ant informal reception held at the Hotel George V, 
on Monday evening, June 29. The guests were 
welcomed in a cordial speech by M. Emmanuel 
Rousseau, President of the Association, which was 
appropriately responded to by Admiral of the Fleet 
the Right Hon. Lord Wester Wemyss, President of 
the Institution. The function took the form of a 
musical entertainment, followed by a dance. The 
business of the meeting commenced on Tuesday 
morning, June 30, when three papers were read. 
The members of both the Association and the 
Institution assembled at 9.30 a.m. in the Jena 
Hall, the chair being occupied by M. Charles 
Dumont, Ministre de la Marine, of France, who, in 
welcoming them, disclaimed any pretensions to 
technical knowledge and expressed his pleasure 
in presiding at a fraternal meeting of scientific 
men from both sides of the Channel. Apart from 
the discussion of the papers provided, he hoped the 
visitors would derive pleasure and_ profit from 
their visit to the French Colonial Exhibition at 
Vincennes, and to a celebrated French shipyard. 
Referring personally to Lord Wemyss, the 
Minister recalled how the former was present with 
Marshal Foch at the signing of the Armistice in 
November, 1918, and expressed pleasure at his 
continued cordial interest in France. The Minister 
then reviewed the functions of such bodies as the 
Association and Institution, both as regards their 
international aspect and those concerning their 
members, and concluded by an official welcome in 
the name of the Government of the Republic, and 
in the name of the people of France, who desired 
peace with security to work in. 

M. Emmanuel Rousseau rose to express the thanks 
of the Association and the Institution to the Minister 
for the honour he had done them by presiding at 
the opening meeting, and commented on his eminent 
services to the State in his present and other 
offices. M. Rousseau then addressed himself directly 
‘o the Institution of Naval Architects. It was, he 
said, a privilege he greatly valued to be able to 
welcome his British confréres on behalf of the 
Association over which he had been chosen to 





preside. This Association felt, in some sense, a 
filial regard for the Institution, as it had been 
modelled upon the latter, and there were members 
who belonged to both. The Association had tried 
to be not unworthy of its model. He then recapitu- 
lated, at some length, the mutual dealings of the 
two organisations, and paid a compliment to the 
secretary of the Institution, Mr. R. W. Dana, for 
his valuable services in maintaining an effective 
liaison between them. M. Rousseau then said he 
desired to refer specially to the successful meeting 
of 1924 held in London, Glasgow and Newcastle, 
when, under the presidency of the late Duke of 
Nothumberland, the Association had been the guests 
of the Institution. It was true that Lord Wemyss 
was regarded with the same degree of admiration 
in France as he was in England. M. Rousseau con- 
cluded by a tribute to the authors of the six papers 
which were to be put before the meeting, remarking 
that all were fully competent to deal informatively 
with the subjects they had selected. 

Lord Wester Wemyss, in reply, commenced by 
alluding to the distinction conferred on the meeting 
by the presence of the Ministre de la Marine. He 
then referred to the great changes in the industrial 
world which had taken place since the last meeting 
in Paris nine years ago. The biggest change had 
occurred in the shipbuilding industry. The output 
peak in Great Britain had been reached in 1920-21, 
when there was about 3} million tons under con- 
struction. The corresponding figure at the present 
time was less than 1 million tons. It was recognised 
that all were sincerely trying to remove what was 
held by some to be one of the causes of armed con- 
flict, viz., the race in armaments, but it was disastrous 
that the virtual stoppage of naval construction had 
coincided with a period of depression in mercantile 
shipbuilding. There were prospects, however, that 
a better balance between the laws of demand and 
supply in the latter would be reached by eliminating 
the weaker branches of the industry, cutting out 
redundancies, and improving methods of con- 
struction and distribution. 

After a generous tribute to the greatness of France 
in her ideals, practice and her endurance under 
the trials of war, Lord Wemyss said. that French 
naval construction had always been held in high 
esteem, as it had been recognised as a science long 
before it was so received on our side of the channel. 
It was true that British practical common sense 
had managed to turn out wonderfully good and 
seaworthy ships, but the French ships of the 17th 
and 18th centuries were better than ours, and from 
this successful rivalry started our desire to improve 
methods and to found colleges in which the subject 
should be taught on scientific lines. 

Britain had, however, been first in the field in 
the formation of a technical society, the Institution 
of Naval Architects having been founded in 1860, 
and the Association Technique Maritime not until 
1886. He would remind members of the first 
Paris meeting under the presidency of Lord Brassey, 
who had a warm regard for France and whose father 
had, in 1840, constructed the first railway in the 
country, from Paris to Rouen. At that meeting 
they had been received with the utmost cordiality, 
and many valuable papers had been presented. 
That reception had been repeated later, and was 
in evidence at the present meeting, at which the 
papers were of wide range, including one on aviation 
technique, the latest form of transport. The 
Association Technique Maritime et Aéronautique 
had, in the last nine years, trebled its membership, 
and its papers had increased in volume, scope, and 
standard of excellence. 

Its president, M. Emmanuel Rousseau, added 
lustre to its chair. Apart from his technical 
achievements he was a man of wide culture and 
scientific attainment, an ardent patriot and wise 
administrator, with a wide knowledge of the world. 
Recognising these qualities, the Institution of Naval 
Architects wished to offer M. Rousseau the highest 
honour it was in its power to bestow, namely, its 
diploma of honorary membership. He accordingly 
asked M. Rousseau to accept it with the assurance 
that he would not only be welcomed as a distin- 
guished colleague but the Institution greatly 
appreciated the opportunity of adding his name to 
its roll of honour. 





M. Rousseau, in accepting the diploma, expressed 
his sincere thanks to the Institution, and said he 
felt that the dignity accorded was one which was 
shared by the Association of which he happened to 
be a temporary head. 

At this point, the Minister and the naval 
officer in attendance upon him, retired, and Lord 


Wemyss took the chair. The Secretary of the 
Institution having announced the names of newly- 
elected and transferred members, then stated that 
he had been asked by Sir John H. Biles, who had 
been unavoidably prevented from attending the 
meeting, to read in abstract the paper he had 
prepared. 


THE Economy or LarGE SuHIps. 

This paper, which was entitled ‘“‘ The Draught 
and Dimensions of the Most Economical Ship,” 
will be found reprinted, in abridged form, on page 
28 of this issue. 

The discussion was opened by Eng.-Admiral 
Rolland Boris, C.M.G., of the French Navy, who 
expressed regret that he was unable to congratulate 
Sir John Biles on his paper in person. Sir John 
had been associated with very many important 
naval problems and it was hoped he would long 
continue his scientific activities. Admiral Boris 
then expressed his pleasure that so many British 
naval architects had accepted the invitation of their 
French colleagues. Referring directly to the paper 
he then said he was sorry he had not been able to 
refer to the report of the Royal Dominions Com- 
mission. He had been, however, a member and 
speaker at the 13th International Congress for 
Navigation held in London in 1923, and it might 
interest members to know that the branch offices 
of it were situated across the street from the building 
in which he was speaking, together with part of the 
French “ Trinity House ” laboratories. His paper 
at that Congress had dealt with oil fuel and tanks 
but he had noted quite recently the wish expressed 
by another section of the Congress, viz., that the 
dimensions to be adopted for ships and harbours 
should be studied from the point of view of economi- 
cal working. 

In the half-yearly bulletin published in Brussels 
by the Permanent International Association for 
Navigation, for July, 1927, a report on this subject 
prepared by a special committee of the French 
Government is to be found. Since that date it 
would appear that no further research had been 
made on the particular subject treatediin Sir John’s 
paper. Further, there was no mention of it in the 
agenda of the 15th International] Congress, which was 
to meet in Italy in September. In the 1927 Report 
of the French Committee, seven conclusions were 
reached as to the limitations of large ships and 
harbours. These were : stress on structural material ; 
difficulty of handling very large ships; accumu- 
lation of capital embarked; cost of high sheds; 
necessity of frequent voyages ; ratio between time at 
sea and time in port ; and dimensions of the present 
ports and harbours of the world, in relation to the 
length, breadth, and draughts of ships. 

The Committee’s conclusion was that, generally, 
the depth of water available was the factor prevent- 
ing an increase in the size of vessels, if proper 
proportions were to be maintained. This factor 
was more important for cargo vessels, as it directly 
affected carrying capacity. Increased depth in 
passenger ships was usually connected with comfort 
only. The main points in Sir John Biles’ paper 
might be placed in three groups : weight of hull and 
of machinery and fuel ; frictional and wave resist- 
ance; loading and unloading of cargo and 'ength 
of passages. M. Bertin had read a paper in 1913 
in which he had worked out the most economical 
displacement for given weights and speeds, but his 
coefficients would now have to be revised in the 
light of modern improvements in materia]. Another 
group dealt with the bending moments of the hull 
relative to wave-lengths, and here again improve- 
ments in tensile strength were involved. The decrease 
in the stress ratio in col. f of Table I of the paper 
after 900 ft. in length had been reached was rather 
puzzling. A further division dealt with propelling 
machinery and cost of transport per ton of cargo, 
and in connection with it he hoped to find some 
additional information in Messrs. Wall and Carey’s 


paper. 
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'~'M. Max Bahon, K.B.E., Director General of the 
Suez Canal Company, said the paper was particu- 
larly interesting as dealing at once with the technical 
and economic aspects of the subject, but unfortu- 
nately the conclusions reached as to the most 
economical] vessels involved a draught of from 40 ft. 
to 60 ft. He thought it would be a considerable 
time before the various ports and canals of the world 
could accommodate such huge vessels. In the case 
of the Suez Canal, the permitted draught was 33 ft., 
but it might be predicted that in, say, two or three 
years this might be increased to 35 ft., the depth of 
the Canal being 42 ft. The Company were bound 
to preserve a safety margin of at least 6 ft., as the 
wash of large vessels through the Canal might 
cause displacement of the sandy bottom. The 
policy of the Company was, generally speaking, to 
maintain a depth that would permit the passage 
of ships engaged in the Far Eastern traffic. 

Sir Eustace T. d’Eyncourt thought the question 
of beam had not been given sufficient consideration. 
If the dimensions were increased proportionately 
with existing types, the beam of a ship 1,000 ft. long 
with 60 ft. draught would be 140 ft., and the 
displacement something like 140,000 to 150,000 
tons. It would be difficult not only to handle 
cargoes in such ships but to find ports sufficiently 
large to accommodate them. The test of an 
economical] ship was what was involved in making its 
environment commensurate, and, as things were at 
present, the question under discussion seemed 
rather academic. Another point in connection with 
large ships was the great amount of insurance 
which would have to be carried. 


Mr. J. Foster-King said that with regard to theo- | 


retical considerations the paper was skilfully worked 
out, but he thought it was regrettable that the now 


obsolete formula 2" had been employed. He 


did not believe fine ships would suffer more from 
bad weather than full ships, and that eliminated the 
factor of coefficients of fineness. He was prepared 
to go even farther than he had done in his 1928 
paper, and would say that, in practice, the draught 
used with the dynamic factor then referred to should 
not be less than 5 per cent. of the ship’s length, 
even in the case of a passenger ship in which the 
loads were under control and did not vary violently 
about the points of support. In the case of such 
cargo ships as discussed by the author, it was quite 
probable that the factor should not be less than 
6 per cent. of the length. He could not agree that 
the wave calculations should be based on waves of a 
length of that of the ship. It was really relatively 
short waves that caused most trouble, and he 
deprecated the suggestions in the paper that if a 
1,200-ft. ship were built it might have a deck only 
as strong as a 600-ft. ship. The analysis of stress 
effects on the Leviathan by Mr. Wilson in America 
supported his view. 

M. Barrillon said that the central point of the 
paper seemed to be the increase of hull weight with 
length. As the waves did not increase with the 
size of the ship, the bending moment must not be 
taken as proportional to PL, which would give a 
bending moment varying as L*. The calculations 
were made with a bending moment varying as 
AL‘— BL‘. This law being applied only to 
25 per cent. of the hull, it was easy to understand 
that the total hull weight must vary nearly as L*. 
Many important conclusions had been obtained 
from this fact, but one point seemed to have been 
omitted, and he thought it would be interesting 
to have some comparison of the cost of a fleet of 
such 60-ft. draught ships, and the costs of deepening 
and maintaining the weters, especially in inland 
harbours. 

Mr. Francis Henderson said his experience on 
both the Mersey Docks and Harbour Board and on 
the Clyde Navigation Trust, showed that the 
question of dock accommodation for such vessels 
as proposed was of paramount importance. Even 
with relatively moderate growth in the size of 
ships, the Mersey Docks and Harbour Board had 
been involved in great expense in first deepening 
docks and then strengthening their walls. The 
experiment was tried of pumping water into the 
docks after the ships were in, but that resulted in 
raising them too high for the unloading gear. If 


such ships as were suggested were really built at 
the present time, their utility would be discounted 
by the want of suitable docks, &c., which it would 
cost many millions to provide. 

Professor J. R. Jack also dwelt on the subject 
of dock accommodation, and suggested the use of 
train ferries for loading such large ships in deep 
water. Such ferries were used in New York 
Harbour, and railway trains or lorries could be 
unloaded from them on to a large ship, if necessary. 
He thought, however, that the dock question was 
not alJ the trouble. The matter of strength was 
very important, especially with regard to the pres- 
sure on the shell and the bottom. He then outlined a 
| suggested treatment of frame spaces, and concluded 
| by saying that the troubles on the Leviathan and 
| Majestic were not due to structural weakness as a 
whole, but to local defects in design. There was a 
| possibility of reducing the structural strength of a 
| vessel as compared with a ship 600 ft. long. A 
|large cargo, handled in such a way as suggested, 
|might cause an undesirable fall of prices in the 
‘importing country. 

Sir John Thornycroft said that, at Southampton, 
the harbour authorities were providing not only 
docking accommodation for the longest vessels in 
sight, but also dry docks. Many millions had been 
| spent in this way at Southampton, and, he thought, 
wisely, for nothing short of a Washington Conference 
would limit the size of merchant vessels. 

Mr. H. G. Williams said that what determined 
|the relative economy of either small or large 
vessels was the fraction of the complete capacity 
it was possible to use continuously ; in other words, 
the load factor. Just now, owners were finding it 
difficult to obtain cargoes for even 5,000-ton ships, 
|though this was not so once. It seemed to him 
that cargoes of 50,000 tons or 100,000 tons could 
hardly ever be got to furnish a sufficiently economical 
load factor. 

The President then said that had Sir John Biles 
been present, he was sure the skill which had 
enabled him to work out the problem would have 
also provided good answers to the various points 
raised. He asked for a vote of thanks to the 
author of the paper. 

(T'o be continued.) 











THe BrrmMIncHAM ExcHANGE.—The Directory, for 
1931, of members, subscribers, and representatives of 
the Birmingham Exchange has recently been published 
In addition to alphabetical lists of members and sub- 
scribers, of ticket holders, and of members of the Bir- 
mingham Stock Exchange, the book contains a brief 





history of the Birmingham Exchange, a list of its by-laws, 
| a catalogue of the books in its reference library, and a 
| classified trades directory. The book is obtainable, price 
| 2s, 6d., from the secretary of the Exchange. 


THE ELECTRIFICATION OF SWEDISH STATE RAILWAYS. 
—In the course of a lecture delivered recently before 
the Society of Engineers at Malmé, Mr. Alex Granholm, 
director-general of the Swedish State Railways, stated 
that the electrification of the Stockholm-Malm6 line 
would be completed during the year 1933. The length 
of this stretch of railway is 599 km., while that of the 
cross-country line from Stockholm to Gothenburg, 
which is already electrified, is 456 km. The lecturer 
outlined the advantages of electrifying the West-Coast 
line from Gothenburg to Malmé, 315 km. in length, 
and the Norrland line, from Stockholm to Aange, the 
length of which is 616 km. The aggregate cost of elec- 
trifying the two last-mentioned stretches of railway, 
together with the sums required to purchase electric 
locomotives, was estimated to be in the neighbourhood 
of 4,400,0007. Some emphasis was laid upon the fact 
that electrification would facilitate the conveyance of 
Norrland timber products to ice-free ports. 


Rartway Locomotive Erectinc aND REPAIR SHOP, 
MELBOURNE.—The introduction, on the Victorian 
Government Railways, of heavier types of both passenger 
and goods locomotives, has rendered necessary the con- 
struction of a new and larger engine erecting and repair 
shop at Newport Works, near Melbourne. The new 
structure, which has recently been completed, is 408 ft. 
long by 133 ft. wide, and is furnished with four over- 
head electric cranes, each capable of lifting 75 tons. In 
addition, there are two 10-ton cranes. All six of the 
cranes have been constructed by Messrs. Charles Ruwolt 
Pty., Limited, Richmond, Melbourne. The weight 
of one of the newer locomotives, without its tender, is 
about 100 tons; consequently, two of the new cranes 
will together be able to lift one of them. In the old 
repair shop, which was built upwards of forty years ago, 
cranes of obsolete type and having a maximum lift of 
but 35 tons were alone available, and locomotives had 
to be partially dismantled before they could be lifted. 
The old shop will not be demolished, but will be utilised 
for the construction and repair of wagons. 








LETTERS TO THE EDITOR. 


TORSIONAL VIBRATION AMPLI- 
TUDES OF MARINE DIESEL 
INSTALLATIONS. 
To THE Eprror oF ENGINEERING. 


Sir,—The conclusion reached by Mr. J. M. Pickering 
in regard to the problem he propounds in his letter 
published in your issue of June 26 (page 835), appears 
to be sound. It is, in fact, possible to eliminate the 
second flywheel, forward of the engine, and still retain 
the node at the centre of the engine, provided the mass 
of the remaining flywheel is suitably adjusted. The 
condition to be fulfilled is that the primary frequency of 
propeller, intermediate shaft and flywheel, regarded as a 
separate system, shall be equal to that of the engine 
itself, also regarded as independent. Whether the 
flywheel thus reduced would be sufficient to maintain 
the speed fluctuation within the desired limits is, 
of course, another matter, but as the secondary 
frequency of the whole system would be substantially 
raised beyond the operating range (viz., by the reduc- 
tion in the mass of the flywheel), the precise position of 
the node would not be very important. 

I am obliged to Mr. Pickering for pointing out the 
typographical error in my equation (2), in your issue 
of May 29 (page 695), which had escaped my notice. 

Yours, &c., 
J. Lockwoop TayYLor. 

27, Friars’-road, Coventry. 

June 29, 1931. 








FINE TESTING SIEVES. 


To THE Epiror oF ENGINEERING. 


Simr,—On page 659 of the May 22 issue, Mr. P. E. 
Masters has a very interesting and valuable article on 
fine testing sieves, but he has, I feel, unintentionally 
depreciated the efforts and influence of the American 
Engineering Societies and the U.S. Bureau of Standards 
towards standardisation. 

On page 660 he says in part: ‘‘ It should be noted 
here that the U.S. Bureau of Standards table is a 
theoretical one which does not allow of practical 
application. To obtain the aperture quoted with 
the corresponding wires, many odd weavings, not 
obtainable in practice, would be necessary... . 
Actually, the practice in the U.S.A. is to use Tyler’s 
screens or Ludlow Saylor’s, or other makers, which 
give apertures very similar to those in the standard 
tables, but make use of slightly different wires.” 

This statement sounds suspiciously as though it were 
taken from an old Tyler catalogue, and, although it 
was true a number of years ago, when the series was 
first adopted, it is no longer the case. The U.S. 
Standard sieves can be obtained from practically all 
screen manufacturers. Although no one can deny the 
value and influence of the Tyler series in this country, 
nor that it is strongly entrenched in many industries, 
the fact remains that the U.S. Bureau of Standards 
series, which was adopted by the American Society of 
Testing Materials in 1924-26, has the backing of the 
American Society of Mechanical Engineers and other 
engineering societies, and as the official standard is 
coming into wide use, even for sizes below 40 or 42 
mesh, below which Tyler screens come within the 
tolerance limit of the U.S. or A.S.T.M. series. 

Standardization work by the Bureau of Standards 
dates back to 1904, when the 100 and 200 sieves for 
cement testing were adopted. 200-mesh screen has 
an opening of 0-029 in. or 0-074 mm., and this point 
was adopted by the Tyler Company when they brought 
out their standard series about 1910. In 1912, specifica- 
tions of the Bureau of Standards were broadened to 
include 30 and 40-mesh sand screens, and the specifica- 
tions were revised somewhat. Other revisions in 1914, 
1916 and 1919 led up to the present specifications. In 
the Bureau of Standards series, the starting point is 
1 mm. and decreases in the ratio in the 4th root of 
2. The starting point of the Tyler screen is 200 mesh 
at 0-029 in. with the same geometric relation between 


sizes. 

In 1924, the tolerances of the Bureau of Standards 
series were increased in some cases and proposed as 
tentative by the American Society of Testing Materials. 
They were adopted as standard in 1926, and as such 
by the support of the other American Engineering 
Societies. The difference between the U.S. Bureau of 
Standards and the A.S.T.M. series is that the U.S. 
series is designated by a number which approximates 
the mesh, where the A.S.T.M. series is designated by 
the sieve opening in microns ; thus the number 200 U.S. 
sieve is the A.S.T.M. 74 micron. The Ludlow Saylor 
screen which Mr. Masters refers to is not mentioned by 
any sieve manufacturer in a survey made two years ago 
in this country, although the Howard & Morse series 
which has been in use in this country for over 30 years 
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is still used to some extent. This was probably the 
first standard in America, but is an arbitrary series. 
Inasmuch as the A.S.T.M. series is made up by, and 
has the backing of all other engineering societies, it 
seems to me that Mr. Masters’ remarks regarding the 
impracticability of the American Standard is, to say 
the least, not complimentary to the influence of the 
American Engineering Societies. We feel, however, 
that the information on the U.S. series is not as com- 
plete as it might be, and that his statements were 
influenced perhaps by the mining industry where the 
Tyler series still has strong support. 
Yours very truly, 
R. H. Morris, 
Associate Editor. 
Power Plant Engineering, 
53, W. Jackson Boulevard, Chicago. 
June 10, 1931. 








THE AEROTO FORCED-DRAUGHT 
FAN. 


To THE Eprror OF ENGINEERING. 


Sir,—We have no desire to institute a discussion 
with Mr. Adamtschik on the merits or demerits of the 
Aeroto or other fan. These, like other innovations, 
still have to establish their all-round value and suit- 
ability in the test of time and experience. For the 
same reason we are not impressed by the supposed 
performance of the Aeroto fan, which Mr. Adamtschik 
now claims to have shown on a run done by the 8.8. 
Rodney Star from Gravesend to Dover, and which he 
gives without any of the accompanying data and 
conditions which alone would make the figure of any 
value. 

Our letter to you of June 17 was exclusively concerned 
with the article in your issue of June 12, and our con- 
tention was broadly, that on the data supplied by you, 
an unfair comparison was made between two plants 
which were really specified for different requirements. 
Taking your own data of performance as given in that 
article, it will be seen from Fig. 4 (page 756 ante.) that 
at a volume of 40,200 cub. ft. of air per minute, the 
corresponding total pressure is approximately 2-5 in. 
w.g., and this corresponds to a static pressure of only 
1-825 in. w.g. Against that the specified duty of our 
own fan was at 4 in. w.g., which, in fact was static, and 
not total pressure. It is clear, therefore, that the given 
volume now claimed by Mr. Adamtschik could only be 
obtained by the Aeroto Fan at a pressure not more 
than 45 per cent. of that obtained by the Howden Fan. 

Mr. Adamtschik quotes freely from our specification 
(to which, indeed, he should have had no access), but 





for and quoted :—‘* One motor driving both fans 
when supplying 44,000 cub. ft. of air per minute at 
4-in. w.g. at fan discharge.’ The ‘above duty is 
essentially different from that for which the Aeroto 
fan was specified, or of which it was indeed capable. 
The fan horse-power alone for the above duty is con- 
siderably in excess of the rated maximum power of the 
Aeroto fan motor, which, as given in your issue of 
June 12 was 23 b.h.p. 

As regards the other details given in your issue of 
June 12 and relating to the performance of our fans, 
we do not find it necessary further to deal with these, 
but the fact that the figures were based on tests carried 
out by a competing firm is sufficieat to make them quite 
valueless. As stated in our letter of June 17, we could 
readily have supplied the owners of the S.S. Rodney Star 
with a high-speed fan to do the altered duties and 
performance with which they are apparently now 
satisfied. 

We are, 
Yours faithfully, 
For JaMES HowDEN AND ComMPANy, LIMITED, 
Jas. B. McGititvray, 
Director. 
195, Scotland-street, Glasgow, C.5. 
June 30, 1931. 


To THE Eprror OF ENGINEERING. 


Sir,—In reference to the most interesting article 
on the Aeroto Forced-Draught Fan, which appeared 
in your issue of June 12, it may interest you to know 
that we made our first axial flow fan in 1919 for the 
Ramsay Condensing Locomotive Company, Limited. 

From the photographs (reproduced in Figs. 1 and 2 
above), it will be seen to be of the single-stage type with 
guide vanes, the diameter of the impeller being 5 ft. 
6 in. ‘The efficiency was well up to that guaranteed 
at the specified output of 80,000 cub. ft. per minute, 
and well maintained until the pressure was raised to 
9 in. w.g. 

Yours faithfully, 
For Peter BRoTHERHOOD, LimITED, 
Kemp-WELCcH, 


Peterborough, June 22, 1931. Director. 

















CONTRACTS. 


Messrs. NEwTON, CHAMBERS AND COMPANY, LIMITED, 
Thorncliffe Ironworks and Collieries, near Sheffield, have 
received an order, from the Whitby Gas Company, for a 
two-lift spiral-guided gas-holder. 

Messrs. YARROW AND Company, LimITED, Scotstoun, 
Glasgow, have secured an order for two Yarrow latest 
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economisers and mechanical stokers. These are being 
supplied, through Messrs. Guest, Sykes, Limited, Johan- 
nesburg, to the Government of Northern Rhodesia for 
the new electricity undertaking at N’Dola. 

Messrs, THE Parsons O1t ENGINE Company, LIMITED, 
Town Quay Works, Southampton, have received a 
contract for two of their Y 68, six-cylinder, 117-h.p., 
paraffin engines, coupled to 80-kw. generators, these 
constituting emergency plants for the offices of Messrs. 
Imperial and International Communications, Limited. 
Another order is from Messrs. W. Denny and Brothers, 
Limited, Dumbarton, for two M4S8S-type, 50-90-h.p., 
30-kw. paraffin emergency generating sets for a new cross- 
channel vessel. 

Messrs. Ruston AND HornssBy, LiMiTED, Lincoln, 
have received instructions to supply to Messrs. A. R. P. 
Studios, Limited, three six-cylinder vertical oil engines 
working on the Ruston principle of airless injection, 
Two are of 600 b.h.p. and the third of 225 b.h.p. These 
will generate the electricity required for all the power and 
light needed in the new talking-film studios at Ealing, 
London, W. 

Messrs. THE BRISTOL AEROPLANE COMPANY, LIMITED, 
Filton, Bristol, have received an order for eight Bristol 
Bulldog single-seater fighters, fitted with Bristol Jupiter, 
series VII F., supercharged engines from the Swedish 
Government. This order follows a recent one for Bristol 
Bulldogs, which have been submitted to thorough tests. 

Messrs. Simon-Carves, Limirep, Cheadle Heath, 
Stockport, have secured an order from Messrs. \Wath 
Main Colliery Company, Limited, Wath-on-Dearne, near 
Rotherham, to extend their Baum washery capacity from 
75 tons per hour to 150 tons per hour. The original 
washery, with a capacity of 50 tons per hour, was erected 
in 1908 by Messrs. Simon-Carves, Limited, and again 
extended by them in 1924, 

Messrs. THE British THomson-Houston Company, 
LimITED, Crown House, Aldwych, London, W.C.2, have 
received an order from The Royal Mail Steam Packet 
Company, London, for the part supply of Mazda lamps 
for the period ending May 31, 1932. 








Tue InstITUTION oF MINING AND METALLURGY.—The 
report of the council of the Institution of Mining and 
Metallurgy for the year ending December 31, 1930, which 
was presented at the recent annual general meeting of the 
Institution, shows that the total membership at the end 
of last year was 2,259, as compared with 2,289 on 
December 31, 1929. The finances of the Institution are 
in a sound condition, receipts during the year under 
review totalling 10,225/., and expenditure 9,878. Among 
other items, the council, in their report, refer to the 
proposed review of the mineral resources of the Empire, 
and state that, acting upon the instructions of the 
Imperial Conference, the Imperial Economic Committee 
has decided to appoint a committee to consider the 
distribution and availability of the minerals and metals 
of the Empire. Sir William J. Larke has been appointed 
chairman, and the various Governments of the Empire, 
the Imperial Institute, and the mining and metallurgical 








you will observe from that quotation that we specified 





type of water-tube land boilers with superheaters, 
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LABOUR NOTES. 


At Carlisle, on Friday last week, representatives of 
the Shipbuilding Employers’ Federation and represen- 
tatives of all the trade unions, which have members 
employed in the industry, again discussed the employers’ 
proposed alterations of wages and conditions of employ- 
ment. It was officially stated at the close of the 
conference that the application of the whole of the 
proposals had been discussed generally. In regard to 
the proposals affecting plain time-workers the con- 
ference had agreed that the national discussions should 
be adjourned, and that local joint conferences should be 
arranged immediately, where necessary, to consider the 
position of such workers in districts where there exist 
excesses over the standard time rates of the national 
uniform wages scheme. With regard to the proposals 
affecting piece-workers and men employed on other 
than plain time rates, explanations were given by the 
employers at the request of the unions as to the intention 
and application of the employers’ scheme. On behalf 
of the unions it was suggested that, having regard to the 
far-reaching nature of the proposals affecting these 
classes, arrangements should be made for detailed 
consideration with the unions specially affected. The 
employers ultimately proposed that a small national 
joint committee representing the Federation and the 
whole of the unions parties to the national negotiations, 
should be appointed to carry out a more detailed 
examination of this set of proposals and to report back 
to the national conference. 


After consideration the union representatives inti- 
mated that before they could agree to the employers’ 
suggestion it would be necessary that opportunity 
should be given them to dispose of an important 
question of principle involved. It was agreed that the 
arrangements for resuming the full national conference 
should be left in the hands of the secretaries, both sides 
recognising that, in view of the serious position of the 
industry, the resumption should take place at the 
earliest possible convenient date. 


The National Joint Council for the electricity supply 
industry, at a meeting on Friday last week, reached a 
settlement in the difference regarding wages. The 
sliding scale agreement was due automatically to end 
on the following Tuesday, and the unions had intimated 
that they did not intend to renew it. The employers 
had given notice of a wage reduction of a penny an 
hour. Under the agreement arrived at wages are to be 
stabilised until July 31, and under the constitution of 
the Council the position is referred to each of the 
thirteen area councils, Failing agreement there, the 
question is to go back to the National Council. 





Sir Nicholas Grattan Doyle asked in the House of 
Commons on Friday last if the Minister of Labour would 
inquire into and report on schemes of compulsory 
holidays adopted abroad with the object of reducing the 
incidence of unemployment. Miss Bondfield replied 
that so far as she was aware, the only country in which a 
scheme of this character had been adopted was Holland, 
where arrangements were in operation under which 
employers who paid wages to workers suspended from 
their employment might recover part of the amount so 
paid from the State, provided that the commune in 
which the workers resided also contributed. She had 
no information as to the effect of this or any other such 
scheme, but she promised to make inquiries on the 
subject from the International Labour Office. 


In its First Report the German Advisory Commission 
on Unemployment recommended that the German 
Government should take powers to reduce working 
hours, in suitable cases, to 40 a week, as a means of 
spreading the available work over a larger number of 
persons. Chapter II of Part Three, dealing with 
Unemployment, of the Federal President’s Second Order 
of June 5, 1931, for the Safeguarding of the National 
Finances and Economic Structure, gives effect, the 
British Ministry of Labour Gazette states, to this recom- 
mendation. 


The Federal Government, with the approval of the 
Reichsrat, may order that, in individual industries, 
branches of industry and commerce, or for individual 
groups of workers, the normal working hours, in 
undertakings employing, as a rule, at least ten manual 
workers or at least ten non-manual workers, shall be 
reduced. The working hours, so reduced, may be 40 
or more a week, and may be averaged over a period of 
six weeks. The working of overtime by collective 
agreement between employers and workers, which is 
permissible under Clauses 2 and 5 of the Working Hours 
Order of April 14, 1927, is to be subject to the sanction 
of the competent authorities. Before an Order is 





issued, it must be ascertained whether the reduction in 
working hours is technically and economically possible, 
and whether the supply of labour is sufficient to enable 
the reduction to be carried out. The Federal Govern- 
ment, with the approval of the Reichsrat, is to issue 
detailed regulations for the application of the reduction 
in working hours. 





The annual report of the General Executive Council 
of the Transport and General Workers’ Union states 
that the total income was 616,794l. 4s. lld., the net 
gain on the year’s working amounting to 70,8361. 7s. 5d. 
During the year, the sum of 152,700I. 3s. 64d. was paid 
out in benefit. “‘ The amount expended,” the Council 
say, ‘in the payment of affiliation fees on behalf of 
the general membership totalled 12,9501. 2s. 3d., while 
compensation secured on behalf of individual members 
amounted to 183,265/. 7s. 2d., giving a grand total of 
348,9151. 12s. 113d. returned to the members in one 
form or another.” The Council point out that these 
cash benefits are exclusive of the benefits of the 
National Health Insurance Section, and take no 
account of the benefit of convalescent treatment 
at the Union’s Home, which cannot be measured in 
terms of money. Similarly, it is added, the cash 
benefits do not take into account the incalculable 
value of the day-to-day service rendered by the Union 
to its members over the whole field of industry in con- 
nection with delegate conferences and delegations, on 
joint industrial councils, conciliation boards, and other 
forms of negotiating machinery, and in connection 
with the thousand-and-one matters arising in their 
daily lives. 





Addressing the biennial delegate conference of the 
Transport and General Workers’ Union at Blackpool, 
on Monday, Mr. H. Kershaw, the president, said that 
their opponents made great play with the fact that the 
cost of living had gone down, but they forgot that the 
men’s efficiency had gone up. If industry was “‘ speeded 
up” and greater quantities of goods produced, then 
surely labour was entitled to an advance, and not a 
reduction in its standard of living. In any case they 
were not prepared to accept the purely fodder concep- 
tion of their standards, Probably the best testimony 
was paid them by the apologists who said that the 
present system could not work because of the power of 
trade unions in holding the wage situation so success- 
fully. The unions resisted any interference with the 
social services on the ground that private enterprise 
must confess, with 3,000,000 unemployed, that theirs 
was a system which could not employ and maintain the 
population in security, and could not of its own volition 
secure such a distribution of the national income as 
would even minimise the effects of poverty. They 
were justified therefore in demanding an opportunity of 
saving themselves by collective action through the 
municipalities and the State. 





Under a Decree of the Government of the Soviet 
Union, workers are made responsible for the main- 
tenance in good condition of the materials and working 
clothes entrusted to them. Any worker who is con- 
victed by a joint committee of having lost, stolen, sold 
or deliberately or carelessly damaged tools or working 
clothes must compensate the undertaking. The 
management may also impose a disciplinary punish- 
ment or may prosecute the worker. The compensation 
is recoverable by the management by a deduction from 
the worker’s wages. This deduction may not exceed 
25 per cent. of the worker’s earnings, and if other 
deductions are being made at the same time the total 
amount of all deductions may not exceed 50 per cent. 
of earnings. If a worker is dismissed without having 
paid for all the damage done, the management may 
recover the balance of compensation through the courts 
inthe ordinary way. 





At a meeting in Lucerne of the Executive of the 
International Federation of Christian Metal Workers, 
reports dealing with economic and social affairs were 
discussed. In a resolution adopted by the delegates, 
it was noted that the economic position of metal 
workers in all countries had grown worse, and that 
reduction of wages had become an_ international 
phenomenon, while unemployment was _ perpetually 
increasing. The origin-of the evil, it was declared, was 
to be found partly in the excessive speed of technical 
development and the excessive rationalisation of the 
metal industry, and partly in the unstable political 
situation which, in consequence of the peace treaties 
and the system of international payments, had brought 
about a loss of confidence and seriously shaken inter- 
national credit. Entire approval was expressed of the 
decision taken by the Council of the International 
Federation of Christian Trade Unions at its meeting in 
Bordeaux, and public attention was drawn to the serious 





dangers which must inevitably arise from the critica] 











position of millions of metal workers who were in 
distress. In view of the fact that no country was in a 
position to find a way of escape from the general 
economic depression, and vigorous international 
co-operation was required, the hope was expressed that 
the coming session of the International Labour Con- 
ference would decide to undertake a general inquiry into 
the position of metal workers, the results of which 
might serve as a starting point for international 
measures to reconstruct this important branch of world 
economy. 





The weekly official organ of the International Labour 
Office at Geneva quotes from a report recently issued 
by the Japanese Bureau of Social Affairs, which states 
that the total number of trade unions in Japan at the 
end of 1930 was 712, and the total membership 354,312 
(341,222 males and 13,090 females), or 7-5 per cent. 
of the total number of workers. As compared with the 
figures at the end of 1929, this showed an increase of 
82 unions and 23,327 members, and of 0-7 per cent. in 
the proportion of organised workers to all workers. 
Special attention is drawn to the increase of over 23,000 
in the number of organised workers in spite of the 
decrease of about 160,000 in the total number of workers 
during the year. 





On June 22, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
1,851,421 wholly unemployed, 662,141 temporarily 
stopped, and 113,824 normally in casual employment, 
making a total of 2,627,386. This was 6,456 more than 
a week before, and 812,044 more than a year before. 
The total comprised 1,945,241 men, 64,518 boys, 
568,767 women, and 48,860 girls. 





At the time of writing, the negotiations which have 
for their object the settlement of the coal-mining indus- 
try’s troubles, are still in a very delicate state. The 
mineowners are prepared, it is understood, to meet 
the miners’ representatives at the end of the period 
of stabilisation, but adhere to their decision to exclude 
wage rates from the list of subjects open to joint 
discussion. The position in Scotland, and also that in 
South Wales, appears to be complicating matters, but 
the situation as a whole is regarded as, at any rate, 
promising. 





Industrial and Labour Information states that a new 
Federation of Swedish Salaried Employees’ Organisa- 
tions has been formed representing the Bank Employees’ 
Association, the Journalists’ Association, the Railway 
Clerks’ Union, the Engineering Officers’ Union, the 
Foremen’s Union, the Chemists’ Union, the Ships’ 
Officers’ Association, the Union of Technical Employees 
in the Printing Industry, the Wireless Operators’ 
Association, and the Association of Salaried Employees 
in the Engineering Industry. The constitution of 
the federation provides that it shall be a joint organisa- 
tion of salaried employees’ unions, and shall represent 
their common interests both in questions of the condi- 
tions of employment of their members, and in questions 
of social and economic legislation, both national and 
international. 





The aims of the federation will be, among other things, 
to promote the formation of organisations ; to rational- 
ise the system of association ; to circulate information 
to its members, especially with regard to questions of 
organisation and social policy; to take part in en- 
quiries into problems of employment and to further 
their solution in accordance with the legitimate 
interests of employees; to support the affiliated 
associations in their struggle for the recognition and 
extension of the right of association; to follow all 
legislation affecting the interests of salaried employees, 
drawing attention to the legitimate demands of em- 
ployees if necessary, and taking any steps required 
in connection with questions of social legislation ; 
and, finally, to maintain relations with similar organisa- 
tions in other countries and with the international 
trade union movement for salaried employees. At 
the beginning of 1931, the total membership of the 
affiliated organisations was 20,322. Two of the organi- 
sations represented on the committee, however, the 
Journalists’ Association and the Chemists’ Union, 
have not yet been able to decide on the question of 
affiliation, as their congresses are to be held later 
in the year. 








NaTIoNAL SMOKE ABATEMENT Society.—A council 
meeting of the National Smoke Abatement Society will 
be held on Thursday, July 16, at 71, Eccleston-square, 
London, 8.W.1. Following this, and commencing at 
3.15 p.m., an open meeting will take place, at which 
Mr. W. Prescott will give an address on “Smoke Abate- 
ment from the Manufacturers’ Point of View.”’ The annual 
conference of the Society will be held at Liverpool from 
September 18 to 20 next. The central offices of the 
Society are at 23, King-street, Manchester. 
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RESEARCH AND TENDENCIES IN 
NAVAL CONSTRUCTION.* 


By CHarues FRANCOIS. 


Since the beginning of the present century, and 
especially since the war, naval construction has 
undergone profound changes, arising, principally 
from :—{1) Lessons of the war; (2) scientific and 
industrial development; (3) international agreements. 
Most of our modern ships show characteristics based on 
one or more of the above causes. In 1922 Sir Eustace 
d’Eyncourt’s papert was devoted to the lessons of the 
war, but he referred in it to scientific and industrial 
progress, and also to international agreements for the 
limitation of war fleets. The present paper is intended 
to deal with these two considerations. At first sight 
it might appear that scientific and industrial progress 
would be a favourable factor from the engineer’s point 
of view; while the second point (international agree- 
ments) would be unfavourable. Again, scientific and 
industrial development adds to our responsibilities, 
while international agreements may act as a safeguard 
in certain cases. 


SCIENTIFIC AND INDUSTRIAL DEVELOPMENT. 


Rapid advance in the production of metals and 
alloys, and in the progress of science and its extension 
to practical applications, have all contributed to 
evolution in naval construction. A characteristic 
factor is that lightly constructed engines suitable for 
destroyers, with small tube boilers, and steam turbines 
with reduction gears, are used to-day for ships of all 
sizes and powers. Only a short while ago engines and 
auxiliaries of this character could only be driven for 
long periods under exceptional circumstances. The 
advent of the turbine, however, has changed all this, 
and has enabled us to have marine engines whose 
maximum power on trials can nearly be maintained in 
service—a very important factor in naval warfare. 
From this follows the warship well protected both 
against submarine and air attack, yet possessing the 
speed of a cruiser. Turbines for large ships can now 
be designed for about one-fifth to one-fourth of the 
weight and space which they required about twenty 
years ago. Naval engines can be made of, say, 13 to 
14 kilogrammes (28-6 lb. to 30-8 lb.) per shaft horse- 
power (including all weights) requiring only 8 sq. m. 
(86 sq. ft.) floor area for 1,000 s.h.p., and certain 
British liners with engines similar to those of destroyers 
and cruisers, but working at high pressure and super- 
heated steam, have been able to reduce their oil-fuel 
consumption to something like 270 gr. (0-6 lb.) per 
shaft horse-power-hour. 

Another new factor is the use of internal-combustion 
engines for warships, which twenty years ago were only 
used in submarines. For the large powers required by 
naval surface ships the four-stroke Diesel engine is 
obviously too heavy, but we can have either the two- 
stroke single-acting or two-stroke double-acting engine. 
The latter is undoubtedly lighter in weight, but with a 
given space and limited height its power is somewhat 
less than twice that of a two-stroke single-acting engine. 
For the submarine the single-acting engine appears to 
be best. The double-acting engine can be utilised 
even where the height available is not large, by means 
of reduction gearing, by which on a given piston speed 
the length of stroke can be reduced by increasing the 
revolutions. But in this case it will be necessary to 
interpose between the engine and the pinion an elastic 
transformer, such, for example, as the Féttinger 
hydraulic coupling. The use of gearing necessitates an 
arrangement of several engines on each line of shafting 
(two or four). This solution involves a splitting up 
of the power, and enables us to attain a suitable total 
power by using a number of cylinders of moderate size ; 
thus the advantages are: (1) greater reliability in 
association with smaller cylinders, (2) reduction in loss 
of speed due to accidental damage, (3) improvement in 
consumption at cruising speeds by utilising only some 
of the engines at their highest efficiency. On the 
other hand, there are the following objections: (1) 
introduction of additional machinery, (2) increase of 
weight due to gears and couplings, the total of which 
would be at least 4 kg. (8-8 lb.) per horse-power, being 
the normal weight in an installation of 25,000 horse- 
power per shaft. 

The results already attained by engine builders who 
have specialised in the two-cycle double-acting engine 
should be noted. The presence of a piston-rod in the 
lower combustion chamber and the introduction of a 
stuffing box should not tend to decrease the durability 
f the engine. The adoption of mechanical injection 
certainly leads to improvement, so that the two-cycle 
double-acting engine with mechanical injection will 
yield results about equivalent to a two-cycle single- 





* Paper read before the Institution of Naval Architects, 
Paris, on Tuesday, June 30, 1931. Translated from the 
French, and abridged. 


The units are of lower power (about half), but they run 
at higher revolutions. 
with considerable radius of action, but such a mixed 
solution has certain objections from a naval point of 
view, and can only be adopted in special cases. 
not possible here to allude to electric propulsion at 


acting engine with air injection, as regards reliability. 
To sum up, subject to further knowledge of results in 
service, and subject also to a judicious choice of 
transmission (direct drive or gearing), the best engine 
for each type would appear to be the two-cycle Diesel 
engine, which is already established for naval purposes 
as a very suitable one both as regards weight and the 
space occupied. 
Comparison of Turbine and Diesel Engines.—At the 
present time, of these two types of marine engine, on 
a basis of equal effective power, the turbine is distinctly 
lighter, while the Diesel is the more economical in con- 
sumption. The few results available for large power 
Diesel engines hardly provide a reliable comparison 
between the Diesel and the geared turbine. The figures 
published with regard to the armoured cruiser Deutsch- 
land seem to indicate that the total weight per effective 
horse-power of the engine, including shafting, comes out 
at about 22 kg. to 23 kg. (50 1b.). Steam engines of the 
standard type with moderate pressures and superheat, 
designed with the same care as regards weight, can be 
built for 15 kg. (33 lb.) per effective horse-power, 
leaving a margin of 7 kg. to 8 kg. (15 lb. to 17 lb.) per 
effective horse-power in favour of the turbine. If we 
apply this to a 50,000-s.h.p. ship, the difference is 
some 350 tons to 400 tons, which considerable weight 
at first sight appears to give the verdict against the 
Diesel engine, when considered in relation to the 
Washington limits of displacement, the latter taking 
(perhaps intentionally) no account of fuel supply and 
radius of action. But looking into the matter more 
closely and assuming that the fuel consumption at 
full power may be 190 gr. (0-42 lb.) per h.p. for the 
Diesel, and 350 gr. (0-77 lb.) for the turbine, or a ratio 
of about 55 to 100, a steamship carrying a full supply 
of fuel would require 3,200 tons, whereas with Diesel 
engines only 1,750 tons would be needed. With a half 
supply of fuel we find 725 tons in favour of the Diesel 
engine. 
Finally, it appears certain that for any ship with a 
considerable radius of action the fixed weight, plus fuel 
weight, would be less to-day with internal-combustion 
engines. With a given protection the height of the 
vertical armour is a function of the difference between 
load and light displacement (fuel, men, stores, &c.), 
which is certainly in favour of the Diesel engine; on 
the other hand, the possibility of under-water protec- 
tion bears a relation to the nature of the propelling 
engine. It is really impossible to affirm, a priori, 
that the Washington tonnage (other things being 
equal) would be increased by using Diesel engines. 
It would be unwise to predict the result of the 
struggle between steam and internal combustion so 
long as there is a considerable margin for progress in 
both directions. This is particularly the case with 
the Diesel engine, which is'a newcomer. Twenty-five 
years ago boilers and reciprocating engines sometimes 
appeared to be as near perfection as possible, yet 
great progress has been made since then. Since the 
war, great progress has also been made in steam 
installations on land by turbines with high pressure 
and superheat. Boilers have been very largely 
improved, and interesting departures have been made, 
such as the Schmidt type of indirect heating and the 
Léffler system. No doubt the increase of pressures 
and temperatures, the reduction in scantlings by the 
use of lighter metals, &c., may affect the durability of 
present-day boilers and turbines, a factor which is of 
moment for naval purposes. But it is quite possible 
that certain improvements obtained in land installa- 
tions may in time be adopted for marine purposes. 
Progress in metallurgy may find in the boiler and the 
turbine wide fields of application, as also, perhaps, in 
the internal-combustion engine. In marine engines, 
the low consumption already obtained on land, down 
to only 250 gr. of oil (0-55 lb.) per shaft horse-power 
per hour, may be reached, in which case the balances 
outlined above might be considerably altered. 
In comparing the turbine and Diesel engines, we 
must not lose sight of factors of prime importance 
from the naval warfare point of view, such as reliability 
of engine, accessibility for installation or repair pur- 
poses, vulnerability in action, &c. In these respects 
the Diesel engine appears to have the advantage. Up 
till the present time, the German Navy alone appears 
to have given the Diesel engine its place as a large 
warship engine. The Deutschland, if reports are 
correct, has engines of 50,000 s.h.p. on two lines of 
shafting through two groups of four motors at 450 
revolutions, using reduction gearing and hydraulic 
transmission. The Leipsig cruiser type of engine is 
different, the centre shaft alone having Diesel engines, 
probably similar in design to those of the Deutschland. 


This means a lighter engine 
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space make it unsuitable in many cases for naval 
purposes, and though in the United States it has been 
tried on a considerable scale, it is possible, in view of 
its application in several large liners, that data will be 
available which may bring this form of propulsion 
again to the fore for naval purposes. 

Relation between Science and Technical Problems.— 
In the education of engineers science must be closely 
allied to the technical side. Among different nations 
this problem is treated in different ways. In France, 
the tie between science and technique is perhaps the 
closest, as we find in the general education given in 
the Lycées and the Ecole Polytechnique, and also in 
the studies followed at the schools of higher applied 
science. The Ecole Polytechnique is apparently 
intended to turn out “ savants,” while the schools of 
applied science create the engineers and architects. 
The French method turns out men equally capable of 
becoming savants or engineers, but the young men who 
leave the schools of applied science are neither the 
one nor the other. A savant should possess complete 
knowledge of some branch of science, whereas_ the 
engineer who takes the general course of the Ecole 
Polytechnique, comprising many different subjects, 
cannot completely master any one of them. On the 
other hand, no engineer can become sound in his 
technical knowledge without considerable experience 
and practice. The scientific education of engineers 
by whatever method it is pursued, must always aim 
at training by scientific methods. The French method 
is probably the best for this purpose, but it involves 
a loss of several years in the time when these young 
engineers can reach their full stature. Consequently, 
others who wish to start sooner have abandoned this 
somewhat ideal line of training, to which the French 
are deeply attached, and which they are not prepared 
to admit is incapable of improvement. 


INTERNATIONAL AGREEMENT. 

This is not the place nor the time to discuss, however 
interesting and instructive, the origin of limitations in 
naval armaments, but the question from the point of 
view of the naval architect may be briefly considered. 
International conventions limit the quantity of naval 
tonnage which each nation is authorised to construct. 
This does not concern naval architects directly. The 
convention rules also regulate the quality of each type 
of warship, and sometimes they are very arbitrary 
(tonnage and size of guns, for example). In these 
respects they affect the naval architect by limiting the 
scope of his activities. 

Limitation of Armaments and its Effect on the Problems 
of Naval Construction.—Theoretically, naval construc- 
tion is based on four principal considerations :— 
(1) Armament. (2) Protection. (3) Speed. (4) Radius 
of action. The naval designer equipped with experi- 
ence and imagination, and aided by the working out 
of the equation of weights, settles the minimum tonnage 
which will enable him to carry out the conditions 
imposed. To-day the limitation of tonnage for certain 
types of warships imposed by the Treaty leads all the 
nations to build exactly up to the maximum displace- 
ment allowed in each category, as regards the whole 
or the greater part of the authorised tonnage. Displace- 
ment, which was formerly the final conclusion, now 
becomes the point of departure, and the various 
Admiralties are constrained to adjust their requirements 
to fall within the limits of displacement imposed. The 
distribution of weights, therefore, has to be dealt with 
somewhat differently, and we have to make use of 
differential equations.* It is instructive to note the 
numerical value of the coefficients of these differential 
equations for different types of warships. 

For example, let us assume :—(A) For a battleship.— 
Let the coefficients be as follows :—Propulsion, e = 





4 percent. Fuel, f= 10 percent. Protection, g = 
30 per cent. Armament, h = 20 per cent. 
* Let P = Total displacement. 
P, = “ Washington ”’ displacement. 


V = Speed corresponding to the fraction (e) of 
displacement, P, 


D = Radius of action for fraction (f) of dis- 
placement, P, 

Q = A constant proportional to the weight of 
armour fraction (g) of displacement, P, 

A = Weight of armament fraction (h) of 


displacement, P. 
When there is only one variable in four factors (dV, dD, 
dQ, or dA) we can calculate the differential variation of 
the displacement corresponding to the differential varia- 
tion of this factor. 
Thus, taking displacement W, we find :— 





1 dD 
—— on GO 6 es TE ee = Soames 
pa Me (a, 3) = 
dQ dA 
=Mg- Ga M ae S. 
M, being equal to M ree or approximately M (1 + }/), 


where M is the usual factor of increase relative to the total 
displacement, which factor can be given a value approxi- 








{| ENGINEERING, vol. cxiv, page 27 (1922). 


any length. 


Its considerable additional weight and 


mately constant for each type of ship. 
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The relative variation, therefore, which has much the 
greatest influence on the displacement (W) is that which 
relates to the armour thickness (Q). A similar variation 
in the radius of action (D) will have an influence 4-5 
times less. 

(B) Case of Warship only Slightly Protected. 

Let e = 22 percent., f = 15 per cent., g = 3 per cent., 
h = 13 per cent., then 

dP, dV ,¢D ,4Q 

P, V “D ~ Q 

For a lightly protected cruiser, therefore, the varia- 
tions in speed are of primary importance, their effect 
on displacement is, if the relative variation is the same, 
five times as great as a change in the weight of arma- 
ment and twenty times as great as a change in weight 
of armour, &c. As a practical conclusion it may be 
of advantage, when fixing the dimensions of a warship 
of which the displacement is given, first to settle the 
characteristics for which the relative variations have 
least influence upon the displacement, the nature of 
which depends upon the type of ship selected ; and 
next, to take those whose influence on displacement is 
greatest so as to find by a compromise the required 
displacement. These are not new methods of procedure, 
but a stricter method is needed both on the part of the 
naval officer and of the naval architect in settling the 
characteristics of a new warship. 

Effect of Limitation of Tonnage upon the Problem of 
Warship Design.—From the naval architect’s point of | 
view increasing the displacement improves the efficiency 
of a warship, both technically and financially, because 
the proportion of the tonnage necessary to obtain a 
given speed decreases as the displacement rises. 
Formerly, for battleships, the unit displacement was 
limited either by considerations of naval warfare or | 
mofe likely by financial ones, direct or indirect. The 
advantage of large displacements seemed so evident 
that, in spite of financial considerations, international 
competition led nations to build larger and larger ships. | 
In the case of a number of ships of the same type | 
successively built, the tendency was to group a large | 
number of qualities by adding improvements to those 
already in existence. 

To-day, with the limitation in tonnage, the usual 
method is to build up to the full tonnage allowed. 
Hence when passing from one type of ship to another, | 
each navy will attempt to gauge the additions and ex- | 
tensions required by effecting economies in some of the | 
former requirements. Consequently, technical competi- | 
tion becomes more acute and more exact ; at each stage | 
it is necessary to begin a fresh study of the problem, and 
to seek the best use to which the weight allotted to each | 
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part of the structure can be applied, either by improving 
on older methods or creating new ones; so that, in 
either case, scientific investigation has to be extended. 
Naval architects have always had to concern themselves 
with the best utilisation of the tonnage available. but 
they are now faced with a far greater complexity in the 
problems to be solved. Until the war each progressive 
step was taken only in some definite direction at a 
given time, or in some particular feature of the ship, 
so that progress was relatively slow and not continuous. 
To-day, on the contrary, all these problems have to be 
tackled at one and the same time. 

We must look for renovation in naval construction, 
not so much to the creation of devices entirely new as 
to the evolution of improvements of all kinds in the 
various component parts of the ship, science playing an 
ever-increasing part in the conception of each factor in 
naval construction. 

This new condition involves the following conse- 
quences: (a) Increase in quality and price of the raw 
materials, and increase in the skilled labour required 
for erection and maintenance; (b) extension of the 
calculations regarding the ship’s behaviour at sea; 
(c) extension of experimental investigation in all that 
relates to the construction and propulsion of ships ; 
(d) extension of laboratories where these investigations 
can be carried out, even without an immediate objective. 
Finally, the limit of displacement will, for practical 
purposes, be equivalent to limitations due to financial 
considerations. 

In the evolution naval architects can hope to receive 
but scanty assistance from experience obtained in land 
installations. In aviation we have technical problems 
very similar to those of the Navy, and some help may 
be derived from this branch of the service. But the 
principal effort must be made by the architects and 
engineers of the Navy or Mercantile Marine, who must 
increase their means of study by the help of well- 
equipped laboratories and scientific collaborators, &c. 

Time does not allow of following up this question, 
but we may mention the importance of investigations 
into the strength of hulls, on account of the great part 
which this plays in relation to the displacement ; for the 


hull is in reality a large reservoir of weight upon which | 


the naval architect has to draw for numberless additions 
or improvements elsewhere. The employment of high- 
tensile steel, the use of light metals and of welding in 
place of riveting are examples. The engineer and naval 
constructor should not lose sight of the final aim and 
object of the work they are engaged upon, namely the 
creation of a war fleet. Warships are built not only to 
withstand all possible attacks of the sea, even in the 
greatest storms, but also the combined effect of projec- 
tiles, aerial bombs, torpedoes, and mines. 
Conclusions.—Among many conclusions which might 
logically be reached in relation to modern naval 
construction we offer only three considerations. 
(1) The Problem of Superstructures.—It was not so 






| very long ago that the hull arrangements of a ship were 
; considered to be the most difficult part from the point 
of view of satisfactory design. This is not quite the case 
to-day ; in the modern warship the arrangement and dis- 
position of the engines involve extreme care in the saving 
of space and weight, and in providing protection for the 
vital parts below the water-line. This protection, of 
course, requires space, but the use of liquid fuel has 
helped in this direction. In the superstructure the 
various innovations due to naval exigencies have 
created new and difficult problems; for example, the 
main gun armament has been increased both in number 
and size of guns, and their lengthening in order to 
increase the range ; consequently a larger surface of the 
upper bridges has had to be protected from the effect 
of gunnery blast. The provision of aeroplanes, and 
their launching devices; the development of anti- 
aircraft gunnery; the extension of many devices in con- 
nection with gunnery and range-finding, &c., have all 
to be considered. The naval architect of to-day finds 
in many cases extreme difficulty in designing and fitting 
in the details of superstructures, particularly with 
battleships, where the problem of superstructures is a 
very peculiar one. 

(2) The Problem of Cost.—Rapid scientific progress 
in modern industry and research for the improvement of 
materials have led to an increase in both the cost of 
raw material and of the completed machinery. 

The international agreements would appear to have 
been responsible for hastening this rise by replacing a 
competition in quantity by an even more general and 
extensive competition in quality. And here is a point 
where the forecast of Sir Eustace d’Eyncourt in July, 
1922, may not appear to have been fulfilled. The 
reductions in cost of naval programmes due to the 
Washington Agreement have not been as substantial 
|as was anticipated; for the international agreements 
| have only limited one of the factors of naval cost, 
|namely, the amount of tonnage to be built. The 
| other factor, namely, the cost per ton, tends to increase 
| considerably owing to the highly specialised character 
of modern naval construction, together with the more 
active competition in design. 

(3) The Function of the Present-Day Engineer.*—The 
function of the technician and engineer has considerably 
grown in importance in recent years. In the keen and 
world-wide competition of to-day the engineer is the 
staff officer of peace time. His duty is to organise the 
whole and to perfect each constituent part. In 
devising all means of production and the creation of 
wealth we also find the financier, the jurist, and the 
business man playing their part; they all contribute 
to production, but they do not create it. At the present 
|time, world conditions have become increasingly 
| technical, and the organisation of industry must needs 
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* In the French text, the term “engineer” includes 


the naval architect. 
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PIVOTED SHIP SIDELIGHTS. 


THE advantages of sidelights pivoting on a central 
vertical axis, as compared with the normal hinged 


type, are twofold. In the first place, the glass can be | 


set at an angle so that the movement of the ship causes 
fresh air to be driven into the cabin, the foul air passing 
out through the aperture on the other side of the glass. 
Secondly, the glass holder can be arranged so that it 


will remain in the required open position under normal | 


circumstances, but will be automatically closed if struck 
by a wave. These advantages have led to the increasing 
use of the pivoted sidelight in the last few years, but 
development of the light has been somewhat retarded 
by difficulties in making the glass-holder watertight in 
the closed position. This has usually been done by 
fitting a ring which has been held against the glass- 
holder by clips, or by a system of wedge fastenings. A 
new light has, however, recently been introduced by 
Messrs. J. Stone and Company, Limited, of Deptford, in 
which devices of this sort are unnecessary. 

This sidelight, which is illustrated in Figs. 1 to 4, 
annexed, is called the Stirrup light, as the control is 
entirely effected by a single stirrup-shaped handle. As 
will be seen from Figs. 2 to 4, the sidelight consists of 
two main parts, the glass-holder, and the fixed frame 
in which it pivots. To render the light watertight when 
closed, a rubber sealing ring is fitted in a rim which 
projects from the fixed frame, as shown in Fig. 3. It 
will be evident that the pressure on the outboard 
side of the glass, will tend to increase the pressure on 
the rubber sealing ring. When it is required to open 
the light, the glass-holder is moved away from the seal- 


ing ring by means of the stirrup-shaped semi-circular | 


handle shown in Figs. 1 and 2. This handle is pulled 
forward and swings completely across the light, the 
movement serving to operate disks at the top and bottom 


of the frame. Each disk carries one of the glass-holder | 


pivots, and when the handle is moved right across, the 
holder is free to pivot, as it has been moved well away 


from the sealing ring. By a short return pull of the | 
stirrup handle, the glass holder can be locked in any | 
required position, as this movement will wedge the | 
outer edge of the glass-holder against the smaller dia- | 


meter of the inner edge of the frame. So long as the 


stirrup handle is hard over, the glass-holder is free to | 
pivot. To close the light, the handle is simply swung | 
back into its original pos tion,'bringing the glass-holder | 
against the sealing ring and locking it in a water-tight | 


position. The stirrup handle can be made to operate 


in either direction. 


holder itself. 


AGRICULTURAL MACHINERY IN TUNISIA.—A report on 
the markets for agricultural machinery and 
implements in Tunisia has been prepared by the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
8.W.1. Interested United Kingdom firms may obtain a 
copy of the report on application to the Department, 
quoting reference No. A.X. 10,962. 


| trate the tendency to growth in size of ships. 


In the event of the glass being | 
broken, the glazing ring can be removed, and a new glass | 
fitted, without the necessity of removing the glass- | 


hand | 
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THE DRAUGHT AND DIMENSIONS 
'OF THE MOST ECONOMICAL SHIP.* 


By Sir Joun Briss, K.C.I.E., LL.D., D.Sc. 

| In 1913 investigations were made into the relation 
| between the cost of transportation of goods by sea 
| and the draught of the ships carrying such goods, and 
the resuits were presented to the Dominions Royal 
|Commission in 1913 and 1914. The problem was 
| again dealt with at the Thirteenth International Con- 
gress of Navigation at London in 1923, and as a result 
of further investigation I consider that it will be 
economically desirable in the future, so far as the ship 
is concerned, to carry merchandise in vessels with a 
draught of 60 ft. The conclusions reached are depen- 
dent on the existence of markets which can supply 
| all the goods to be put in a ship, and which can also 
take delivery of these goods without delay to the 
ship. 

Markets to which ships deliver their cargoes 
become fixed by the great vested interests which grow 
up around them. The approach to these markets 
has been through waters which have been steadily 
deepened. Markets like London, Manchester, Glasgow, 
Antwerp, and Hamburg, which are well inland, have 
advantages in collection and distribution of goods over 
markets on the shore. 

A hundred years ago the draught of ships for mer- 
cantile purposes did not exceed 20 ft. Between 1903 
and 1929 the number of ships of over 10,000 tons had 
increased from 83 to 427, and from 1913 to 1929 the 
number of ships over 20,000 tons increased from 30 
to 59; and the number over 30,000 tons increased 
in the same period from 2 to 14. These figures illus- 
Fifty 

years ago the ships of the P. and O. Company, trading 

| to the Thames, had a load draught of 24 ft. On the 
Atlantic, trading from Liverpool, ships had a load 
draught of about 25 ft. Twenty years ago 28 ft. 
| seems to have been the draught for the general run of 
the largest type of merchant ships. The draught of 
ships going through the Suez Canal was not more than 
| 26 ft. 3 in. until 1906. 
total were over 26 ft. 3 in., of which 95 were 28 ft., 
|as against 53 in 1910. The largest draught which is 
allowed to go through the Suez Canal is 32 ft., whereas 
the largest ships of to-day draw 39 ft. 6 in. In 1913 
|I gave evidence before the Dominions Royal Com- 
mission based on details of ship design as it was then 
| practised, and it seemed, so far as those calculations 
went, that if a vessel carried a large number of passen- 
gers, as well as a full load of cargo, the draught corre- 
sponding to the lowest cost of transportation might 
be 60 ft. or so. 

Speed has also increased. In the early eighties the 
crack P. & O. ships had a maximum sea speed of 
14 knots. To-day they do 18 knots. The fastest 
| ships on the Atlantic did 17 knots; to-day they do 








* Paper read before the Institution of Naval Archi- 
tects, Paris, on Tuesday, June 30, 1931. Abridged. 


In 1912, 7 per cent. of the | 





























28 knots. To-day twice as much power can be got 
from a ton of machinery as was obtained ten years 
ago. The tendency of increasing speed is to make the 
most economical ship still larger. The advantage of 
the deep-draught ships over the shallower-draught is 
greater the greater the speed. The same considerations 
apply to weight of the structure of the ship. Better 
material and better designs of construction will reduce 
the weight of the ship itself. These considerations 
will still further emphasise the general conclusions 
that for a given speed the deeper the draught the lower 
is the cost of transportation. 

Certain fundamental conditions of the problem of 
the economic dimensions of ships must be appreciated 
if the way is to be cleared for the understanding of 
various detailed results already presented, and those 
now presented for the first time. 

It is necessary to start with a ship of proportions 
suitable for ordinary general service, and then to 
expand all the dimensions, while maintaining the same 
proportions, and trace the effects of these systematic 
expansions upon the cost of running the ship and upon 
the amount of cargo that can be carried. 

Taking a ship whose dimensions are satisfactory as 
a basis upon which to design another ship, and in- 
creasing these dimensions in proper proportions to 
give satisfactory stability and strength, it can be 
shown that the most economical type of ship is that 
in which the dimensions are all increased to the same 
ratio, and that the structural weight of hull increases 
more rapidly than the displacement. It can also be 
shown that the weight of machinery and fuel increases 
less rapidly than the displacement. The combination 
of these two can be shown in its effect on transportation 
costs, and is given in the form of curves in a paper read 
by me and published in the 1923 Report of the Inter- 
national Navigation Congress. In these diagrams costs 
were given for different lengths of voyage and speed, 
but in all cases there was a distinct minimum of tran- 
sportation costs for each condition stated, and the 
length of ship which corresponded to this minimum 
was shown. 

Before actually discussing the results of the investiga- 
tion, it is desirable to review the broad governing 
principles which determine the economic length. The 
first subject is the relation between speed of ship, size 
of ship, and horse-power necessary for propulsion. The 
latter governs the first cost, the expenditure on fuel, 
machinery maintenance, engine-room complement and 
stores, and hence the character of the variation of 
horse-power with size and speed determines the major 
portion of the operating expenditure. The horse- 
power necessary for propulsion is dependent mainly on 
two factors, namely, the frictional resistance of the 
wetted surface of the ship and the resistance due to 
the formation of waves. The horse-power required per 
ton of displacement to overcome friction steadily 
decreases with increasing size of ship at all speeds. The 


| resistance associated with the formation of waves 


cannot be systematised in the same manner as the 
frictional horse-power, but here again it can be stated 
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that the horse-power increases at a slower rate than the 
associated increase of displacement. The total horse- 
power is the sum of the frictional and wave horse- 
power. These can be translated into machinery, and 
fuel costs required to drive a ton of weight of ship 
and load through the water at any speed in any length 
of ship. This has been done in the diagram, Fig. 1, 
which gives the total engine-room cost per ton of 
displacement at three speeds, 10, 15, and 20 knots, for 
lengths of ship from 400 to 1,000 ft. It will be seen 
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that it is almost as cheap to drive 1 ton at 15 knots in 
a 1,000-ft. ship, as it is to drive it at 10 knots in a 
400-ft. ship. It is also as cheap to drive a ton at 
20 knots in a 1,000-ft. ship as at 15 knots in a 500-ft. 
ship. From these results it is apparent that from 
considerations of horse-power alone, the big ship is 
always more economical than the small ship, and the 
higher the speed the greater the economy. 

There are, however, other considerations which 
must be discussed. Increase in size of ship is accom- 
panied by an increase in the relative weight of the 
structure of the hull if the scantlings are provided for 
the stresses which are set up on a standard wave. 


is available for cargo, and so for the earning of 
revenue. 

On the other hand, the increase of size is associated 
with relatively reduced horse-power, i.e., relatively 
reduced machinery weight, and weight of fuel, these 
latter involving a relative increase in the weight avail- 
able for cargo and so for the earning of revenue. It 
follows that increase in size brings into operation at 
least two conflicting tendencies. An additional factor 
acting in opposition to the increase in size is a factor 
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governed by time of loading and discharging. Hence, 
while the propulsion consideration alone is all in favour 
of increased size, the structural weight consideration, 
like the matter of detention in port, tends to be against 
increasing size. 

In the investigation carried out to determine the 
effect of these opposing tendencies, three speeds were 
selected, 10, 15, and 20 knots, and three lengths of 
voyage, 3,000, 6,000 and 9,000 miles. The various 
items of expenditure were estimated for various sizes 
of ship, ranging from 400 ft. to 1,000 ft., and from the 





estimated amounts of cargo transported the costs of 


length is only about 500 ft. If the speed is 15 knots 
the economic length is about 500 ft. for a 3,000-mile 
voyage, and it rises to nearly 700 ft. for a 9,000-mile 
voyage. If the speed is 20 knots the economic length 
is about 800 ft. for a 3,000-mile voyage, and about 
950 ft. for the 9,000-mile voyage. 

It may be desirable at this stage to discuss the factors 
governing these results. At low speeds the horse- 
power is also low, and the expenditure on machinery 
and fuel is but a small fraction of the total. Hence the 
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economy in engine-room expenditure rendered possible 
by increased size is but an inconsiderable proportion 
of the total expenditure. The over-all result is, there- 
fore, that the effect of detention in port, always an 


















































TABLE I. 
(c) (9) = (e) x (f) | (i) = (g) x (A) | cuaases @® 
(b) Ratio of @ (e) atraoe Scantlings (A) |e elie ae | Ratio of Ratio (m) 
(a) Hull Hull Ratios Ratios of Ratio p of Ratio for Ratio of | Weight of | Structural Correction Corrected 
Length Weight Weight to of L3 Scantlings ctrectavel Constant p of Surface | Sisanteees Weight for for Total Total Hull 
g 600 ft. : rosy eae Structural or Lz. | “Material | ete red Hull Weights. 
Hull. | Material. | Conrcaien. Weight. 
! 
600 13,250 1-0 1-0 1-0 1-00 1-00 1-0 1-0 } 1-0 1-0 13,250 
700 22,250 1-68 1-588 1-167 1-07 1-25 1-36 | 1-70 1-631 1-599 21,200 
800 35,260 2-66 2-37 1-333 1-11 1-48 1-778 2-63 2-456 2-392 31,694 
900 53,870 4-065 3-375 1-50 1-125 1-687 2-25 3°8 3-488 3-403 45,080 
1,000 79,150 5-97 4-63 1-667 1-111 1-851 2-78 5-146 4-671 4-64 61,470 
TABLES II, III AND IV. 
| | | 
Weight ene Weight Weight aii dis - (@) :. aie Oil, 22. per Ton. Oil, 32. 10s. per Ton. 
No. of Table. | Length. 1.H.P. S.H.P. wolf he Nn of of Hull pes xd agi bebe r ra 
= cg Machinery. | Stores. | Corrected. Weights. ment. a a BRatein | Revised Rate in BRevined 
—_ | =— ent. | 1913-14. | Rate. | 1913-14, Rate. 
| | 
1 | | | 
600 10,100 9,090 622 | 41,110 1,350 | 13,250 | 16,332 31,800 15,468 | 13,605 | 0-45 0-396 0-54 0-475 
Table II 700 15,250 13,725 936 | 1,616 1,570 | 21,200 25,322 50,100 24,778 | 20,850 | 0-46 | 0°387 0-54 0-454 
14 knote 800 300 20,070 1,370 | 2,296 1,795 31,694 | 37,155 74,300 37,145 29,280 0-45 0-355 0-53 0-420 
900 31,400 28,260 1,930 3,140 2,020 | 45,080 | 62,170 105,500 63,300 | 38,420 | 0-54 |} 0-389 | 0-63 0-454 
1,000 42,300 38,070 | 2,600 4,000 2,250 61,470 | 70,320 143,600 | 73,280 47,140 | 0-60 0-386 0-70 0-450 
600 18,700 16,830 948 | 8,400 1,350 13,250 18 948 31,800 12,852 | 12,015 | 0-70 0-654 0-87 0-813 
Table IIT | 700 22,500 20,250 1,140 | 4,090 1,570 21,200 28,000 50,100 22,100 20,040 | 0-58 0-526 0-70 0-635 
17 knots - 800 30,000 27,000 1,520 | 5,460 | 1,795 31,694 40,469 74,300 33,831 | 28,915 | 0-58 | 0-496 0-69 0-590 
| 900 39,600 35,640 2,008 | 7,200 | 2,020 45,080 56,308 105,500 49,192 | 38,730 0-61 0-480 | 0:72 0-567 
| 1,000 52,800 47,520 | 2,677 9,600 2,250 61,470 | 75,997 143,600 67,603 | 47,960 | 0-69 0-490 | 0-81 0-575 
; (| 700 46,700 42,030 | 2,010 8,500 | 1,570 21,200 33,080 50,100 17,020 | 13,320 | 1-13 0-884 | 1-45 1-135 
Table IV J 800 55,000 49,500 | 2,370 10,000 1,795 | 31,694 45,859 74,300 28,441 22,000 | 0-89 0-689 1-12 0-867 
20 knots 900 64,400 57,960 | 2,770 11,700 | 2,020 45,080 61,570 105,500 43,930 | 31,760 0-80 0-578 | 0-99 0-716 
{ 1,000 7, 69,300 3,320 14,000 2,050 | 61,470 80,840 143,600 62,760 | 40,850 | 0-82 | 0-534 | 0-99 0-645 
| | | | 





























Hence it follows that increase in size of ship is associated 
with a decreasing proportion of the total weight that 
is available for cargo, so that out of every ton that is 
propelled through the water a decreasing proportion 





transportation were determined. Taking conditions 
as they are to-day, and a speed of 10 knots, there is 
no advantage to be gained by the adoption of very 
large ships. Even for a 9,000-mile voyage the economic 








important consideration, quite outweighs the possible 
economics in engine-room expenditure, so that at low 
speeds the largest ship does not show up to advantage. 
As the speed is increased, the engine-room expenditure 
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bulks more and more largely in the total, with the 


result that the effect of detention in port is offset by a | 


greater and greater economy in the expenditure on 
propulsion. Hence the absolute necessity for increased 
size of ship if the speed of transportation is to be 
increased. There is a continual demand for increased 
speed in practically all classes of cargo carriers. It is 
apparent even in the “‘ tramp,” and at the present time 
there are many cargo liners doing 15 knots on service. 
Thus an investigation which stops at 20 knots does not 
make undue allowance for future developments in the 
matter of speed, when it is borne in mind that the 
speed of sea transport in cargo boats has actually 
increased by 1} to 2 knots in the past twenty years. 
As to length of voyage, the important consideration 
is that the weight of bunkers increases with distance 
between fuelling stations, and there is always a desire 
to carry fuel for the complete trip rather than to 
digress to intermediate fuelling stations. Hence in- 
creased length of voyage, with its increased weight of 
fuel, involves reduction in weight available for cargo. 
The larger ship is here at an advantage, in that the 
relatively reduced power for propulsion, and so rela- 
tively reduced weight of fuel, renders the loss of cargo- 


throughout. This is shown in column (g). The area 
of surface will vary as L?, which is shown in column (A). 
| The product of (g) and (h) measures the weight of the 
| structural material, and is shown in column (i), which 
| gives the relative weights of structural material sub- 
| mitted to the assumed permissible stress. 
For all structures a margin for corrosion is allowed 
| which need not be more in thickness for a 1,000-ft. ship 
| than for a 600-ft. ship. Allowing 0-25 of the thickness 
| of the scantlings of a 600-ft. ship to be added to all ships, 
| and allowing for their relative surfaces, we get a com- 
parison of weight in column (kt). The L* column (d) is 
|not far from column (k), and is much smaller than 
| column (c). The above applies to structural steel only, 
| 2.e., material which has to take up the main longitudinal 
| stress which comes on a ship exposed to a standard 
| bending moment. This structural material is probably 
|about 25 per cent. of the total weight of hull, the 
|remaining 75 per cent. varying as the displacement, 
or L’. Hence, the weight of hull will be between 
| columns (d) and (k) in proportion 0-25 of the difference 
| of values in (d) and (k) from (d). The final ratio of 
| total hull weight is shown in column (1). The column 
| (m) shows the corrected weight of hull. 





The foregoing is an 


earning ability on the long voyage of less account, and 
attempt to bring the 


thus, for any speed, the longer the voyage the greater 


is the economic length of ship. The foregoing considera- | calculations made in Fig.42 
tions can be summed up in the statement that even at | 1913-14 up to date, and . 
present-day speeds of 15 knots and under present-day | to extend a condition of 3,000-Nile Voyage. 


conditions, the long voyage demands the big ship. | structural weight to a 
The figures of 15 knots speed show that for the 6,000- | ship up to 1,000 ft. long 
mile voyage the economic ship is about 600 ft., which | on reasonable modified 


corresponds to 374 ft. draught, and for the 9,000-mile | assumptions as to the ” 
voyage the economic ship is nearly 700 ft. long, with | waves of the sea, which 
44-ft. draught. If, new, consideration is given to the | assumptions were not 
increased speed that is sure to be demanded, the | taken into account in 10 


economic length at 20 knots at once jumps up beyond | the calculations made in 
the figures quoted, and the 1,000-ft. ship drawing more | 1913-14. These calcu- 
than 60 ft. is more economical than the shorter ship. _| lations lead to an in- 
The results discussed above, apart from the extension | creased deadweight to 
to a speed of 20 knots, are based on present-day | be carried on the same 
conditions. It is now desirable to enter the realm of | form of ship as was used 
speculation. With increasing size of ship, if the seas|in 1913-14. Further 
encountered increase correspondingly, the hull will| developments in mac- 
absorb a steadily increasing proportion of the total | hinery have been made 
weight of ship and her load. Progress in shipbuilding, | which reduce the weight 
and increasing knowledge of structural considerations, | of machinery and fuel 
has, however, always resulted in diminishing the | very much. A revision 
relative weight of hull. This progress may continue, | of this calculation, tak- 
particularly as it is now established that since large|ing account of the 
ships do not meet correspondingly large waves, they | altered weight of hull 
are not subject relatively to such severe bending | and the reduced weight 
moments as small ships. The effect of the assumed | of machinery and fuel, 
increased hull weights in the larger ships may, therefore, | is shown in Tables II, 
reasonably be discounted. Ill, and IV. These 
In the Dominions Royal Commission investigations | figures are for a 3,000- 
which were made in 1913, figures were made use of | mile voyage and for oil 
in determining the rate of transportation in terms of | fuel. The two columns 
length of ship, assuming the draught to vary in propor- (q) and (r) show the 
tion to length. Table I shows an attempt to find the | deadweight as revised 
weight of hull of ships 600 ft. to 1,000 ft. long whose | and the deadweight as 
weights and scantlings are in accordance with wave | determined in 1913-14. 
conditions less severe than the standard wave. Column |The difference shows 
(a) is the length, column (5) is the total weight of hull | the gain that may be~ : 
as estimated on the basis of practice in 1913, column (c) | €xpected in the deadweight in the ship of to-day as 
is the ratio of the weights of hull of the various lengths | Compared with that designed in 1913-14. 
of ships in relation to that of the 600-ft. ship, column (d)| There is, however, still another consideration of 
is the ratio of the length cubed to that of the 600-ft.| primary importance. The amount of cargo that is 
ship. From a comparison of (c) and (d) it will be | loaded and unloaded practically determines the length 
seen that the weight of hull increases faster than the | of time that the ship stays in port, when the capital 
cube of the length (i.e., than displacement), being | that is invested in her is virtually lying idle. Increase 
5-97 to 4-6 in the 1,000-ft. ship. On page 15 of the | in size is associated with increased facility for getting 
report (Cd. 8460) laid before the Dominions Royal | cargo “ over the side’; doubling the length of the 
Commission, dated 1917, the conditions governing the | ship permits of double the number of cargo-handling 
consideration of scantlings is discussed. Further | positions being provided, and so doubles the rate at 
investigations have now been made on the following | which the cargo can be brought over the side. But 
assumptions :—(i) That the bending moment on a | increased length involves increased breadth and draught, 
600-ft. ship on a standard wave 600 ft. by 30 ft. is|so that per foot of length along the ship there is a 
(Displacement x length) + 35. (2) That ona 1,200-ft.| greater space to be filled. The net result is that 
ship on a series of 600 ft. by 30-ft. waves the bending | increase in size is accompanied by increased detention 
moment will be (Displacement x length) + 70, and|in port, and so with decreased time available for 
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that for all lengths of ship between 600 ft. and 1,200 ft. 
the denominator will vary proportionally. From 
independent calculations it has been determined that 
the bending moment on a standard wave the whole 
length of a ship is double that on a wave of half the 
length of the ship und one-twentieth of the half- 
length in height. 

From the above we may deduce that the stress varies 


u [3 Ls : . 
as én (3 — — if the scantlings vary as L. Table I, 


column (e), gives the ratio of scantlings which vary as L. 
Column (f) gives the value of the ratio of the stress 
L (3 L 

‘ ao (5 ~ 1,200 
must assume that the permissible stress is the same 
in all lengths of ships. To get the required scantlings, 
so that the stress shall be the same, we must increase 
those scantlings, based on length only, directly as the 
stress in column (f), so as to make the stress the same 


) for scantlings varying as L. We 


| gaining revenue. The rates chosen for the investiga- 
| tion discussed above are appropriate to the handling 
of general cargo, which, with its varied assortments of 
sizes and weights of packages, is handled at a much 
slower rate than bulk cargo, which can be handled 
at about four times the rates adopted above. If on 
these increased rates be superimposed the assumptions 
that the ships will be continuously worked upon 
in port, as they are and must be at sea, there is at once 
a justification for at least increasing eightfold the rates 
already taken. This has been done in a further investi- 
gation, the detention in port entering less into the 
financial consideration, and fuller advantage being 
reaped from the definite savings in engine-room expen- 
diture afforded by increased size. The economic 
length jumps up considerably when these improve- 
ments are taken into account, and is in the region of 
1,000 ft. even for 15 knots on the 6,000-mile voyage. 
In present-day conditions a 400-ft. ship cargo can be 








loaded or unloaded at the rate of 1,000 tons a day. 
Calculations have been based on this normal rate, and 
that the time in port is only that necessary to load and 
unload the amount of cargo that the ship has to carry. 
There is a further deduction of 25 days, per year for 
overhaul. The question of the amount of cargo that 
can be loaded or unloaded per day in terms of length of 
ship has been dealt with on the basis that the rate of 
loading and unloading will vary as the length of ship. 
The curves in Figs. 2a, 2b, 2c, 3a, 3b, 3c and 4a, 4b, 4c, 
showing the calculated cost of transport per 1,000 
ton-miles, are drawn on this basis of normal rates in a 
full line marked A on the foregoing assumptions. 
This normal rate of to-day is, however, in process of 
being rapidly increased. Already one ship carrying 
6,000 tons of cargo has been able to load in ten hours and 
unload in the same time. The 400-ft. ship carries 
roughly 8,000 tons of cargo, so that on the basis of 
1,000 tons per day she will take eight days to load and 
eight days to discharge. If the same loading arrange- 
ments are adopted in the future as in the one case of the 
ship carrying 6,000 tons already adopted, and the ship 
was loaded and discharged by three shifts in twenty-four 
hours, working six hours per shift, we should be able to 
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load or discharge at the rate of 10,000 tons per day. 
If we assume that the amount of loading or discharging 
varies as the length of the ship, then in a 1,000-ft. ship 
we should get 25 tons per day per foot of length of ship 
—25,000 tons per day in a 1,000-ft. ship. The 400-ft. 
ship, if she loads and unloads at the rate of 10,000 tons 
a day, would only require to be in port something less 
than two days. The cost of transport under such 
conditions is shown on the diagrams by the dotted line B. 
It is unlikely that such a short turn round would be 
practicable from the point of view of the crew, and 
it has thereafter been assumed that 7 days is the 
minimum time that a ship would remain in port. At 
the rates considered above it is found that seven days is 
more than enough for loading and unloading the cargo 
carried in ships up to 750 ft. long, but above that 
length this time will be exceeded. We have assumed 
that in the 1,000-ft. ship the loading can be at the 
rate of 20,000 tons per day, and this will involve a 
detention in port of ten days. In the intermediate 
lengths the detentions in port are appropriate to the 
length. Allowing for this deduction, the transportation 
rate has been worked out and is shown in the curves 
C in dotted lines. These curves show clearly that when 
reduction of time in port is taken into account, and 
probably improvements in discharging are adopted, 
the increase of length is associated in all cases with a 
decrease in the cost of transport. 

The 20-knot vessel would do ten voyages while the 
14-knot vessel was doing seven. The amount of cargo 
carried by the 20-knot ship per year would be 20 per 
cent. more than that carried in the same time by the 
14-knot ship. The amount of capital embarked in seven 
20-knot ships would be about the same as in the ten 
14-knot ships. The 20-knot ships would bring in 20 per 
cent. more cargo per year. 
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THE ROYAL AGRICULTURAL SHOW 
AT WARWICK. 


In our review of the agricultural-machinery 
industry at the beginning of the year, we referred 
to the fact that our principal competitors were 
all important agricultural countries, and that on 
the basis of their home demand, they were able to 
penetrate the British market to an extent highly 
detrimental to our home manufacturers. There is 


little hope for the latter of any appreciable increase 
in the home trade unless something effective is done 
to assist agriculture, but the problem is admittedly 
one of the greatest difficulty. Political remedies 


is out of the question. Without Government 
interference of a type which would possibly be 
undesirable, the only way to take proper advantage 
of the latest developments in farming methods 
appears to be greatly to enlarge the areas worked 
as a single unit, a process that has proved practicable 
in other countries under a system of collective 
farming. Such a procedure already has its parallel 
in some of our other industries under the name of 
rationalisation, and it might well be accompanied 
by organisation for only growing crops on the soils 
for which they were best suited and by a consider- 
abJe extension in co-operative marketing. 

The country is in an advantageous position for 





exhibition for the implement industry in al] its 
branches, and the custom of the Royal Agricultural 
Society in awarding medals for new exhibits in this 
class ensures the desirable element of novelty. In 
view of the state of the industry, no surprise will 
be felt that the length of shedding in the imple- 
ment yard is lower than for several years past. 
The actual length this year is 8,963 ft., as com- 
pared with an average of 10,780 ft. for the past 
five years, and the number of stands is 388, as 
compared with an average of 431 for the same 
period. Although the show is thus a little smaller 
than usual, the natural beauty of the district, with 
the many objects of interest in the neighbourhood, 
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need not be discussed, but the results obtained by 
systematic re-organisation in Russia or Italy suggest 
that closer co-operation amongst our own farmers 
is at least worth a trial. International comparisons 
show that the horse-power utilised per worker on 
the farm is higher in the United Kingdom than in 
the adjacent European countries, and from this it 
would appear that British farmers are quite alive 
to the advantages of mechanisation, but that further 
replacement of hand by mechanical labour is 
restricted by local conditions. The rapid variations 
in the character of the soil, typical of so many 
English farmsteads, no doubt offers difficulties in 
large scale operation, but a more serious factor is 
the prevalence of what may be termed pocket 
farms, in which the use of the tractor or combine 
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8-Ton DirseL Roap Roitier; Messrs. MARSHALL, SONS AND Company, LIMITED. 


such a development in that our own manufacturers, 
thanks to their export trade, are in a position to 
supply at once the required apparatus. A visit 
to the Royal Agricultural Show, which opened 
at Warwick on Tuesday last, July 7, will serve 
to show that not only in large plant, such as 
combines, can they meet all likely requirements, but 
that the implements offered are fully equal in quality 
to those of their foreign competitors. It is unfor- 
tunate that the success of the Show should have 
been endangered by the recent outbreak of foot and 
mouth disease, but the restrictions on the move- 
ments of live stock have now largely been removed, 
and in any case they do not, of course, affect the 
machinery exhibits. For many years past, the Royal 





Show has been recognised as the leading annual 


Fig. 2. 


may be expected to attract a good attendance of 
the general public. se 
Dealing now with the actual machinery exhibits, 
the most important from a purely agricultural stand- 
point are undoubtedly the tractors and combines, 
already referred to. As regards the former, however, 
the great majority shown were described in ENGI- 
NEERING, vol. cxxx, page 367 et seq (1930), in con- 
nection with the international trials held in June 
last year while the latest British combine was 
| described on page 82 of the same volume. We may 
therefore at once turn to some of the other exhibits. 
The latest development in road rollers is illus- 
trated by the new 8-ton model manufactured by 
Messrs. Marshall, Sons and Company, Limited, 
Britannia Iron Works, Gainsborough. It may be 
recalled that we described an 8-ton roller, made 
by this firm, in ENGINEERING, vol. cxxviii, page 40 
(1929). This machine, which was exhibited at the 
Royal Show at Harrogate, was fitted with a single 
cylinder two-stroke crude-oil engine, whereas the 
new model, shown in Figs. 1 to 3, annexed, is 
driven by a twin-cylinder airless injection engine, 
operating on the four-stroke cycle. The cylinder 
bore is 4} in. and the piston stroke is 6 in., and 
the engine develops 22 brake horse-power at 1,200 
r.p.m. Although started by hand, no ignition 
cartridges or hot-wire plugs are required, as a 
super-compression device is fitted. The valve gear 
is of the overhead type, operated by push rods 
from the camshaft in the crank-case. Forced 
lubrication is provided to the main bearings, big 
and small ends, valve gear, and other working parts. 
A governor is fitted, and an air cleaner, together 
with lubricating-oil and fuel filters, are provided to 
ensure trouble-free running. The cooling water is 
circulated by pump, the water being passed through 
a vertical radiator of the tubulartype. The radiator 
is mounted in front of the engine, and is housed 
inside the main frame, as indicated in Fig. 3. 
A belt-driven fan is provided to draw the air 
through the radiator, as shown in the same 





figure. The engine controls are brought through 
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Fie. 5. Two-Horst Tyre Mower; Messrs. 
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Britain, LIMITED. 


to the cab, so as to be within convenient reach 
of the driver. 

The drive is taken to the gear box through a 
flexible coupling of the all-steel gear type. The 
gear box is of cast iron, and encloses all the trans- 
mission with the exception of the final-drive gears. 
All the bearings are of large size and designed to 
carry heavy loads. The high-speed shafts are 
carried in ball and roller bearings. The gear box 
provides three speeds in either the forward or 
reverse directions, che gears being of the sliding type 
with gate change. The road speeds obtainable at 
normal engine revolutions are 1-25, 1:75 and 
3-3 m.p.h. The forward and reverse movements 
are secured by employing two inverted Ferodo-lined 
cone clutches. The clutches are of ample power to 
give a quick and smooth reverse, and are operated 
by a hand lever on the right-hand side of the cab. 
The arrangement obv ates the necessity for dis- 
engaging gears when reversing the roller, and thus 
reduces to a minimum any tendency to dwell when 
changing the direction of travel. A large inspec- 
tion cover is provided on the top of the gear box, | 
the opening being sufficiently large to allow any 
part of the transmission to be easily removed. 

The differential is of the bevel-gear type, and | 
is enclosed in the gear box, thus ensuring ample | 
lubrication and freedom from dust and grit. A 
locking gear is provided, and can be operated from 
the driver’s seat. The final drive to the road rolls 
is by spur gearing to an internal ring bolted direct 
to each hind roll, as shown in Fig. 3. |The whole 
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of the transmission is thus by spur and bevel gear- 
ing, and as all the gears are machine cut, smooth 
and silent operation is ensured with a minimum of 
back-lash. A foot brake of the internal-expanding 
type, Ferodo-lined, is fitted to one of the inter- 
mediate shafts in an accessible position. The brake 
drum is always coupled to the hind rolls, whether 
the gears are in mesh or not, thus ensuring control 
of the roller when changing gear. A hand-operated 
screw brake is also provided, operating directly on 
the hind rolls, the brake shoes being lined with 
Ferodo. Steering is normally effected by means of 
the hand wheel shown in Fig. 3, which is mounted 
on an inclined spindle and coupled by bevel gears to 
a worm and segment on the steering head. Power 
steering can, however, be supplied, if required. The 
main frame is constructed of deep steel-plate side 
members, as shown in all three figures. A tank built 
in at the rear end of the frame may be used either 
for spray water, or as an extra fuel tank, as required. 
The fore-carriage head is securely bolted to the 
front of the frame, and is bored to take the steering 
head. The steering fork is fitted between the jaws 
of the steering head, and pivots on the fore-carriage 
pin, which is provided with a jaw eye. Both front 
and rear rolls are made suitable for water ballast. 
The rims and bosses are of cast-iron, and the side 





plates of steel. The rims are renewable. Adjust- 
able scrapers cover the whole width of the front 
rolls, both front and back, while spring-operated 
scrapers, with renewable plates,” are fitted to the 
front and back of the rear rolls. In addition to the 
8-ton model illustrated, 6 and 10-ton models are 
available, the latter being fitted with a three- 
cylinder engine of the type already described, but 
developing 33 brake horse-power at 1,200 r.p.m. 
Although it will probably be some time before 
the heavy-oil engine becomes a dangerous com- 
petitor to the petrol engine for road vehicles, its 
suitability for the heaviest classes of work is 
becoming more generally accepted. As is well 
known, the Maschinenfabrik Augsburg-Niirnberg 
A.G., of Niirnberg, have taken a leading part in 
this development, and the reliability of the M.A.N. 
engine led Messrs. John Fowler and Company (Leeds), 
Limited, of Leeds, to select it for a cable-ploughing 
set, which was described in ENGINEERING, vol. 
exxiv, page 75 (1927). Since that date Messrs. 
Fowler have fitted heavy-oil engines to a number of 
their products, the latest development, shown at 
Warwick, being the 6-7-ton lorry illustrated in 
Fig. 4, above. The engine is a six-cylinder model 
developing 70 brake horse-power at 1,000 r.p.m. 
The cylinder bore is 120 mm. and the piston stroke 
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180 mm., and as the engine is generally similar to 
that described in connection with the cable-plough- 
ing set, it will be sufficient to refer to its special 
suitability for road-vehicle work. Airless injection 
is employed without the use of an antechamber, 
the engine being started direct from cold by means 
of an electric motor. The direct-injection principle 
allows of a simple design of combustion head, and 
this, in conjunction with the employment of the 
well-tried Bosch fuel pump and injection nozzles, 
tends to ensure reliability. Each nozzle can, if 
necessary, be completely dismantled by unscrewing 
two nuts. In common with other airless-injection 
engines, the M.A.N. unit has a high torque at low 
speeds, so that noticeably less gear changing is 
necessary as compared with a petrol-engined lorry. 
An interesting feature is that provision is made for 
cutting out either three or five cylinders when 
running light. It may be mentioned that the engine 
develops 85 brake horse-power-at 1,400 r.p.m. and 
90 brake horse-power at 1,500 r.p.m. 

Two separate types of chassis are built. The 
first of these, the Marathon, is fitted with final 
worm drive for high-speed and long-distance road 
work ; while the second, the Leviathan, has spur- 
and-bevel double-reduction gearing for heavy duty 
or rough conditions. The lorry is very strongly 
built, although the elimination of unnecessary weight 
has been given careful consideration. A double 
gear-box is provided, giving eight forward and two 
reverse speeds, the former ranging at normal engine 
revolutions from 6-32 m.p.h. to 46-3 m.p.h. The 
two reverse gears give 6:32 m.p.h. and 10-75 m.p.h., 
respectively. Clayton-Dewandre service brakes are 
fitted, the exhauster being fitted on the engine. 
The chassis is provided with Marles steering gear, 
and is pressure-lubricated throughout. The fuel 
tank holds a supply sufficient for two or three days’ 
run. 

Forward control can be employed, this arrange- 
ment being facilitated by the fact that all the 
auxiliaries, exhaust, and inlet piping are fitted 
on one side of the engine. The lorry has been 
extensively tested on the road, and the following 
performance figures have been supplied by the 
makers. The acceleration, when fully loaded, is 
from 5 m.p.h. to 20 m.p.h. in 40 seconds. Running 
at 20 m.p.h., the lorry can be brought to rest in 
25 ft. by the brakes, also when fully loaded. The 
fuel consumption on give-and-take roads has been 
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found to be 1 gallon to 10 miles with a 6-ton 
load, giving a fuel cost of approximately 4d. per 
mile. 

A somewhat unusual device for this country is 
being shown by Messrs. Crossley Brothers, Limited, 
Openshaw, Manchester, and is illustrated in Fig. 6, 
page 32. The device, which is shown installed 
at Connington Castle in the figure, is located on a 
short byepass to the main drive of an estate, or to 
a private road, in line with the main gate, and is 
so constructed that it affords a free passage for 
motor vehicles, while constituting an effective 
barrier to straying cattle. As will be clear from the 
figure, a gap about 8 ft. wide is made in the wall or 
! ence bounding the estate close to the entrance gates, 
and a pit, about 6 ft. wide by 4 ft. deep, is dug on the 
most convenient side of the gap. The sides should 
be lined with stakes or bricks to keep the soil from 
falling in, and the ends should be protected by guard 
rails at right angles to the fence. If a stream or 
ditch already exists, no artificial pit is, of course, 
necessary. Two special iron tracks, each 2 ft. 
wide and with high flanges on each side, are placed 
over the pit. These tracks are very similar to 
a ladder, and constitute an effective barrier to 
cattle, which will not venture upon them. They 
will carry any weight up to 3 tons with a large 
margin of safety, and if fixed 2 ft. 6 in. apart, will 
take any class of car. In addition to the exhibit 
described, Messrs. Crossley are showing a repre- 
sentative range of oil engines, either as separate 
units or as the prime mover in lighting or pumping 
sets. We have described the majority of these 
exhibits in connection with other exhibitions, 
and may refer more particularly to the small 
horizontal engine dealt with in ENGINEERING, vol. 
exxxi, page 212 (1931), and the two-cylinder 
horizontal unit described in vol. cxxvii, page 192 
(1929). 

Probably few implements have received more 
attention at the hands of the designer than the 
mower, but that design has by no means reached 
finality is shown by the new machine of this type 
which is exhibited by Messrs. International Harvester 
Company of Great Britain, Limited, 259, City-road, 
E.C.1, and illustrated in Fig. 6, opposite. This 
machine is of the two-horse type, and the design has 
clearly been inspired by automobile practice. As 
will be clear from the figure, the whole of the 
mechanism, with the exception of the crank, con- 


necting rod and cutter bar, is located in a chamber 
forming part of the frame. With this arrangement, 
the gears, differential, countershaft and clutch, are 
maintained in accurate alignment, and operate 
under the best conditions both as regards protec- 
tion from materials liable to cause abrasion, and as 
regards efficient lubrication. 

The chamber is fitted with an oil-tight cover, so 
that the majority of the parts can be arranged to 
run in oil, while others, such as the crankshaft 
bearing and main axle bearings, are automatically 
fed with lubricant from this source. A large broad- 
faced spur wheel is placed between the two ratchet 
boxes, and is driven by both main wheels, except 
when turning at headers. This gear wheel engages 
with the intermediate or clutch gear, which in turn 
drives a combined spur-and-bevel gear conveying 
the motion to the crankshaft. The bevel pinion is 
screwed on to the end of the crankshaft, and 
means are provided on the exterior of the box for 
adjusting the mesh of the bevel gear and pinion. 
The countershafts are stationary, the gears running 
on them, and steel sealing covers are located over 
the ends of the countershafts to eliminate leakage. 
As already mentioned, the clutch is located on the 
intermediate shaft, where the torque which it 
is required to transmit, is reduced. The crank- 
shaft is of unusually large diameter and runs in 
two brass bearings. It is equipped with a leather 
retainer at the front end to prevent oil leakage. 
The wheels are keyed directly on the two main 
axle shafts, and the latter are carried on three 
long roller bearings. As explained, the ratchet 
boxes are at the inner ends of the axle shafts inside 
the gear-box, instead of at the outer ends of the 
shafts. The boxes are pinned to the axle shafts, 
and the hub of the box on one shaft overlaps and 
holds the end of the other, so that the two shafts 
are kept in accurate alignment. 

To avoid the use of latch handles which may 
pinch the fingers, the tilting lever is released from its 
quadrant by applying a slight side pressure. The 
lifting device gives a combination of a plain and 
vertical lift. A high level lift is thus obtained for 
field work, and an absolutely vertical lift for trans- 
port or when operating in confined spaces. By 
moving a small auxiliary lever, the mower can be 
used as a plain lift, thus permitting a high lift to the 
bar when in a horizontal position. This gives 
exceptional clearance for going over cut swaths, 
and avoids grass being dragged on the inside shoe 
or cutter bar. On the other hand, by an opposite 
movement of the auxiliary lever, the cutter bar can 
be instantly raised to a vertical position with 
automatic stoppage of the knife. The pole is a 
high-carbon steel pressing of tapered form. In 
addition to the mower illustrated, the International 
Harvester Company of Great Britain, Limited, are 
showing a smaller model of their well-known har- 
vester-thresher, a new hay sweep, and a new high- 
lift hay stacker. The latter is capable of building 
stacks up to 30-foot high. 

When describing the Royal Show at Newport 
in 1927, we dealt with a 2}-ton motor roller shown by 
Messrs. Barford and Perkins, Limited, of Peter- 
borough. This machine, of which details will be 
found in ENGINEERING, vol. cxxiv, page 44 (1927), 
is again being exhibited, at Warwick, together with a 
tandem motor roller weighing only 19 cwt. The 
latter machine, which is illustrated in Fig. 7, above, 
is designed for rolling narrow footpaths, and such 
small areas as tennis courts of both the hard and 
grass types. The rolling wheels are of large diameter 
with rounded edges so as to ensure effective con- 
solidation without cutting into soft surfaces, and 
to avoid any tendency to push the rolled material 
in front of the roller. The roller is driven by a 
two-stroke petrol engine of 4 brake horse-power, 
which is claimed to impart a very smooth rolling 
action to the machine. The normal] speed is 1} 
m.p.h., either in forward or reverse gear, but lower 
speeds are of course obtainable by throttling down 
the engine. As will be clear from the figure, the 
roller is steered by tiller, and the change of direction 
is easily effected by the lever between the driver’s 
knees, which is moved from the neutral position in 
the desired direction of travel. The change is 
effected through friction clutches, which give a 





practically instantaneous change of direction with 
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an entire absence of jerking. The machine can be | 


turned in a 16-ft. diameter circle, a valuable feature | 
when working in confined spaces. The rolling width | 


is 30in., and the pressure per inch of width is ap- 
proximately the same on both the front and rear 
rolling wheels, 
tioned, Messrs Barford and Perkins are showing a 
range of garden rollers, together with a comprehen- 
sive display of dairy equipment. 

A description was given in ENGINEERING, vol. | 


| 


In addition to the exhibits men- | 


exxvii, page 223 (1929), of a single-cylinder | 
** Atomic ”’ airless-injection engine, then introduced | 
by Messrs. Petters, Limited, Westland Works, | 
Yeovil, and this was followed in vol. cxxix, page 205 | 
(1930), with a description of a three-cylinder engine | 
of similar type. Both these engines were included | 
in a range having from one to four cylinders, and 
developing from 25 to 260 brake horse-power. | 
They were thus relatively large engines, and to 
meet the demand for a small unit for estate work and 
similar purposes, Messrs. Petter have developed a 
single-cylinder engine on the same principle of only | 
7 h.p. This engine, which is shown at Warwick, is | 
illustrated in Fig. 8, above, and it will be noticed | 
that it is very similar in appearance to the larger | 
single-cylinder model already described. As it is | 
also generally similar in operation, a brief descrip- 
tion will suffice. The engine operates on the two- 
stroke cycle, and develops its rated power at 650 
r.p.m., the speed being controllable by hand down to 
235 r.p.m. It operates on the lighter grades of 
Diesel oil, and the compact design renders it very 
adaptable for incorporating in such units as stone 
breakers, concrete mixers, or road rollers. It forms 
a complete unit independent of the pedestal base 
shown in the figure, so that for the purposes men- 
tioned, it can be bolted directly into the frame of the 
machine. The fuel system incorporates a Bosch 
pump and atomiser, and the compression pressure 
is about 600 lb. per square inch. Starting is easily 
effected by hand with the aid of a compression- 
release valve. By depressing the handle, visible 
in the figure on the left, the fuel-pump plunger is 
locked in its advance position and put out of action, 
so that the engine stops. The same handle is used 
for priming the engine. The fuel consumption is 
stated to be 0-5 Ib. per brake horse-power hour. 
Other exhibits by the same firm are a 65-brake 
horse-power single-cylinder unit of the same type, 
magneto-ignition engines, and lighting sets. The 
latter have previously been described in our columns. 
Although one of the chief advantages of the 
transport of goods by road is that they can be 
conveyed from buyer to seller without transfer 
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en route, this advantage may be lost in the case of 
perishable goods by the Jack of effective refrigera- 
tion. Insulated vans are in fairly wide use, but to 
ensure the best results, it is desirable that the tem- 
perature inside the body should be under control 
during transport. For this purpose, it is necessary 
to have a refrigerating plant on the vehicle itself, 
and Messrs. The “ Sentinel > Waggon Works, Ltd., 
of Shrewsbury, are exhibiting one of their steam 
vans, shown in Fig. 9, fitted with a silica-gel plant. 
We have already dealt with the use of silica-gel in 
connection with blast drying,* and it may be recalled 
that it is a highly porous substance containing 
an enormous number of ultra-microscopic pores. 
When used for refrigerating, the material is used as 
an adsorbent, sulphur di-oxide being employed as 
the refrigerant, and water or air cooling for the con- 
denser and adsorbers. The silica-gel, charged with 
sulphur di-oxide, is contained in the adsorber, which 
can be seen in position on the wagon in Fig. 10, 
above. The silica-gel in the adsorber is heated by 
steam drawn from the boiler, and the sulphur di- 
oxide is driven off as a vapour. It then passes to a 
water-cooled condenser, where it is liquefied, and 
next to the evaporator inside the body. The circu- 





* See ENGINEERING, vol, cxxiv, page 836 (1927). 


lating water is cooled in a radiator above the cab. 
The evaporator consists of a number of parallel pipes 
running along the inside of the body, and fitted with 
the usual fins for withdrawing the heat from the air 
in the interior of the van. As the sulphur di-oxide 
passes through the evaporator, it is revaporised, and 
returns in this state to the adsorber. As soon as the 
silica-gel in the latter is again saturated, it is once 
more heated automatically by the steam from the 
boiler, and the cycle is repeated so long as it is 
necessary to remove heat from the body, or in other 
words, to maintain the required low temperature 
in the latter. 

The whole system is totally enclosed, and as the 
life of the silica-gel and the refrigerant is indefinite, 
maintenance and depreciation charges are very low. 
The only mechanically-operated part of the refrige- 
ration plant is the smal] steam pump shown in Fig. 
10, which supplies cooling water to the condenser, 
and also operates the automatic valve gear shown, 
which admits either steam or cooling water to the 
adsorber as the cycle of operations requires. To 
enable the driver to maintain the temperature inside 
the body at the required point, a thermometer with 
an open scale is fitted in the cab. This serves to 
indicate when it becomes necessary to start or 
stop the pump controlling the refrigeration. The 
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cost of operation is represented by the extra amount 
of fuel required to raise the steam used by the 
circulating pump and for heating the adsorber. 
It is stated that, in order to maintain a temperature 
of 30 deg. F. in the body, with an outside tempera- 
ture of 65 deg. F. in the shade, the cost of the extra 
fuel would not exceed 1s. 6d. per day, even with 
coal at 40s. per ton. The wagon to which the 
refrigerating plant is fitted is one of Messrs. The 
‘Sentinel > Waggon Company’s double-geared six- 
wheeled machines, of which details will be found in 
ENGINEERING, vol. cxxviii, page 41 (1929). 


(To be continued). 
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Mechanical Testing. Vol. I. Testing of Materials of 
Construction. Second Edition. By R. G. Batson and 
J.H. Hype. London: Chapman and Hall, Limited. 
[Price 21s. net.] 

Ir is now nine years since the first edition of this 
book on mechanical testing was published, and in 
this, the second, edition, the authors have been able 
to record the considerable progress in the standardi- 
sation of the methods of testing which has taken 
place in that period. Their positions in the National 
Physical Laboratory are a guarantee of the recency 
of the new material presented, which covers some 
fifty pages. By the addition of new paragraphs 
and illustrations in their appropriate sections, this 
necessary revision has been carried out without 
detracting from the continuity of the subject. 

Introductory chapters are devoted to a concise 
summary of the theory of the strength and proper- 
ties of materials necessary to a sound comprehension 
of the subject matter of the book. These are 
followed by a chapter in which are described the 
better known types of testing machines for tension, 
compression, and torsion tests, the examples 
illustrated ranging from the small works or test- 
laboratory model to a 1,250-ton universal testing 
machine for testing full-size structural members. 
The descriptions of apparatus are necessarily short, 
but throughout the book the commendable practice 
is followed of amplifying the text, not only with 
diagrams of the machines or their more important 
features, but also by including a photograph of the 
item described. Second only to the accuracy of the 
testing machine itself, methods of verification of 
which are described, is the suitability of the grips 
employed, in order to ensure axial loading, or, in 
the case of wires and ropes, to prevent superim- 
posed crushing loads. A perusal of the chapters 
devoted to this portion of the subject, and that 
dealing with the procedure adopted in ordinary 
commercial testing, will be of value to those engaged 
in this work. 

Where greater refinement in testing is necessary, 
extensometers must be used, and the degree of 
accuracy required will determine the type of instru- 
ment to be employed. In the section relating to 
these instruments will be found descriptions of nearly 
all the types in use, ranging from the simpler 
type of mechanical-magnification instrument to the 
delicate optical extensometers measuring exten- 
sions to one millionth of an inch. The majority of 
these instruments lie within the domain of laboratory 
testing, which embraces the determination of the 
elastic constants, and the properties of materials 
under the effect of repeated stresses and abnormal 
temperatures, all of which is fully described. The 
increasingly higher temperatures at which prime 
movers are being operated has focussed attention 
upon the strength of materials at these elevated 
temperatures, and the accompanying phenomenon 
of “creep.” In a separate chapter are described 
the electric furnaces and special types of extenso- 
meter necessary for this work, and a brief résumé 
is given of the research which has been carried out 
in this direction. 

For many years now the testing of materials under 
the more or less simple forces of tension, compres- 
sion and shear has been insufficient to provide all 
the information required for modern engineering 
processes, and many special machines have been 
evolved to test the abrasion, indentation, and shock- 
resisting properties of materials. Following the 
excellent scheme adopted throughout the book, 
the principle of each method of testing is first 











explained, this being followed by a description of 
the machine, and the form of specimen used in it ; 
frequently an extract of results obtained with the 
instrument is appended. The specialist who desires 
further information will find at the end of each 
chapter a list of references to original international 
papers and to the specifications of the various 
Standardisation Societies; these form a_biblio- 
graphy which is a valuable addition to the book. 

The necessity for the conservation of forest sup- 
plies and their economical utilisation has led to the 
introduction of timber testing laboratories in many 
of the wood-producing countries of the world. 
The importance of this branch of testing and the 
necessity of a special technique, on account of the 
non-homogeneity and peculiar structure of the 
material, have led to a special chapter being devoted 
tothis branchofthesubject. Brick,stone,cement and 
concrete are also materials which require individual 
treatment in the matter of testing, and while small 
specimens can be tested in an ordinary testing ma- 
chine, the larger compression specimens of masonry 
and concrete require special compression machines 
of the hydrostatic loading type, examples of 
which are described and illustrated. An interesting 
chapter on the testing of road materials concludes a 
volume which is a standard work, and can be strongly 
recommended to the engineering student and to all 
interested in the science of the mechanical testing 
of materials. 





Der Modellbau, Die Modell- und Schablonenformeret. 
By Ricuarp Lower. Berlin: Julius Springer. 
[Price 17-50 marks. ] 

ALTHOUGH many engineers spend a short period 
as apprentices in the pattern-shop, the actual design 
and construction of patterns subsequently receives 
little consideration from them, even when they 
have to purchase patterns which may be used in a 
number of foundries, according to the tenders 
received for castings at different times. The patterns 
being themselves also brought on tenders based on 
the drawings of the finished castings, it is obvious 
that a wide range is possible in the prices quoted, 
and, naturally, in the value of the pattern offered. 
This is a not uncommon experience in purchasing, 
but is here aggravated by the fact that the article 
in question is not the final product, and consequently 
not particularly in evidence. The cost and quality 
of the castings is bound up to a very considerable 
extent with that of the patterns, and the subject 
is one which warrants the attention of both designer 
and buyer, in addition to that of the actual pattern- 
makers and moulders. 

The author, in an introduction to Der Modellbau, 
gives particulars of an attempt to standardise three 
classes of patterns in Germany. These vary mainly 
according to the number of times they are to be used, 
although instances are given in which a more expen- 
sive method of construction would be warranted, 
even for a limited number of castings, owing to the 
reduced moulding cost and risk of faulty dimensions. 
The matter is‘a rather difficult one, since the cost 
of a Class I pattern can be more than double that of 
one in Class III. There are also considerable differ- 
ences possible within each of the classes, while a 
buyer, failing to appreciate all that is involved, 
may specify a lower classification when a somewhat 
more efficiently built pattern would have reduced 
the total cost of the castings produced. Examples 
are given in the book of the differences in details 
under the various grades. 

Of course, the fundamental requirements in all 
grades of patterns are that they shall be correct to 
size and retain their shape during moulding. The 
author gives an interesting example of a pattern 
for a large hollow engine bed which was sent to 
one of the largest foundries in the Rhineland. After 
checking the dimensions, the mould was made and 
it was found that, even with two electric cranes, 
it was impossible to draw the pattern owing to 
bulging of the side walls. The pattern had to be 
taken to pieces inside the mould, to save the expense 
of re-making the latter. The alterations of the 
pattern required before further use are shown. 

Such apparently elementary but essential details 
as lifting tackle, provision for rapping, strength- 
ening of corners and edges, and standardised 
sizes for core prints for top and bottom boxes, are 








carefully dealt with, followed by a number of 
examples of right and wrong construction, in which 
the importance of small details is pointed out. 
Particulars are then given of the materials and 
machines used, and of the precautions to be observed 
in machining. 

The bulk of the book is taken up with a large 
number of examples of the methods of building 
patterns and moulding for very varying castings, 
and also of the construction of loam moulds and 
the use of templates. Gating and venting are 
emphasised where necessary. The factors which 
determine the choice of full patterns or of moulding 
in loam are considered, figures showing the compara- 
tive costs of the two methods being given in several 
instances. Throughout, the same careful attention 
to detail is in evidence. 

The book is very clearly written and gives much 
information which will be of value to all concerned 
with the production and use of patterns. This value 
is considerably enhanced by the large number of 
clear illustrations. 


A Guide to the Public Works Facilities Act, 1930. By 
Frank NoeEt Keen, L.L.B., and H. Royston AsKEw, 
B.Se. Eng., A.M.I.C.E., both of the Middle Temple, 
Barristers at Law. London: Stevens and Sons, 
Limited. [Price 10s. net.] 


THE object of the Public Works Facilities Act, 
1930, is well and succinctly defined in the preface 
to this volume. It is “to facilitate the carrying 
out of public works, and does so by establishing 
new methods of obtaining the legal powers which 
may be required for the purpose.”’ 

‘A new procedure is introduced, by which local 
authorities or public utility undertakers proposin: 
to carry out any works whose execution will contri- 
bute to the relief of unemployment, can (within 
certain limits) be granted any further statutory 
powers necessary. This innovation takes the form 
of a ‘scheme’ made by a minister and confirmed 
by Parliament, and provides an alternative to 
procedure by private Bill or Provisional or other 
Order.” 

The object of the Act, in other words, is to extend 
the principle of government by Government Depart- 
ment, in the hope—as many people conceive, in 
the vain hope—that unemployment may be thereby 
reduced. Who can predicate that the mere expen- 
diture of money upon wages is going to tend in the 
long run towards the genuine relief of unemploy- 
ment—or, to put it in another way, the relief of 
genuine unemployment ? The authors of the work . 
before us are clearly harassed by doubts on this 
question. They say (on page 17): “It is a matter 
of opinion as to whether the expenditure of money 
on works which would not otherwise have been 
executed on business grounds does not, in the end, 
divert capital from more productive industrial 
investment, and thus ultimately cause further 
unemployment. This, however, is a question of 
economic policy which would not be taken into 
consideration in the interpretation of the Act.” 

That is a careful statement properly made by 
two lawyers whose function is, not to criticise the 
policy which underlies a particular piece of legis- 
lation, but to point out, for the guidance of the 
public, how it is to be worked in practice. 

In an introduction they briefly survey the existing 
methods of obtaining statutory powers, and draw 
attention to the chief differences between them and 
the new procedures. Apart from the Unemploy- 
ment (Relief Works) Act, 1920, which gave certain 
new compulsory powers to local authorities, the 
wide extension of power contained in the new Act 
to make orders for the compulsory acquisition is 
new, and has effect to ease the path for promoters 
and to whittle away the protection given to other 
interests. In only one respect have those who have 
given new extra-parliamentary powers to Ministers 
endeavoured to protect the subject. Instead of 
making the orders take immediate effect as Acts 
of Parliament, and thus removing them from sur- 
veillance by the courts, a limited opportunity is 
provided for anyone questioning the validity of an 
order to apply to the High Court, which may 
quash an invalid order wholly or in part. The 
opportunity is very limited, and any action taken 
must be instituted within three weeks of the order 
becoming operative. After that time the order is 
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unimpeachable. ‘“‘ Nevertheless ’—is the comment 
of these authors—‘‘even these restricted rights 
mark a derogation from the omnipotence obtained 
by Departments in so much modern legislation.” 

The scope of the powers which may be obtained 
by schemes, and the steps to be taken in applying 
for and obtaining a scheme, are described in Chapters 
I and II. Provision is made to enable those who 
object to a scheme to voice their objections, but 
they would appear to do so with the dice loaded 
against them. 

Who, for example, is to pay the costs of a person 
who, in his own protection, appears at an inquiry ? 
The only provision for costs is that which is to be 
found in Section 1 (6) of the Act. It is there 
provided, in effect, that the costs of an inquiry shall 
be paid by the promoters; but, save that the 
Minister may order the whole or part of the costs 
to be paid “by any person whose objection is 
reported by the tribunal to have been frivolous,” 
no mention is made of a person opposing a scheme. 
His opposition may prove successful ; may be such 
that the whole “‘ scheme ”’ is rejected ; but he has 
the unenviable privilege of paying his own costs. 

Compulsory Purchase Orders are dealt with in 
Chapters III and IV, and here there appears a new 
and somewhat startling extension of the powers 
conferred upon those who, under the new procedure, 
are entitled to purchase land compulsorily. Hither- 
to, no promoter has been allowed to enter upon 
land to be so taken unless either the purchase money 
has been paid, or deposited in the Bank of England. 
Under the new Act, the promoter may enter without 
paying or giving security, after giving fourteen 
days’ notice. (See Section 2 (2).) 

The remainder of the book consists of the text 
of the act illuminated by many admirable notes 
and cross references, while various rules, instructions 
and forms which have been issued by various Govern- 
ment departments are to be found in the appen- 
dices. 

The lawyer who is called upon to advise the un- 
fortunate landowner whose property is to be seized 
under the provisions of the new Act will be greatly 
indebted to the care and industry which the authors 
have devoted to this little volume. 


Foundations for Gas and Oil Engines and other Machinery. 
By E. L. Parry. London: Charles Griffin and 
Company, Limited. [Price 7s. 6d. net.] 

In the preface to his book, ‘‘ Foundations for Gas 
and Oil Engines” the author states that ‘‘ The 
text has been written with a view to meeting the 
requirements of both engineer and builder, who 
share the interest in the subject covered, and no 
one contemplating the installation of even a small 
plant can afford to ignore the question of suitability 
of foundation if he desires to avoid subsequent 
trouble.” 

In effect, the treatment, quite rightly, is more 
from the point of view of the builder than the 
engineer, since the actual work of preparing the 
foundation will more usually fall to him. 

Following a few pages at the beginning treating 
the subject generally, the earlier part of the book 
deals with the subject of vibration, which is classified 
under the heads of Air Vibration and Foundation 
Vibration, the former being again subdivided 
into Primary Air Vibration from the plant direct, 
and Secondary Air Vibration created indirectly by 
the foundation. 

The principle of a successful method of eliminating 
vibration and noise is to combine the plant with a 
foundation block of sufficient inertia to absorb 
the unbalanced forces cf the engine, and mount the 
whole on a cushion of a suitable resilient material 
which again rests on a solid raft or slab. 

The block itself is free to move, and such forces 
as remain after overcoming its inertia are then taken 
up by the internal friction of the cushion. The use 
of the Kelvin, Bottomley and Baird vibrometer 
for detecting and localising any vibrations giving 
trouble is thoroughly described, and succeeding 
chapters deal with the different methods of isolating 
the foundation block, such as cork mascolite, 
springs, &c. 

Different types of foundation-bolt are illustrated, 
and methods of grouting-in fully explained, while 
a few notes on the actual laying of the foundation 





lead up to a careful account of methods of pile- 
driving and the relative values and properties of 
the timbers which may be used. 

In concrete piling, the Vibro-pile is described, while 
numerous illustrations and diagrams of reinforced 
concrete piles are given. Following this, the author 
states a rational formula for pile-driving deduced 
by Mr. A. Hiley, in ENGINEERING, and gives a 
full account of its application in practice, together 
with tables and graphical statements of the various 
factors concerned. 

The composition of concrete used is of primary 
importance, and each constituent is dealt with in 
turn showing the conditions which it is desirable 
to obtain or to avoid and the proportions in which 
the constituents should be mixed in order to obtain 
the results required. 

Tables of useful quantities, strengths and densi- 
ties of stones and other materials used, allowable 
floor-loads, &c., are appended. 

The book, as a whole, is well produced, simply and 
clearly written, and well illustrated. The subject 
is treated from a practical rather than a theoretical 
point of view, and the book should be a useful guide 
to any one intending to purchase a plant, or to the 
practical man in charge of the work of preparation. 


Verdampfen Kondensieren und Kuhlen. By E. Havs- 
BRAND. Seventh edition. By Dipl.-Ing. M. H1rscu. 
Berlin: Julius Springer. [Price 29 marks. ] 

Tuis is the seventh edition of a book by Hausbrand 
on evaporation, condensers, and coolers. There 
was an English translation of the second edition 
of this book, and it was very helpful when dealing 
with any heat-transfer problem. Much experi- 
mental work has been carried out on this subject 
during the past few years, and condensers and 
evaporators have undergone considerable change 
in design. The results of these developments are 
included in the new edition of the book. The 
present volume is divided into two main parts, 
two-thirds of it being taken up with the theoretical 
work, dealing with the properties of vapours and 
heat transfer; the remaining part gives practical 
applications and illustrations of actual plant. Most 
of the latter part gives examples of Continental 
construction, but some British and American 
examples are included. 

What might be called the theoretical part is 
worked out very thoroughly; the early part deals 
with the properties of the fluids concerned. The 
relation between the pressure and boiling tempera- 
ture of various solutions is given in terms of the 
degree of concentration of the particular salt, and 
the heat contents are also shown in terms of the 
same factor by suitable curves. The heat transfer 
between fluids separated by a metal plate is 
developed on the principle of thermal resistances ; 
the resistance of the plate is small compared with 
the resistance of the fluid in contact with it. Several 
expressions are given for the thermal resistance in the 
fluid, both for gases and liquids, but some of these 
expressions are of a very complicated form, and would 
be difficult to apply if the surface temperature 
were unknown. In order to show the application of 
the formule, a number of examples are worked out ; 
also, several curves are included which show the 
variation of the thermal resistance with different 
liquids and different conditions of working. 

The theory underlying heat transfer is very 
complicated, but it has been treated in an excellent 
manner, which will be found very useful by indivi- 
duals who have to deal with similar problems 
when they can adapt the information to their own 
requirements. 


New York: The 


Heat Engines. By C. N. Cross. 
Macmillan and Com- 


Macmillan Company. London: 

pany Limited. [Price 21s. net.] 
Tus is an excellently-written and very compre- 
hensive work, covering with more than usual 
thoroughness both the theoretical and the practical 
aspects of heat engines. The author has endeavoured 
to produce “a book containing within reasonable 
bounds an adequate treatment of the fundamental 
laws of gases and the laws of thermodynamics, 
together with descriptions of the modern forms of 
prime movers, their operating characteristics, and 
representative performance results for each type 








and size.” In this somewhat ambitious scheme 
he has attained a remarkably high degree of 
success. 

Of the total of 592 pages, rather less than one- 
half is occupied with the theory of the subject. After 
three chapters dealing with energy in its various 
forms, the author proceeds to develop the laws of 
gases, and the thermodynamics of gas expansions, 
of engine cycles, and of the ideal heat engine. The 
combustion of fuels and the properties of vapours 
are discussed in separate chapters. Consideration 
of the individual type of operating cycle apper- 
taining to each kind of heat engine is reserved until 
the later chapters, where it can be included in 
conjunction with the descriptions of the engines 
concerned. 

The mathematical treatment is, as a whole, clearly 
and simply carried out, with sufficient explanation 
to make it easily understandable. As might be 
expected, some of the algebraic symbols differ from 
those in use by English writers, but a complete list 
of symbols inserted at the beginning of the book 
goes far to remove this difficulty. No tables of the 
properties of vapours are given. For reasons of 
space, and because of the rapidity with which such 
tables now become obsolete, the omission is probably 
a wise one, but a set of skeleton tables, containing a 
few items only, could perhaps have been inserted 
with advantage, in order to allow the author to 
quote from them without the risk of confusion 
arising from the number of different tables now in 
use. 

It is unfortunate that the definition of total heat, 
on page 116, conveys the impression that this quan- 
tity does not include the pressure-volume energy of 
the liquid. Although current usage ignores the small 
energy of water boiling at 0° C., yet at higher 
pressures the omission of this term may introduce 
errors amounting to several heat units. With this 
one exception, however, the treatment appears to 
be according to accepted practice. 

The descriptive part of the book dealing with the 
construction of boilers, steam engines, turbines, 
and internal-combustion engines, is remarkable 
both for the number of different representative types 
for which the author has been able to find space, 
and for the detailed nature of the descriptions. The 
examples, except for those of a historical nature, 
have been chosen from modern practice, and include 
certain special engines, such as the radial aero- 
engine and the mercury-vapour turbine, in addition 
to the more usual types. An excellent feature is the 
inclusion of graphs or tables showing the performance 
of each important kind of engine under various 
conditions of loading. These, together with the 
numerous illustrations and the author’s habit of 
inserting brief historical notes wherever the context 
requires them, add very considerably to the value 
and interest of the book. 


The Fundamental Theory of Electrical Engineering. By 
Professor A. L. ALBERT. Ginn and Company. [Price 
15s. net. ] 

In many colleges in the United States of America, 

electrical engineering is studied by many students 

rather as a cultural than as a professional subject, 
and the treatment here seems to be intended for the 
former purpose. The electrical engineer would 
require a sounder training in electrical technology 
and a more thorough grounding on the mathematical 
side for the fundamental principles to be of service 
in practical life. But even for non-engineering 
students, the present treatment would probably 
be too descriptive and sketchy for most beginners. 

Thus, in the first chapter, where phenomena are 

discussed and electrical quantities introduced, the 

information would be inadequate for many such 
students. The same applies to the account of the 
theories of electricity in Chapter II, which includes 
summaries of such matters as the ratio of charge to 
mass, the velocity of cathode rays, direct determina- 
tion of electronic charge, atomic structure and the 
atomic theory of magnetism. The problems at 
the end of this chapter include calculations of the 
force between electron and proton and the velocity 
of the electron in the inner orbit. 

In Chapter IV, resistance, temperature coefficient, 

&ec., are reached. Electrochemistry is introduced 

with the theory of electrode potentials. The 
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THE ELECTRICITY SUPPLY OF 


c 


chapter on conduction through gases contains a 
good summary of available information, including 
the characteristics of thermionic valves and X-ray 
tubes. Not until nearly the middle of the book are 
the simple electric circuit, Ohm’s law, power and 
energy dealt with. Both the dielectric and mag- 
netic circuits are treated in a fashion rather difficult 
for beginners, and many of the terms will be strange 
to English readers. 

Electromotive force, properties of magnetic 
materials, inductance, alternating-current working 
and measuring instruments indicate the subjects 
of the later chapters. Despite the large quantity 
of valuable information in the book, however, it 
can scarcely be regarded as a text book for electrical 
courses as they are known in this country. 








THE CLARENCE DOCK POWER 
STATION OF THE LIVERPOOL 
CORPORATION. 

Tue history of public electricity supply in Liver- 
pool dates back to 1883, when operations were begun 
by the Liverpool Electric Supply Company. The 
business of this concern was purchased by the 
Corporation in 1896, by which time generating 
stations had been established in Highfield-street, 
Paradise-street, Oldham-place and Lark-lane. The 
aggregate capacity of the plant installed in these sta- 
tions was 3,000 kw., the supply being given on the 
direct-current system at 230 volts. Having assumed 
control of the undertaking, the Corporation decided 
to anticipate events and to concentrate generation 
at two new stations, which they built at Pumpfields 
and Lister Drive, respectively. On the completion of 
these stations, the older plants were shut down and 
converted into substations, which are still in use, 
while in 1904 a second station was opened at Lister 
Drive, where a site had been chosen which was 
capable of considerable development. A glance at 
the map given in Fig. 1 will show that none of these 
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at Lister Drive are some distance inland. 





LIVERPOOL. 
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only a fraction of what is usual to-day, this prac- 
tice was not likely to cause comment, but when, in 
1923, it was decided to build yet a third station at 
| Lister Drive, a considerable amount of adverse 
criticism arose, the suggestion being that it was 
| unwise not to utilise the Mersey water. The explana- 
| tion is, however, simple. The banks of the Mersey, 
| both above and below the centre of Liverpool, are 
| fully occupied by the extensive dock system of the 
| Mersey Docks and Harbour Board, and no site 
|on which the riverside station could be built was 
| therefore available near the centre of the load. 
| Moreover, when other positions were surveyed, it 
| was found that, owing to the difference in the levels 
| between high and low tides being about 34 ft., 
|it would either have been necessary to erect the 
station on a raft some distance out in the river or 
|to construct an extensive system of circulating 
water culverts with an approximate overall length of 
600 ft. In addition, the only practicable site, 
| that at Otterspool, was some distance above the 
| city, close to a series of large sandbanks in a portion 
of the waterway which is not regularly dredged. 
The circulating water would, therefore, have been 
very sandy, and considerable loss of efficiency would 
probably have resulted in the condensers. 

In spite of certain theoretical drawbacks, the 
use of cooling towers has, in practice, been more 
favourable than might have been expected, as 
ishown by the fact that, during 1929-30, the coal 
consumption at Lister Drive No. 3 Station, the 
present capacity of which is 50,000 kw., was only 
1-48 lb. per kilowatt-hour generated, and _ its 
thermal efficiency was 20-3 per cent., thus making 
it one of the most efficient cooling-tower stations 
in the country. In this connection, Fig. 2, which 
|shows the progress that has been made by the 
undertaking during the last thirty years, will be 


stations was built on the riverside, and that those | of interest. This indicates the progressive increases 
In the | that have taken place in the plant installed, as 
case of the earlier plants, the loads on which were ' well asin the maximum demand and kilowatt-hours 
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generated, all of which have risen without any 
appreciable check. 

Nevertheless, it is interesting to speculate on 
the probable course of electrical development in 
Liverpool had the Electricity (Supply) Act, 1926, 
not come into force; whether, that is, it would 
have been possible to continue the erection of inland 
stations or whether a policy similar to that which 
has actually been adopted would have been followed. 
Such an exercise of the imagination is, however, 
unnecessary since, as is well known, this measure 
made it possible for Liverpool’s electrical needs 
to be met, if necessary, from other sources than 
the city’s own stations. In fact, when the North- 
West England and North Wales scheme was first 
being considered, it was suggested that half the 
city’s requirements should be supplied from outside, 
and that Lister Drive, No. 3 Station, should be ex- 
tended by 40,000 kw. While this plan was being con- 
sidered, however, a conference took place between 
the Corporation and the Mersey Docks and Harbour 
Board, which resulted in an alternative solution 
becoming feasible, the upshot of the negotiations 


Fig.10 








be separated by an annexe containing the feed 
pumps and other auxiliary plant, while at the end 
of, and overlooking, the turbine-house is the control- 
room. The switch-house is parallel to the turbine- 
house, as will be clear from the site plan given in 
Fig. 4, Plate II, and from the sections, Fig. 6, Plate IT, 
and Fig. 10, on this page. The coal consumed will 
be mainly rail-borne, and will be discharged into a 
reinforced-concrete silo built on the floor of the dock, 
whence it will be delivered by a conveyor system, 
indicated in Fig. 6, Plate II, to the boiler-houses. A 
considerable portion of the area taken over by the 
Corporation from the Mersey Docks and Harbour 
Board will be devoted to coal storage, a part of the 
original dock being utilised for this purpose, as shown 
|in Fig. 3, Plate II. As Lancashire coals are very 








liable to spontaneous combustion, arrangements 
have been made whereby this area can be flooded 
from the river, the connections for this pur- 
pose being shown in fig. 10, on this page. 
The circulating water, which is, of course, obtained 
jowcen the Mersey, will be drawn in through rein- 
forced-concrete ducts. 





The mouths of these ducts 






nection with this part of the plant is that, to 
permit more effective draught regulation than can 
be obtained by the use of dampers alone, the forced 
and induced draught fans are to be driven by 
constant-speed motors through hydraulic couplings. 
Special attention has been paid to the question of 
power supply to the auxiliaries, which, for this 
purpose, have been divided into those that must not 
be stopped on any account, and those of which the 
stoppage will not immediately interfere with the 
operation of the station. The former, which include 
the circulating, extraction, lift and feed pumps, are 
installed in duplicate, the arrangements being such 
that each unit of a pair can be supplied either from an 
auxiliary alternator on the same shaft as the main 
alternator to which it belongs, from the main 
turbo-alternator, or from some _ interconnected 
station through the ’bus bars. Normally, one unit 
of each pair will be fed from one source of supply, 
and the other from another source; these two 
sources can not be paralleled. On the other hand, 








COAL STORAGE, FLOODING & DRAINAGE CONNECTIONS. 


the auxiliaries of the second category are arranged in 
groups, each of which can be supplied from the same 
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being that the latter body agreed to make over the 
Clarence Dock, thus rendering an excellent riverside 
site in the centre of the city available for the 
erection of a new power station. This solution was 
considered by the Electricity Commissioners to be 
preferable to that already mentioned, and they 
therefore instructed the Corporation to press on 
with the work, while the proposed extension to 
Lister Drive was abandoned. Work was begun at 
Clarence Dock in March, 1929, and it is expected 
that the plant will be ready to take the load during 
the present month. 

The central position, electrically, of the Clarence 
Dock site will be clear from the map reproduced in 
Fig. 1, and may be emphasised by stating that, 
while within a half mile radius of Lister Drive the 
load is only 3,500 kw., within the same distance of 
Clarence Dock it is 10,000 kw., and that within a 
2-mile radius of the two stations the corresponding 
loads are 19,000 kw. and 53,000 kw., respectively. 
In addition, one of the largest substations, that at 
Pumpfields, lies within the half-mile radius of 
Clarence Dock. The aggregate length of high- 
tension mains from the latter station will, therefore, 
be much shorter than from Lister Drive and will, of 
course, bear no comparison with what would have 
been necessary had the Otterspool site been selected. 
Further, the site has excellent coal and water 
facilities, and owing to its position the excavations 
for foundations and for coal storage have been much 
less than is usually the case. 

Before proceeding to a detailed description of the 
plant installed, which was designed by Mr. P. J. 
Robinson, the City Electrical Engineer, it may be 
stated that the station is one of those selected 
under the North-West England and North Wales 
scheme, and is unique in being built on the floor of 
a dock. It is designed fra capacity of 400,000 kw., 
which, it is expected, will be reached in 1940-41, 
this total being made up of eight 50,000-kw. sets, 
one of which is already completed while another 
is in process of erection. These eight sets will be 
housed in one turbine room with their axes at right 
angles to the length of the station, and will be 
supplied with steam from four boiler houses, each 
of which will be equipped with eight boilers, four 
on each side of a central firing aisle. At present, 
only one boiler-house has been erected. This con- 
tains four boilers, the other half of the building 
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are situated under the original entrance to the 
dock, which is illustrated in Fig. 5, Plate II, 
the ducts themselves being formed in trenches cut 
in the rock under the dock. The positions of the 
suction and discharge ducts are clearly shown by 
dotted lines on the left of the plan Fig. 4, and, as 
there indicated, a settling chamber is provided at 
the suction intake. This settling chamber is shown 
in section on the left in Fig. 7, and a section, on a 
larger scale, is reproduced in Fig. 11, on this page. 
In general, the arrangement of the discharge ducts 
is similar, and a longitudinal section is given in 
Fig. 8, Plate II. The mouth of the discharge duct 
is shown in section in Fig. 9, which also shows a 
transverse section at the point where the ducts 
pass under Trafalgar Lock. On the right of Fig. 9, 
the circulating-water discharge connections to the 
ducts are indicated. 

Steam will be supplied at a pressure of 450 1b. per 
square inch and a temperature of 750 deg. F, the 
boilers, which are provided with exceptionally large 
combustion chambers, being equipped for both 
stoker and pulverised-fuel firing, the latter being 
intended mainly for use on peak loads. The feed 
water will be supplied on a closed-feed system, 
the various units of which are to be heated by 
steam extracted from the turbine at four stages. 
The waste gases, after passing through grit ex- 
tractors and the induced-draught fans, will be 
washed in the lower part of the chimney and will 
then escape to the atmosphere. The whole of 
this part of the plant is of Staybrite steel, the 








still being in skeleton form but being structurally 
complete. The turbine-room and boiler-houses will | 


washery having been designed and patented by Mr. 
Robinson. An interesting point of detail in con- 
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alternative sources, On the steam side, the feed 
pumps will normally supply the requirements of the 
set from which they are being driven, but can be 
employed on the other by utilising a ’bus main. The 
main turbo-alternators are direct-connected to step- 
up transformers, the latter being installed in re- 
cesses in the foundations of the machines. All the 
switching is carried out at 33 kv., and all the 
auxiliaries are operated by alternating-current 
motors, though a direct-current supply is provided 
for the solenoids on the main circuit-breakers. 

It may be added that when the designs were 
first prepared the dock was full of water. As soon as 
it had been drained, however, the whole civil- 
engineering problem was carefully investigated by 
Mr. Robinson, in collaboration with Messrs. L. G. 
Mouchel and Partners, Limited, 38, Victoria-street, 
London, 8.W.1, who acted as consulting civil 
engineers. This work, though very important, had 
to be subordinated to the construction of the 
station itself, the result being that it possesses a 
number of novel and interesting features. 


(To be continued.) 








THE PRopvucTION oF ZINc, CoppEeR, LEAD, and 
NICKEL In Canapa.—With the exception of zinc, which 
increased from 60,787,664 lb. to 64,165,143 lb., the 
outputs of the principal common metals produced in 
Canada suffered declines during the first three months 
of 1931, as compared with the corresponding period of 
1930. The Dominion production of copper totalled 
70,339, 365 lb. during the first quarter of 1931, as against 
77,357,632 in the first three months of 1930. In these 
same two periods the production of lead was 75,566,306 
Ib. and 87,326,822 lb., respectively, and that of nickel 
21,552,418 lb. and 26,799,180 lb. 
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RAIL TROLLEY FOR TRANSPORTING LOCOMOTIVES; L.M.S. RAILWAY. 
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65-TON RAIL TROLLEY FOR TRANS- | height of the rails on which the locomotives are loaded, 


PORTING LOCOMOTIVES. 


Tue photographs reproduced in Figs. 1 and 2, above, 
illustrate a type of trolley recently built by the London, 
Midland and Scottish Railway Company to the designs 
of their Chief Mechanical Engineer, Mr. E. J. H. 
Lemon. Two of these vehicles have been provided 
specially for the transport of locomotives of from 





3 ft. to 5 ft. 6 in. gauge, and up to 65 tons weight, 
complete, from the works of builders, to port of ship- 
ment to destinations abroad. By the use of these 
vehicles locomotives can be run direct alongside the | 
vessel and lifted straight on board by the ship’s derrick. | 

The length of the trolley over buffers is 75 ft. 1 in., 
and over headstocks 72 ft. 1 in. The length of the | 
well is 40 ft. and the six-wheel bogies are centred 
58 ft. apart. 

The unique feature of the design is that provision 
is made for end loading, the bogies and cantilever 
sections of the frame being detachable as shown in 
Fig. 2. The bogies are built up of rolled-steel sections | 
and plates, the cross bearers being placed so as to 
distribute the load equally over the three axles. 
The bogies are fitted with buffing and draw gear, and 
screw hand brake. The main frame of the well is 
built up of rolled-steel joists, and plates and crossbars 
of pressed steel, the ends being reinforced by steel 
castings, 2t which point they are coupled by large 
steel pins to high-tensile steel hangers carried by the 
cantilever sections. The latter are of pressed-steel, 
stiffened by means of plates and pressed-steel cross- 
bars, the whole being attached to a bolster built up of 
joist sections. The outer cantilevers carry the hangers, 
to which the main frame is connected by means of the 
pins referred to. 

Two hydraulic jacks are fitted at each end of the 
main frame, one on each side, exactly over the track 
rails. The jacks are worked by pumps on the outside 
of the solebars, the handle of one being shown in position 
in Fig. 2. These jacks are employed to support the 
main frame when the bogie is detached and with- 
drawn. A ratchet gear with safety catches prevents 
the rams falling under their own weight when the 
vehicle is running. 

When a bogie is detached, screws on the outer canti- 
levers are used to support the weight of the end sec- 
tions on the bogie solebars. The height of the top 
of the side beams under load is 2 ft. 10}? in. above 
rail level, and of the centre beams 2 ft. 33 in. The 

















above rail level, is 1 ft. 9% in., the gauge being adjust- 
able to suit. The diameter of the bogie wheels is 
2 ft. 84 in., and the journals are 11 in. by 5}in. The 
clearance under the main beams, loaded, is 7}? in. 
The tare weight is 49 tons 8 ewt. 2 qr. 








LABOUR NOTES. 

THE object of the Government’s new Coal Mines 
Act is stated in the preamble to be to remove, for a 
period not exceeding one year, the limitation upon 
the number of days on which the hours of employment 
below ground in coal-mines may be extended under 
section 3 of the Coal Mines (Regulation) Act of 1908. 
The Act also restricts the duration of such extensions 
to a half-hour on any one day, and provides for a 
maintenance during the period to which it applies 
of minimum percentage additions to basis rates of 
wages and of subsistence rates of wages. The new 
legislation took effect on Wednesday, and is to continue 
in force for a period of a year until the coming into 
operation of an Act to enable effect to be given to the 
draft international convention limiting the hours of 
work underground in coal mines, adopted last month 
by the General Conference of the International Labour 
Organisation of the League of Nations. During the 
continuance of the Act the minimum percentage addi- 
tions to basis rates of wages and the subsistence wage 
rates in any district are not to be less than those enforced 
in that district at the appointed day, and it is to be a 
term of every contract for the employment of a miner 
that the wages of that workman shall be calculated 
accordingly. By “ appointed day’”’ is meant the day 
for which wages were regulated on the basis of a daily 
limit of 74 hours’ work below ground by district agree- 
ment. The Act is not intended to apply to Northern 
Ireland. 





When the text of the measure became available, 
the Mining Association outlined their objections to the 
legislation in an official statement. In the course of 
the statement they declared that they regarded both 
the time limit and the statutory fixing of wage levels 
as a grave mistake. They had repeatedly pointed 
out, they said, that a time limit set the clock for the 
next crisis, and that the legal imposition of wages 
levels for a major industry constituted a new and 
dangerous precedent. The limited duration of the 














73-hour day added largely to the difficulty of securing 
contracts from foreign buyers at a time when markets 
were precariously held, and must inevitably tend to 
increase costs of production, contract the industry’s 
wage-paying capacity and reduce employment. It 
was true, the statement continued, that the wages 
levels specified in the measure corresponded for the 
most part with the owners’ guarantees, but these 
guarantees, involving as they did, grave risks and 
sacrifices, could only be justified by the measure of 
economic security afforded by an undated Act. An 
undated Act was required in the interests not alone 
of the coalowners and the men but of the country as a 
whole. 2 


In the debate in the House of Commons on the second 
reading of the Bill, Mr. Baldwin expressed the opinion 
that the limitation of the term was dangerous. It 
would have been wiser, he thought, to have allowed the 
Bill to run until new legislation was required to bring 
the hours in this country into line with the Geneva 
Convention, as soon as the necessary ratification took 
place. He could not believe, he said, that there was 
any prospect of the Convention being ratified within 
the next 12 months. Everybody who knew anything 
about the coal trade knew that no one factor had mili- 
tated more against our doing business with Continental 
countries and countries at great distances oversea than 
the uncertainty which had attached to deliveries from 
this country when fresh agreements were due, and when 
foreign countries had learned that there was always a 
risk and sometimes a probability of stoppages. If the 
industry should lose its share of contracts which it 
might otherwise get it would make it very difficult for 
the owners to do what they certainly intended to do— 
that was to continue the present rate of wages. That 
was the inherent weakness of limiting the term of 
the Bill to twelve months. 


Sir Herbert Samuel said that it was generally 
agreed on all sides of the House that the Bill must be 
passed into law. At the same time, he hoped it would 
be realised that the step they were taking was one of 
great gravity. They were enacting that the actual 
ordinary rates of pay received by the workers in one 
of the great industries should be stabilised by Act of 
Parliament. They understood that they were legis- 
lating exceptionally in view of very difficult and urgent 
considerations, but the working classes generally in 
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days to come might look to their action as a precedent 
in other difficult industrial circumstances and in other 
trades. nina 

At the annual meeting of the British Section of the 
International Metalworkers’ Federation, which took 
place in Brimingham on Saturday, it was stated 
that the total membership of the organisation was 
over 1,900,000, and that of the British Section 320,000. 
Mr. W. H. Hutchinson, the president of the Amalga- 
mated Engineering Union, has succeeded Mr. John 
Hodge as chairman of the British Section, and Mr. T. 
McKenna, of the Blastfurnacemen’s Union, has taken 
the place of Mr. J. T. Brownlie as general secretary. 
The members of the Section’s Advisory Committee 
are :—Mr. W. Kean, of the Gold and Silver Workers ; 
Mr. A. A. H. Findlay, of the United Pattern Makers’ 
Association; Mr. C. F. Brett, of the Midland Sheet 
Metal Workers; Mr. A. H. Smethurst, of the Amal- 
gamated Engineering Union; and Mr. Arthur Pugh, 
of the Iron and Steel Trades Confederation. On 
behalf of the organisation, Mr. Pugh presented Mr. 
Brownlie with a cheque in recognition of his services 
for six years as secretary of the British Section. 





At the Blackpool conference of the Transport and 
General Workers’ Union, Mr. Stillwell, the secretary 
of the organisation’s legal department, moved a 
resolution approving the Bill for workmen’s compen- 
sation framed by the joint committee of the Trades 
Union Congress, the Labour Party, and the Parlia- 
mentary Labour Party, and urging the Government to 
provide an early opportunity for its passage through 
Parliament. They had nothing, he said, against the 
legal fraternity, but their services would be unneces- 
sary in a scheme to “ give benefit and not deny it.” 
Instead of litigation there should be a simple method 
of dealing with claims somewhat on the lines by which 
application was made for unemployment benefit. 
Instead of firms paying premiums to insurance com- 
panies, they should pay contributions to a State fund 
administered by local committees and a central board. 
Under the proposed scheme there would be compen- 
sation of 75 per cent. of ordinary earnings, with a mini- 
mum of 3/. per week, and if the normal earnings were 
less than 3/., the compensation would be equal to full 
wages. The resolution was adopted unanimously. 





Commenting upon the first report of the Royal Com- 
mission on Unemployment Insurance, the writer of 
an editorial note in Man and Metal, the journal of the 
Iron and Steel Trades’ Confederation, says that certain 
things which are described by opponents as abuses are 
not really abuses, because the expenditure on them 
comes within the scope of the Acts and the regulations 
governing the payment of benefits. But, he goes on to 
say, systems have developed which take an undue 
advantage of the country’s desire to help its unem- 
ployed workpeople to tide over a bad period. It was 
never intended, it is pointed out, that men should be 
permitted by their employers to work three days a 
week and excessive overtime on those days in order 
that they might ‘in some cases, earn a full week’s 
money and still draw unemployment pay.” “If,” 
Man and Metal’s contributor proceeds, “* this Govern- 
ment is compelled to deal with the matter, the blame 
must be laid at the doors of those who have tried to 
take advantage of the scheme ; but we are of the opinion 
that this is no time to increase contributions, reduce 
benefits, and impose restrictive regulations which in 
the effort to deal with the minority, will certainly 
worsen the position of the vast majority who are not 
guilty, and who do need help and are genuinely entitled 
to it.” aes 

At Geneva last month, the International Labour 
Conference adopted unanimously and without discus- 
sion a resolution presented by the Irish Government 
Delegation, inviting the Governing Body to consider 
the placing on the agenda, for a future session, of the 
question of the protection against accidents of workers 
employed in the generation, transformation, distribu- 
tion, or use of electrical energy. A resolution was also 
adopted, at the instance of Mr. Muller, representing 
the German workers, requesting the Governing Body to 
consider the possibility of undertaking an investigation 
as early as possible into the conditions of work in the 
iron and steel industry in the various countries. 





According to Industrial and Labour Information, 
the rapid development of collectivism in Soviet Russia 
has made necessary more extensive use of agricul- 
tural machinery. The value of mechanical tractors, 
agricultural machinery, electric installations, &c., to 
be delivered in 1931 is estimated at 1,200,000,000 
roubles. Of these machines, 90 per cent. will be pro- 
duced in Russia. Agricultural work is to be mechanised 
in the proportion of 25 per cent. to 26 per cent., as 
against 11 per cent. in 1930. In the Sovkhozy—these 


are state farms—the percentage of mechanisation is to 
reach 93 as against 88-3 in 1930; and in the Kolkhosy 
—these are collective farms—to 29-2 as against 20 in 
1930. In regard to tractors in particular, the total 
power available is to be raised from 900,000 h.p. in 1930 
to 2,057,000 h.p. in 1931. More than half the new 
tractors are to be supplied by Soviet factories, although 
imported tractors still predominated in 1930. An 
Order of February 13 makes it a criminal offence to 
damage tractors or agricultural machines through 
negligence. It was found at the end of 1930 that 
87 per cent. of the tractors required thorough repairs. 





Addressing a conference of Soviet economists in 
Moscow the other day, Mr. Stalin declared that a 
greater inflow of peasant labour into industry would 
have to be organised. Such a conscription of labourers 
was not, however, the whole task. Labourers must be 
bound to enterprises to which they were indentured, 
and “ labour flux ’”’ combated by a system of differen- 
tial wages to increase productivity. Hitherto there had 
been hardly any difference between the earnings of 
skilled and unskilled workers, and therefore the un- 
skilled had no incentive to improve their qualifications. 
That evil could no longer be tolerated, and the obstruc- 
tion of those economists and trade unionists who pre- 
tended to interpret Socialism better than Marx or Lenin 
must be overcome. The Soviet State required from the 
workers hard work, discipline, and mutual emulation. 
A system of payment according to the worker’s need 
could not be allowed, and workers must be paid strictly 
according to the amount and the quality of the work 
they performed. One of the most important tasks 
would be the creation of a new “ productive, technical 
intelligentsia.” 





Economists, Mr. Stalin proceeded, must not be afraid 
to face the truth, and should openly admit that the 
system of an uninterrupted three-shift day had not 
everywhere been justified. Many enterprises had 
introduced the uninterrupted day on paper without 
enough preparation. Those enterprises must boldly 
throw away their paper reforms and return temporarily 
to the one-shift day, as the tractor works at Stalingrad 
had already done, and cease the practice of “‘ charming 
away difficulties ”” by high-sounding phrases and heroic 
resolutions which accomplished nothing. Further, the 
one-man system of management must be established 
everywhere. Unwieldy combines must split up into 
smaller units. Instead of a board of directors, one 
single director must be charged in each small combine 
with full personal responsibility for the conduct of 
affairs, though he could be helped on the commercial 
side by a few vice-directors. The time had come also 
for a determined effort to mechanise labour, for it 
would be just as easy to “scoop up the ocean with a 
spoon” as to accomplish the Soviet programme with- 
out general mechanisation of the methods of produc- 
tion. 





The Swedish Board of Trades’ Economic Review for 
the second quarter of the current year states that no 
signs of improvement in economic conditions have 
made their appearance, and, if anything, the position 
has further deteriorated for certain branches of indus- 
try. Industrial employment fell during the past 
quarter to the lowest level recorded since 1922. As 
was the case earlier, it is principally the export indus- 
tries that are suffering from the depression, although 
the home industries now seem also to be increasingly 
affected. The figures relating to the ore mines and ore 
refining works are particularly unfavourable. Short 
time, and even total closing down, have been resorted 
to in some places. The export of iron ore has decreased 
considerably, and sales on the iron market have also 
fallen off. Development in the workshops has con- 
tinued to be uneven. The export figures on the 
whole are relatively favourable, although the effects 
of the depression have recently spread to branches of 
industry which were previously scarcely affected. The 
electro-mechanical industry, which has hitherto been 
very little affected by the generally unfavourable con- 
ditions, has experienced a decline in its stock of orders 
and considerable reductions have taken place in the 
number of persons employed. 





It is estimated by the Ministry of Labour that, on 
June 22, there were approximately 9,271,100 insured 
persons aged between 16 and 64 employed in Great 
Britain. This was 109,600 fewer than a month before 
and 578,300 fewer than a year before. On June 29, the 
numbers of persons on the registers of Employment 
Exchanges in Great Britain were 1,847,859 wholly 
unemployed, 703,660 temporarily stopped, and 113,370 
normally in casual employment, making a total of 
2,664,889. This was 37,503 more than a week before 
and 774,314 more than a year before. Of the total 
number, 1,971,769 were men, 64,454 boys, 578,930 





women, and 49,736 girls. 








LETTERS TO THE EDITOR. 


TORSIONAL VIBRATION AMPLI- 
TUDES OF MARINE DIESEL IN- 
STALLATIONS. 


To THE Epitor oF ENGINEERING. 


Smr,—With reference to the reply to my letter 
published in your issue of June 26 (p. 835), I am afraid 
that Dr. Lockwood Taylor has missed the main point. 
I am, of course, aware that by suitably reducing the 
after flywheel the node can be moved very close to 
the centre of the engine with a corresponding increase 
of frequency, and in fact I am aware of recent cases 
where this has been successfully carried out in practice. 

The main point in my letter, however, was to move 
the node to the centre of the engine without altering 
the two-node frequency, which can only be done by 
adding a forward flywheel. 

Yours faithfully, 
J. M. PICKERING. 
8, Cambridge-terrace, Sunderland. 
July 4, 1931. 








THE LATE SIR FRANCIS GRANT 
OGILVIE. 


To THE Epiror oF ENGINEERING. 


Sir,—Sir Francis Grant Ogilvie, who died last 
December, was principal of the Heriot-Watt College 
from 1886 to 1900, taking office when the fortunes of 
the Watt Institution and School of Arts were merged 
into those of George Heriot’s Hospital. 

The work which Sir Francis did was of a pioneer 
character in the College, and he laid down. the lines 
which have since been successfully developed. Subse- 
quently he touched other fields of activity, in each of 
which his scientific knowledge and administrative 
genius were of great service. In the Royal Scottish 
Museum, of which he was director from 1900 to 1903, 
as principal assistant secretary for science and art 
in the Board of Education from 1903 to 1910, as 
director of the Science Museum, South Kensington, 
from 1911 to 1920, and as chairman of the Geological 
Survey, he left his mark on each branch of activity. 
His work in organising the Forth Division Submarine 
Miners from 1887 to 1900, and in the Trench Warfare 
Research Department, 1915 to 1917, gives an indica- 
tion of the wide range of his interests and the usefulness 
of his services. 

It has been thought desirable by a number of old 
students that Sir Francis Ogilvie’s connection with the 
College should be recognised in some definite way. 
The suggestion of a fund to establish an annual prize 
has found favour, and I have received donations 
towards such a fund from a number of old students 
and members of the College, and from former colleagues 
and friends of Sir Francis. There are, no doubt, 
others who would wish to be associated with this 
memorial fund, and I should be glad to receive and 
acknowledge any contributions which they might wish 
to make. In this way the name of the first principal 
will be definitely brought before future students year 
by year. 

Yours, &c., 
J. CAMERON SMalIL. 

Heriot-Watt College, Edinburgh. 

June 29, 1931. 








THE AEROTO FORCED-DRAUGHT 
FAN. 


To THe EpItoR oF ENGINEERING. 


Str,—The object of this letter is to explain fully 
and clearly the facts relating to the tests of the Aeroto 
and Howden forced-draught fans, so as to obviate 
any misunderstanding, and to prove the accuracy 
of the data supplied by us for the article in your issue 
of June 12. 

As already pointed out, the tests of the Aeroto fan 
were carried out by members of the staff of the National 
Physical Laboratory, and were started while the ship 
was steaming down the river and completed at sea, 
under normal conditions, between Gravesend and 
Dover. During this time the Aeroto fan only was 
supplying air to the boilers through the existing 
trunking. The Howden fan tests were made on a 
trip similar to the above, and with the two centrifugal 
fans running in parallel. 

The performance of the Aeroto fan, as shown by 
the National Physical Laboratory tests, was 40,200 cub. 
ft. of air per minute delivered against a total pressure 
of 2-765 in. water gauge, not 2-5 in., as cited recently 
by Mr. McGillivray. Also, since the two types of 
fan were connected to the same system, thus giving 
the same equivalent orifice, the change in pressure 
noted would be nearly proportional to the change 
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LAMELLA ROOF CONSTRUCTION. 


CONSTRUCTED BY MESSRS. THE HORSELEY BRIDGE AND ENGINEERING COMPANY, LIMITED, TIPTON. 




















RSs ae BE 


Pe ee 

















Fig. 1. TRIANGULAR UNIT. 


in volume passing through the system. Thus a 
volume of 40,200 cub. ft. of air per minute at 2-765 in. 
total water gauge practically corresponds to a volume 
of 44,000 cub. ft. of air per minute against 3-25 in. 
total water gauge, as registered in our tests with the 
two centrifugal fans in operation. Thus the actual 
ratio of volume to the root square of the pressure, 
which is nearly identical in the tests of the National 
Physical Laboratory and in ours, does not correspond 
with the specification cited by Messrs. James Howden 
and Company, Limited, in their letter published in 
your issue of July 3. On this account, and taking 
into consideration that both fans were used in the 
same system, we assume the amount of air supplied 
to the boilers to be the basis for comparison. 

In order to be absolutely fair with our comparison 
of fan performances, we. used, for the Aeroto fan, the 
amount of air actually delivered, and for the Howden 
fan the amount of air specified for normal duty, 
thus 40,200 cub. ft. of air per minute delivered by 
one Aeroto fan represents 78 per cent. of 51,600 cub. 
ft. of air per minute, which is a normal amount of air 
required for the generation of 6,900 shaft horse-power, 
when one Howden fan alone was specified to deliver 
two-thirds of normal duty. 

If, after our explanation, any doubt remains as to 
the accuracy of the test data supplied by us for your 
article, it would be an easy matter to verify it by 
National Physical Laboratory tests, since Messrs. Blue 
Star Line possess sister ships to the 8.8. Rodney Star, 
on which are still installed Howden forced-draught 
fans identical with those replaced by Aeroto fans. 

Yours faithfully, 
Tue British AEROTECHNICAL CoMPANY, LIMITED, 
M. ADAMTCHIK, 
Director. 
Astor House, Aldwych, London, W.C.2. 
July 8, 1931. 








Tue InstituTION or MinInG ENGINEERS.—Owing to 
the present exacting demands upon the time of members, 
the Council of The Institution of Mining Engineers has 
found it necessary to postpone, to a later date, the summer 
general meeting, which had been arranged for July 8, 9 
and 10. Particulars of the meeting were given on page 
797 of our issue of June 19. 





TiprepD Picks 1n Coau-Cuttinc MAcHINEs.—A recent 
development in engineering is the use of extremely hard 
non-ferrous alloys as tips for tools in the cutting of 
metals. The experience gained in this direction by 
Messrs. Mavor and Coulson, Limited, 47, Broad-street, 
Mile End, Glasgow, suggested that this principle might 
be applied to the cutter picks of coal-cutting machines. 
After considerable research, tipped picks, which are 
stated to be a great improvement on the steel picks 
previously used, are now being produced in quantities 
by this firm. An example of the successful use of the 
new picks has been brought to our notice. On a face 
at which tempered-steel picks had to be changed approxi- 
mately every 10 yards, a set of “ M. & C.” tipped picks 
cut 80 yards, and the picks are then stated to be only 
slightly damaged. We are informed that the tipped 
picks, when blunted, do not require to be reforged and 
tempered ; they are simply ground to shape. Moreover, 
they cannot be softened by heating, and cannot be 
hardened by heating and rapid cooling. With chain 
coal-cutters in hard holing, the new picks are claimed 
greatly to alleviate the stresses that blunt cutters impose 
upon the machine, to lower the cost of maintenance, to 
reduce the liability of breakdown, and to increase sub- 
stantially the output of the machine. 
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STEEL LAMELLA ROOF CON- 
STRUCTION. 


Ir is always pleasant, and is particularly so in times 
of trade depression, to be able to record the establish- 
ment of a new manufacture in this country. In the 
present instance, the process may almost be termed anew 
industry, seeing that, in order to enable it to be started 
a complete new plant has been laid down. This plant 
we were able to inspect, when it was just commencing 
production, at the works of Messrs. The Horseley 
Bridge and Engineering Company, Limited, Tipton. 
The work for which it has been designed is the manu- 
facture of the Lamella system of roofing construction, 
which has already satisfactorily proved its utility on 
the Continent, and The Horseley Bridge and Engineer- 
ing Company has now become, under licence, the sole 
manufacturer for the British Empire, with the excep- 
tion of Canada. Our account of the Lamella system 
is illustrated by Figs. 1 to 17, above and on pages 
42, 43 and 46, from an inspection of which it will 
be seen that the cardinal feature is the building of an 
arched roof or complete semi-cylindrical structure by 
the assembly of standard triangular elements, arranged 
so that they form diamond-shaped interspaces; on 
the framework thus formed any form of covering may 
be superimposed. The structure is self supporting, no 
girders or trusses being required; it is, indeed, so 
stiff that erection is effected in cantilever fashion, 
without heavy centreing supports, until the halves 
meet in the centre. 

A reference to Fig. 1, on this page, will show that 
each triangular unit consists of four main parts, viz., 
two side webs and two purlins. All are of pressed 
steel and, in the main, are of channel section. They 
are bolted together, the lap joints between the webs 
of successive elements being held between a pair of 
tapered cover-plates, which have their top and bottom 











CoNNECTION OF UNITS wiTH WALL PLATE. 


edges bent over to a right angle to take the outer and 
inner purlins, respectively. These cover plates will 
be seen in position in the lower part of Fig. 2, above, 
and from this figure it will be realised that the bolts 
pass through six thicknesses of plate at each joint 
that is, four side webs and two cover plates. Three 
views of one web are shown in Fig. 3, and in this 
connection it may be stated that the dimensions given 
refer to a roof of particular span, the width, length, 
and thickness of the webs differing with the span of 
the roof. The flanged edges of the webs are discon- 
tinued shortly before the ends, in order to accommodate 
the cover plates. Two ribs are formed by pressing in 
this region, to afford additional stiffness. A detail of 
one of the outer purlins is given in Fig. 4. These are 
tapered so that the joint is made with the bolts of 
the cover-plate flanges passing through the overlapping 
ends, and no fish plate or other connection is necessary. 
The inner purlin is of plain channel section, but the 
outer one has the upper edge of its vertical flanges 
turned outwards, as shown, so as to afford a wider 
support to the roof covering, which may consist of 
pre-cast concrete slabs, steel or asbestos sheets, or 
timber and felt, or canvas. 

Having described the structure of the Lamella units, 
reference may now be made to complete roofs, and 
for this purpose, two examples, showing typical con- 
structions, have been selected. The Lamella construc- 
tion is applicable to any roof from 30 ft. to 200-ft. 
span, or even greater spans. The semi-cylindrical form 
does not require anything in the way of tie rods, nor 
does the segmental form, if the side walls are stiff 
enough to withstand the outward thrust, as in Fig. 2. 
In those cases, however, where the walls are light, or 
are merely an open framework to give an open-sided 
building, tie rods between the wall plates are necessary. 
The first complete roof we refer to is that for the 
hangar erected for Messrs. Henleys (1928), Limited, at 
Heston Air Park, by Messrs. The Horseley Bridge and 
Engineering Company, and is illustrated in Figs. 5 to 10, 
on page 42, and Figs. 14 to 17, on page 46. The hangar, 
of the semi-cylindrical type, is about 150 ft. long 
by 82 ft. wide outside the foundation plates. The 
height to the underside of the roof is 27 ft. 3 in. Along 
the centre line of the roof runs a monorail, which will 
carry a load of two tons. Above this is a skylight, 
11 ft. 6 in. wide. The ends of the building are finished 
with an arched cross-braced facia girder, and filled 
with a plain vertical wall, pierced with a doorway at 
the front of 62 ft. 4 in. by 18 ft., and one at the back 
of 35 ft. by 12 ft. The arrangement will be clear 
from Figs. 6 and 7. The doors are of corrugated iron 
on a trussed iron framework, and run on an independ- 
ently-supported rail by means of wheels having roller 
bearings. The door structure is shown in Figs. 7 and 10. 
The roof is formed of corrugated asbestos sheeting. 

The method of erection is shown in Figs. 14 and 15, 
page 46, but Fig. 9, page 42, should be first referred to. 
This latter figure shows the concrete foundation, 
which is finished at the top by a pair of continuous 
angles, to which are riveted, at appropriate intervals, 
short transverse gussets forming the connection for the 
lowest units of the Lamella framing. As already stated, 
and as clearly shown in Figs. 14 and 15, erection is 
started by bolting up the webs to the foundation 
gussets in a series of triangles, to the apexes of which 
are bolted a second row, forming the diamond-shaped 
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LAMELLA ROOF CONSTRUCTION ; BELFAST OMNIBUS STATION. 




















CONSTRUCTED BY MESSRS. THE HORSELEY BRIDGE AND ENGINEERING COMPANY, LIMITED. TIPTON. 
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Fie. 12. Roor or Station. 





Fie. 13. INTERIOR or STATION. 


Fig. 13. The tie-rods do not interfere with the use of | this light weight makes the method of construction 
the building, nor are there any central supports or| valuable in undeveloped countries where porters, 
stanchions. This roof was erected from portable timber | ponies or mules are the only form of transport. 
trestles and all the material put in place by hand. Further, as a number of webs may be nested together, 

In connection with the last remark, it may be noted | shipping measurements are greatly reduced. Apart 
that each web can be easily handled by one man, and! from eas? in erection and facility of transportation, it is 





claimed that the Lamella construction, formed as it is 
from comparatively thin steel and having a large 
surface, all of which is exposed to the free circulation 
of the air, follows closely the changes of atmospheric 
temperature. Condensation is thus reduced to a 
negligible quantity, and roofs which have been in use 
for over five years do not show any signs of corrosion 
through the original coat of spray paint. The system 
is also stated to be particularly resistant to fire, and 
even when unprotected, to be able to withstand local 
damage without endangering the whole structure. 
The new plant put down at Tipton for the manu- 
facture of the Lamella units includes a special three 
ram 600-ton hydraulic press by Messrs. Hollings and 
Guest, Limited, Birmingham, for the cold pressing of 
the webs, a punching and shearing machine by Messrs. 
Henry Pels, London, as well as a guillotine by Messrs. 
Brookes (Oldbury), Limited, Oldbury, and several 
presses and machines transferred from other parts of 
the works. 








TESTING THE INFLAMMABILITY 
OF MINE DUSTS. 


In a paper published by the Safety in Mines Research 
Board, in December, 1929, a laboratory method of 
testing the relative inflammability of different coal 
dusts was described, in which the amount of inert 
dust required to suppress inflammation was measured, 
when small quantities of the coal dust under test 
were blown through a heated tube by oxygen. In a 
paper recently published,* a simplified form of this 
test is described which should prove useful in colliery 
laboratories for testing the inflammability of the dust 
mixture on the roadways. The results obtainable 
are directly comparable, within 5 per cent. of incom- 
bustible dust, with those given by the large-scale tests 
in the explosion gallery of the Safety in Mines Re- 
search station at Buxton. Although this test cannot 
be used at present as a substitute for the officially 
prescribed test for representative samples of road dust, 
nevertheless it provides colliery managements with a 
practical method of checking conditions as often as 
required. 

Two forms of the apparatus have been made, one with 
a gas-heated tube and the other with an electrically- 
heated tube for use where gas is not available. The 
tube, referred to as the ‘ inflammation-tube,” is of 
transparent silica, 7 in. long with an internal diameter 
of ? in., the wall being 7 in. thick. In the case of 
heating by gas the bunsen flame is supplied with gas 
at a pressure of 2} in. water gauge, and is fully aerated. 
When electrically heated, a winding of 30-gauge ni- 
chrome or platinum wire is used over a length of | in., 
the turns of the winding being uniformly ;', in. apart 
and the centre of the wound portion 4 in. from the 
end of the tube at which dust is admitted. The wind- 
ing is held in position by a layer of alundum cement 
and its ends are attached to the insulated terminals 
on a cylinder of brass 3 in. in diameter which is packed 

with kieselguhr or similar heat-insulation material. 


* A Routine Test of the Inflammability of Mine Dusts. 
By A. L. Godbert. Safety in Mines Research Board, 
Paper No. 68. London: H.M. Stationery Office, Adastral 
House, Kingsway. Price 6d. net. 





44 


ENGINEERING. 


[JULY I0, 1931. 








The maximum temperature obtained with this small 
furnace at the middle is 800 deg. C.; that at each end 
of the winding is 600 deg. C. A thermo-couple is used 
to control the temperature and is enclosed in a sheath 
of thin-walled silica tubing attached by alundun cement 
to the outer wall of the inflammation-tube. 

With either method of heating, the inflammation tube 
is fixed horizontally and co-axially with the dust tube 
which is connected to a filter flask (acting as a pressure 
reservoir) by means of rubber tubing. This flask can 
be connected to an oxygen cylinder and a mercury 
manometer consisting of a U-tube 20 in. high, and 
supported on a board to which a scale is attached. The 
dust to be tested is placed in the ‘ dust-tube,”’ which 
is attached to a glass tube leading from the pressure 
reservoir by a short length of rubber tubing and a 
metal pinchcock is used to close the connection between 
the dust-tube and the pressure reservoir. 

Since the results obtained with this apparatus are 
dependent upon the time during which the dust cloud 
is in contact with the inflammation tube, they can 
only be consistent if the cloud passes through the tube 
at the same rate in each case. This is determined not 
only by the oxygen-blast, but by the rapidity with 
which the controlling pinchcock is opened. To reduce 
possible error from this source a brass cylinder } in. 
long and of ¥ in. external diameter is inserted within 
the rubber tubing leading to the pressure reservoir 
and having an internal diameter of # in. The effect 
of this restriction on the oxygen-blast is such as to 
make variations in the rate at which the pinchcock is 
opened of little importance. 

In carrying out a test, 1 g. of the dust which has 
previously passed through a 100-mesh(I.M.M.standard) 
sieve is weighed and transferred to the ‘‘ dust-tube,” 
which is then reinserted in the inflammation-tube. 
Oxygen from a cylinder is allowed to pass into the 
reservoir until the pressure on the manometer registers 
18 in. in the case of gas heating or 15 in. in the case 
of electrical heating. The pinchcock is quickly opened 
and the behaviour of the dust as it is blown through 
the inflammation tube is observed. A white flame is 
produced with inflammable dust. With a readily 
inflammable dust the flame fills the tube completely 
and emerges into the air. The white flame produced 
by a dust which is just inflammable is readily distin- 
guishable from the isolated reddish-orange sparks 
given by a dust which is just uninflammable. Unin- 
flammable dusts require no further test, but if inflam- 
mable, a measure of the quantity of stone dust that 
must be added to render it uninflammable is found 
by making successive additions of 5 per cent. of any 
dry incombustible dust which passes a 100-mesh 
1.M.M. sieve and testing the mixtures. 





TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Stone-Crushing Plant.—A firm of contractors at 
Bordeaux, France, is desirous of receiving particulars 
relating to stone-crushing (preferably rotary) and granu- 
lating plant, capable of treating large quantities of river 
stone. The material has to be crushed to a size suitable 
for road surfacing. (Ref. No. A.X. 10,998.) 


Excavator.—The supply of a mechanical excavator, 
full revolving type, with crawler tracks. The City of 
Johannesburg, South Africa; August 15. (Ref. No. 
A.X. 11,002.) 


Motor-Cycles.—The Police Department, Buenos Aires» 
Argentina, is in the market for a number of fast motor- 
cycles. (Ref. No. G.X. 10,550.) 


Water-Supply Pipes.—The supply of cast-iron or steel 
pipes, together with tee bends and other specials, 
required during the year ending September 30, 1932. 
The Singapore Municipal Water Department ; August 12. 
(Ref. No. G.X. 10,552.) 

Chlorinating Plant.—The supply of two chlorinating 
plants of the solution feed type. The Municipality of 
Singapore; August 4. (Ref. No. G.X. 10,554.) 


Structural Bridgework.—Vhe supply of structural 
bridgework. The South African Railways and Harbours 
Administration, Johannesburg; August 4. (Ref. No. 
G.X. 10,555.) 


Marine Diesel Engines.—The supply and delivery of 
four 150-b.h.p. marine Diesel engines, with gears and 
accessories, for the propulsion of coal barges. The 
Egyptian Ministry of Public Works; September 1. 
(Ref. No. A.X. 11,005.) 


Electric Lamps.—The supply of electric lamps during 
the twelve months ending akae 14, 1932. The Indian 
Stores Department, Simla; August 4. (Ref. No. A.X. 
11,010.) 


Refuse Destruction Plant.—The supply and construc- 
tion of refuse destruction plant. The Municipality of 
Rosario, Argentina; August 9. (Ref. No, A.X. 11.011.) 








CONTRACTS. 


Messrs. THE British THomson-Hovuston Company, 
Lru1TED, Crown House, Aldwych, London, W.C.2, have 
received an order from The Union Castle Mail Steamship 
Company, Limited, for the supply of Mazda vacuum and 
gas-filled lamps from July 1 to December 31, 1931. 

Messrs. Sir WILLIAM ARROL AND COMPANY, LIMITED, 
Glasgow, have obtained an order from the County of 
London Electric Supply Company, Limited, for a 12-ton, 
three-motor, overhead electric travelling crane for 
Barking power station. 

Messrs. THE CoventRY Victor Motor Company: 
LimITED, Coventry, have received an order from the 
War Office for some of their four-stroke outboard engines. 

Messrs. Buck aNnp HickMAN, LIMITED, 2—6, White- 
chapel-road, London, E.1, have supplied a No. 2 Pratt 
and Whitney jig boring machine for the new Ford 
factory at Dagenham. 








BOOKS RECEIVED. 

United States Geological Survey. Water Supply Paper 
No. 620. Geology and Ground-Water Resources of 
Western Sandoval County, New Mexico. By B. C. 
ReEnNickK. [Price 35 cents.] No. 641. Surface Water 
Supply of the United States. 1927, Part I. North 
Atlantic Slope Drainage Basins. [Price 35 cents.] 
No. 643. 1927. Part III. Ohio River Basins. 
[Price 35 cents.] Washington: Government Printing 
Office. 

Air Ministry. Aeronautical Research Committee. Reports 
and Memoranda. No. 1278. Spinning Experiments 
on a Single Seater Fighter. By A. 8. Batson, H. B. 
Irvine and 8. B. Gates. [Price 9d. net.] No. 1353. 
The Two-Dimensional Flow of Air Around an Aerofoil 
of Symmetrical Section. By T. TANNER. [Price 1s. 
net.] No. 1356. Spinning of a Model of the Fairey 
IIIv Seaplane. By H. B. Irvine and A. S. Batson, 
[Price ls. net.] No. 1362. Detonation, Mineral 
Lubricating Oils and Blended Fuels. By R. O. Kine 
and H. Moss. [Price 9d. net.] No. 1366. Drag and 
Heat Dissipation of Three Radiator Systems. By E. T. 
Jones. [Price ls. net.] No. 1367. Longitudinal 
Control and Stability when Stalled. By E. T, Jones and 
R. P. Auston. [Price 9d. net.] No. 1368. Flow of 
Air Adjacent to the Surface of a Rotating Cylinder in 
a Stream. By E. G. Ricuarpson. [Price ls. net.] 
London: His Majesty’s Stationery Office. 

A History of the British Chemical Industry. By STEPHEN 
Mratt. London: Ernest Benn, Limited. [Price 
10s. 6d. net.] 

Die Elektrischen Ausriistungen der Gleichstrombahnen 
einschliesslich der Fahrleitungen. By Dr. Ing. Tu. 
BucuHotp and Dipl.-Ing. F. TRawnik. Berlin: 
Julius Springer. [Price 32 marks. ] 

The Railway Year Book, 1931. London: The Railway 
Publishing Company, Limited. [Price 5s. net.] 

Civil Engineering Design. By ArtHurR A. ForDHAM. 
Lonpon: Chapman and Hall, Limited. [Price 
21s. net.] 

Angewandte Hydromechanik. Vol. I. EHinfiihrung in 
die Lehre vom Gleichgewicht und von der Bewegung 
der Flissigkeiten. By Dr.-Ing. WALTHER KAUFMANN. 
Berlin: Julius Springer. [Price 12.50 marks. ] 

Industry and Humanity. By HERBERT GEORGE TAYLOR. 
London: J. Alfred Sharp. [Price 9d. net.] 

Department of Scientific and Industrial Research. Report 
of the Food Investigation Board for the Year 1930. 
London: His Majesty’s Stationery Office. [Price 
3s. net. ] 

Mitteilungen aus den Forschungsanstalten des G.H.H.- 
Konzerns. No. 5. Berlin: V. D. I. Verlag G.m.b.H. 
[Price 3 marks. ] 

Mineralogy. By F. H. Hartcu. 
London: Sir Isaac Pitman and Sons, Limited. 
6s. net.] 

La Construction des Turbines @ Vapeur en Suisse. By 
CHARLES CoLoMBI. Lausanne : Office Suisse D’Expan- 
sion Commerciale. [Price 2 francs.] 

History of the Great War. Naval Operations. Vol. V. 
1917 to the Armistice. By Sir Henry NEwBOLT. 
London: Longmans Green and Company. [Price 
31s. 6d. net, with maps. ] 


Sixth edition revised. 
[Price 








CHANGE OF ADDRESS.—Owing to the expansion of 
business, Messrs. Burton, Griffiths and Company, Limited, 
of Montgomery-street, Sparkbrook, Birmingham, have 
opened a branch office in Manchester, at Deansgate 
House, 274, Deansgate. 


PERSONAL.—Major James Caldwell has accepted the 
invitation of Messrs. The Quasi-Arc Company, Limited, 
15, Grosvenor-gardens, London, 8.W.1, to join their 
research committee and assist in extending the applica- 
tion of electric welding to welded-steei construction.— 
Mr. Lowden Morton, late of Messrs. Babcock and Wilcox, 
Limited, and Messrs. Vickers Boiler Company, Limited, 
has been appointed general manager and chief engineer 
of the newly formed company, Messrs. Illinois Stoker 
and Combustion Company of Great Britain, Atlantic 
House, 45-50, Holborn-viaduct, London, E.C.1.—Messrs. 
Coventry Machine Tool Works, Limited, St. George’s- 
road, Coventry, have appointed Messrs. A. C. Wickman, 
Limited, their sole agents, in Great Britain and Ireland, 
for forging machines, hot milling machines, and presses.— 
Mr. E. Pinckston having resigned his position with 
Messrs. Veritys, Limited, has been appointed to take up 
the representation, in the! Birmingham area, of Messrs. 
Laurence, Scott and Electromotors, Limited, Norwich.— 
Mr. John Milburn has resigned the position of director of 
designs to Messrs. Alfred Herbert, Limited, Coventry. 





NOTES FROM SOUTH YORKSHIRE. 


Iron and Steel.—The majority of the departments of 
the local steel and engineering trades are marking time, 
and the general condition shows no change. In some 
directions, business tends to improve, and the outlook 
is more promising. In the raw and semi-finished steel 
trade, however, gloomy conditions prevail. Both basic 
and acid steels are in limited demand, and forward 
buying is at a discount. The scrap market continues 
in a neglected condition and values show a further 
contraction. Basic-steel scrap is realising 38s. per ton, 
as compared with 40s. a few weeks ago. More inquiries 
are broadcast for supplies of railway rolling-stock. The 
Chinese Government is asking for tenders for steel 
sleepers and fasteners, and other railway materials. 
These inquiries arise from the allocation of the Boxer 
Indemnity. Keen competition for the work is being 
experienced, and should Sheffield manufacturers fail 
to be successful in receiving any of the actual orders, 
indirect benefit may accrue in the providing of castings, 
forgings, springs, tyres, and other fittings. Business with 
India shows signs of reviving. Inquiries are in circula- 
tion from that market for the supply of tyres, under- 
frames and bogies, flexible buffers, helical and volute 
springs, and straight and crank axles. The current 
demand for ship steel and forgings and castings is not 
very encouraging. The call for special high-class steels 
shows a decline on export account. Keen competition 
is being met with from France and Scandinavia in 
stain- and rust-resisting steels. More and more stainless 
steel is going into consumption at chemical works. The 
call for electrical apparatus continues to grow, but 
makers of automobile steel and fittings appear to be 
suffering from a temporary set-back. Mixed conditions 
operate in the tool trades. Progress is being made in 
isolated sections, but taken on the whole, the majority 
of concerns are suffering from the effects of the depres- 
sion. Firms devoted to the production of precision tools, 
including micrometers, gauges, callipers, and squares, 
have satisfactory order books. After being connected 
with the steel trade for over 50 years, Mr. G. G. Coppell, 
managing director of Messrs. J. J. Saville and Company, 
Limited, Triumph Steel Works, Sheffield, is retiring 
from active business at the end of this month. Mr. Coppell 
is one of the leading authorities on steelmaking, and has 
played a distinguished part in building up Sheffield’s 
unique reputation throughout the world for high-speed 
and other classes of alloy steels. During the war, 
Messrs. Saville became prominent by reason of their 
special products in connection with steels for aircraft 
and high-grade materials for the paravane, a device 
which saved much British shipping from destruction by 
explosive mines. Mr. Coppell will also retire from the 
position of managing director of Messrs. William Jessop 
and Sons, Limited, Sheffield. Mr. Coppell is an old 
member of the Iron and Steel Institute. 


South Yorkshire Coal Trade.—The recent improvement 
which was manifest in the local coal trade position does 
not appear to have been maintained, and several sections 
show further weakness. The demand for industrial fuel 
shows little change. The call for house coal is of seasonal 
dimensions. Orders are coming to hand for stocking 
purposes, but they do not represent much in the bulk. 
The coke market shows little change. The crucible-steel 
trade is only taking a small tonnage of patent oven coke. 
Coke for central heating purposes is in a neglected con- 
dition. Foundry sorts are in steady request, while gas 
coke continues firm and is realising 23s. to 25s. per ton. 
Latest quotations :—Best branch hand-picked, 24s. 6d. 
to 25s. 6d.; Derbyshire best brights, 19s. to 20s. ; 
Derbyshire best house, 18s. 6d. to 20s. ; screened house 
coal, 17s. to 18s. ; screened house nuts, 14s. 6d. to 15s. ; 
Yorkshire hards, 15s. to 16s. 6d.; Derbyshire hards, 
15s. to 16s. 6d. ; rough slacks, 8s. 6d. to 9s. 6d.; nutty 
slacks, 6s. to 7s. 6d.; smalls, 4s. to 5s. 6d. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Concessions in railway 
rates enable dealers in Midland iron to compete success- 
fully for orders here, and the gradual growth in the use, by 
Tees-side firms, of iron from that quarter is disquieting. 
In other markets, Cleveland iron producers have to 
contend with keen competition from the Midlands and 
from overseas. Merchants’ opportunities to transact 
business in Cleveland qualities are as few as ever, export 
demand being still very light, and requirements of prin- 
cipal home consumers, who have to come on the market 
for supplies, being met by direct delivery from producers. 
For home trade ironmasters hold to the following fixed 
figures :—No. 1 Cleveland, 61s. ; No. 3 g.m.b., 58s. 6d. ; 
No. 4 foundry, 57s. 6d.; and No. 4 forge, 57s., but 
substantially below these rates are named for business 
with firms in Scotland who continue to buy a good 
deal of comparatively cheap iron from the Continent 
and from India. 

Hematite—Customers are able to buy East-Coast 
hematite at low prices compared with quotations for other 
local iron, but are placing orders sparingly, as they 
believe that values have not yet quite touched bottom. 
Makers are slow to acknowledge the continued down- 
ward movement. Output is still excessive, and the 
rather heavy stocks hamper sellers. In this branch also 
sales are mostly direct by producers to home users. 
Ordinary qualities are 62s. 6d. and No. 1 hematite is 
63s., but purchasers state they can shade these figures. 

Blast-Furnacemen’s Wages.—Under sliding scale ar- 
rangements, North-East Coast blast-furnacemen’s wages 
are reduced by 1-25 per cent. for the third quarter of 
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the year, the average net selling price of No. 3 Cleveland 
pig-iron for the three months ending June 30 last having 
been certified at 55s, 1-93d. per ton, as compared with 
56s. 3-37d. per ton. Blast-furnacemen’s wages are now 
only 1 per cent. above the standard. 


Foreign Ore.—There is little or no activity in foreign 
ore. Nominally best rubio is 15s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and slow of sale. For early delivery to local 
users, 158, is a full quotation for good average qualities, 
but forward business cannot be done except at a higher 
figure. 

Manufactured Iron and Steel.—Orders for manufactured 
iron and steel are scarce, but while branches engaged on 
certain descriptions of material are very short of work, 
in one or two departments a fair amount of tonnage is 
being turned out. Constructional-steel departments have 
moderate contracts on hand, and branches manufactur- 
ing railway requisites have still work to complete. Depart- 
ments engaged on the production of material for the ship- 
yards are, however, poorly employed, and sheet pro- 
ducers would welcome more work. At the time of writ- 
ing, principal market quotations stood :—Common iron 
bars, 10/7. ; best bars, 10/7. 10s.; double best bars, 111. ; 
treble best bars, 11/. 10s. ; and packing (parallel). 8/. ; 
packing (tapered), 10/.; iron and steel rivets, 11/. 5s. ; 
steel billets (soft), 5/. 158.; steel billets (medium), 
61. 128. 6d.; steel billets (hard), 71. 28. 6d.; steel ship 
plates, 8/. 15s.; steel angles, 81. 7s. 6d.; steel joists, 
8/. 15s. ; heavy sections of steel rails, 8/. 10s. for parcels 
of 500 tons and over, and 9/. for smaller lots ; fish plates, 
121. 10s. ; black sheets (No. 24 gauge), 8/.; and galvan- 
ised corrugated sheets (No. 24 gauge), 101. 


Scrap.—Heavy steel scrap is in moderate demand, and 
is selling at 37s. 6d., but the demand for other descrip- 
tions of scrap is still very quiet. Borings are 22s. ; turn- 
ings, 25s.; light cast iron, 32s. 6d heavy cast iron, 
42s, 6d.; and machinery metal, 44s. 

Imports of Iron and Steel.—Returns issued this week 
give the aggregate imports of iron and steel to the Tees 
for the eight months ending June 30 last from Holland, 
Belgium, France, Norway, Sweden, Finland, India, 
Germany and coastwise at 109,874 tons, comprising 
19,499 tons of pig iron; 75,733 tons of crude sheet bars, 
billets, blooms and slabs, and 14,642 tons of plates, bars, 
angles, rails, sheets and joists. For the same months 
a year ago, the total material unshipped was 99,443 tons, 
comprising 6,393 tons of pig iron, 69,821 tons of crude 
sheet bars, &c., and 23,229 tons of plates, bars, angles, 
&c., and for the corresponding pre-war period of 1913— 
1914 the aggregate unloadings amounted to only 47,944 
tons, comprising but 218 tons of pig iron, 30,307 tons of 
crude sheet bars, &c., and 17,419 tons of plates, bars, 
angles, &c. 

Iron and Steel Shipments.—Official statistics give the 
total shipments of iron and steel from the Tees last 
month as 51,176 tons as compared with 48,148 tons in 
May. June loadings of pig iron amounted to only 12,038 
tons, of which 8,437 tons went to coastwise customers 
and only 3,601 tons went overseas; clearances of manu- 
factured iron amounted to 7,101 tons, of which 5,017 tons 
went coastwise and 2,084 tons went abroad ;_ and ship- 
ments of steel reached 32,037 tons, of which 16,456 tons 
went coastwise and 15,581 tons went to foreign ports. 
Scotland again was the largest purchaser of pig iron, 
accepting 3,632 tons; Italy being second with 1,320 
tons, and Denmark third with 1,000 tons. The chief 
buyer of manufactured iron was the Union of South 
Africa, with an import of 538 tons. Principal purchasers 
of steel were :—India, 3,223 tons; Portuguese East 
Africa, 2,351 tons ; Canada, 2,260 tons ; Union of South 
Africa, 2,140 tons; and Sierra Leone, 1,310 tons. 











NOTES FROM THE NORTH. 


GuLascow, Wednesday. 

Scottish Steel Trade.——While there is a more hopeful 
undertone in the Scottish steel trade, the position shows 
no change, and plant is still only partly employed. 
The demand from home consumers remains poor, and that 
from our usual overseas markets is also of a very limited 
nature. In the black sheet trade, quietness is general, and 
plant cannot be run with any continuity, but the inquiry 
is somewhat better, and makers are hopeful of more 
business before long. The demand for galvanised 
varieties is not very good, but there are prospects of 
an improvement in export in the near future. Prices 
keep nominally steady, and are as follow :—Boiler plates, 
101. 10s. per ton; ship plates, 87. 15s. per ton ; sections, 
81. 7s. 6d. per ton; black steel sheets, } in., 7/. 10s. per 
ton; galvanised corrugated sheets (No. 24 gauge), 
11l. 7s. 6d. per ton; all delivered at Glasgow stations. 
The latter are quoted at 101. to 10/. 5s. per ton for 
export. 

Malleable-Iron Trade.—The West of Scotland malle- 
able-iron trade continues to be very quiet, and dealings 
are confined to everyday requirements, which, in most 
instances, mean small tonnages. The home demands are 
very limited because of general trade conditions, and 
export business is exceedingly difficult to pick up. The 
re-rollers of steel bars are very quiet, and to secure any 
business at all they have to submit very low quotations, 
so keen is the competition. Current prices are as follow : 
—‘* Crown ” bars, 10/. 5s. per ton for home delivery, and 
91. 15s. per ton for export; and re-rolled steel bars, 
61. 5s. per ton for home delivery, and 61. 2s. 6d. per ton 
for export. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
has not changed during the week, and there are no visible 
signs of any improvement. The home demand for local 
iron is very poor, while orders from overseas are very 





limited. Imports from India are now almost a weekly 
feature of this port. Prices are unchanged and are as 
follow :—Hematite, 70s. per ton, delivered at the steel 
works ; foundry iron, No. 1, 73s. 6d. per ton, and No. 3, 
71s. per ton, both on trucks at makers’ yards, 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour for the week ending 
last Saturday, July 4, was again very small and only 
amounted to 145} tons. Of that total, 56} tons went 
overseas and 89 tons coastwise. During the correspond- 
ing week of last year, the total amount shipped was 
441 tons. 


Shipbuilding Contract.—Messrs. Harland and Wolff, 
Limited, have been selected by the Wallasey Council to 
build a new ferry boat for the Wallasey ferry service. 
This new vessel, which will have accommodation for 
2,500 persons and will cost 43,2901., will be built at 
Govan. She will be somewhat unique in that she will 
have three decks—the uppermost one being a sun deck. 
The tender of Messrs. Harland & Wolff was the lowest of 
17 submitted. 











NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 


A Large Structural Steelwork Contract.—Structural 
steelwork undertakings, which, in the last few weeks, 
have prophesied confidently, as the outcome of the recent 
firmer inquiry, that better times were ahead, are steadily 
finding their hopes becoming realised. One of the most 
encouraging features in this section is the placing by 
Messrs. Lewis’s, Limited, the departmental stores pro- 
prietors of Manchester, Liverpool and Birmingham, of 
a 60,0002. order with Messrs. Edward Wood and Company, 
Limited, of the Ocean Ironworks, Trafford Park, for 
the whole of the steelwork required in connection with 
the erection of a large new stores in The Headrow, 
Leeds. The building will comprise three storeys in 
addition to sub-basement and basement, and the frame- 
work will entail the manufacture of more than 4,000 tons 
of steel stanchions, beams, and girders. British materials 
will be used throughout. The order is the largest placed 
in the Manchester area for some years. Special arrange- 
ments are being made for the whole of the steelwork to 
be delivered in the next six months, and the order will 
ensure that the firm’s works are fully employed for 
the next four months, at least. This firm is now one of 
the most favourably placed: in the Lancashire and 
Cheshire area, having also in hand a 30,0001. contract 
for 2,000 tons of steelwork for new civic buildings at 
Leeds, and a large number of smaller orders for railway 
stations, schools, telephone exchanges, and similar 
structures. Also for Messrs. Lewis, Messrs. Redpath, 
Brown and Company, Limited, of Trafford-park, are 
engaged on the assembly of approximately 2,000 tons 
of steelwork for extensions to the company’s Birmingham 
store. 


Rationalisation Movements.—Referring, at the annual 
meeting of Messrs. Platt Brothers and Company, Limited, 
of Oldham, to the proposed amalgamation of the interests 
of six leading textile machinery manufacturing firms, 
Sir Walter Preston, M.P., the chairman, said it was not 
intended that the merger should be the means of securing 
more than moderate and reasonable prices for their 
commodities, but they would pool their research work, 
technical knowledge, and methods of manufacture. The 
effect of these steps would be to reduce manufacturing 
costs and provide considerable savings in the cost of 
maintaining widespread individual sales organisations. 
The benefit resulting would be shared with customers. 
Considerable headway is now being made with the project, 
commenced some time ago by the Lancashire Steel 
Corporation, to re-model their Irlam steel works and 
make the establishment one of the most modern in 
the country. A start has now been made with the 
installation of an extensive coke-oven plant to provide 
cheap good-quality coke for steel production at an 
economic figure; and other developments include the 
erection of large new blast-furnaces and rolling mills, 
and the construction of a dock to facilitate shipment and 
reduce transport costs in the import of iron ore and 
the export of steel products. A further blow to the 
railway town of Crewe is the decision of the railway 
authorities to close down the Crewe carriage works, 
consequent upon the centralisation of their carriage- 
building and repair depot at Derby. The majority of 
the 500 men engaged, it is understood, are being 
transferred to Derby. 








Mortor-BoaT AND OUTBOARD REGATTA, GENEVA.—An 
International Motor-boat and Outboard Regatta is to 
be held in Geneva on August 15 and 16 next. That 
motor boating on the Swiss lakes is increasing in popu- 
larity is evidenced by the fact that some 3,000 motor 
boats are now registered in Swiss ports on the Lake of 
Geneva alone, and probably from 800 to 1,000 in the 
French waters of the lake. The Regatta Committee, 
who have been notified that French, Italian and Spanish 
boat-builders are to compete, desire that particulars of 
the function should be brought to the notice of British 
makers of motor boats. The Acting British Consul at 
Geneva has, therefore, forwarded copies of the advance 
programme of the regatta, together with competitors’ 
application forms, to the Department of Overseas Trade, 
35, Old Queen-street, London, S.W.1, and firms interested 
should apply to the Department for further information. 
The Acting Consul points out that conditions on the 
Lake of Geneva should be ideal for speed records in any 
form, and that it is quite possible that some world records 
will be achieved at the forthcoming meeting. 





NOTICES OF MEETINGS. 





InstrTUTION ‘oF MECHANICAL ENGINEERS.—Summer 
Meeting, Cambridge. Monday, July 13, to Friday, 
July 17. The University, Cambridge. Tuesday, July 14, 
10.30 a.m. Address on ‘Cambridge as a Place of 
Education,” by Professor C. E. Inglis. ‘‘ Locomotive 
Experimental Stations,” by Mr. H. N. Gresley. At 8 p.m. 
Reception and Dance, The Guildhall, Cambridge. 
Wednesday, July 15, 9.30 a.m. Visits to Works. At 
8 p.m. Institution Dinner, University Arms Hotel, 
Cambridge. Thursday, July 16, and Friday, July 17, 
9.30 a.m. Various Excursions and Visits to Works. 


INSTITUTION OF MUNICIPAL AND County ENGINEERS. 
—Friday, July 17, 2.15 p.m., Council Offices, Winchester- 
street, Acton, W.3. ‘‘ Some Recent Works in Acton,” 
by Mr. W. G. Cross. ‘ New Sewage Pumping Station,” 
by Mr. S. W. Slight. ‘‘ New Works Depot,” by Mr. H. 
Atkinson. 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—The Welsh miners, having fallen 
in line with other districts and accepted the Govern- 
ment’s proposals to continue the 7}-hours’ day, it is 
not expected that there will be any stoppage in South 
Wales. Much harm has, however, been done by the 
uncertainty created, for there can be no doubt that 
a number of orders which would have come to the 
district have been placed in producing countries which 
could guarantee delivery. Exporters have also been 
further handicapped in securing orders by the fact 
that competing countries have thought fit to grant 
long credits. Inquiries of late, however, have been 
more numerous, but business has remained on quiet 
lines, with many collieries dependent on previously- 
arranged contracts to clear current output. The menace 
of foreign competition has been strikingly illustrated by 
Mr. Finlay Gibson, secretary of the Monmouthshire and 
South Wales Coalowners’ Association. He shows that 
while shipments of Welsh coal fell by 2,400,000 tons 
to 5,700,000 tons from February to May, the quantity 
cleared from Germany was reduced by only 500,000 tons 
to 9,900,000 tons in the five months ended May, and 
from Belgium in the first four months of the year actually 
increased by 700,000 tons to 1,800,000 tons, and from 
Poland in the first five months raised by 600,000 tons 
to 5,300,000 tons. In the meantime, supplies of prac- 
tically all classes of Welsh coal are readily available at 
the scale of minimum prices, based on 20s. for best 
Admiralty large, and 13s. 6d. for best bunker smalls. 
The only descriptions realising above the minimum are 
nuts which command a premium of 3s. to 48. per ton. 
As regards large coal, Monmouthshires and second 
Admiralties are fairly well placed, but bests and inferior 
grades are in poor demand, and _ plentiful, despite 
numerous pit stoppages through lack of trade. Smalls 
continue a drug on the market, and in most cases collieries 
are compelled to bank a proportion of current output 
in order to clear wagons needed for the transport of 
other descriptions. 


Iron and Steel.—Exports of iron and steel goods 
totalled 6,445 tons in the past week, a slight increase 
on the previous six days. Shipments of tin-plates and 
terne-plates were raised from 4,755 tons to 5,311 tons, 
and of black-plates and sheets from 242 tons to 413 tons, 
but of galvanised sheets reduced from 239 tons to 
104 tons, and of other iron and steel goods from 852 tons 
to 617 tons. Business for Welsh tin-plates has been 
rather more active of late, with inquiries more numerous. 
Many works are, however, producing much below 
capacity, but prices show a steadier tone at 13s. 9d. to 
14s, per box. 














Tue Society or CuemicaL Inpustry.—In order to 
mark the fiftieth anniversary of the foundation of the 
Society of Chemical Industry, a special jubilee number 
of the Society’s Journal, Chemistry and Industry, has 
been issued. This contains short biographies and por- 
traits of the past-presidents, medallists, and original 
members of the Society, together with a history of the 
Society and its various sections, and reprints of a number 
of outstanding papers published during the years from 
1881 to the present time. The book contains upwards 
of 270 pages, and is obtained, price 10s., from the offices 
of the Society, Central House, Finsbury-square, London, 
E.C.2. 





InconspPicuous MARKING OF FoREIGN-MADE ELECTRIC 
Lamps.—A London firm was summoned recently, at the 
instance of the Board of Trade, for having sold electric 
lamps of foreign manufacture not conspicuously marked 
with the country of origin. Counsel for the Board of 
Trade pointed out that under the Order in Council made 
pursuant to the provisions of the Merchandise Marks 
Act, 1926, every imported lamp had to bear either an 
indication of its country of origin or the word ‘‘ Foreign ” 
indelibly and conspicously marked on the bulb of each 
lamp. On some lamps purchased from the defendants, 
the country of origin was so indistinctly marked as to 
be inconspicuous and liable to mislead the purchasing 
public. When a lamp was purchased, it was placed in 
a carton, on a portion of which the words “ Made in 
Holland” appeared. The magistrate, having carefully 
examined the lamps exhibited, and found the markings 
to be as stated by the prosecution, decided to deal with 
the matter as a first offence. No fine was inflicted, but 
the defendants were ordered to pay 14 guineas costs. 
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STMOF THE LIVERPOOL CORPORATION. 


SON, Mary ELECTRICAL ENGINEER. 
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ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers t 
the fact that the above is our SOLE ‘ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 








Trvecrapuic {“ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 
(2 lines). _ 





SUBSCRIPTIONS, HOME AND FOREIGN. 


*“ ENGINEERING ” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six or 
three months, pro rata), payable in advance :— 

For the United Kingdom ...................... £3 5 0 

For Canada— 





Thin paper copies 6 

Thick paper copies 0 
For all other places abroad :— 

Thin paper copies.....................+ £3 3 0 

Thick paper copies........................ so 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
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‘NEXT YEAR, CANADA? 


In the course of the next few days the Institution 
of Mechanical Engineers will be holding its summer 
meeting at Cambridge. Last year about this time, 
just prior to the visit of the Institution to Bristol, 
we dealt in these columns with the general subject 
of summer meetings, and in particular with the 
possibility of the Institution holding, as others do, 
a proportion of such meetings abroad. We con- 
cluded our comments with the suggestion—wel- 
comed, it may be stated, in the Dominion Press— 
that a visit to Canada was worthy of consideration ; 
and, as members are aware, such an enterprise 
has now had the attention of the Council for some 
time. We confess, however, to a measure of 
disappointment at the small amount of effort, not 
on the part of the Council in looking into the matter, 
but which appears so far to have been devoted to 
demonstrating to members the advantages to be 
derived from such a meeting, and indeed to trying 
to instil into them some degree of enthusiasm for the 
proposal. 

So far as we are aware, the ordinary member has 
had, to arouse his interest, only a rather cold-blooded 
statement in the Journal, containing not the least 
spark of life, and making it almost appear, as has 
been said to us, as if the Council’s wish were that 
though the proposal had been made, they were 
anxious that it should be allowed to die. We believe 
that actually this has been not at all the case; that 
the Council has really devoted much attention to 





the subject, and that their reticence is not dictated 
by the indifference which it might be taken to 
indicate. The contrast, however, between the 
efforts of the Institution of Mechanical Engineers 
and, say, the Institute of Metals in these matters 
provokes comment, and in these days when claims 
are many, we cannot help thinking that there are 
undoubted advantages in adopting the persuasive 
methods of the younger body, as compared with 
pursuing the more dignified path which the older 
Institution has in this instance followed. 
Compared with the non-committal paragraph in 
the Journal of the Institution, anyone who happens 
to be a member of both bodies will be aware that 
he has been fairly bombarded on the subject of 
next year’s meeting of the Institute of Metals. 
Every effort has been made to work up interest, 
not to say excitement. As long ago as early in 
1929 members were given an idea of cost; early 
in 1930 an instalment scheme was introduced in 
order to make it easier for members to meet the 
expense. This was revised early this year to meet 
the conditions arising from lapse of time, and we 
understand that in many cases advantage has been 
taken of this provision, deposits being returnable 


; | if a member finds himselt finally unable to attend. 


A detailed provisional programme and itinerary 
were issued in February of this year, and innu- 
merable little bits of ‘‘ publicity ’’ have been devised 
in the way of circulars sent out ‘“‘ with the secre- 
tary’s compliments” to keep alive and fan the 
interest of members into a lively flame. We believe 
the work has been justified not only by the numbers 
who have signified their wish to attend, but also 
by. the fact that it has given members a certain 
amount of pleasurable anticipation, and has fur- 
nished a definite subject for friendly gossip among 
them on the activity of the (their own) institution. 
This, in all probability, has resulted in a stimulating 
infection which may have gone some way to add 
to the length of the attendance list. For a rela- 
tively small body the length of this preliminary 
list is distinctly good, but the Institution of 
Mechanical Engineers, with its greater numbers, 
ought to be easily able to outstrip it. 

Naturally, having had the idea in view for so 
much less time, the older Institution could not 
spread it abroad so early, but this is all the more 
reason, it would seem, for putting greater effort into 
it in the shorter time available. With so little given 
to them to go on, we have hardly been surprised, 
however, that many members incline to the view 
that the whole idea is of very remote possibility, and 
one in which they need take but little serious in- 
terest. The attitude of many notable members has 
also greatly surprised us—it is one of indifference, 
based largely upon the view that they, or their 
firms, are not interested to any extent in Canada 
or the Canadian market. In some instances this 
has been followed up by some such statement as 
“you see Moesers, .......; (Canada), Limited, 
manufacture for us there.” All well and good ; 
but the same members would be the last to allow 
any such principle to decide whether or not they 
should attend the winter meetings, or even that to 
be held at Cambridge next week. If such dictates 
weigh to any great extent, the prestige of the body, 
as representing the profession, we do not hesitate 
to say, will not long survive. We have more than 
once been ceremonially informed that the member- 
ship of the ‘“‘ Mechanicals,” as in other bodies of 
the same type, falls into two groups, repre- 
senting those who join for what they put into 
it for the sake of the profession, and those who do 
so for what they can get out of it. At a recent 
meeting, a prominent member of council introduced 
his contribution to the discussion with the remark 
that he usually looked through the papers to see 
what he could get out of them of use in his own 
work, thus putting himself, perhaps unwittingly, 
in the second category. As the speaker has since 
offered more than ample atonement by himself 
contributing two most interesting papers to the 
proceedings, it is to be presumed that he has since 
ranged himself with the more altruistic class, a 
conversion which properly handled, might con- 
ceivably induce the ‘ Authorities” to consider 
the Institution as now coming within the term of 
a charitable body. But it is to be surmised from 
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conversations we have had that there are still 
others who are not yet in the proper fold. The 
Institution is a professional body and not, as one 
might think from the way the Canadian visit is 
sometimes viewed, a trade association. Trade matters 
are catered for by the British Engineers Association 
and the Federation of British Industries. The Institu- 
tion is the proud possessor of a Royal Charter, some 
features of which were dealt with in a leading article 
last year, a week previous to that already mentioned 
on the subject of summer meetings. We think we 
cannot do better than quote from our words on that 
occasion: “It is the purpose and object of the 
Institution, as we see it, to encourage mechanical 
developments with a view to benefiting mankind, 
advancing civilisation and generally adding to the 
amenities of life ;’ and we followed this up with the 
hope that the Institution would aim at giving effect 
to the high ideals set in its charter. 

The regrettably, shall we say, mercenary view 
taken by some members of the Canadian proposal 
falls very far short of this. If we are interested in 
the body and its professional standing, it should 
be regarded as a duty to help it to take its proper 
position in a greater world than these small islands, 
apart from motives prompted by hope of trade and 
business. If out of its great membership a reason- 
able body of men cannot be got together at intervals 
to advance its interests in such ways without looking 
for a direct return on their expenditure, we believe 
the Institution has got hold of the wrong type, and 
that sooner or later it will run the risk of being 
taxed with not living properly up to its charter. 
We have ourselves frequently urged greater effort 
to develop trade with Canada, holding that much 
can be done in this way to our mutual benefit, and 
we have no doubt that such a visit as is planned 
would produce opportunities to encourage this, 
but we have no hesitation in saying that we would 
like to see this matter put on a much higher plane. 
Members should consider whether they cannot 
assist the objects for which the Institution stands 
by going, if need be, at some little sacrifice to 
themselves. It is probable that in these hard times 
firms may feel the matter of expense, but there 
seems to us no reason why one body should get 
good support for its proposal and another not, 
unless the attitude of the latter’s members is wrong. 
Ifa firm cannot do so, there must be still many repre- 
sentative members who undoubtedly could find it 
possible to bear the relatively small cost either 
wholly or partly out of their private means, if they 
are really proud and fond of their Institution. 

The benefits hardly need enumerating, but they 
include contact and intercourse with men in different 
spheres, almost in another world, from which 
broadening of the mind must result—in this case 
in an Imperial direction. It will make future 
intercourse more easy, make it more possible 
to follow intelligently lines of thought and work 
abroad. It will bring new ideas to the notice of 
engineers of this country and will help to establish 
the Institution as one of more than local standing. 
It will probably facilitate future research, a subject 
in which the Institution claims to take a foremost 
part, and it will broaden views on education, 
another of the Institution’s pet subjects; and 
possibly thereby tena in the long run to the employ- 
ment of more of our young engineers overseas— 
a most desirable end in these days of surplus at 
home, while the Dominions await development. 
For all these and many other reasons we hope that 
members will put the Institution first and (while 
we do not exclude it) business second, and, 
taking their courage in both hands, work themselves 
up to the point of enthusiastically supporting the 
venture in great numbers, so that the Council may 
boldly go forward, assured that when the time 
comes the Institution will acquit itself with credit. 








NOZZLE EFFICIENCIES. 


MOoLigRE claimed the right to take what he re- 
quired wherever he found it, and engineers have 
been compelled to act on the same principle in 
impressing for technical needs terms which had 
already well-established significations only remotely 
related to their new applications. In the edition of 
Webster’s dictionary, published in 1855, energy is 





‘the mean velocity of a jet may be 50 per cent. 





defined as internal or inherent power, with no 
reference to its technical meaning, and similarly 
the term efficiency is defined solely in accordance 
with its use in philosophy, which led Hooker writing 
towards the end of the sixteenth century to speak 
of divine efficiency. In the 1907 edition of the same 
dictionary, Rankine’s definition of the term is 
quoted as the ratio of useful work done to energy 
expended. This definition is perhaps too restricted 
to be satisfactory for modern requirements, which 
would be better met by defining the term as the ratio 
of performance to perfection. The numerical value 
to be assigned to efficiency varies accordingly with 
the standard taken as criterion. Thus some 50 or 
60 years ago the thermodynamic efficiency of a 
steam engine was defined as the ratio of the work 
done to the heat expended. Later on the same term 
was applied on the Continent to what British 
engineers define as the efficiency ratio, and to-day 
we use the term thermal efficiency in the same 
sense as thermo-dynamic efficiency was employed 
two generations ago. A failure to appreciate the 
fact that the efficiencies should be related to an 
appropriate standard of reference has led recently 
to some ill-considered criticism of the work of the 
Nozzles Research Committee. As far back as 1913, 
Stodola pointed out that the mean velocity of 
efflux from a nozzle was in general not the same as 
the root mean squared velocity (an abstract of this 
paper was published in our issue of January, 1915), 
and the point in question was well known to those 
responsible for the design of the tester, adopted by 
the Nozzles Research Committee, and for the conduct 
of that work. The apparatus required was one 
that would test the efficiency of nozzles as applied 
in turbines. A nozzle may, however, with equal 
legitimacy be regarded (1) as a device for converting 
heat drop into kinetic energy ; (2) as a device for 
generating momentum; and (3) as a device for 
gauging fluids. Regarded from the aspect first 
named, it is undoubtedly true that the efficiency of 
the nozzle is not represented by the square of its 
velocity coefficient. It is, however, not easy to 
find an example of any practical application of a 
nozzle in which the kinetic energy of the jet is 
in any exact sense a measure of the useful work done. 
Possibly, but the point is open to doubt, this may 
be the case with the hydraulic monitors used in 
certain mining operations, but in all the usual 
applications of jets there is not necessarily any 
close correlation between the kinetic energy 
generated and the useful work accomplished. On 
Rankine’s definition therefore, the efficiency of the 
nozzles of a steam turbine is not represented by the 
ratio of the kinetic energy to the heat drop. In both 
steam turbines and in ejectors, the real object of the 
nozzle is to generate momentum. The drive on the 
buckets depends on this momentum, not on the kine- 
tic energy of the jet. The object of the Research 
Committee being to test the efficiency of nozzles as 
applied to steam turbines, their apparatus was 
designed accordingly to measure accurately the 
momentum of the jet. The ratio of the momentum 
observed to the momentum due, is known in this 
country as the velocity coefficient, but some Con- 
tinental writers have quite legitimately defined 
this coefficient as the nozzle efficiency. Whilst 
legitimate, this practice is perhaps not to be 
recommended as it may lead to confusion. 

Where a nozzle is used for metering purposes we 
may get a third perfectly logical and legitimate 
definition of nozzle efficiency, equivalent to what is 
commonly known as the coefficient of discharge. 

None of the three legitimate definitions of nozzle 
efficiencies agree with each other unless the velocity 
is uniform over the whole cross section of the jet. 
Corresponding discrepancies arise in connection with 
the mean velocity of efflux. This may be defined 
as the ratio of the volume discharged per second to 
the area of the cross-section of the jet. It may, 
however, with equal logic be defined as the ratio of 
the momentum generated per second to the mass 
discharged per second. The two definitions will 
agree only when the velocity does not vary over the 
cross-section. Here is to be found the explanation 
of the difficulty which has often been encountered 
in correlating discharge and velocity co-efficients. 
In fact in an extreme case, we get the paradox that 








greater than the mean velocity of its constituent 
particles.* 

It is, perhaps, a little surprising that Stodola’s 
eighteen-year-old paper should have been so com- 
pletely forgotten by the critics of the Nozzles 
Research Committee. No doubt, this is mainly 
due to the fact that the efficiency of a nozzle 
regarded as the ratio of kinetic energy generated 
to energy expended is of no interest or importance 
in turbine work. Hence the distinction between 
the mean velocity of the jet and its root mean 
squared velocity dropped out of remembrance. 
This being so, the Institution of Mechanical Engi- 
neers has been well advised to publish two papers 
in which the matter in debate is very thoroughly 
investigated. Of these, that due to Mr. J. C. 
Oakden, M.A., develops in detail the concept that 
it is the momentum of the jet, and not its kinetic 
energy, which is of interest to the turbine designer. 
He shows, accordingly, that if Rankine’s definition 
is to be adhered to, the efficiency of a turbine nozzle 
is accurately represented by the square of the 
velocity coefficient. In the second paper, Mr. B. 
Hodkinson, M.Sc., and Mr. A. E. Devey, B.Sc., 
make yet another addition to the many valuable 
researches for which we are indebted to the labora- 
tories of the Metropolitan-Vickers Electrical Com- 
pany, Limited. In the paper by Stodola, already 
referred to, the discrepancy between the mean 
velocity of a jet and the root mean squared velocity 
was said to be under 1 per cent. This estimate is 
confirmed by the exceedingly thorough and careful 
measurements made by Messrs. Hodkinson and 
Devey. With a velocity coefficient of 0-94 they 
find a discrepancy of 0-9 percent. This discrepancy 
diminishes, of course, as the velocity coefficient 
increases, and would be zero with unit velocity 
coefficient. 

It has been suggested that in practice the dis- 
crepancies in question are too small to be of prac- 
tical importance. This, no doubt, is true, but 
such a claim very much understates the case for 
the disregard of these discrepancies. Were these 
even as much as 50 per cent. it would still be true 
that the ratio of kinetic energy generated to the 
heat drop is not a measure of the efficiency of a 
nozzle as applied in steam turbines. Two jets 
producing identically the same drive on a wheel 
may have very different kinetic energies, but, other 
things being equal, must have the same momentum. 

The smallness of the discrepancy is, however, of 
advantage in another direction. Those engaged in 
steam engineering are generally much more familiar 
with the idea of kinetic energy than with that of 
momentum. It has therefore often been found 
convenient to discuss the theory of the turbine 
wheel on an energy basis, computing separately the 
various losses, including those due to the degrada- 
tion of kinetic energy into heat, and equating the 
useful work done to the difference between the 
original energy of the steam and its final value aug- 
mented by the friction losses. In the case of actual 
nozzles this procedure is necessarily inexact, because, 
as already pointed out, the drive on the wheel may 
be the same even when the jets have different kinetic 
energies, since this drive is due to changes of 
momentum and not, save indirectly, to changes in 
the kinetic energy of the jet. The smallness of 
the discrepancies found by Messrs. Hodkinson and 
Devey show, however, that the errors involved in 
the discussion of problems on the energy basis 
will generally be negligible. 

In conclusion, note may be taken of the suggestion 
that if the velocity varies over the cross-section of a 
steam jet there will be a corresponding variation in 
the density of the fluid. This view is, of course, 
entirely erroneous. and would seem to be due to 
an imperfect appreciation of hydraulic principles. 
There are, it is true, exceptional cases in which the 
density does vary over the cross section of the jet, 
but this condition arises only when steam is under- 
expanded at the moment of final discharge. 
Assuming that a jet having a velocity above the 
critical is discharged into the atmosphere from 
a convergent nozzle, the pressure at the surface 
of the jet will be atmospheric, but in the interior 
of the jet it will be higher. The jet therefore 
expands, the outer layers acquiring a radial velocity. 





* See ENGINEERING, vol. cxxix, page 803 (1930). 
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The radial momentum thus acquired carries the 
expansion beyond the equilibrium conditions, and 
the surface of the jet is thus set into oscillation, 
with corresponding changes of density in the interior 
of the jet. These fluctuating changes of density were 
demonstrated by Stodola nearly thirty years ago, and 
have, in fact, also been detected photographically. 
Nothing of the kind occurs, however, in the case 
of a jet discharged from a well-formed nozzle at 
pressure ratios less than the critical. In such cases 
the steam is fully expanded as it clears the nozzle, 
or, better, as it passes the vena contracta, should such 
exist, and the pressure, and consequently the density, 
is sensibly uniform over the whole cross-section of 
the jet. Were this not the case it would be impos- 
sible to get the beautiful parallel jets of water 
which are secured with the Doble nozzles com- 
monly used for Pelton wheels. Experiments made 
on these some thirty years or more back in America 
showed very definitely that the velocity was not 
constant over the cross-section of the jets. The 
pressure must, however, have been sensibly constant ; 
otherwise the surface of the jet would have taken 
the form of standing waves. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 


(Continued from page 22.) 


At the conclusion of the discussion on the paper 
by Sir John Biles, the second paper was imme- 
diately proceeded with. 


CONTEMPORARY NAVAL CONSTRUCTION. 


This paper was entitled “‘ Note on Some Re- 
searches and Tendencies of Contemporary Naval 
Construction,” and was read in abstract by M. 
Charles Francois, Director of Naval Construction 
at the Ministry of Marine. It was printed, in 
abridged form, on page 25 of last week’s issue of 
ENGINEERING. 

The discussion was opened by Sir Eustace T. 
d’Eyncourt, who offered his congratulations to the 
author on the skilful martialling of the important 
problems in modern naval construction. In the 
paper he had read at the Paris meeting of 1922, 
and which had been so kindly referred to by the 
author, he had tried to summarise the principal 
lessons learnt from the war, but the author had 
dealt with important developments which had 
taken place since then. He agreed with the 
author that fresh difficulties had arisen, advance 
on both the scientific and industrial sides having 
greatly increased the responsibilities of the naval 
architect, although it enabled more to be done 
with the same weight of material. The increase 
in new processes and inventions, together with 
much more applied science, inevitably tended to 
specialisation in every branch, and this, in turn, 
involved much intenser study to arrive at such a 
compromise between the different branches as 
would conduce to the most effective design. In 
short, the naval architect was now rather more 
embarrassed than helped by the advance of scientific 
knowledge. 

He did not think that the figures given in the 
paper comparing the Diesel engine and steam 
turbine did full justice to the latter, as great 
advance had been made in it in recent years, especi- 
ally in the direction of high temperatures and 
pressures. In H.M.S. Acheron, a torpedo-boat 
destroyer, which had been recently built by Messrs. 
Thornycroft and engined by Messrs. Parsons and 
Company, the results on trial showed a fuel con- 
sumption of 0-608 lb. per shaft horse-power-hour, 
a distinct advance on previous figures, and a result 
which could be easily repeated. The figure of 
0-42 lb. per horse-power for the Diesel engine had 
been compared by the author with 0-77 lb., for 
the turbine, but the latter figure could undoubtedly 
be taken at 0-63 Ib., i.e., only 50 per cent. over the 
Diesel consumption. On these lines, the other 
figures would be modified, and would show that the 
turbine was nowadays not far behind the Diesel 
engine. Further, in practice, it seemed always 
possible to run the turbine with a bigger overload 
than the Diesel engine. The development of the 
Diesel engine was, at the same time, of great interest, 
and the figures given relative to the warship 


Deutschland appeared to indicate that the Germans 
had obtained a much lighter engine than the 
ordinary Diesel, though it remained to be seen 
whether its efficiency would equal that of a turbine. 

Continuing, Sir Eustace referred to the points 
raised in the paper relative to the education of 
engineers in France. The French system was un- 
doubtedly good, but the question was such a large 
one that it was impossible to deal with it in useful 
detail at the meeting. The equation given in the 
paper showed the variations in weight which might 
be taken for various types of ships, but the difficulty 
was to settle suitable percentages for the several 
components. The limitation on tonnage laid down 
by recent treaties certainly fixed the total dis- 
placement and one other feature of a ship, viz., 
the guns. It did not make any easier the task of 
the naval architect, which was to embody all the 
other necessary features on a strictly limited weight. 
He concurred with the conclusions reached in the 
paper and admitted that he was wrong when, in 
his paper’ of 1922, he had referred to the effect of 
the treaty on costs. He certainly had not realised 
at the time to what extent the cost of ships would 
increase through the application of more scientific 
methods and improved materials, imposed by the 
necessity of getting the best of everything with a 
limited weight. 

M. J. Pinczon rose to challenge the statement 
made in the paper that high-tensile steel was first 
used as a materia] for shipbuilding in the Lusitania 
and Mauretania. This material was, he pointed 
out, used in 1898, viz. seven years before these 
vessels were built, by Messrs. Société des Chantier 
et Ateliers de Saint Nazaire-Penhoét, in the cross- 
channel] stéamers La Savoie and La Lorraine. It 
was used both in the decks and the superstructures, 
its introduction being due to M. Dayard, then 
chief engineer to Messrs. le Compagnie General 
Transatlantique, and one of the founders and early 
presidents of the Association. He had commenced 
his work on naval construction for the mercantile 
marine under M. Dayard. 

M. Barrillon said that a striking feature of the 
paper was the emphasis laid on the necessity for 
the naval constructor to be a man of high scientific 
attainments. The papers presented to both the 
Association and the Institution had hitherto gener- 
ally dealt with either the material, technique, or 
theory of ship construction, while M. Francois’ 
paper laid down that a scientific training was 
necessary to appreciate them as a whole. It was 
strange, he remarked, that the early naval archi- 
tects had not written autobiographies, which would 
help beginners by their experience, not in a technical 
sense, but rather as indicating the course of their 
development and ripening. Failing such biographies, 
he had endeavoured to form some idea of what 
celebrated engineers thought about the training of 
engineers. From the scanty material available, he 
had arrived at the conclusion that those French 
naval constructors who had shown the greatest 
aptitude for theoretical study were also those who 
realised most fully the importance of practical 
experience. An outstanding example was Reech. 

It would be a matter of great interest to have some 
opinions of English engineers on this question of 
training, or perhaps some recollections of their 
predecessors. A pooling of opinions between English 
and French engineers should produce some sort of 
agreement on the different courses to be followed 
in the student period, so that the engineer, when he 
arrived at the stage of production, would have 
acquired a great part of his value from knowledge 
gained by contact with men and materials, and that 
knowledge derived from the book and the black- 
board should have as its principal end the training 
of the student to see correctly and to reason cor- 
rectly on what he had seen. Continuing, Mr. Barrillon 
said that he would always remember the phrase in 
the paper that said that the warship having the 
most showy (brilliant) characteristics would not in 
days of stress necessarily prove the most reliable. 
This phrase gave rise to reflections on the diverse 
demands made on the naval constructor, one of his 
most important duties being to provide for defence. 
One party demanded an increase in guns, another 
more torpedo tubes, another more speed, and yet 
another more convenient quarters, and when the 





naval constructor ventured to plead on the side of 
defence, he generally met with opposition from the 
other sides. It appeared to be the capacity to give 
proper weight to all these different views, without 
sacrificing defensive qualities, that the author 
required as an essential in the naval constructor. 

Professor T. B. Abell, referring to a phrase in 
the paper which stated that the French method of 
technical education was capable of turning out 
either “savants”’ or engineers, said that the basic 
principle in both France and England was really 
the same, that was, to turn out men who were 
thoroughly equipped in fundamental science. In 
England, the majority of students might be said 
to be fairly well prepared in this way, but, when the 
higher standards of knowledge were aimed at, it was 
often found that they failed, and only a few became 
what were known as ‘‘savants”’ in France, the 
others becoming practical engineers. The maxim 
should be that the training of an engineer must 
always have a good foundation of scientific know- 
ledge. 

The author’s description of the training of 
the naval architect implied that such a student 
gained a considerable knowledge of mechanical 
engineering, so that he would be familiar with the 
difficulties the marine engineer had to face. This 
was largely the case in England also, and indicated 
that, so far, the French and British methods were in 
agreement, but in the latter no attempt was made 
deliberately to train any student as a “savant” 
unless he were temperamentally distinctly so in- 
clined. If he had not this leaning to scientific work, 
pure and simple, he was trained on practical lines in 
engineering with a scientific treatment behind the 
instruction. 

Mr. 8. V. Goodall said that Mr. A. W. Johns, the 
present Director of Naval Construction, had desired 
him to express his personal thanks for the kind 
references to him made at the beginning of the 
paper, and to also say how much he regretted 
his inability to be present at the meeting, at which 
he had hoped to renew acquaintanceships formed at 
the 1922 meeting, of which he retained very pleasant 
memories. Mr. Goodall then commented on the 
paper, in which he said there was much to provoke 
thought. Tle question of cost had been mentioned, 
and he would be inclined to add the factor of financial 
stringency to the causes mentioned in the paper as 
contributing to the profound changes referred to 
in it. 

The author had sagaciously pointed out what 
was demonstrably true, namely, that, with the 
limitations introduced by international agreements, 
the cost per unit had been increased. The 
remarkable vessel built for the German Navy 
which had been referred to, was something of a 
mystery, but one thing was known for certain about 
her, which was her tremendous cost. He agreed 
with M. Francois that some of the limitations im- 
posed by international agreements were arbitrary, 
and, personally, it seemed quite illogical to him to 
limit displacement and gun calibre and not to 
limit the size of the mine, torpedo or aerial bomb 
by which the ship so limited would be attacked. 

Another omission in the international agreements 
was one concerning the age the ships were now 
supposed to attain before being scrapped. This 
would influence design. Destroyers, for example, 
had grown to resemble cruisers, as their construc- 
tion had been so modified from the original concep- 
tion, due to the necessity for meeting wear and tear. 
The original design of destroyers were virtually 
light casings containing light machinery. He was, 
Mr. Goodall continued, perhaps getting on thin 
ice when, as a naval architect still on the active 
list, he spoke of the international agreements, but 
it was worth considering them from the point of 
view of their effect on the life now required for 
capital ships. In the British Navy, with the excep- 
tion of H.M.SS. Hood, Nelson and Rodney, so far 
as capital ships were concerned we were in the same 
position as we should have been in 1914 if the Navy 
of that time had had no more modern ships than Sir 
William White’s Majestic class: This was not alto- 
gether a comfortable situation. Again, international 
agreements tended to tempt the naval architect to 
forget the lessons of the war. Of these, the one which 





impressed him most was that the most successful 










































































ship was one which was designed to do a particular 
piece of work, and all the other requirements were 
kept subordinate to that main feature. Thus, a 
ship having a speed sufficient to enable it to act as 
a cruiser, and yet so powerfully armed as to be 
able to continue in the line, would show its weakness 
in battle. There seemed to be a tendency, with 
limitations of price, &c., to require a ship to be a 
jack-of-all-trades, and it was to be hoped that it 
would not turn out to be master of none. 

M. Salmon Legagner said that it would seem that, 
in the new 10,000-ton cruisers constructed since 
1922 by the different nations, too much had been 
made of speed, to which other important features 
had been sacrificed. If the formula in the paper 
was applied to armoured cruisers of the Deutsch- 
Jand type, the weight being allocated as follows : 
propulsion, 8 per cent., fuel, 25 per cent., protec- 
tion, 20 per cent., and armament, 13 per cent., 
it would be found that the coefficients arrived at 
were very close to one another, except that for 
armament, which was distinctly lower than the 
others. The author did not appear to endorse the 
combination of steam turbines and internal-com- 
bustion engines adopted in the Leipzig. Experience 
had shown that compromises of this kind were not 
reliable, and should only be adopted when they were 
unavoidable, as in submarines. 

On the subject of training, M. Legagner said, that 
in France the idea seemed to be to invest one person 
with the sole authority in matters of naval construc- 
tion, and this necessitated a very broad technical 
training. In Great Britain, on the other hand, 
specialisation, with resultant division of labour, 
was more the practice; hence the segregation of 
naval architects, marine engineers, and electrical 
engineers. As a result, he thought British naval 
construction possessed essentially the qualities of 
robustness and reliability. He wondered whether 
the best points of the two schemes of training could 
not be welded into a single, still more effective, 
whole. 

This concluded the discussion, but as time was 
limited, M. Francois contented himself with a brief 
acknowledgment. On behalf of the meeting, the 
President then transmitted a vote of thanks to the 
author for his paper. 


RovauH WATER AND PROPULSION. 


The final paper submitted at the first session 
was one entitled “The Effect of Rough Water on 
the Propulsion of Single-Screw Ships,” by Mr. J. L. 
Kent, of the William Froude Laboratory. This 
paper was fully illustrated by diagrams, and forms 
an interesting supplement to Mr. Kent’s previous 
papers on the effect of weather conditions. A short 
summary is here given. 

Experiments were carried out on two model 
hulls of single-screw vessels of a fuil form ship 
530 ft. long and of 11 knots maximum speed, and 
a finer form ship 450 ft. long and of 14 knots 
speed. The models were self-propelled through 
artificial waves created in the Alfred Yarrow Tank 
at the William Froude Laboratory. The models 
were first ballasted to reproduce, as far as possible, 
actual sea-going conditions of the ships they 
represented. Regular waves, each of the same pre- 
determined height and various wave-lengths, were 
created, and the model was first firmly secured to 
the tank carriage and drawn at the correct model 
speed to meet the waves in a head-on direction. 
At the same time, the electric motor in the hull 
was started and accelerated until the propeller 
thrust balanced the mean model resistance, with the 
tank carriage running at a uniform speed. The 
model hull was then rele:sed from its attachment 
to the carriage, and continuous records were taken 
of the propeller thrust, torque, revolutions per 


minute, the hull speed, pitching angle and heave. | 


The runs through regular waves were followed by 
similar experiments in perfectly smooth water, and 
experiments were also made with the models, with- 
out propeller, rudder, &c., towed by the carriage 
through both waves and smooth water, the differ- 
ences in resistance being noted. 

The results of the experiments pointed to a loss 
of screw efficiency when the model was propelled 
through waves, which was greater than that due to 
the greater slip caused by the effect of the increased 
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ship resistance. This loss in screw efficiency was 
more noticeable in the fuller model, and showed 
itself as an increase in torque for any particular 
revolutions, as soon as the vessel commenced to 
pitch. Close observation of the variation in 
thrust and torque records of the screw during 
experiments when the models were pitching in 
waves showed that both thrust and torque varied 
synchronously with the pitch of the model; and, 
further, that both increased as the stern pitched 
upwards. It would appear that the increase in 
torque for any propeller revolutions which occurred 
when the model was pitching in waves was due to 
the propeller blades accelerating a larger transverse 
area of water than that of the screw disc as in the 
case of smooth water. Moreover, the water near 
the surface entered the screw at a much lower 
velocity than that at lower levels, and possibly also 
at much larger real pitch angles, due to the action 
of the full stern water lines of the hull. The effect 
of pitching upon the propeller revolutions in such 
ships was to reduce them as the stern moved up- 
wards. This had been checked at sea by the author 
in single, twin, and quadruple-screw ships, and 
was sometimes a cause of propeller vibration. 

M. Barrillon opened the discussion. He under- 
stood, he said, that, as the paper only described 
tests which might be further extended, an account 
|of the apparatus employed was not considered 
| practicable. At the same time, he hoped it would 
| be provided, perhaps as an appendix to the paper 
|in its completed form, to enable the value of the 
results to be properly assessed. For example, 
the pitching period in some of the experiments was 
below 7 seconds, and when measuring thrust and 
torque with a model pitching in waves, it was 
|not impossible for the readings to be affected by 
inertia effects in the recording gear. He also 
inquired if tests had been made with the model 
rigidly attached to the tank carriage throughout a 
whole run, in order to measure the fluctuations of 
thrust and torque due to crossing waves without 
pitching. Such tests would eliminate any disturb- 
ance of the gear due to inertia. He further 
| inquired whether any attempt had been made to 
reproduce to scale on the model the effect of the 
rotation of the parts corresponding to the engine, 
| Shafting and propeller on the ship imitated. 
| Sir Archibald Denny said he had been impressed 
| by the close agreement between the model test 








|results and those which had been obtained on | 


| actual ships. He was not quite clear, however, 
what had been found in the experiments on the 
effect of pitching on a propeller. He thought 
many of the members would share his belief that 
when the stern of a ship was lifted out of the water, 
the propeller would race, due to the removal of the 
load. At all events, that was what occurred with 
reciprocating engines. The paper, however, seemed 
to put the matter the other way about, and a little 
further information on the point would be of great 
interest. He congratulated the author on having 
had opportunities of making actual observations of 
| the behaviour of ships in different weather condi- 
| tions at sea. He thought more of this kind of work 
| should be done, and had been pressing for it for a 
| great number of years. 
| Sir Eustace T. d’Eyncourt.said that, being in 
| charge of the experiments which were being carried 
out at the William Froude Laboratory, he was 
able to testify to the excellent work done there, 
under the superintendence of Mr. G. S. Baker, by 
Mr. Kent and his colleagues. The paper was an 
account of some of this work, and was part of an 
attempt to harmonise the results of actual experi- 
ence at sea with those from experiments in the tank. 
It was the policy of the National Physical Labora- 
tory to publish as much information as practicable 
in the form of papers read before technical institu- 
|tions. It was very pleasing to be able to compare 
| the results obtained in England with those obtained 
| in France, where similar research problems were also 
| being pursued. Mr. Baker had visited the French 
tank on more than one occasion, and had greatly 
benefited by such visits. Sir Eustace concluded by 
| saying that he was glad to have the opportunity 
of publicly thanking the French Authorities for 
| permission to see their work, and of saying what a 
| pleasure it was to reciprocate their courtesies. 
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Mr. H. G. Williams remarked that, while the 
paper made it clear that no scale or wind correction 
had been applied to the thrust and torque constant 
in the propulsion experiments, it was not so clear 
that the same procedure was followed for the 
resistance constants used. It appeared as though 
there had been a correction in this case, and if that 
were so it must affect what the author called the 
quasi-propulsive coefficient and the thrust deduc- 
tions. The paper initiated a method of making the 
corrections, which was neither Froude’s method of 
estimating thrust deductions nor that adopted in 
the United States. This method was to represent 
the difference between the friction of the model and 
the friction of the ship. In view of this difference, 
he thought all those connected with the reading of 
papers on tank experiments would make their work 
more helpful if they gave the uncorrected results, 
so that they could be compared with full-sized 
ships. The behaviour of ships and models amongst 
waves was a subject which the author had made 
peculiarly his own, and it was to be hoped that he 
would continue to furnish the Institution with the 
results of his investigations. 

M. Barrenger, in congratulating the author on his 
experiments, also expressed the hope that further 
papers would be forthcoming, especially giving data 
connected with the coefficient of fineness for cargo 
vessels. It was important, M. Barrenger said, to 
know accurately the differences of behaviour of 
vessels when steaming in smooth and rough seas, 
respectively. 

Mr. Kent thenreplied. Referring to M. Barillon’s 
comments, he said that it had required almost con- 
tinuous work for four years to produce satisfactory 
recording apparatus, and even now this was regarded 
as capable of improvement. It had not been 
thought necessary to try to reproduce the balancing 
of moving parts, as was done in an actual vessel, 
as, after all, the conditions in the tank were not 
exactly similar to those existing at sea. The wave 
produced in the tank was a continuous, uniform 
swell, which was rarely met with at sea. There had 
been no attempt to imitate storms, and the results 
were thus obtained for what might be called 
average fine weather. The first problem, one of 
|considerable complexity, was to find out the 
difference in behaviour of a ship on her steam trials 
in smooth water, and when she met average fine 
weather at sea. As to the virtual attachment of 
the screw to the carriage and allowing the waves 
to pass over it, that experiment had been tried. 
Nothing like the same increase in average torque, 
however, had been obtained ; neither had it when 
the screw had been oscillated up and down in 
smooth water. 

One of the objects of this research had been to 
try to throw a little more light on the empirical 
formule now in use. There must be skin friction 
correction, and that was empirical also, but 
he doubted whether it was accurate. He had 
not found that the screw raced when it broke 
water, though in one case a vibration was set up 
when the screw was most deeply immersed. This 
was with a single screw, but the same phenomenon 
occurred on the Mauretania and Berengaria, which 
were twin-screw vessels, and it was possible to 
measure it without any difficulty. 

The President, having tendered the thanks of 
the assembly to Mr. Kent, then adjourned the 
meeting. The afternoon of Tuesday, June 30, was 
set apart for a visit to the Hétel des Invalides, 
where the guests were shown the tomb of Napoleon I, 
and the chapel of Marshal Foch, and afterwards 
conducted through the military museum by the 
Commandant des Invalides, General Mariaux. 
This interesting visit was terminated by an agree- 
able reception by General Gouraud, Military 
Governor of Paris, which took place in his official 
residence in the “‘ Invalides.” In the evening, the 
Minister of Marine held a reception at the Admiralty, 
in the Place de la Concorde. Apart from the 
dignity of the rooms in which the reception was 
held, the assembly was rendered brilliant by the 
presence of a number of French naval officers. An 
excellent view of the flood-lighting of the fountains 
and statues of the Place de la Concorde was obtained 
from the colonnaded balcony at the front of the 
Admiralty, and was much admired by the visitors. 
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On Wednesday morning, a visit was paid to the 
International Colonial Exhibition in the Bois de 
Vincennes. This was greatly enjoyed by ali. The 
beauty of the buildings, illustrating in most cases 
the typical architecture of the colonies of the par- 
ticipating countries, was enhanced by their setting 
in parts of the wood left in its natural state, and 
there were evidences that the methods of iilumina- 
tion adopted, especially in the fountains and flood- 
lighting, must have made the scene still more 
attractive at night. Unfortunately, the time avail- 
able was too short to permit more than a very 
cursory inspection. The British section, devoted 
almost entirely to the illustration of tropical diseases, 
compares, we think, unfavourably with that of other 
countries. The exhibition is to remain open until 
the end of October and, it is understood, may pos- 
sibly be continued next spring. It is undoubtedly 
a great achievement, and is well worth a special 
visit to Paris. After a tour round the grounds, 
members were entertained to lunch, at which M. 
Paul Reynaud, Ministre des Colonies, presided, at 
a restaurant situated on an island in a natural 
lake in the centre of the exhibition. Later, 
they were the guests of the Paris Chamber of 
Commerce in the Avenue Friedland. The building 
belonging to the Chamber is remarkable for its 
decoration, the tapestries being especially note- 
worthy. Tea was served after the house and 
grounds had been inspected. 

The annual banquet of the Institution took place 
on the evening of Wednesday, under the chairman- 
ship of the president, Admiral of the Fleet, the 
Right Hon. Lord Wester Wemyss. A large number 
of members of |’Association Technique Maritime et 
Aéronautique were present as guests. The cus- 
tomary English loyal toast was preceded by that of 
“The President of the French Republic.” The 
chairman, in proposing the toast of “‘ L’ Association 
Technique Maritime et Aéronautique,” coupled with 
it the name of its President, Emmanuel Rousseau, 
Conseiller d’ Etat, and welcomed him as an honorary 
member of the Institution. He then expressed his 
appreciation of the manner in which the Institution 
had been received in Paris, and commented on the 
common aims and work of the Association and the 
Institution. The visit paid earlier in the day 
to the exhibition, had afforded, he said, a proof of 
the great part played by France in the civilisation 
of the world. M. Rousseau, in proposing the toast of 
the Institution of Naval Architects, reviewed, in 
appreciative terms its influence on similar organisa- 
tions throughout the world, and complimented it 
on the value of the papers contained in the transac- 
tions, which he observed showed an admirable 
utilisation of theory in practice. This toast was fol- 
lowed by a speech by M. de Chappedelaine, Ministre 
de la Marine Marchande, in which he dwelt upon the 
state of flux at present existent in naval construction, 
such as the methods of boiler firing, the contest 
between steam and Diesel engine propulsion, the 
increase of pressures and temperatures, the intro- 
duction of new materials, and so forth. Sir Archi- 
bald Denny was the last speaker and made a very 
felicitous speech, in alternate French and English, 
in proposing the toast of “The Ladies” with 
which he coupled with the names of Madame 
Rousseau and Madame Bourges. 


(To be continued.) 








THE HrrRE PurRCHASE OF MACHINE TOOLS AND EqutP- 
MENT.—It has frequently been pointed out that the best 
time at which to re-equip and rearrange machine shops 
is during periods of bad trade, when the work can be 
carried out with less interference with production than 
11 normal times. The difficulty which is usually felt in 
acting on this advice is that in such times most firms 
would not find it convenient to raise the necessary money 
to cover the cost. This particular difficulty is met by 
the system of hire-purchase of machine tools and equip- 
iment, which is being inaugurated by Mr. George Cohen, 
Sons and Company, Limited, of 600 Commercial-road, 
in. 14, this month. The firm, which is financing the scheme 
‘rom its own resources, proposes that payment for such 
equipment should be spread over two years. Apart 
trom the convenience of this proposal from the point 
ot view we have suggested, it should interest many firms 
Which, under present day conditions, are faced with the 
necessity of modernising their plant in order, by improved 
technical methods, to meet the competition from coun- 
tries working under much lighter taxation and much 
lower labour costs than obtain here. 





THE LATE DR. E. G. ACHESON. 


WE regret to note the death, in New York, on 
July 6 last, of Dr. Edward Goodrich Acheson, for 
many years managing director of Messrs. E. G. Acheson, 
Limited, of 40, Wood-street, London, S.W.1, and presi- 
dent of Messrs. Acheson Graphite Company, Niagara 
Falls, N.Y., U.S.A. Dr. Acheson was born at Wash- 
ington, Pennsylvania, on March 9, 1856, and received 
his education at the Academy at Bellefonte, in his 
native State. He had to earn his own living at a 
comparatively early age, however, and eventually, in 
1880, became assistant to Mr. T. A. Edison. In that 
capacity, he came to Europe in charge of the installa- 
tion of electric-lighting plants in various parts of the 
Continent. Returning to the United States in 1881, 
however, he began experimenting on his own account, 
and his researches led him to the discovery, in 1891, 
of a hard abrasive material to which he gave the name 
carborundum. Speaking before the Faraday Society, 
in London, in November, 1911, Dr. Acheson described 
the manner in which the discovery had been made as 
the result of heating mixtures of sand and coke in an 
arc furnace. As recorded in our columns at the time, 
a crystal of the material obtained could not only cut 
glass, but had “ spoilt the diamond in his ring.” 

Dr. Acheson’s name, however, may perhaps be best 
remembered on account of his work in connection with 
artificial graphite lubricants. Upon overheating pieces of 
carborundum in an electic furnace, he found that the 
silicon had been driven off, leaving very soft lumps of 
graphite which retained the shape of the original pieces 
of carborundum. This fact induced him, in 1898, to 
take up the manufacture of synthetic graphite. He 
found that, by suitably modifying the conditions, he 
could obtain many varieties of graphite, using anthra- 
cite coal as the raw material. At one end of the scale, 
the material produced was hard and tough and was 
suitable for furnace electrodes; it could be turned, 
screwed and tapped. At the other end of the scale, a 
light and unctuous product was obtained which 
appeared to constitute an ideal lubricant. As liquid 
lubricants were preferred, Dr. Acheson tried to stir his 
finest graphite into oil, but found that the carbon 
settled quickly. In 1906, he discovered, as the result of 
researches in other directions, that if the graphite were 
treated with a solution of tannin in water and thoroughly 
masticated, a perfect colloidal solution of the graphite 
was obtained. To this he gave the name of defloccu- 
lated graphite, or “dag” (the initials of the words 
deflocculated Acheson graphite). The well-known 
graphited lubricants Aquadag, Oildag and Gredag are 
the outcome of these experiments. Dr. Acheson is also 
the originator of Siloxicon, a refractory powder, pre- 
pared in a manner somewhat similar to carborundum ; 
its main constituent is SigC,0. 

The firm of Messrs. E. G. Acheson, Limited, was 
established in 1910 for the manufacture of graphited 
lubricants in this country, and a factory was erected 
at Plymouth. An illustrated description of these works 
appeared in ENGINEERING, vol. xcvi, page 773 (1913), 
and it is there stated that Plymouth was chosen 
because an ample supply of soft water, essential to the 
manufacture of aquadag, was available. 

In recognition of his work, Dr. Acheson was awarded 
the Rumford Medal by the American Academy of Arts 
and Sciences, in 1908, and the Perkin Medal by the 
American Section of the Society of Chemical Industry, 
in 1910. In 1908, he received the honorary degree of 
Sc.D. of Pittsburgh University. He was a past 
President of the American Electrochemical Society, a 
past vice-president of the American Institute of 
Chemical Engineers, a fellow of the American Associa- 
tion for the Advancement of Science, and a member 
of the American Mining Congress, the American 
Ceramic Society, the American Institute of Electrical 
Engineers, and the Franklin Institute. He was also a 
member of several foreign institutions, including our 
own Society of Chemical Industry. 








BRITISH STANDARD SPECIFICATION FOR INDICATOR- 
Cock ConNnECTIONS.—The British Engineering Standards 
Association has issued a specification, designated No. 412- 
1931, dealing with the dimensions of indicator-cock 
connections and diagram sheets. This was prepared in 
view of the desirability of being able to attach indicators 
of any make to an engine without the necessity of 
having to change the cock, which would involve the 
shutting down of the engine. It should, therefore, be 
of direct interest to all engine builders and those engaged 
in engine testing. The indicator end of the cock has 
been standardised with an external thread and an 
internal cone. The cylinder end of the cock has been 
standardised with a {-in. Whitworth thread, with the 
usual }#-in. Whitworth thread as an alternative. It was 
decided to adopt the }-in. Whitworth thread in view of 
the fact that the }-in. thread has not given universal 
satisfaction, and there is a growing demand for a stronger 
thread. Three standard sizes of diagram sheets are 
recommended. Copies of the specification can be 
obtained on application to the B.E.S.A., Publications 
Department, 28, Victoria-street, London, 8.W.1, price 
2s, 2d., post free. 


THE SECOND INTERNATIONAL 
CONGRESS OF THE HISTORY OF 
SCIENCE AND TECHNOLOGY. 

(Concluded from page 11.) 

BEFORE continuing our account of the discussions 
which formed the main work of the Congress, and which 
took place in the lecture theatre of the Science Museum, 
it will be convenient to refer to the interesting discourse 
given by the President, Dr. C. Singer, in one of the 
rooms of the British Museum, on Tuesday, June 30. 
With the assistance of the museum authorities, an 
exhibition of the works of twenty-eight scientific 
writers, beginning with those of Bruno and ending 
with Newton, had been arranged, and with the aid of 
these, Dr. Singer was able to say much of interest on 
“The First Century of Science in England.” The 
general attitude to Nature which we nowadays call 
scientific was opened, so far as England was concerned, 
by the appearance of certain works of Giordano Bruno, 
while the first phase of the scientific movement in 
England culminated with the appearance of Newton’s 
Principia, in 1687. Some of the books exhibited 
referred to technology, but the main evidence for 
technological advance was to be found in neither books 
nor manuscripts, but had to be sought for by examina- 
tion of the instruments themselves or of the manu- 
factured articles. A good example illustrating this 
was flint-glass which, during the 17th century, became 
an English speciality. Dr. Singer began with the works 
of the Italian philosopher Bruno, who was burned at 
Rome in 1600, but whose works were printed secretly 
in London in 1584, probably in the Charterhouse. 

Bruno’s works were studied by Gilbert, whose De 
Magnete was published in 1600. After Bruno and 
Gilbert came, in chronological sequence, Napier, the 
discoverer of logarithms, Bacon, Hudson, the first to 
attempt to reach the north pole, Harvey, whose epoch- 
making work was published in 1628, Dud Dudley, 
the metallurgist, Edward Somerset, second Marquis 
of Somerset, the compiler of a “‘ Century of Inventions,” 
Gascoigne, Horrocks, Wallis, Willis, Petty, Sydenham, 
Samuel Morland, Boyle, Ray Malpighi, whose works 
on anatomy were also published in London, Wren, 
Hooke, Papin, Hamsteed, Halley, and others. Dr. 
Singer’s address gave a very clear view of what was 
accomplished by our early men of science, and the 
excellent little pamphlet prepared for the occasion will 
remain of permanent interest. 

On assembling at the Science Museum on Thursday 
morning, July 2, under the chairmanship of Pro- 
fessor W. Ritter, of California, a discussion on the 
‘“* Historical and Contemporary Inter-Relationship of 
the Physical and Biological Sciences ” was opened. 
The principal contributions to the discussion came 
from the biologists and, whereas, at other meetings of the 
Congress, the speakers were, on the whole, preaching 
to the converted, on this occasion the marked divergence 
of views and the vigour with which they were supported 
was refreshing. On the one hand, Dr. E. S. Russell 
declared that the influence of the physical sciences on 
biology had been, on the whole, unsatisfactory and 
that biology should recover its pre-Descartian-Aristo- 
telian tradition, while, on the other hand, Professor J. 8. 
Haldane stated that though on superficial examination 
we seemed to be making progress in biology by the 
application of purely physical or chemical methods to 
the phenomena, yet it was found that explanations had 
not been successful, and in one respect were a complete 
failure. 

To take an instance, the form, physical properties and 
relations of the crystalline lens, he said, explained the 
formation of an image on the retina, but this gave 
no explanation of how the delicately arranged structures 
in question came to be there, and persisted in their 
state during life. On the other hand, Dr. J. Needham 
said that the demand that biology should be based on 
physics implied the physics of the future and not only 
the physics of to-day. What might be called the style 
of the physical sciences, added Dr. Needham, had 
played a steadily increasing part in biological investi- 
gation during the last century. There seemed to be two 
main types of theoretical biologists to-day, one to 
which it seemed to be almost sufficient explanation of a 
biological event to attribute it to the organisation of 
the system in question, and a second which found it 
necessary to inquire in what organisation consisted, 
and to find out, as far as was scientifically possible, what 
organising relations really were. To him, it seemed 
that organisation alone was no explanation of anything. 
“* Tf, arriving in front of the heavily fortified living cell, 
we simply accept the fact of its high organisation as a 
primary datum, we do no more than sit down before 
it and dig ourselves in, but if advancing boldly to 
the walls, we blow loud blasts upon the trumpets of 
mathematical physics, I will not prophecy that what 
happened at Jericho will happen again, but the odds are 
heavily in favour of it.”” Other contributors to the 
discussion were Dr. J. H. Woodyer, of Middlesex 





Hospital Medical School; Professor L. Hogben, of 
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the London School of Economics; and Mr. L. L. 
Whyte. 

The group of papers read to the Congress on Friday 
morning, the 3rd inst., when Sir H. S. Lyons occupied 
the chair, dealt with the interdependence of pure 
and applied science. Though Tyndall long ago 
declared that there existed no category of sciences 
to which the name of applied science could be given, 
and that we have science and the applications of 
science “‘ which are united to each other as the fruit 
and the tree on which it grew,” the term applied 
science still persists. The discussion was opened by 
Sir Napier Shaw, the former Director of the Meteoro- 
logical Office, who said that, in view of the widespread 
applications of pure mathematics in all other sciences, 
the distinction between pure and applied science 
could scarcely be based on the distinction between 
mathematical and non-mathematical, or even between 
inductive and deductive reasoning. Every science 
had both sides. In view of his own study of the 
atmosphere, an organism with most of the vices and 
some of the virtues of a biological entity, he suggested 
that the synthetic products of inductive analysis 
and deductive synthesis should be regarded as applied 
science if they had an actual existence, and as pure 
science if they existed only in the imagination. Pro- 
fessor C. H. Desch, who spoke next, was at no loss 
to illustrate the interdependence of theory and practice 
by reference to metallurgy. He, however, expressed 
his regret that popular interest lay mainly in the 
applications of science, while their dependence on 
discoveries in pure science was often overlooked. 
Moreover, the continuity of scientific discovery needed 
emphasising, and the historical treatment was the 
only means of avoiding narrowness in sicentific educa- 
tion. This was especially true of applied science. 

In the teaching of the history of civilisation, applied 
science afforded a useful link between the history of 
intellectual development and that of the practical 
life of races and nations, and if the definition of 
science be widened to include sociology, the applica- 
tion of scientific method to the study of human affairs 
led to a new class of applied sciences, on which the 
art of politics should be based. The next two contribu- 
tions to the discusion were by Dr. Marie Stopes, who 
confined herself to the scientific and industrial pro- 
blems connected with coal, ‘‘ one of the most baffling 
subjects of the pure scientist,’ and Professor F. G. 
Donnau, who evidently agreed with the dictum of 
Tyndall that science was all one, and who pleaded for 
the extended use of the services of the theoretical 
physicist in big industria] concerns. Another aspect 
of the subject was presented by Mr. R. V. Vernon, 
who has long been connected with Government 
Forestry Research. Speaking neither as a man of 
science nor a technologist, but as an administrator, 
he spoke of the relation of science to public health, 
agriculture, transport and other matters. 

It was one of the advantages of those in Government 
service that they could afford to take long views. 
While on many occasions practical problems arose 
which called for immediate investigation and, if possible, 
for a speedy solution, research on other matters could 
be planned without reference to any such pressing 
problems. In any case, a disinterested attitude in 
research remained essential, and direct utility was no 
criterion. In a carefully prepared paper, too long, how- 
ever, to be read, Dr. G. Windred gave an interesting 
review of the relation between pure and applied 
electrical theory, with special reference to mathe- 
matical methods. His first illustration was drawn 
from the history of the discovery of electro-magnetism ; 
his second from that of the discovery of electro-mag- 
netic induction. As early as 1807, Oersted had declared 
his intention of examining the effect of an electric 
current upon the magnetic needle. but it was not till 
1820 that he announced his discovery of electro- 
magnetism. His experiments were soon repeated by 
others and subjected to mathematical analysis by Biot, 
Savart and Ampére. Oersted’s experiment had shown 
how electricity produced magnetism; it was but 
natural then to inquire whether magnetism could 
produce electricity. The answer was given by Faraday 
in 1831, and just as the work of Oersted had been 
advanced by the mathematicians Biot, Savart and 
Ampére, so the work of Faraday was advanced by the 
mathematical work of Kelvin, Maxwell and others. In 
1846, Kelvin published a paper having as its subject 
the analogy between certain electrial phenomena 
and elasticity, while Maxwell, after a study of Faraday’s 
experimental researches, attempted to identify the 
ideas of Faraday with the analogies devised by Kelvin. 
By identifying Faraday’s ‘lines of force” with the 
lines of flow of a liquid, he was able to show that the 
magnetic induction was expressible as the velocity of 
an incompressible fluid. The prosecution of these 
inquiries led Maxwell to formulate his famous dyna- 
mical theory of electro-magnetism. The work of 
Faraday and Maxwell, carried on in the spirit of dis- 
covery for the furtherance of pure knowledge, and 


without any heed to the possibilities of practical 
application, had provided the practitioner with the 
materials from which has been created the whole of 
electrical engineering. To illustrate his theme further, 
Dr. Windred referred to signalling by cable, the 
modern theory of electrons, and the application of so- 
called “‘ complex quantities.” The theory of signalling 
by cable originated in a correspondence between Kelvin 
and Stokes in 1854. It was extended by Kirchhoff, 
Weber and Kohlrausch and others, who determined the 
velocity of the propagation of electro-magnetic dis- 
turbances. The close agreement between the velocity 
of light and the velocity of electro-magnetic waves 
was observed by Maxwell, and was regarded by him as a 
strong reason for believing that light was an electro- 
magnetic phenomena. The highly abstract theory of 
electrons founded by Sir J. J. Thomson was one of the 
last from which it would have been anticipated prac- 
tical results would follow, and yet theelectron had made 
possible the conveyance of wireless messages. As the 
practitioner built on the results of the research worker, 
so the research worker depended on the pure mathe- 
matician. The origin of ‘ complex quantities ’’ went 
back far into the history of mathematics, and their 
development had, strangely enough, often been in 
advance of strict mathematical logic. Nevertheless, 
they had proved of great practical value; they had 
rendered possible the solution of otherwise insoluble 
problems of great importance in electrical circuit 
theory, the theory of electro-statics, and analogous 
problems in hydro-dynamics. The first application of 
complex quantities to a practical problem in electric 
circuit theory seemed to have been made by Helmholtz 
in a paper on telephone theory, and other applications 
were made by Heaviside and by Franke. Kennely, in 
1893, applied the method of complex quantities to the 
theory of alternating-current circuits, and later, his 
work was extended by Stienmetz. Thus we had an 
outstanding example of the practical application of a 
branch of pure mathematics, which had developed 
during several centuries without the thought of ever 
being applied for utilitarian purposes. 

In another contribution to the discussion by Mr. A. 
Yoffe, of the Academy of Sciences, Leningrad, it was 
pointed out that while, generally, it was the belief that 
the chief lines of the history of sciences were laid down 
by the spontaneous appearance of great minds—of 
a Galileo, Newton, Lavoisier, Darwin or Einstein—if 
we analysed the real development of the ideas we owe 
to them, it would be found that numerous attempts were 
being made in the same direction. Some of other 
investigators were successful, but we remembered later 
one man only, who summarised in the most logical and 
often the most radical way the new conception. It 
was not a pure coincidence that Newton, Hooke and 
Hayguis simultaneously worked at the same problems ; 
that Bohr and Rutherford, de Broglie and Schrodinger, 
Born, Heisenberg and Dirac had within a few years 
introduced a new world of ideas known as quantum 
mechanics. Hundreds of papers were necessary to 
make it possible. 

To deal with various outstanding papers of a miscel- 
laneous character, a special meeting of the Congress was 
held on Saturday morning, July 4. Besides the meeting, 
a large number of visits were arranged during the week, 
and by means of these, delegates and members of the 
Congress were able to obtain impressions of some of 
the scientific institutions in London and elsewhere. 
There were excursions to the National History Museum, 
Kew Gardens, Greenwich Observatory, and to Darwin’s 
home at Downe, now in possession of the British 
Association. On one evening, Sir William Bragg 
gave a lecture on classical experiments of the Royal 
Institution. On Wednesday, July 1, and Saturday, 
July 4, parties journeyed to Cambridge and to Oxford 
respectively, and besides some of the colleges, halls 
and libraries, they were conducted over the scientific 
laboratories. At Oxford, Dr. Gunther gave a short 
talk on the collection of early scientific instruments 
at the old Ashmolean. Oxford can boast of having 
the oldest university chairs in Great Britain, in medi- 
cine, astronomy, geometry and natural history. The 
general arrangements throughout the meeting reflected 
great credit on those responsible for them, among the 
principal of whom were Dr. Singer, Mr. H. W. Dickinson, 
and Mr. W. Adams, the honorary secretaries. During 
the meetings, Mrs. Singer did valuable work by trans- 
lating into French and German the various announce- 
ments which were made. A dinner was held at the 
May Fair Hotel on Friday, July 3. The next Con- 
gress will be held in Berlin in 1934, and to this an invita- 
tion was given on behalf of the German Government 
by Professor K. Sudhoff, of Leipzig, who will succeed 
Dr. Singer as President. 








THE Port or Bristot.—A film, descriptive of the 
Port of Bristol, with special reference to the processes 
of loading, discharging and handling of cargoes, has 
recently been completed. Particulars regarding this 
may be obtained from the general manager, Port of 





Bristol Authority, Queen-square, Bristol. 





THE RUGBY WORKS OF THE BRITISH 
THOMSON -HOUSTON COMPANY, 
LIMITED. 


Tue British Thomson-Houston Company, Limited, 
is one of the oldest-established manufacturers of heavy 
electrical machinery in this country, its career having 
commenced with the opening of a small factory at Bank- 
side, London, in 1897. For almost exactly thirty years 
of its existence, however, business has been mainly 
carried on at its Rugby works, which have, of course, 
grown gradually as the industry itself has expanded. 
In addition, it has factories in operation at Willesden, 
Birmingham, Coventry and Chesterfield. The range of 
equipment produced at Rugby is very wide, and 
includes such plant as steam turbines, turl v-alterna- 
tors, turbo-compressors and blowers, gas exhausters, 
electrical converting and ship-propulsion equipment, 
motors, control gear and, at the other end of 
the scale, lamps, valves, loud speakers, and the 
apparatus necessary for the making and projecting 
talking films. The Willesden works, on the other 
hand, are more particularly concerned with switchgear, 
the Birmingham works with motors, the Coventry 
works with magnetos, and the Chesterfield works 
with the glass bulbs and parts for lamps and valves. 
About half the total employees of the firm are, how- 
ever, engaged at Rugby, where the factories are built 
on a site occupying 93 acres, with a total floor space 
of 1,330,000 sq. ft. 

Without describing the layout and equipment of the 
various shops at Rugby in detail, it may be mentioned 
that the principle of unidirectional flow of material 
through the factory has always been employed by the 
British Thomson-Houston Company, and the building 
scheme has been carefully planned to facilitate the 
continuous progress of the work through the various 
departments. This procedure, combined with a modern 
system of internal factory transport, highly specialised 
production arrangements, and the maximum use of 
portable machine tools, has enabled time to be saved 
without, it is claimed, anything in the way of relia- 
bility or efficiency being sacrificed. This statement 
may be exemplified by referring to the turbine shop, 
which, like the factory devoted to the manufacture 
of electrical machinery, is 1,000 ft. long, and is so 
arranged that the raw material is received at one 
end, and passes gradually down the aisles until it 
reaches one of the seven test beds, which are situated 
towards the dispatch end of the building. Erection 
of the plant actually takes place on these beds, after 
which the facilities provided enable speedy dispatch 
by road or rail to be effected. 

An interesting addition to the equipment of this 
shop is a machine which has been designed to 
ascertain the nodal frequency of vibration of turbine 
wheels, when running at various speeds, and to de- 
termine where the backward-running wave of the 
wheel becomes stationary in space, owing to the 
nodal frequency occurring at the running speed of the 
unit. This information is of the greatest value in 
working out future designs, especially as the increasing 
output of turbines necessitates the use of larger wheel 
diameters and longer rotating blades. The machine 
consists essentially of a shaft on which the test wheel 
and a heavy disc are mounted one beside the other. 
This shaft is mounted in a bomb-proof chamber, and 
is driven by a steam turbine, which is installed outside 
the chamber itself. A fairly high vacuum can be 
maintained in the chamber by supplying steam to it 
through one pipe and drawing it off through another, 
which is connected to a condenser and pump. The 
object of this arrangement is to keep the wheels 
relatively cool, as rotation at high speeds, even in a 
low-density medium, may cause so much heat to be 
generated by windage as to raise the temperature un- 
duly. By circulating steam in the manner described, 
however, the heat generated by the rotation of the 
wheel is removed. The wave motions, or vibrations, 
which may occur in the wheel under test, can be 
observed or photographed by the aid of two sets of 
exploring coils. One of these sets is stationary with 
respect to the wheel under test, while the other 
rotates with the wheel. The stationary coils are so 
arranged that they indicate the movements of the 
wheel rim towards and away from them, while the 
moving coil records the lateral motion only of one 
given point on the wheel periphery. Oscillograph 
records obtained from these two coils thus disclose the 
nature of the oscillations that are being set up in the 
wheel during its rotation. 

As regards the work which is now passing through 
these shops, at a recent visit probably the most inter- 
esting set was a three-cylinder turbo-alternator which 
is being manufactured for installation in the Dagen- 
ham factory of the Ford Motor Company. The set 
is designed for an output of 30,000 kw. when supplied 
with steam at a pressure of 1,200 Ib. per square inch, 
and a total temperature of 725 deg. F. The steam will 
first be expanded in the high-pressure cylinder to 4 
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Fie. 1. TurBo-CoMpREssoR FOR DONCASTER COLLIERIES ASSOCIATION. 
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Fig. 3. Two 12,000-Kw. 11,000-Votr THrEE-PHASE -ALTERNATORS. 


pressure of 200 lb. per square inch, and a portion will 
then be re-heated at this pressure to a total temperature 
of 550 deg. F. before being passed to the other two 
cylinders. The remainder will be used for process 
purposes. The speed of the set, which is of the impulse 
type throughout, will be 3,000 r.p.m., and it will exhaust 
into a vacuum of 29 in. We hope to be able to give 
full details of this interesting machine in a future issue. 
The Dagenham factory is also to be equipped from 
Rugby with a 3,750-kw. turbo-alternator, and two 
turbo-blowers, each of the latter being capable of sup- 
plying 50,000 cub. ft. of free air per minute to a blast 
furnace at a maximum pressure of 30 Ib. per square 
inch. These blower units comprise a seven-stage 
turbine, which will be coupled to a three-stage blower, 
and are to be equipped with governing devices so that 
a constant weight of air is delivered independently of 
the furnace resistance. A smaller unit of the same 
general design is illustrated in Fig. 1, annexed, which 
shows, on the test bed, one of three turbo-compressors 
which have been manufactured for the Doncaster Col- 
lieries Association. The output of these sets is 10,000 
cub. ft. of air per minute. Other turbo-alternators now 
in process of manufacture include two 75,000-kw. three- 
cylinder sets for the Barking station of the County of 
London Electric Supply Company, the 67,200-kw. sets 
for the Battersea station of the London Power Company, 
and a 50,000-kw. two-cylinder set for the Ironbridge 
station of the West Midland Joint Electricity Autho- 
rity. The turbine of this set is illustrated in Fig. 2, but, 
owing to its size and weight, the alternator, which is of 
the fabricated type, is being built up on the site. 

In the electrical machine shop, the work in progress 
includes the two water-turbine three-phase alternators 
which we illustrate in Fig. 3. These are designed for an 
output of 12,000-kw. at 11,000 volts and 50 cycles, when 
running at 428 r.p.m., and are intended for use in the 
Shanan power station which forms part of the Uhl 
River hydro-electric scheme of the Punjab Govern- 
ment. Another interesting set is a 500-kw. 12,000-volt 
motor-generator, which will be the fourth of its kind 
to be installed in the Rugby wireless station of the 
British Post Office. This consists of five machines, 
which are mounted on an insulated base plate and in- 
cludes two main 6,000-volt direct-current generators, 
which are connected in series. These generators have 
only one commutator, and are designed so that they 
can be connected in series with one of the existing 
generators to give a maximum working pressure of 
18,000 volts to earth. The control and protective gear 
is mounted on a separate insulated base plate, and 
will be operated through insulated couplings from 
outside the enclosure which surrounds the complete 
unit. While this machine was on the test bed, it was 
used to carry out a number of tests on the firm’s high- 
voltage direct-current circuit-breaking equipment. It 
may be added that the 28,000 shaft horse-power turbo- 
electric propulsion equipments for the Peninsular and 
Oriental Steam Navigation Company’s vessels Strath- 
naver and Strathaird have recently been completed 
in these shops, and that work on similar equipment 
for the Union Steam Ship Company’s passenger vessel 
Rangatira is now in progress. This vessel will ply 
between Wellington and Lyttleton, New Zealand, and 
will normally run at 17 knots. During the holiday 
season, however, it will do the double run in 24 hours 
at 20 knots. The normal service will be carried out 
with one turbo- alternator driving two motors, but on 
the accelerated service two alternators will be used. 

In conclusion, we may refer briefly to the Engineer- 
ing Laboratory, which has been established for the 
investigation of problems connected with the manu- 
facture of electrical plant up to the point where the 
equipment can be produced on a commercial scale. 
No routine testing of any kind is, however, performed . 
The various departments include a vacuum physics 
laboratory in which equipment similar to that by which 
thermionic valves are regularly manufactured is in- 
stalled. The insulation laboratory, in addition to 
special experimental machines, is also equipped with 
replicas of works plant, and besides dealing with 
insulating materials is now engaged in the investiga- 
tion of loudspeakers and talking-film apparatus. The 
general electrical section deals with a number of mis- 
cellaneous electrical and magnetic problems. The 
main object of the laboratory is to provide an 
effective scientific service to the general organisation. 








THe WuHitwortH Socitety.—The summer meeting of 
the Whitworth Society was held in Sheffield on the 7th 
inst., a lunch being held at the Grand Hotel at which 
the new President, Dr. F. C. Lea, of Sheffield University, 
took over the office from Sir Henry Fowler. In the 
morning a@ visit was paid to the Applied Science Depart- 
ment of Sheffield University, and to the works of Messrs. 
Thos. Firth and John Brown, Limited, where some of 
the processes of boiler-drum forging were seen in — 
tion. In the afternoon the party visited Messrs. - 
field’s works, where the casting and rolling of special 
steels and the manufacture of stone-breaking equipment 
was seen. The meeting was favoured with fine weather, 





and formed a very enjoyable and successful function. 
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HOLLOW FORGING. 


By E. V. T. Ex.is, M.A., A.M.Inst.C.E., 
A.M.L.E.E. 


Ho.tow forging might be taken to cover the pro- 
duction of small articles such as cartridge cases by 
deep drawing ; tube drawing; tyre rolling; and deep 
dishing, such as is employed in the manufacture of 
boiler ends. In this paper, however, it is proposed 
only to deal with hollow forgings produced hot, either 
under hydraulic presses of the vertical type or in 
hollow rolling mills. 

Some remarks may not be out of place concerning 
the origin and development of hollow forging. So far 
as I have been able to ascertain, the demand was felt 
some forty years ago for hollow shafting for naval 
vessels, and as it was not possible at that time to 
produce these by boring from the solid, attempts were 
made to hollow forge them, with considerable success. 
The diameters were very small, which added to the 
difficulty, and special precautions had always to be 
taken against overheating and jamming of the mandrels. 
Hollow forged gun barrels have also been in demand for 
many years, and the skill of the forgeman has been 
greatly developed by the manufacture of these. 

Three branches of engineering are responsible for 
the present-day demand for large hollow vessels. 

(1) Boiler Making.—The introduction of the Diesel 
engine caused turbine manufacturers to make an effort 
to produce a turbine power unit of an increased overall 
efficiency, such as would compare favourably with the 
Diesel engine. Speeds were already developed to a 
very high degree, and, as a result, the only direction 
in which improvement could be hoped for was an 
increase in pressure. The boiler maker was accordingly 
called upon to supply high-pressure boilers operating 
at pressures which, twenty years ago, were undreamed 
of. These pressures have now risen to, at any rate, 
1,700 lb. per square inch, that is, excluding Benson 
boilers, and it was quite obvious that riveted construc- 
tion could never prove satisfactory for such pressures. 
Accordingly, the demand arose, first, for seamless 
drums, open-ended, and arranged for riveting—in single 


quarters on the synthesis of oils from coal. It seems 
probable that this process will follow the lines of the 
oil-cracking process, the method being to admit coal 
dust, or a mixture of crude oil and coal, into a chamber 
containing hydrogen at a very high temperature and 
pressure. As forgemen we must look forward to a 
rapid development in this class of work, as it seems 
that, once established, a great and increasing demand 
would exist for high-pressure vessels for the process. 

Before proceeding to consider the manufacture of 


Fig. 1. 














Fie. 2. 


piece dished ends—these being used for moderate pres- 


sures up to about 400 lb. per sq. in.—and later for single- | 


piece seamless forged high-pressure drums, Fig. 1. 
(2) Oil Cracking.—The phenomenal increase in 
motor transport has multiplied the demand for volatile 


petroleum spirits to an extraordinary degree. Researches | 


have resulted in the introduction of two methods of 


oil cracking, the first being known as the Dubh’s | 


process, which employs a low or moderate pressure, 


the second being the Cross process, which employs | 
g ys | 


high pressures up to about 1,000 Ib. per square inch 
and high temperatures up to about 900 deg. F. 
mation on this subject is very sparse, and, in any 
case, it does not fall within the scope of this paper to 
describe the oil cracking process, but it may be stated 


that forgings of very large size are required for the | 


Cross process. 

(3) The Chemical Industry—The preparation of 
synthetic ammonia and dyestuffs and other chemical 
processes call for the manipulation of gases and liquids 


at high pressures and high temperatures, and this indus- | 


try has made very special demands on the metallurgist 

and the forgeman in the production of hollow forgings 

in difficult alloys and often of very intricate shape. 
Researches are also being conducted in various 


* Paper read before the Sheflield Society of Engineers 
and Metallurgists, on April 20, 1931. Abridged. 
printed by permission of the Society. 
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any particular forging, it would be well to mention the 
| underlying principles of the process. Theoretically 
| hollow forging is extremely easy, but in practice most 
}complex. The difficulties which arise are on such a 
| scale that it is not easy to apply scientific methods of 
| investigation, and the cost of experimenting on a 
| practical scale is so enormous that in these unprofitable 
| days it is a bold man who will undertake it. At the 
jee time there are two underlying principles which 
| must be observed :— 

(1) Absolute Symmetry of Working.—The attainment 
|of this depends primarily on the furnaceman, who 


‘heated to within narrow limits throughout its mass. 








This having been attained, which on a large scale is 
by no means easy, the forgeman must see that the 
forging is manipulated evenly under the press, putting 
as near as possible equal work all round, and progressing 
evenly and gradually in the length. Providing this 
is observed there is no reason why the resulting forging 
should not be absolutely straight and of an absolutely 
uniform thickness, in which case the duties of the 
machine shop manager would become a sinecure. 
This ideal, however, is still far from achievement. 











must supply the forgeman with a forging uniformly | 





























SINGLE-PiEcE ForGED Drums. 





EXPANDING Drum ForGING. 


Examples of the difficulty which arises from a lack 
of symmetry in working are frequently met with. 
One of the chief of these is to be found in the manu- 
facture of large rings of narrow width, say not exceed- 
ing 3 ft., by expanding. The tendency of these rings 
is to deviate from the circular shape and tend towards 
the triangular, and also for the vertical centre line to 
take up an inclination relative to the axis. It will be 
appreciated that any attempt to set a ring which has 
tended towards the triangular shape only increases 
its triangularity, while in the case of the second effect 
there is no known cure. Nearly all the irregularities 
in drawn hollow forgings, i.e., where the work is in 
the length direction, are due to lack of symmetry, and 
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comprise bending of the forging ; thick and thin sides ; | 


long and short ends ; and a multitude of minor troubles 
inherent in the job. 

(2) Progressive Decrease in Section.—It is very 
difficult to lay down rules for the flow of metal when 
forging. Many of us may have seen theoretical investi- 
gations on the rolling of metals, but the mathematics 
of these, even where the process is of a very regular 
nature, are so complex that up to the present no 
investigator has attempted to apply the same principles 
to press forging. A simple rule, however, can be laid 
down, to the effect that the material will flow without 
difficulty provided the operation tends to decrease its 
thickness. A good example of this from solid forging 
is the ease with which an ingot can be forged from 
50 in. octagon down to 25 in. round, as against the 
difficulty which is experienced if an attempt is made 
to upset a collar 50 in. diameter on a shaft 25 in. 
diameter. It might appear that this difficulty will 
not arise in hollow forging, but it does arise to a serious 
degree when an attempt is made to close in the end 
of a reaction chamber or a boiler drum. This question 





A, 


7 
Ie 


o 





Fic. 4. Rovgu-Drawine Drum Foreine. 


of the closing in of boiler and reaction chamber ends 
is one which I am not at liberty to discuss in full, 
but it will be realised that the principal difficulty 
arises from the fact that there is a very large area 
of metal at the end of the tube which has to be con- 
stricted to a very small area when the hole is actually 
closed. This can only be achieved by a thickening of 
the material referred to above, and the reluctance of 
the metal to thicken, together with certain other 
aspects of the operation, makes it one which calls for 
extreme care on the part of the forgeman. 

It may be interesting to review the limitations of 
the hollow forging process in regard to size and weight. 
The weight of the largest ingot obtainable in this 
country at the present time does not exceed 175 tons, 
and from such an ingot it would not be possible to 
manufacture a hollow forging appreciably exceeding 
115 tons. This may be in any form with a length up 
to about 60 ft., although longer forgings can be manu- 
lactured if there should be a demand for them, with a 
diameter at this length up to about 65 in. and of a wall 
thickness such as to consume the weight. 

In quite short lengths, say, up to 9 ft., drums can be 
manufactured by hollow rolling up to 17 ft. inside 
Glameter, with weights not exceeding 50 tons. Large 
diameters can be manufactured, by expanding, up to 
lengths of about 18 ft., Fig. 2, and cases have been 
inet with where there has existed a demand for drums 
13 ft. diameter at this length. Such a drum represents 
& very unique piece of forging work, and it is to be 
hoped that the designer who proposes to use such a 
drum will shortly decide to order one. 





There has been extraordinary progress during the 
last few years in the dimensions of these hollow forgings, 
and no doubt further progress will be made. All ‘the 
difficulties in the way of progress are connected with 
handling. The presses are capable of making almost 
any size of forging, but the difficulties of handling 
hollow pieces above 100 tons in weight are very great, 
as these generally have to be handled for manceuvring 
in and out of the furnace by a single crane, which would 
be balancing well over 200 tons when the forging 
mandrel and balancing tackle are taken into considera- 
tion. Shop room is also a consideration which must 
not be overlooked, as in a case such as I have outlined 
above it is not unusual for the overall length of the 
tackle to be as much as 70 ft. The mancuvring of 
these great lengths and weights in a comparatively 
restricted space and balanced in a single chain calls 
for the highest skill on the part of the forging crane- 
driver. The difficulties of handling are not only 
confined to the forging. The ingot has to be cast, 
lifted and transported from the Siemens casting pit. 
Machining operations have to take place both on the 








to cool down for as long a period as possible, as any 
further work will probably forge not only the job but 
the mandrel itself, and thus destroy a tool which may 
be worth many hundreds of pounds. 

Taper drawing mandrels have to be skimmed up 
slightly from time to time to avoid fastening in the 
forging, but this skimming, however slight, must be 
avoided as far as possible, as the diameter of the mandrel 
is reduced each time it is done, and it will eventually 
become unusable for that diameter of forging. With 
expanding mandrels, however, there is another very 
grave difficulty ; the work in this process is constantly 
bending the mandrel backwards and forwards, and 
inasmuch as this bending takes place at a fairly high 
temperature, say up to 800 deg. F., the structure of 
the metal is put into the worst possible condition, 
and unless frequent normalising is resorted to, the 
mandrels invariably clink, due to a combination of 
fatigue and temperature stresses. For those who are 
not familiar with the forge, the sight and, incidentally, 
the sound of a 36-in. mandrel clinking, so that perhaps 
one end falls off and the remainder of the body is 








ingot and the forging. Furnaces, works rolling-stock, 
bridges and permanent way, all have to be considered 
when any further increase in weight is contemplated. 
The tools form an important part of any hollow 
forging plant. These, naturally, comprise press tools 
for expanding and drawing, and a large range of 
mandrels, Spares must be held which can be brought 
into use while the tools are being repaired or, perhaps 
I should rather say, re-conditioned, as without this 
precaution serious delays will occur in delivery of the 
forgings, and there may be interruptions in the 
operation of the plant which prove very costly. In 
John Brown’s forge, with which I am familiar, there is 
in stock a range of “ Vee” tools for the drawing 
process in all sizes from the smallest up to 100 in. 
diameter; taper mandrels for drawing, in a wide 
range of sizes from the smallest up to 51 in. diameter ; 
expanding mandrels in all the necessary sizes up to 
36 in. diameter, on which it is possible to expand up 
to 18 ft. long. I think it possible that a difference of 
opinion may arise as to the proper treatment of man- 
drels. I seem to recollect having seen it in print that 
in a certain forge they invariably arrange to work two 
or more jobs consecutively on the same mandrel. 
This, apparently, was done with a view to avoiding 
the loss of heat which occurred in the forging when 
introducing a cold mandrel into it. The practice of 
my firm, however, has been entirely the opposite, 
as it is considered that when a mandrel has been in 
use for a heavy drawing heat lasting from 1} to 2 hours, 
and when withdrawn from the forging is already at a 
dull red heat, it is essential that it should be allowed 
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interlaced with both longitudinal and transverse 
cracks, is very alarming, while to the forgeman, who, 
perhaps, has no other suitable tool by him, it is very 
disheartening. 

In the manufacture of a hollow forging it is neces- 
sary, first, to secure an ingot of suitable section and 
weight. On the Continent and in America, I believe, 
these ingots are frequently made by the basic process, 
but in Sheffield, at any rate, the practice is to use 
Siemens acid steel. The ingot may have, say, a mean 
section of 77 in. octagon, and weights about 105 tons, 
and must be handled very carefully during the cooling 
period. Some firms use soaking pits, into which the 
ingots are placed as soon as possible after casting, and 
in which they cool down very slowly over a period of 
about three weeks. A quicker method, however, and 
perhaps safer, is to reheat the ingot to a temperature 
at which the whole will become thoroughly plastic 
and cool it down slowly in the furnace. This method 
has the advantage of taking only about one week, and 
has proved entirely successful for the avoidance of 
clinking. In certain cases it is convenient to cog the 
ingot and scrap the head. The ingot or cogged piece is 
then cut to length in a lathe or ingot slicing machine 
and trepanned. 

There are other methods of obtaining the hollow 
piece on which the hollow forging operation will 
commence. The most notable of these is an operation 
known as hot trepanning, which, I believe, is practised 
by, at any rate, one Sheffield firm. The ingot is taken 
straight from casting, re-heated to a forging tempera- 
ture, the head cut off hot under a press, the ingot 
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up-ended, and, using a series of rings of decreasing dia- 
meters, the core is cut completely out, all this being 
accomplished in one operation. There is no doubt that 
this is an extremely fine method of obtaining a hollow 
piece, and constitutes forging practice of a very high 
order. Moreover, it is by far the most rapid method of 
obtaining a hollow piece, but it has disadvantages. 
The ends of the ingot cannot be cut very cleanly when 
working hot and, further, the operation of pressing 
the rings through the central parts of the ingot is so 
severe that lapping and tearing may take place and 
introduce defects which may be greatly detrimental 
to the forging in its completed form. 

Having obtained the necessary trepanned ingot or 
trepanned cogged piece, the hollow forging operation 
can proceed. For the sake of simplicity, I propose to 
follow through a single forging manufactured from a 
cogged piece, 71 in. outside diameter, 14 ft. long, 
and trepanned with a 25-in. hole. The weight of 
the piece in this condition is about 75 tons. As it is 
to be made into a boiler drum with a finished bore 
of 48 in., the first operation comprises an increase in 
the diameter of the hole by expanding, or, as it is 
sometimes called, ‘‘ becking,” Fig. 3. A 24-in. mandrel 
arranged with the necessary balance weights is first 
introduced into the hole, and this being supported on 
‘* Vee” blocks, one on each side of the press, pressure 


is applied between the long top expanding tool and the | 


mandrel, so that the metal flows in a circumferential 
direction, with the necessary increase in both the inside 
and outside diameters. The length of the tool being 
about 30 times as great as the width of its working 
face, no increase takes place in the length of the forging. 
Work proceeds very gradually at first, in view of the 
small size of the mandrel and the violent bending 
which takes place sufficient to cause the balancing 


mandrel to spring like a whip lash, until the hole is | 


large enough to introduce a 36-in. mandrel. On a 
mandrel of this stiffer section work can proceed more 
rapidly, and the diameter of the hole is soon increased 
to 50 in. The hollow forging being again re-heated, 
the rough drawing process then commences, Fig. 4. 

In this operation the metal is forged between the top 
“Vee” tool, the mandrel and the bottom ‘ Vee ”’ tool, 
and the axial length of these tools being short compared 
with the circumferential length of their working faces, 
the metal will flow in a longitudinal direction, the 
inside diameter closing on to the mandrel, but other- 
wise remaining constant, while the outside diameter 
decreases. In a forging of this magnitude it would 
not be advisable to go straight down from the expanded 
diameter which, in this case, is about 85 in., to the 
finished outside diameter of 57 in., and it is for this 
reason that the intermediate rough drawing process 
is employed by which the forging is drawn to about 
20 ft. in length and the outside diameter reduced to 
75 in. It might be mentioned that this process can 
only be used where two mandrels are available, the 
finishing mandrel and one somewhat larger on which 
the rough drawing is done, and this really means that 
in considering a very large vessel, say, having a bore 
of 80 in. and a length so great that it could not be 
manufactured by direct expanding, two mandrels 
would have to be made of very similar dimensions and, 
unfortunately, of very similar cost. 

At 20 ft. the forging is too long to go into the furnace, 
but we charge as much of it as is possible, say, about 
16 ft., and after again re-heating it is brought out for 
the finish drawing process, for which the diameter of 
the mandrel is somewhat less than that previously used, 
Fig. 5. Owing to the limitations of furnace length, the 
production of any long forging must always proceed 
from the middle towards one end. At these diameters 
about 7 ft. or 8 ft. can be finished at a heat, so that 
for a forging 50 ft. long, as in the present case, six or 
seven heats will be required after the forging is rough 
drawn ; this makes the total for the production of such 
a forging of, say, ten heats, i.e., one for expanding, 
two for rough drawing, and seven for finish drawing. 
One is constantly hearing extraordinary accounts of 


the rapidity with which these great forgings can be | 


produced by one’s competitors, particularly those on 
the Continent, but considering the lengths and 
diameters with which we are dealing, the number of 
heats taken would appear t» be reasonable. 

The forging now has an overall length of about 
50 ft., including test material. Being transported to 
the machine shops, and having undergone the usual 
formalities of stamping for recognition and superficial 
examination by the surveying authorities, it is put 
into a lathe and the two rings from which tests will 
subsequently be taken are parted off the ends. The 
drum is also carefully read up, and bearings put on to 
which the inside will be bored true. There is a con- 
troversy of many years standing on the subject of 
boring, one camp holding that it is best to bore in the 
lathe, while the other, to which my Company belongs, 
has always supported boring machines. There is no 
need to enter into the details of this controversy, 
but the principal advantage of the boring machine is 


that the drum can be attacked from both ends and 
the operation done, at any rate, in half the time taken 
in the lathe, and in a super-boring machine the time 
will be considerably less than half. The actual opera- 
tion of boring is one which presents very considerable 
difficulties in view of the large diameters and the 
considerable amount of material which must neces- 
sarily be left in the bore of such a long drum. The 
diameters generally tend to decrease, although this is 
not always the case, and the bore may not run quite 
| true from the two ends, so that the question of making 
a neat junction presents some difficulty. 

After boring, the ends of the drum which have been 
left thicker than the body are trued up, so as to give 
a uniform thickness which facilitates the closing-in 
operation ; the ends are closed in and the drum receives 
the requisite heat treatment. The test rings, which 
were parted off before boring, are charged into the 
same furnace, and thus receive the same heat treatment 
as the forging which they represent. The tests called 
for in the specification having been pulled and having 
satisfied the surveying authority, the drum is ready 
for finish turning. Here again, in such a long drum, 
the outside machining allowance is considerable. 
One further machining operation remains, and that is 
the cutting of the manhole, and for this purpose an 
interesting machine has been devised, which by the 
combination of a vertical reciprocating motion and 
|a plain rotation, causes the tool to travel in a true 
| ellipse, and cuts these manholes extremely neatly. 
| I shall touch only briefly on the subject of hollow 
| rolling, as the principles involved are similar to those 
|in expanding under the press. A cogged piece is 
| prepared, usually being machined on the outside and 
| trepanned, and this will probably be expanded under 
|the press in the manner already described. In the 
| process of rolling, the top roll of the mill is arranged 
so that it can be withdrawn for the introduction of 
the hollow piece, after which it is passed through 
the piece and supported by bearings at both ends. 
The draft is obtained by raising the bottom roll by 
means of hydraulically operated jack screws and the 
diameter is. gradually increased, circularity being 
controlled by suitable guide rolls. Very large diameters 
are obtainable, these being generally in demand for 
gear wheel rims for marine purposes, but the lengths 
are limited to about 11 ft. The machining of pieces 
of this sort presents a different problem from the long 
pressure vessel described earlier in the paper, and is 
generally undertaken on large vertical boring mills. 

I wish to thank Messrs. Thos. Firth and John Brown, 
Ltd., for permission to read this paper and for facilities 
given me in its preparation, and my colleagues on 
the staff for their advice and aesistance. 











THE DEFORMATION OF METALS 
UNDER PROLONGED LOADING.* 
By Prof. D. Hanson, D.Sec., and M. A. WHEELER. 


Part I.—TuHe FLtow AnD FRACTURE OF ALUMINIUM. 


Durie the past few. years the demand for materials 
strong at high temperatures has led to numerous 
studies of the properties of materials when hot. Such 
investigations have mainly aimed at determining the 
strength or rate of flow of metals which have been 
shown to ‘‘ creep’ under prolonged loading and fail 
at stresses much less than those necessary to break 
them in a short time. But while data have been 
accumulated on the mechanical behaviour of metals, 
practically nothing is as yet known of the mechanism 
of flow and fracture under ‘‘ creep ” conditions. 

The experiments described in this paper have been 
undertaken with a view to studying this mechanism 
principally by metallographic methods, similar to those 
that have been so successful in explaining flow and 
fracture under static and varying stresses at room 
temperature. The method of examining the changes in 
microstructure on the polished surface of a metallic 
specimen subjected to strain is difficult to apply to 
most of the engineering materials used at high tempera- 
tures, as they are rapidly oxidised by traces of oxygen. 
Protection of the surface by conducting the experiments 
in a neutral atmosphere or in vacuo is experimentally 
very difficult, and the authors have therefore conducted 
their experiments on metals which exhibit the pheno- 
mena of creep at lower temperatures. Most of their work 
has been done with aluminium which will retain a 
metallographic polish after exposure to high tempera- 
tures, but experiments have also been performed with 
zine and lead. Tnese three metals possess the added 
advantage that test-pieces consisting of one crystal 
only can be made from them without great difficulty. 
This paper describes only experiments on aluminium. 

The tests used have had as their objects the deter- 
minations of: (1) The changes in the microstructure 
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produced on polished specimens strained at different 
rates, both at elevated and at normal temperatures ; (2) 
The mechanism of flow and fracture under the above 
conditions. A rectangular wire-wound electric furnace 
was constructed and mounted in a rigid frame, which 
supported the single-beam levers employed to load 
the specimens, of which the furnace was capable of 
holding 6 simultaneously. The furnace was so con- 
structed as to give a uniform temperature throughout 
the heated position, and was controlled by means of a 
sensitive thermostat to maintain the temperature 
constant to + 1 deg. C. at 250 deg. C. The levers 
were calibrated and a pointer was attached to the 
ends and moved over a scale fixed to the frame. An 
extension of the specimen of 0-0001-in. could readily 
be detected. These levers were not used to measure 
extensions, but only to indicate the stages at which 
specimens might be removed from the furnace for 
examination. All extensions recorded in the paper were 
measured on the specimen after removal from the 
furnace. 

The specimens were carefully prepared as test- 
pieces from hard-rolled aluminium sheet, and were then 
heat-treated to produce the type of structure desired. 
These can be classified as follows: (a) Fully annealed 
specimens consisting of small, uniform grains; (b) 
Fully annealed specimens consisting of crystals of 
mixed sizes; (c) Specimens consisting of single 
crystals; (d) Specimens consisting of two crystals. 
In each case the specimen was polished on one face, 
the section being rectangular, and gauge marks were 
inscribed to determine the elongation at any desired 
period of the test. The unetched, polished specimen 
was placed in the grips of the straining device, which 
was designed to give axial loading, and the furnace 
was raised to the required temperature. When this 
became constant, the load was applied by screwing 
down the lower shackle until the lever was pulled off 
its rest into a horizontal position, when the pointer 
indicated zero reading on the scale previously mentioned. 

After the required period of time, the load was re- 
moved and the specimens were allowed to cool down 
with the furnace. When cold, they were removed for 
examination and further tests. The same procedure 
was followed when, if necessary, they were replaced in 
the apparatus for a further period under load. The 
creep limit to produce fracture within a reasonable 
time was found by experiment to be a stress between 
1-3 and 1-6 tons per square inch, and a stress of 1-4 
tons per square inch was adopted for further specimens. 

Annealed Aggregates of Uniform Crystal Size.— 
When the stress (1-4 tons per square inch) is first 
applied at 250 deg. C., the metal extends rather rapidly ; 
a few slip bands could be seen on the surface of some 
of the crystals, principally those at the extreme edge 
of the specimen, but they were rather rare elsewhere, 
although the elongation amounted to 3 or 4 per cent. 
Fig. 1 on page 57, shows the appearance 20 minutes 
after the load was applied; the specimen was not 
etched, but the boundaries have become well marked. 
The average elongation at this stage was 3-7 per cent. 
After the rapid initial straining the rate of extension 
becomes very slow, and no marked changes in micro- 
structure were observed over a period of 30—40 hours. 
At a late period, however, the rate increases again ; 
Fig. 2, on page 57, shows a specimen after 210 hours 
under load. The crystal boundaries now appear very 
broad, and there is evidence of much movement in 
their neighbourhood, but no signs of slip bands are to 
be seen. When compared with Fig. 3, a similar specimen 
strained rapidly at 250 deg. C. to an equivalent elonga- 
tion, the contrast is striking: the boundaries in the 
latter are only slightly developed, and every crystal 
is covered with a mass of slip bands. 

If the load is maintained for a sufficient time, cracks 
appear between the crystal grains. Fig. 4 shows one 
of many intercrystalline cracks observed on specimen 
L 24, which fractured after 220 hours, and is typical 
of specimens which consist of uniform crystalline 
aggregates. The whole specimen has more or less 
disintegrated at the crystal boundaries, forming cracks 
approximately at right angles to the principal axis, 
the spot shown in Fig. 4 being some considerable 
distance from the actual fracture. The total extension 
was 33 per cent., 12 per cent. of which occurred during 
the last two or three hours under load. 

The final extensions of a number of specimens of 
this type range from 26 to 33 per cent., and ip all 
cases there is little or no ‘‘ necking ’’ of the specimen. 
The fractured surface is not entirely intercrystalline. 
In the later stages, when flow becomes rapid, the 
crystalline material, between the cracks that have 
already formed, becomes greatly distorted locally near 
their boundaries, and the final fracture is intra- 
crystalline in places. The fracture appears rough and 
uneven, and not, as might, be anticipated, smooth and 
sharp, but no general distortion of the crystals occurs 
even at the fractured edge. ; 

Annealed Aggregates of Mixed Size.—In a number ot 
instances, specimens containing crystals of widely 
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varying sizes were used. In the early stages of the 
investigation two specimens, L 6 and L 13, stressed 
at 1-6 and 1-4 tons per square inch, fractured after 
28 and 41 hours respectively. The elongation was 28 
per cent. in each case. The time required to produce 
failure appeared abnormally short, particularly in the 
case of the less-stressed specimen L 13, when compared 
with L 24 and other specimens having fairly uniform 
grains—moreover, necking occurred before fracture, 
and the fracture was intracrystalline, whilst heavy 
slip bands were present in L 6; the crystals appeared | 
to be rather large, although more or less uniform. It | 
was assumed at the time that L 6 showed this type of | 
failure owing to the higher stress to which it was sub- 
jected causing a larger extension during the initial | 

| 

















that annealed aggregates, the crystals of which are 
of mixed sizes, are weaker than aggregates of small 
uniform crystals. This is possibly due to an unequal 
stress distribution in the crystals after the initial 
straining. The larger crystals, owing to their great 
softness, are deformed rapidly by slip, throwing an 
increased stress on the small crystal portion in contact 
with them; failure starts in the small crystals, and 
finally throws a larger stress on to the large crystals— 
which neck and break. 

The results of the above tests showed clearly that 
deformation under prolonged loading at 250 deg. C. 
involved more than one factor. The first application 
of the load, which was fairly rapid, although gradual, 
produced a general extension of the specimen, which 
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oading leading to early fracture. When, however, L 13 
failed in such a remarkably short time under the lower 
stress, a further explanation was sought. On examina- 
tion, this specimen was found to consist of two large 


INTERCRYSTALLINE CRACK. 
x 600. 
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was, for uniform aggregates, about 4 per cent. During 
this period, little visible slip occurred except in the 
crystals on the extreme edges of the specimens, or in 
the large crystals, where crystals varying greatly in 


crystals, occupying almost the entire cross-section or | size occurred in the same specimen. During this stage 


the parallel position, surrounded by a number of smaller 
grains of mixed sizes at the edges. The large crystals | 
were covered with slip bands, whilst the smaller crystals 
wére entirely free. Fracture had finally occurred where 
the two crystals occupied most of the cross-section. 





the crystal boundaries became visible, but not because 
the movement was wholly or even largely confined to 
those regions of the specimens. Measurements of the 
dimensions of selected crystals, before and after loading, 


showed that they had become elongated in the direction 


| was 10-6 per cent. 





and the crystal boundaries in seeking to account for 


the flow of aluminium. It is, for instance, necessary to 


| determine if a single crystal can flow gradually and 


fail under prolonged loading at a stress less than the 
normal breaking stress, and, if so, the mechanism of 
the fracture must be determined, since it clearly cannot 
be intercrystalline. A number of experiments has been 
made on test-pieces consisting of single crystals over 
the central portion of the specimen. The orientation 
of the crystals in relation to the axis of tension is no 
doubt important, in determining the strength of such 
specimens, and this factor has not been considered in 
the present test. Whilst, quantitatively, different 
specimens may behave differently, qualitatively they 
behave so similarly that a description of one test suffices 
to cover the main features of all. 

In the case of test-piece L 23, the entire parallel 
portion was occupied by one crystal which extended 
well above the shoulders. The extension of this test- 
piece after 41 hours, under a stress of 1-4 tons per 
square inch, at 250 deg. C., was 8 per cent., most of 
which occurred on loading. The two sets of slip bands 
were not quite so straight as those normally obtained 
by direct stress at air temperature, and some bands 
showed a tendency to “fork.” After 252 hours, the 
number of bands had increased but slightly. The 
total elongation was 10 per cent.—that is, during the 
last 211 hours the specimen had extended by only 
2 per cent. The surface was then re-polished and all 
traces of slip were removed. After 570 hours, under 
load, the specimen was removed for examination. 
There was no visible sign of movement by slip, the 
surface being the same as after polishing, and the 
elongation also was unaltered, within the limits of 
measurement (-++ 0-0005-in. on 1 in.). After a further 
88 hours (total 658 hours), the specimen was again 
removed and a few isolated slip bands were visible near 
the centre of the parallel portion. These were, in all, 
about 30 in number. The elongation at this period 
After a further 48 hours, the 
specimen extended 1-5 per cent. (total 12-1 per cent.) 
slips having occurred generally over the parallel portion. 

During a further 48 hours, the specimen extended 
3-9 per cent. (total 16 per cent.) and there was a slight 
indication of necking at the centre, where many heavy 
slip bands were seen. It was again re-polished, in 
order that the latter stages of deformation should not 
be masked by the previous slip. A further 15 hours 
under load, however, produced fracture with a total 
extension of 37 per cent. In the immediate neighbour- 


| hood of the fracture the slip was very heavy, but above 


this necked portion, the slip was rather light. These 
experiments have shown that single-crystal specimens, 
allowing for all possible differences in the orientation 
of the specimens, are stronger than any other type of 
specimen under similar creep conditions. When the 
load is first applied the crystal extends rapidly, slip 
bands being formed; this period is followed by a 


| period during which movement is slight, when few or 
'no slip bands are formed; and finally succeeded by 


another period of rapid extension by intense local 


| slipping until failure occurs. 


Specimens Consisting of Two Crystals—Some inter- 
esting experiments were carried out with specimens 


‘consisting only of two crystals, usually with the 


boundary between the crystals running transversely 
across the specimen. Fig. 16, on page 58, shows the 
relative positions of the two crystals in specimen L 19. 
There is also one very small shallow crystal near the 
edge towards one end of the test-piece in crystal “6.” 
The specimen was polished, and placed under load at 
250 deg. C.; the deformation and the slip bands shown 
in Fig. 17, on page 58, are the result of, 41 hours under 
strain, the elongation being 18 per cent. The transverse 
boundary is well developed, but most of the extension 
appears to have taken place in crystal “ 6” although the 
slip is well marked in crystal ““a” The slip bands in 
crystal ‘“‘ 6? extend similarly. The boundary obviously 
exerts a shielding or stopping action to slip in crystal 
“}” ag is evident from the wavy distortion marks 
or “rumplings,” in this crystal. The original parallel 
portion of the specimen is no longer parallel, but has 
assumed a barrelled appearance, the largest section of 
thee“ barrel’? being occupied by the boundary. In 
both crystals most of the extension has occurred by 
slip on one set of planes only. Faint traces of a second 
plane can be seen, however, at some points near the 
boundary. The lower portion of Fig. 17, shows a few 
slip bands in crystal ‘‘ b,”” almost parallel to the bound- 


The polished surface of L 6 gave no indication of | of loading and contracted in a direction at right angles, | ary, and also a few widely spaced bands, parallel to 
such large crystals, but a longitudinal section through | by amounts roughly proportional to the total deforma- | the former, to the right of the photograph. 


the test-piece showed that the parallel portion consisted | tion of the test piece. The crystals were deformed even | 
though slip bands could not be seen on the surface. 

The first period of general stressing is followed by | during this period. ; ( 
one in which extension is extremely slow; slip bands | two photomicrographs failed to show any real difference 


of two large crystals. Fracture had occurred where one 
of these occupied the cross-section apart from the 
smaller crystals which covered it on the surface of the 





test-piece, back and front. Two more similar specimens | are not formed except in unusual circumstances, but | in the slip markings and rumplings. 


A second photomicrograph was taken after a further 


| 211 hours, under load, the extension being 2 per cent. 


A careful comparison of these 


The boundary 


were stressed at 1-4 and 1-6 tons per square inch, and | the crystal boundaries become well defined and broader. | showed a slight change, however, in that it was less 
the extensions on loading were found to be 9-8 per cent. | During the third stage, the intercrystalline cracks form | sharply defined. After a further 318 hours, under load, 
and 11 per cent., respectively. Failure occurred after | and extend rapidly through the metal leading to failure. | an examination of the specimen failed to show any 
three and six days with total extensions of 23 per cent. | Single-Crystal Specimens.—It is clearly necessary | change in any of the points previously mentioned, 
and 28 per cent., respectively. It will be seen, therefore, | to distinguish between the material of the crystals ' except one—namely, the boundary. This appeared to 
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be slightly thicker, and, under very high magnification, 
to be composed of two shadows instead of one, but 
the difference was, as remarked, slight. There was no 
change in the elongation within the limits of measure- 
ment. After a further 88 hours, the specimen fractured, 
and Figs. 19 and 20, on this page, show crystals “a 
and “ }” at the spot shown in Fig. 17. The final elonga- 
tion, after fracture in 658 hours, was 26 per cent. 
There were many interesting features connected 


Ifa tracing be made of the boundary in the unbroken 





with the fracture of this specimen. As can be seen 


Fig.16. SPECIMEN L19. 


















test-piece and superimposed on Fig. 19, it will be 
found to coincide with the boundary of crystal “a” 
with remarkable precision. The further deformation 
which has occurred in crystal ‘‘ 6,” however, has dis- 
torted the boundary of this crystal, from which it is 
concluded that the deformation occurred after the 
crack had formed at the boundary. The final fracture 
is therefore only partly intercrystalline, as in the case 
of uniform aggregates of crystals. | 
























Fie. 17. Two-CrystaL SPECIMEN. 





Fic. 19. Lerr-Hanp Crystat or Fia. 17, Arrer FRACTURE. 
x 150. 


the fracture has occurred at the boundary. By this is 
meant that failure commenced by a crack forming at 
the boundaries, the discontinuity of stress thus pro- 
duced causing ultimate fracture of the test-piece. 
When failure commenced, the crack formed followed 
the boundary about half-way through the cross- 
section, but final fracture occurred through the remain- 
der of crystal ‘‘ b ” near the boundary, with the peculiar 
effect shown in Fig. 21. The dimensions of the specimens 
are given in Table I and can be compared with Fig. 21. 
It seems that after the crack formed, the unsymmetrical 
distribution of the load was such as to produce further 
deformation by slip in crystal ‘‘6” only, with the 
result that the difference in the reductions of area 
of the two portions of the specimen is 18-8 per cent. 





| A specimen consisting of a single crystal, containing 
|a small included crystal in the centre of one face, was 


Taste I. 


a a | | 
‘ In. | | In. 
| Original width of speci- 0-096 | Thickness .. ..| 0-082 
men | | 
Width of specimen at) 0-093 | Thickness at “a” ..| 0-0815 
“<q” 
eo at) 0-078 || Thickness at “b” ..| 0:0783 





Reduction of area of ‘‘a’” 3-68 per cent., of ““b” 22-36 per cent. 
Elongation 26 per cent. 

also tested. In the early stages of the experiment slip 

occurred in both crystals, but again produced a barrelled 





Fig. 21. 





effect at the portion occupied by the included crystal 
in the test-piece. After 480 hours under load, the 
specimen gave indication of failure and the test was 
stopped. On examination, the sudden increase in 
elongation was found to be caused by failure of the 
test-piece at the portion occupied by the small crystal, 
in spite of the fact that the cross-sectional area was 
still greatest at this point. The included crystal had 
parted from the main crystal at the boundary; Fig. 
22 shows the gap produced at one end of the crystal. 





Fic. 20. Rigut-Hanp Crystat or Fic. 17, AFTER FRACTURE. 
x 150. 


L£19 AFTER FRACTURE. 








Fic. 22, INTERCRYSTALLINE CRACK AT END OF SMALL CRYSTAL. 


x 150. 


The elongation of the specimen, which was not taken 
to fracture, was 40 per cent.; the “visible” gap 
accounts for 3-6 per cent. 

(To be continued.) 








TUNNEL UNDER THE YARRA AT NEWPORT, VICTORIA, 
AusTRALIA.—A proposal to construct a tunnel under the 
River Yarra, at Newport, near Melbourne, Victoria, 
Australia, is under consideration. The length of the 
tunnel would be 400 ft., and its diameter 24 ft. The 
width of the carriage-way would be 18 ft., and two sets 
of tramway lines would be accommodated. A footpath 
6 ft. in width and 12 ft. above the carriage-way would 
be provided for pedestrians. The estimated cost is 
between 250,000/. and 300,000/., and it is anticipated 
that the work would take two years to complete. 
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ROAD SURFACING IN THE 
UNITED STATES. 


Ir is frequently assumed in this country that concrete 
is the most popular material for road surfacing in the 
United States, but recent statistics published by the 
Bureau of Mines* show that, so far as city paving is 
-oncerned, this material constitutes less than 30 per 
cent. of the total. 

The statistics were compiled by the Bureau of 
Mines in connection with the asphalt chapter of Mineral 
Resources of the United States, and covered street 
surfacing laid in 201 representative cities from 1925 to 
1929, inclusive. Since street paving and road surfacing 
constitute the largest single commercial use of asphalt, 
accounting for 44 per cent. of all asphalt sold in the 
United States, trends in street and highway paving 
form a factor of economic importance in relation to the 
national demand for the product. Statistics of rural 
highway construction, both by States and by counties 
and townships, are compiled and published by the 
Bureau of Public Roads of the Department of Agri- 
culture. Inquiries were addressed to the city engineers, 
superintendents of highways, or corresponding officials 
of 230 municipalities with populations exceeding 
40,000 according to the estimates of the Census 
Bureau for 1928. Where no city or town in a given 
State contained as many as 40,000 inhabitants, inquiry 
was made of the largest city or town in that State. 
The officials in charge of street paving were requested 
to report the number of square yards of each type of 
street pavement laid in their respective cities for a 
series of years ending December 31, 1929. Sufficient 
data for the purposes of the inquiry were received from 
201 cities, distributed over 46 States and the District 
of Columbia, and containing an aggregate population of 
42,376,000 in 1930. The cities included in the survey, 
accordingly comprise 94:5 per cent. of the population 
of the United States living in communities of over 
40,000 inhabitants. No endeavour was made to 
include all communities in the present figures, and no 
effort was made to account for all the asphalt, Portland 
cement, vitrified brick, stone block, or other materials 
used for paving in the United States in any year. 

The expansion of city street paving which charac- 
terised the 10 years ending December 31, 1929, accord- 
ing to a survey, reached its climax in 1927, with de- 
creases reported for 1928 and 1929. The upward trend, 
followed by a decline, was general in cities of all sizes 
included in this study, but was most pronounced in 
cities of 40,000 to 100,000 inhabitants and in the North- 
eastern, South-eastern, and South-western States. In 
the North-central States, the trend of paving was 
downward from 1925 to 1929; in the Pacific and 
Rocky Mountain States it was generally upward. Over 
the nation as a whole, bituminous types of paving 
continued to lead, furnishing two-thirds of the total 
street pavement laid in the 201 cities from 1925 to 
1929. The area paved with Portland-cement concrete 
amounted to only one-fourth of the total pavement 
laid in these cities from 1925 to 1929, but the yardage 
of Portland-cement pavement increased by half during 
the period, and its share in the total pavement grew 
from 19-3 per cent. in 1925 to 30 per cent. in 1928, 
declining to 28-5 per cent. in 1929. Brick, block and 
stone pavements, which constituted the remaining 
one-twelfth of the total pavement laid in the 201 cities, 
decreased one-third in yardage, and declined in relative 
importance from 10-3 per cent. in 1925 to 6-6 per cent. 
in 1929. 

Local preferences, based on such various factors as 
availability and cost of the different paving materials, 
cost of initial laying, local traffic conditions, or even 
custom and tradition, largely govern the choice of the 
type of street pavement. For example, bituminous 
pavements constituted 93-3 per cent. of the total 
street surfacing laid in Michigan from 1925 to 1929, 
inclusive, but only 52 per cent. of the total pavement 
in the adjacent State of Ohio, 57-9 per cent. in Indiana, 
and 56-9 per cent. in Illinois. In like manner, Portland- 
cement concrete formed 40-9 per cent. of the total 
pavement in Indiana, but only 33-2 per cent. in 
Illinois, 17 per cent. in Ohio, and 6 per cent. in 
Michigan. Similarly, brick, block, and stone pave- 
ments formed 30-8 per cent. of the whole area in Ohio, 
but only 1-2 per cent. in Indiana, 0-7 per cent. in 
Michigan, and 9-9 per cent. in Illinois. 

Size of cities was more influential in determining the 
distribution of certain types of pavement than of 
others. Differences in paving practice between the 
larger and the smaller cities was more marked in the 
case of the bituminous pavements. Sheet asphalt was 
favoured by the larger cities, asphaltic concrete in the 
medium-sized and smaller cities, and asphaltic macadam 
in the smaller cities of the group studied. Most of the 
brick, block, and stone was laid in the largest cities 
of over 1,000,000 population and in the smallest cities, 
having 40,000 to 100,000 inhabitants. 





* U.S. Bureau of Mines Information. Circular No. 6431. 








THE IMPORTS OF DENMARK. 


Few countries can have been free from economic 
troubles in recent times, but such an experience has to 
be recorded of Denmark. While the powerful European 
nations and the United States of America have suffered 
industrial depressions of an unprecedented nature, 
Denmark has continued her old-times activities, without 
being affected to any appreciable extent. Now, 
however, there is strong evidence that this comparative 
immunity is at an end and that, like the rest of the 
world, difficulties have to be encountered in home and 
overseas’ trade. Prices obtainable for agricultural 
produce have fallen so low that the great majority of 
the farming community find themselves faced with a 
serious problem to meet their necessary expenses. 
In consequence, the leaders of the industry are engaged 
in efforts to ensure a reduction of national expenditure 
and taxation. Naturally of a thrifty disposition, the 
peasant class in Denmark are now exercising the 
greatest economy, and in consequence the local indus- 
tries, which cater for the requirements of the agri- 
cultural workers, are suffering a set-back, as are the 
traders who serve them with goods obtained from 
overseas. In quantity, the Danish exports actually 
increased last year, but the prices obtainable were so 
low as to eliminate any gain that could have accrued 
from increase in bulk. The country well maintained 
her export trade to Great Britain, but her other great 
market, Germany, showed a marked falling away. At 
the same time, importations from that Central Euro- 
pean country increased, this being in great contrast 
with the considerable diminution in the value of sup- 
plies obtained from the United Kingdom. A vigorous 
campaign has, however, been conducted for over a year 
to encourage the purchase of British goods. Its effect 
cannot be fully realised at present, but it is hoped that 
it will prove of significance in the future. 

In a report, entitled ‘‘ Economic Conditions in 
Denmark,” prepared by Mr. H. H. Cassells, Commercial 
Secretary to H.M. Legation at Copenhagen, for the 
Department of Overseas Trade (H.M. Stationery Office, 
2s. net) the great disparity between the British and 
German positions in the Danish markets is clearly indi- 
cated. In the year 1930, Denmark imported goods to the 
value of 13,794,000/. from the United Kingdom, and sent 
to Great Britain produce representing 52,046, 0001. The 
balance of trade was thus in favour of Denmark to the 
great extent of 38,252,000/. Germany, on the other 
hand, supplied Denmark with 32,527,0001. worth of 
goods and took only 14,399,000/. worth of her produce, 
making a balance in favour of Germany of 18,128,0001. 
The anomalous position of British trade with Denmark, 
indicated by these figures, demands the serious con- 
sideration of all concerned with international trade, 
and a study of the details of Danish trade to determine 
in what spheres attempts might be made to compete 
with other nationals in supplying the markets. 

The principal British exports to Denmark, of immedi- 
ate concern to readers of ENGINEERING, are coal and 
coke, oils, textiles, pig-iron, tin plate and galvanised 
sheeting, electrical plant and motor cycles. No less 
than one-fifth of the total value of. British supplies 
was represented by coal and coke. During the year 
1930, the British share of the market for coal fell to 
52 per cent., or 2 per cent. less than the previous year, 
while the participation in meeting the coke require- 
ments, during the same periods, also suffered a set-back, 
to the extent of 5 per cent., from 75 to 70 per cent. 
Poland possessed ‘the great advantage of being able to 
offer very cheap supplies, a factor which must con- 
tinuously affect the British position, and may prevent 
the regaining of ‘the old degree of supremacy in the 
market. In Denmark, the motor cars upon the roads 
are principally of American origin, though French 
manufacturers have a good position in the market. 
Here is a sphere in which the United Kingdom has 
lagged far behind, not only in cars, but also in com- 
mercial vehicles. A very different position is shown 
in the trade in motor cycles, where Great Britain 
supplied over 62 per cent. of the imports. Another 
good market for British products is in electric genera- 
tors and motors. Here the premier position is occupied, 
and the value of the trade was almost 40 per cent. of the 
total. Great Britain, in the grouping known as 
‘“* General Machinery,” seems only to be able to offer 
effective competition in the textile section. Even there 
she has but a third of the trade. Germany out-distances 
all her rivals in the competitive trade of supplying 
nearly every other type of machinery to Denmark. 
The German position is also the predominant one in 
what is officially classified as ‘“‘ Pig iron and roughly 
manufactured iron goods.” This included girders, 
hoop iron, tin plate, galvanised sheets, black plates, 
drawn or rolled tubes, cast-iron tubes and fittings, 
railway and tramway rails. No less than 53 per cent. 
of this trade isin German hands. British producers have 
had seemingly to remain content with 21 per cent. of 
the market. The German position is also supreme 
in the sphere of manufactured iron goods, where,: in 


regard to practically every article comprised in the 
group, the trade done by Great Britain is very modest 
and, indeed, in some cases is non-existent. In his 
report, Mr. Cassells contends that there is in Denmark, 
as perhaps‘ in few other foreign markets, a general 
readiness to give a reasonable measure of preference to 
British products. Material proof was shown of this 
goodwill in 1930, when partly in consequence of it, 
certain British manufacturers were successful in 
obtaining the two largest contracts awarded during the 
year by the Danish public authorities. The small 
participation in many markets is ascribed to the higher 
costs of British goods and, to some extent, to inadequate 
marketing methods. 

The Danish State Railways, like those in many other 
parts of Europe, are suffering ever-increasing com- 
petition from motor-coaches, This rivalry has inspired 
the introduction of Diesel-electric and petrol-electric 
coaches on the systems, for their thorough testing 
under normal conditions of service. Electrification is 
proposed as a means of securing the advantages of 
accelerated service, and the expenditure of almost one- 
million pounds has already been sanctioned for the 
Copenhagen suburban lines. The private railways are 
to receive a loan from the State, part of which it is 
proposed to spend in the provision of motor-driven 
rail coaches. 








ANNUALS AND REFERENCE BOOKS. 


Motor Shipping in 1930.—This book by A. C. Hardy, 
F.R.G.S., A.M.I.Mar.E. (Liverpool. The Journal 
of Commerce. 15s, net.) is a compilation of the weekly 
articles prepared by the author for the Shipbuilding 
and Engineering Edition of the Journal of Commerce, 
with a view to supplying information on the latest 
technical developments in motor-shipping. The articles 
were of great interest at the time they appeared in the 
Journal, but, on account of the rapid strides which are 
constantly being made in design, it is open to question 
whether they will be of equal value in retrospect ; the 
expert usually absorbs the principles of all develop- 
ments and retains them in his mind for future use. 
Nevertheless, those who had not an opportunity of 
reading these articles as they appeared, will find this 
book quite interesting, with its many pictures, plans, 
charts and tables and, although the subjects are some- 
what miscellaneous, due to the number of topics dealt 
with, the pages will be found to contain many interesting 
observations and points of view regarding particular 
designs. In his preface, the author states that the ship- 
ping man, steeped in one particular part of his profes- 
sion, has no time to follow rapid developments. We 
venture to think this view to be incorrect for, owing 
to the great competition of to-day, and the methods 
adopted by business firms for advertising their pro- 
ducts, together with the attention paid to all new 
developments by the technical Press, the enquirer 
can very easily learn not only what was produced or 
thought of in 1930, but what will possibly be the vogue 
of 1940, so that he can adopt it—if he has the courage. 





Standards Year Book, 1931.—The activity in the 
United States of America with respect to standardisa- 
tion is again made evident in the recently issued Stand- 
ards Year Book, 1931, constituting the fifth of this series 
published by the U.S. Bureau of Standards (Washing- 
ton: Government Printing Office. Price 1 dol. net). 
Much attention has been given during the last year 
to the standardisation of transport, there being now 
presented a number of essays by experts in the various 
branches of the subject treated, which is made to 
include such matters as marine charts, weather fore- 
casts, lighthouse service, elevators, electric energy 
distribution, oil and gas-pipe lines. The activities 
of standardising agencies, whether international, 
national or federal, are discussed, these activities 
relating to a wide range of interests in commerce, 
medicine, engineering, navigation and in other direc- 
tions. The work of the Bureau itself receives particular 
attention, and shows the same broad regard for science, 
industry and trade, but with less particularity as to 
detail than is to be found in the annual reports of the 
Bureau. Some idea of the ground covered will be 
obtained by mentioning such subjects of enquiry as 
physical constants, wind tunnel turbulence, welded 
aircraft joints, fixation of struts, plates under pressure, 
plumbing systems, with many more, these being named 
only to show the miscellaneous character of the 
enquiries undertaken. Summary statements as to 
results reached are supplemented by references to 
publications giving fuller particulars. As in previous 
issues, a long list is given of agencies dealing with 
standardisation, stating also, in each case, the nature 
of the work done. The marked bias in the United 
States towards standardisation is evident even in the 
case of accidents, there being for aircraft crashes 
standard methods of analyses. Much of the work done 
under the head of standardisation appears to be simply 








a résumé of approved practice, which has, no douht, 
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Fig. 1. 


advantages, and may, perhaps, justify the very con- | 
siderable labour involved. The value of the Year Book | 
as a book of reference is undoubted. 








VALVES WITH PRESSURE-HELD 
INSPECTION COVERS. 


THE increased steam temperatures and pressures | 
now becoming common in power stations have rendered | 
the inspection of stop valves and other pipe-line fittings | 
of much greater importance than was formerly the case, | 
but the labour involved and the time occupied in the | 
internal examination of even one large valve of the | 
external bolted-cover type are by no means negligible | 
items in the operating costs of a plant. Frequently, | 
of course, the valves are in awkward positions, and | 
tackle has to be set up to lift the heavy cover with | 
the working parts attached to it, and the difficulties | 
are considerably increased in the case of electrically- 
operated valves or vulves fitted with extended-spindle | 
gearing, since greater weights have to be handled | 
and more dismantling work is necessary before the | 
valve cover can be lifted. Consequently, the periodical 
inspection of the valves in each section of a modern 
plant is hardly practicable unless the whole section 
can be withdrawn from service for a considerable 
period. 

To obviate this difficulty, Messrs. Victory Valves, | 
Limited, of Adswood, Stockport, have introduced a | 
series of valves fitted with covers which are held in | 
place mainly by the internal pressure, after the manner 
of a boiler manhole or madhole cover. The seen | 
which are comparatively light and easily handled, 
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then be removed and replaced in a few minutes. 


disturbing any of the mechanism employed for operating 
the valve. 





type of cover joint referred to has been incorporated, 





The | cover caps removed. 


Figs. 


Fig. 2. 














VALVES WITH PRESSURE-HELD INSPECTION COVERS. 


MESSRS. VICTORY VALVES, LIMITED, ENGINEERS, STOCKPORT. 
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, : jinch, at a temperature of 830 deg. F. 
An interesting example of a valve in which the|seen from the longitudinal and transverse sections, 
2 and 3, the valve is of the parallel-slide type. 





even in the case of the largest valves, can be removed |is illustrated in Figs. 1, 2 and 3, above, Fig. 1 having 
by means of a spanner, and the valve and seating can | been reproduced from a photograph showing one of the 
In this particular valve, which 
form of joint employed for the covers remains tight |is one of a number supplied by the firm to Messrs. 
under the highest pressures and temperatures in use, | Babcock and Wilcox, Limited, for installation in a 
and since the covers are fitted on the side of the valve | foreign power station, the body has been machined from 
body they can be removed and replaced without |a solid steel forging. The valve is of 10-in. bore, and 

| is designed for a working pressure of 955 lb. per square 


As will be 
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The cover is shown in section on the right of Fig. 3, 
and the shape of the opening is indicated by chain- 
dotted lines in Fig. 2. In place of the usual cross 
clamps fitted to manhole joints, two D-shaped cover 
caps are employed externally, these caps, which are 
fitted into circular machined grooves, serving to 
support the internal cover when there is no pressure 
in the valve body. Two caps are provided, instead 
of one, merely for ease in handling the parts when 
removing or replacing the internal cover. This opera- 
tion, it should be pointed out, is carried out with the 
valve in the closed position, so that there is no possi- 
bility of the valve faces or seatings being injured. 
Moreover, since none of the operating mechanism is 
disturbed in removing the cover, the valve can be 
opened and closed with the cover off and the exact 
condition of the working parts observed. It may be 
of interest to mention here that the weight of the 
internal cover, in this particular valve, is only 42 lb. 

With regard to the design of the valve itself, it 
will be seen, on reference to Fig. 3, that the belt eye 
for moving the discs is of similar form to a crane hook, 
the opening of which is closed by two hinged parts 
connected by a cap nut. The latter is prevented 
from slacking off by a split pin housed in a recess 
formed in the joint between the two hinged parts. It 
should, perhaps, be mentioned that the latter only 
serve to locate the valve discs, the working stresses 
being carried solely by the solid portion of the eye 
into which the stem is screwed. Another interesting 
feature of the design is that it enables the discs to be 
inserted or withdrawn singly, thus obviating the 
difficulties encountered in withdrawing and replacing 
the discs, as usually arranged in parts with a common 
central spring, particularly in the case of large valves. 
In this valve, as clearly shown in Fig. 2, a separate 
volute spring is provided for each disc, and three small 
lugs on the spring plates serve to retain the compres- 
sion of each spring to within about } in. of its length 
under load. The outer surface of each spring plate 
is spherical, as shown in Fig. 2, and the two plates 
do not come into contact until the second dise to be 
inserted is in position on its seating. On pressing the 
disc home into the belt eye, the two springs are com- 
pressed to the desired length. This form of belt eye, 
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it may be added, enables a disc-clipping device to be 
incorporated, as shown, and it will be clear that, with 
this arrangement, the discs cannot open out at the 
top when the valve is in the full-open position. 

Apart from the special features above referred to, 
the design of the valve conforms generally to modern 
high-class practice. It will be noticed, for instance, 
that a seating is formed on the lower end of the valve 
stem, and this seating beds on to a similar seating 
under the gland when the valve is fully opened, thus 
enabling the gland to be repacked under pressure. 
The firm’s patent pressure-equalising system is fitted 
on all large high-pressure valves, and this obviates 
the necessity for employing spring-relief valves to 
prevent pressure accumulation in the central portion 
of the valve body. 

In conclusion, we may mention that the cover 
referred to above was originally designed in the develop- 
ment of valves for very high pressures of from 1,000 Ib. 
to 1,500 lb. per square inch, and for this class of work 
it has the advantage of enabling valves of up to 16-in. 
bore to be made from forged billets of mild steel. Its 
useful features were, however, obviously applicable to 
valves for moderate and low pressures having cast-steel 
and cast-iron bodies, respectively. As an example of 
the application of the internal-pressure held cover to 
a valve with a cast-steel body, we reproduce, in Fig. 4, 
a section through a junction valve of 3-in. bore made 
by Messrs. Victory Valves, Limited. The design of 
the valve itself, as well as that of the cover, will be 
clear from the figure, without explanation. 








HIGH-HEAD PUMPED-STORAGE 
HYDRO-ELECTRIC PLANT. 


A stupy of the map of Sweden shows such a sur- 
prising number of lakes near the western boundary of 
the northern part of the country, with outfall into the 
Gulf of Bothnia, that the amount of water power 
available appears to be almost inexhaustable. A supply 
of this nature often tends to give rise to uneconomical 
methods of utilising it, but the example of an hydro- 
electric plant here dealt with would seem to show that 
the responsible authority in Sweden, the Royal Board 
of Waterfalls, is determined that no such waste shall 
occur. A number of hydro-electric plants in the north 
under the control of the Board suffer from a fluctuating 
seasonal demand for electric energy for industrial 
purposes, with the result that, as the water cannot be 
impounded and stored much of it necessarily flows away 
without having done any work. It is this escaping 
power that is to be utilised by the new plant at 
Sillre, a town on the River Indal, some 220 miles north 
of Stockholm and about 40 miles from the east coast. 

Briefly, the scheme is to employ the power from 
existing plants, which is now suffered to escape in the 
slack periods, to generate current which is to be trans- 
mitted to the plant at Sillre, there to pump water up 
into a storage reservoir. The stored water will be 
available for power generation whenever required by 
a reversal of the functions of the pumping plant. 
Although not distinctively a novel plan, this is so, at 
least, for Sweden, and the plant will further be charac- 
terised by employing the highest head in the country. 
This, as will be seen from the accompanying figure, is 
630 ft. The storage reservoir will be Lake Oxsj6n, some 
two miles north of Sillre. The lake is the last of an 
interconnected system, and the scheme involves the 
damming of the present outlet and the formation of a 
tunnel and pipe line, of the respective lengths indi- 
cated, from the lake to the river, on the banks of which 
a power station will be built. This station will contain 
at first one combination unit comprising a generator, 
turbine, and centrifugal pump, all arranged on a 
common vertical shaft. : 

The generator, which will be of the vertical type, is, 
of course, placed in the house, above the turbine. This 


| 





| speed of 600 r.p.m. 





will be a vertical spiral-cased Francis machine of 8,600 
brake horse-power on a net head of 590 ft. and of a 
Below the turbine will be a two- 





stage centrifugal pump having a capacity of 100 cub. ft. | 
per second, at 600 r.p.m. and against a head of 650 ft. | 
Under normal conditions, that is when the other plants | 


are disposing of all the current they generate, the Sillre 
plant will function as an ordinary hydro-electric gener- 
ating station, and the pump will be cut out. 
however, current is available from the other stations 
the generator will be used as a motor, the centrifugal 
pump will function and the turbine will be run on 
‘no load,” that is, air will be admitted to the draught 
tube. Control valves for the turbine inlet and pump 
discharge are provided for, to be manipulated as 
required, and the equipment includes governors and 
pressure regulators. The order for the turbine and 
pump has lately! been placed with Messrs. Nydqvist and 
Holm, A.B., Trollhattan, and it is expected that the 
first installation will be put into service in the latter 
part of 1932. Further details will be awaited with 
interest. The complete scheme includes two units, of 
the type above described, together with a smaller unit 
consisting of generator and turbine only, the latter being 
of between 3,000 to 4,000 brake horse-power. 








CATALOGUES. 


Light Fittings—An illustrated catalogue of their 
new ‘ Hedralite’’ system of constructing electric light 
fittings is to hand from Messrs. Holophane, Limited, 
Elveston-street, Vincent-square, London, S.W.1. 

Roller Bearings.—A pamphlet describing the applica- 
tion of their tapered roller bearings to the steering 
heads, hubs and countershafts of motor cycles is to hand 
from Messrs. British Timken, Limited, Cheston-road, 
Aston, Birmingham. 

Standard Gears,—A useful list of standard spur gears and 
worm-reducing gears is to hand from Messrs. The Keighley 
Gear Company, Keighley, Yorks. Full lists are given of 
sizes and ratios with prices, including pinions of cast iron, 
mild steel and Fabroil. 

Small Motors.—A list of electric motors of }-h.p. to 
5 h.p. is to hand from Messrs. M. W. Woods, Limited, 
of Colchester, from their London office, 46, Kingsway, 
W.C.2. The spindle ends carry grinding, polishing, 
buffing or other wheels, and the motors are supplied for 
alternating or direct current. 

Tool Steel.—Messrs. Edgar Allen & Co., Ltd., Sheffield, 
have issued a further edition of a useful pamphlet 
describing the application of their “Stag” high-speed 
steel to the production of cutting tools such as drills, 
milling cutters, turning tools, &c., with practical 
information on forging, hardening, annealing, grind- 
ing, &c. 

Speed-Increasing Gears.—Messrs. David Brown and 
Sons (Huddersfield), Limited, Huddersfield, have issued 
a special list of speed-increasing gears for deep-well pumps, 
surface pumps and other purposes. These gears are 
supplied in cased units, with projecting shafts in various 
dispositions, and in standard sizes to meet all the usual 
requirements. 








Crude-Oil Engines.—A new catalogue of high-speed 
engines, operating on crude oil is to hand from Messrs. 
Blackstone and Company, Limited, Stamford. These 
engines are specially suitable for lorries, ’buses, tractors, 
boat propulsion and also for stationary driving. The 
standard sizes are 20 h.p., 40 h.p., and 60 h.p. Particu- 
lars are given of working tests on lorries, 


Cyder Presses.—A catalogue to hand from Messrs. 
Rose, Downs and Thompson, Limited, Hull, contains 
an interesting description of the machinery, appliances 
and process of extracting apple juice for cyder making, 
according to modern large-scale operation. The machi- 
nery shown includes hydraulic presses of 150 tons to 
350 tons total pressure with pumps, and accumulators. 


Oil Engines.—A catalogue of airless-injection oil engines 
made by Messrs. Swiss Locomotive and Machine Works, 
Winterthur, Switzerland, is to hand from Messrs. Bernare 
Holland and Company, 17, Victoria-street, London, 
S:W.1. Horizontal engines up to 170 h.p. and vertical 


When, | 





engines to over 3,000 h.p. are illustrated and described. 
Statements of fuel consumption at full and fractional 
loads are given in graphical form. 

Air Heaters.—Messrs. E. Green. and Son, Limited, 
Wakefield, have issued a new catalogue of their air 
heaters for preheating the combustion air supply to 
boilerfurnaces. The air tubes are oval in cross section, of 
cast iron, and are made up in eight-tube elements, and 
set in straight or staggered array for hand or steam-jet 
cleansing, respectively. These heaters will also supply 
clean hot air for process work when heated by the com- 
bustion gases of a coal or coke fired furnace. 


Contractor's Equipment.—A catalogue of tools, special 
machines, utensils and general equipment for contractors, 
is to hand from Messrs. T. C. Jones and Company, Limited, 
93-95, Wood-lane, Shepherd’s Bush, London, W.12. 
The tools for, railway, structural and highway work, 
cable-laying, and general contracts are well represented, 
and among the special items are power machines for 
surface-grinding terrazo and marble floors, and appliances 
for heating and spraying tar, melting asphalte, &c. 


Steels.—A useful elementary handbook on special 
steels has been issued as part of their catalogue publica- 
tions by Messrs. British Rolling Mills, Limited, Tipton, 
Staffs. It contains notes on case-hardening, carburised, 
free-cutting and mild steels, various carbon and nickel 
steels, steels for deep stamping and for aircraft, Super- 
bright flats and cold-rolled strips. The notes are of 
practical use in selecting and working the material, 
and information is-also given on the precise limits of 
nominal sizes. 

Machine Tools.—Messrs. B.S.A. Tools, Limited, 
Sparkbrook, Birmingham, have issued catalogues of two 
new automatic machine tools, both turning machines. 
One takes centre work up to 6 in. diameter and 6 in. 
long, and the other chuck work up to 7 in. diameter. 
These tools are of substantial construction, and have all 
facilities for rapid and accurate production. The 
catalogues are issued by the associated firm, Messrs. 
Burton, Griffiths and Company, Limited, Montgomery- 
street, Sparkbrook, Birmingham, : 

Railway Rolling-Stock.—A catalogue of railway pas- 
senger coaches and goods vehicles made by Messrs. 
M.A.N. Company, Nurnberg, Germany, is to hand 
from their agents in this country, Messrs. John Le Bou- 
tillier, Limited, 13, Rood-lane, London, E.C.3. In 
both types the variety is very considerable, but more 
especially in the case of goods vehicles, in which the 
forms for special work are of great interest. We have 
also received a further catalogue of marine oil engines, 
with illustrations of units ranging from 100 h.p. to 700 h.p. 


Screwing Appliances.—We have received four sectional 
catalogues from Messrs. Burton, Griffiths and Company, 
Limited, Montgomery-street, Sparkbrook, Birmingham, 
dealing with the screwing appliances manufactured by 
Messrs. Landis Machine Company, Inc., Waynesborough, 
Fenna, U.S.A. These include screwing heads for auto- 
matic machines, screwing heads for turret lathes, col- 
lapsible and solid adjustable taps, and receding-chaser 
collapsible taps. Each catalogue contains lists of sizes 
and varieties with illustrations and particulars for 
ordering. 


Pressure Gauges.—Messrs. Budenberg Gauge Company, 
Limited, Broadheath, Manchester, have issued a sectional 
catalogue of gauges for use in tests and for special pur- 
poses, which are indicated by the terms standard, port- 
able, workshop, Admiralty pattern, steam wagon, oxygen 
and hydrogen gas, all-iron, thick liquid, refrigerator, 
differential pressure, distance electrical, gas regulating, 
micrometer, &c. Ample illustrations of the instruments 
and dials are given, with full particulars of sizes, capaci- 
ties, prices, &c. A useful page of conversion factors 
from British to foreign units and vice-versa is given. 


Locomotives.—Messrs. Beyer, Peacock and Company, 
Limited, Manchester, have issued a new edition of their 
catalogue of Beyer-Garratt articulated locomotives. A 
large number of illustrations are given of engines now at 
work in Turkey, South and Central Africa, India, 
Australia and South America, as well as at home on the 
London, Midland and Scottish and London and North 
Eastern Railways. The engines are made for from 2-ft. 
to 5-ft. 6-in. gauge lines. This firm is also producing a 
mechanical coal-trimming appliance which brings forward 
the coal in the tender to the position most convenient for 
the fireman. 

Heavy Oil Engines.—Messrs. Tangyes, Limited, 
Birmingham, have issued a new catalogue of heavy oil 
engines for any kind of residual oils, fuel oils, or refined 
oil, &c. The engines shown are of the horizontal type, 
operating on the four-stroke cycle, and starting from cold 
with compressed air. The horse-powers are 124, 146, 
172, 200, with two cylinders, or double those powers 
with four cylinders. The descriptive text is very 
detailed, and full particulars of dimensions, &c., are 
given. The engines can be fitted to use tar oil or 
alcohol if required, and with heavier flywheels for 
driving electric generators. 


Valves.—The catalogue issued by Messrs, Hattersley 
(Ormskirk), Limited, Ormskirk, Lancs., covers an exten- 
sive range of fittings for pipe lines, boilers, tanks, heaters, 
radiators, &c. They are classed under the headings of 
valves and unions, heat fittings, cocks, boiler mountings, 
pressure and vacuum gauges, injectors and ejectors, 
lubricators, fire fittings, water fittings, cast-iron fittings, 
and special manufactures, such as engine governors, 
condenser ferrules, brass nuts, extruded brass rods, 
alloys, &c. In each article a very full range of sizes 
and patterns is provided, and illustrations, dimensions 
and prices are given in the catalogue, making the cata- 
logue a particularly useful reference book. Among the 
special products shown are mechanical controls for fog 
signals and for fuel oil, made for the Start lighthouse. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned, the Specification is not 

illustrated. 

Where inventions are communicated from abroad, the Names, é&c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘Sealed"’ is + ey 

Any person may, at any time within two months from date of 
‘the advertisement of the acceplance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


AGRICULTURAL APPLIANCES. 


340,244. H. Ferguson, of Belfast. Cultivator. 
(6 Figs.) September 20, 1929.—In this invention, the 
cultivator tine is rigid, and offers enough resistance to 
allow cultivation to the desired depth, but which, when 
an obstruction is encountered, is automatically displaced 
against a resistance, and, after it has passed over the 
obstruction, is automatically returned to the proper 
depth without stopping the implement. 2 is the frame 
of the cultivator, which is connected with the tractor 
by links. The implement frame carries a number of 
tine units, which each consist of a pair of parallel bars 
4, attached by bolts to the lateral bars of the frame 2. 
The bars 4 serve to brace the frame 2, and are adjustable 
laterally across the frame. Each tine 6 is connected 
with its corresponding bars 4 by means of a pivot pin 
6a, and pivoted at a point 6b. On the tine 6 is the lower 
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end of a double link 7, the upper end of which is pivoted 
at 7a to the upper end of an outer double link 8. The 
link 8 is pivoted at its centre at 8a to the bars 4, and 
a pin 8) at the lower end, forms a stop to locate the 
tine in its working position. Attached to the pin 7a are 
the ends 9a of springs 9, the other ends 9b of which are 
attached to a crosspin 10 secured across the end of the 
bars 4. The rear tine is similarly mounted, except that 
the springs 9, instead of being attached at the point 7a, 
are attached at the point 8b. The point 6c of the tine 
is in the same vertical plane as the pivot 6a. When an 
obstruction is encountered, the tine will move back- 
wards without penetrating the soil at greater than the 
desired working depth. As the tine moves backwards, 
it moves upwards to clear the obstruction. As the tine 
rises, the force opposing it is progressively reduced, 
despite the fact that by the movement of the tine the 
spring 9 is extended and consequently exerts a greater 
pull at the point 7a. (Accepted January 7, 1931.) 


ELECTRICAL APPARATUS. 


343,240. R. C. Graseby, Westminster. Relay 
Apparatus. (4 Figs.) December 16, 1929.—The inven- 
tion relates to relay apparatus for disconnecting heating 
apparatus from an electric supply system at the com- 
mencement of the peak load on the system, which peak 
load usually commences when street lighting is switched 
on, and to reconnect the heating apparatus after a pre- 
determined time interval irrespective of whether the 
street lighting is still switched on or not. 1 is a carrying 
plate on which the parts of the apparatus are mounted. 
The water-heating apparatus is connected to its supply 
through a switch, the contacts 2, 3, of which are mounted 
at the ends of springs 4, 5. The spring 4 is supported 
on a fixed block 6 mounted on the plate 1. The spring 5 
carrying the other contact is mounted at one ad of an 
arm 7 which is pivoted towards its other end at 8. 
A spring 9 tends to maintain the arm in a position such 
that the contacts 2, 3 are closed. The metal disc 10 of 
a Ferraris motor is mounted on aspindle 11, and this dise 
projects through a slot in the plate over and close to 
the shaded pole 15 of a shaded-pole electro-magnet which 
is connected to the street-lighting supply system. A per- 
manent magnet 16 to contre] the speed of the disc 10 is 
adjustably mounted in relation to the disc and on the 
front of the plate 1. The spindle 11 carries a worm 19 
which meshes with the gear wheel 20 carried on a hori- 
zontal spindle 21 supported in bearings so that it may 
have a slight longitudinal movement against a flat 
spring 24. The spindle 21 carries a worm 25 which 
meshes with the gear wheel 26. 27 is the armature of 
the electro-magnet 15, and is pivoted at one end at 28 
on the back of the plate 1. The armature carries at its 
other end a pin 29 which projects through an opening 
in the plate 1 to engage a trigger 31, of bell-crank lever 
shape, pivoted at 32 on thearm 7. The latter also carries 
a pinion 33 which, when the arm 7 is moved downwards, 
will mesh with the pinion 26 driven by the dise 10. The 
pinion 33 carries a pin 34 which will be moved to engage 
the end 35 of the trigger. A setting plate 36 is mounted 








on the arm 7 co-axial with the pinion 33, and carries a 
pin 37 with which the pin 34 on the pinion 33 will engage. 
Assuming that the switch contacts 2, 3 are closed, at 
acertain instant the street-lighting supply is switched 
on, whereupon the armature 27 is attracted to the electro- 
magnet 15, and, through its projecting pin 29 and the 
trigger 31, the pivoted arm 7 is moved against the action 
of its spring 9 to open the contacts 2, 3 of the switch 
and thus disconnect the heating apparatus from its 
supply. This operation causes the pinion 33 to mesh 
with the pinion 26. At the same time, disc 10 commences 
to rotate and consequently drives the pinion 33 until the 
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pin 34 which it carries engages the trigger 31 and moves 
it to disconnect it from the pin 29, thus allowing the 
pivoted arm 7 to move under the action of its spring 9 
and close the switch contacts 2, 3 of the heating appa- 
ratus. When this happens, the pinion 33 is disconnected 
from the pinion 26 and returns to a position in which 
its pin 34 engages the pin 37 on the setting plate 36. 
The position of the setting plate controls the point of 
commencement of the movement of the pinion 33 and 
thus the time during which the switch 2, 3is open. On 
the street-lighting supply being switched off, the armature 
27 moves about its pivot and the pin 29 engages the end 
of the trigger 31, so that the apparatus is in a position 
to operate again on switching on the street-lighting 
system. (Accepted February 25, 1931.) 


GAS ENGINES, PR ODUCERS, HOLDERS, &c. 


340,285. The Gas Light and Coke Company, of 
London, and J. S. Thorman, of London. Retort 
Doors. (5 Figs.) September 24, 1929.—The invention 
relates to feeding doors, lids and covers for furnaces, gas 
retorts, coke ovens, and gas producers. The door 1 is 
of truncated conical hollow form. It is carried by a ball- 
joint suspension, pivoted at 2 to a lever 3, which is 
raised and lowered by means of a wire rope attached to 
the lever at 5 by a link 6. The door is balanced by a 
weight hung on the end of the wire rope. The door 
fits into a seating frame 11, which is constructed with 
an annular cavity 12 having outlets so that air, steam 
or water may circulate in it. The outer face of the 
door is convex, and has a recess 16 to receive the globular 





end 17 of a forked link 18, which is attached at 2 to the 
lever 3. The end 17 of the ball-joint suspension is 
retained in the recess 16 by a cover plate 19. The frame 
11 has lugs 28, between which the suspension lever 3 is 
pivoted on a pin 30. The lever 3 is somewhat of an 
L-shape, being broader at its free end 31 than at its 
pivoted end, and the free end has a slot 32 in which is 
the pivot pin 5 of the link 6. The slot 32 has slightly 
eccentric portions 33, 34 at opposite ends, and allows 
for the leverage required to open the door being varied 
to suit required conditions. The inner end of the lever 3 
has, as at 35, a stop which not only acts to guide the 
door into its seating, but also prevents it from assuming 
an awkward position. The hollow space in the door 1 
— with insulating material 36. (Accepted January 7, 
+) 


MACHINE & OTHER TOOLS, SHAFTING, &c. 


343,216. Modern Wood Working Machines, 
Limited, of Leicester, and B. Evans, of Leicester. 
Saw-Sharpening Machine. (2 Figs.) December 4, 
1929.—This invention relates to saw-sharpening machines 
in which the saw is held in position and a rotary emery 
wheel acts on the teeth. The rotary emery wheel 1 is 
arranged with its axis horizontal and is driven by a 
belt 3. The saw 4 is supported below so that the emery 
wheel operates across the teeth. The saw is carried by 
a clamp which slides along a pin 5. Provision is made 
for change in position of the saw laterally, so that it 
may be disposed centrally with its plane coincident with 
the centre of the emery wheel, or with its plane on either 
side of the centre according to whether the desired bevel 
is to be made on one side or the other of the saw. An 
adjustable head 6 for the saw, slides on a slotted bracket 7 
and is fastened, after adjustment, by a bolt 8 and nut 9, 
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The head has a rounded front face 6a for contact with 
the saw. For holding circular saws, the clamp consists 
of male and female cone members 10 and 11 between 
which the saw is held. The saw is centralised on the 
clamp by the engagement of the male cone member with 
the central hole 4a of the saw. To accommodate saws 
of different sizes, the pin 5 projects from a lever 13 
attached to a slide block 14 so that it can be turned to 
hold the pin in various positions in relation to the 
emery wheel, the slide block being movable up and down 
a slide 15 on the front of the machine frame 16. The 
lever 13 enables the pin 5 to be moved to one side or the 
other of the emery wheel. A pressure finger 19 exerts 
pressure on the saw to prevent movement while the 
emery wheel is operating on it. The finger is controlled 
by a spring 20 and co-operates with the adjustable head 6 
so as not to hold the saw so firmly as to prevent its 
movement under the action of the operating pawl. 
(Accepted February 25, 1931.) 


MISCELLANEOUS. 
342,291. Coke and Gas Ovens, Limited, of 
London, and T. B. Smith, of Middlesborough. 
Drying Apparatus. (4 Figs.) October 21, 1929.— 
This invention relates to drying apparatus for ammonium 
sulphate. The object of the invention is to provide 
sufficient heat to the drier without the necessity for a 
jacket which will stand steam pressure. ais the heater 
containing ammonium sulphate 6 under treatment. On 
the underside is a jacket c, which communicates by flow 
and return pipes d and e with an oil heater f. The oil 
heater has a drain outlet f1 and an open funnel oil inlet f*. 
g is @ gas burner having a supply valve g! controlled by 
a lever from a rocking lever g® linked at its end to a 
curved sliding rod g>. The rod g* slides through a guide 
fixed in the side of the heater, and the inner end of the 
rod is fixed to a float lever g’ carrying at its free end a 
float g’. f> is a thermometer and d! a circulating 
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pump. The heater a has stirring blades & for agitating 
the material 6. The blades are mounted on arms k! 
carried by a shaft k*. The jacket ¢ of the heater consists 
of a casing divided into segments. The oil leaving the 
jacket c passes by the pipe e to the oil heater f, and, after 
being reheated by the burner g, is again passed through 
the circulation system by the pump d!. The tempera- 
ture in the oil heater f is controlled by a thermostatic 
device in which the oil itself operates as the expansion 
element. The expansion and contraction of the oil in / 
operates on the ball g® to cause it to rise or fall, and there- 
by control the gas-supply valve g! to the burner 9. 
In order to set the apparatus at the desired maximum 
control temperature, oil is added through the funnel /°, 
if the temperature is too high, or if the temperature is too 
low for the setting, some of the oil is run off through the 
drain valve fl. (Accepted February 11, 1931.) 
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MULTIPLE-BUSH HOT AIR AND 
GAS PYROMETER. 
By Wm. Girpert, Wh.Sc. M.Inst.C.E. 


Ix the manufacture of Portland cement by 
rotary kilns, the measurement of the exit gas 
temperature is of considerable importance, since 
special efforts are now being made to reduce it. 
The larger rotary kilns make about 15 tons of 
cement clinker per hour, and if (owing to improve- 
ments inside the kiln) the exit gas temperature 
can be reduced, for instance, from 850 deg. to 
600 deg. F., the weekly coal saving will be about 
87 tons. The usual conditions at the gas exit 
end of a wet process rotary kiln are shown in Fig. 1. 
The raw material feed, in the form of a thick liquid, 
is introduced by the pipe A into the kiln end B. 
The kiln end in this instance is 9 ft. in diameter 
inside the firebrick lining, it is inclined at 1 in 24, 
and makes about 0-6 r.p.m. Due to the rotation, 
the slurry makes its way slowly down the kiln, 


Fig.l. 5, 
y YUU ia, 


N 





(2668 8) 


the charge occupying usually from 5 per cent. to 
6 per cent. of the cross-section, as shown at E 
in Fig. 2. The pyrometer, a thermocouple in a 
steel sheath, marked C on Fig. 2, is often placed 
horizontally, with its end projecting about 18 in. 
inside the kiln. 

The inner circumference of the kiln is coated with 
wet slurry, due to the rotation, and the average 
temperature of the surroundings, to which the pyro- 
meter will radiate, is probably not more than 
200 deg. F. It is evident that the pyrometer end 
will be heated by the waste gases leaving the kiln, 
but cooled by radiation, so that the reading is due 
to a balance of the two effects. If the pyrometer 
is placed in the flue D, a lower reading is usually 
obtained, owing mainly to the large quantity of 
cold air which leaks in through the brickwork. 
With the pyrometer projecting inside the kiln end 
in the position marked C in Fig. 2, it is possible to 
make a fairly accurate calculation of the reading 
error. 

In determining the true gas temperature, the 
method adopted in this article is to assume that 
temperature, and then to show that the various 


, conditions of the problem are satisfied. The chief 


particulars are as follows :— 


(a) Pyrometer reading as recorded... 724 deg. F. 

(6) Assumed true gas temperature... 850 deg. F. 

(c) Mean temperature of pyrometer 
surroundings ... 200 deg. F. 





LY 


(d) W = weight of exit gases, per 
square foot of kiln cross section 
per hour.. 3 eas 

(e) He = conv ection ‘coefficient, be- 
tween exit gases, and end of 
pyrometer sheath, 1} in. diam. 10-0 

The value of He has been determined by experi- 
ment for the corresponding value of W; it is 
expressed in B.Th.Us. per square foot per hour, per 
degree Fahrenheit. 

The kiln exit gases are CO,, H,O, N,, and air 
resulting from the combustion of pulverised coal, 
also further CO,, and a large quantity of H,O, as 
driven off from the raw materials. The radiation 
from the gases CO, and H,O to the pyrometer 
sheath, requires to be added to the convection 
effect. In this case the percentages present in the 
exit gases by volume are 14-6 and 35-4 respectively. 
The gas radiation is calculated from data obtained 
by Dr. Schack, and published in a Memorandum by 
the Chief Engineer of the Manchester Steam Users 
Association for the year 1929. 


2,200 Ib. 















A statement of the heat transferred, to and from 
the pyrometer, in B.Th.Us. per square foot per hour 
is as follows :— 

Heat to Pyrometer. 
Radiation from CO, at 850 deg. F. ... 329 
Radiation from H,O at 850 deg. F. 1,491 
Radiation from the kiln lining at 200 
deg. F., less the proportion ab- 





sorbed by the — CO, and _ 
= (306—245) = 61 
By convection 10 (850. - 724) oe 1,260 
Total ... cakg ate soe 3,141 





Heat from Pyrometer. 
Absolute temperature = 724 + 461 = 1,185. 
Radiation from sheath 
by 4th power radia- a 1-6 x (1,185) =3,154 
tion law 109 ’ 
Hence the temperature assumed for the exit gases 
is seen to be substantially correct.. The calculation 
of the gas radiation is approximate only, but a 
pyrometer reading of 724 deg. F., corresponding to 
a true gas temperature of 850 deg. F., is in accord- 
ance with experiments which have recently been 
made on wet process rotary kilns. 

If the gases leaving the kiln had consisted of 
pre-heated air only, at 850 deg. F., the pyrometer 
reading would have fallen to 643 deg. F., as shown 
below :— 

Heat to Pyrometer by Convection. 
= 10 (850 — 643) = 2,070 B.Th.Us. per square foot 
per foot. 





Heat from Pyrometer by Radiation. 
We have T, = (643 + 461), and T, = (200 + 461), 
so that radiation from pyrometer 
1-6 (1,104* — 6614) 2,070 B. Th.Us. per square;foot 


¥, 109 per hour. 


Hence the effect of the gases CO, and H,0O is to 
substantially reduce the reading error of the pyro- 
meter. 

For a kiln working on the dry process somewhat 
different figures are obtained. On a recent test, 
where the raw material was fed to the kiln in the 
form of a dry powder, the pyrometer was placed 
vertically just outside the kiln end, and the mean 
temperature of the surroundings to which it radiated 
was 900 deg. F. The pyrometer reading was 1,126 
deg. F. Making the calculations on the same lines 
as before, the true gas temperature is found to be 
1,300 deg. F. 

The object of the arrangement with which this 
article is concerned is to surround the thermocouple, 
or other temperature measuring device, by surfaces 
which are at the same temperature as the hot gases. 
One method of doing this is shown in Figs. 3 and 4. 
The thermocouple is surrounded by a number of 
concentric tubes, between each of which the hot 
gases are caused to pass. The tubes are heated on 
both sides, mainly by convection, but heat can 
only be lost by radiation from the outer surface of 
the outer tube. Hence, by taking a sufficient 
number of tubes, the temperature of the inner one 
may be brought to within 5 deg. F. of the true gas 
temperature, corresponding to a reading error of 
about 2 deg. F. With exit gases at 850 deg. F., 
and surroundings at 200 deg. F., the temperature 
taken up by each tube, and by the thermocouple, 
is marked on Fig. 4. 

One method of applying the M.B. (or multiple 
bush) pyrometer to measure the exit gas temperature 
of a rotary kiln is shown in Figs. 1, 3 and 4. To 
increase the gas velocity through the multiple- 
bushes, and hence the convection effect, a cone is 
fitted at either end of the outer bush, as shown on 
Fig. 3. Advantage is also taken of the pressure 
difference inside and outside the contracted end of 
the kiln. The waste gases from a rotary kiln are 
laden with dust, but the high velocity through the 
bushes is usually sufficient to keep them clear. A 
1}-in. diameter pipe is secured by four ribs to the 
outer end of one cone, and the pipe and bushes are 
supported by a guide from a 5-in. by 3-in. R.S. 
joist. Hence, the apparatus can be slid out for 
inspection, and removal of dust, through the door 
opening marked F in Fig. 1. The pyrometer passes 
through the centre of the 1}-in. pipe, and can be 
removed independently when required. 

The M.B. pyrometer has been in use for some time 
on three wet process rotary kilns, and waste gas 
temperatures from 100 deg. to 150 deg. F. above 
those recorded by a pyrometer of the normal type 
are usual. For testing purposes the two pyrometers 
are placed in the positions marked C and H in 
Fig. 2. It is probable that the M.B. pyrometer can 
be usefully applied in nearly all cases where tem- 
peratures of hot air or gases have to be measured, 
since the inner surfaces of the pipe or conduit will 
seldom be at the true gas temperature. The appa- 
ratus is made by the Cambridge Instrument 
Company, Limited, in accordance with patent 
No. 320,194. 











THE CLARENCE DOCK POWER 
STATION OF THE LIVERPOOL 
CORPORATION. 

(Continued from page 38.) 


CONTINUING our description of the Clarence Dock 
Power Station at Liverpool, it may first be men- 
tioned that the site taken over by the Electricity 
Department from the Mersey Docks and Harbour 
Board is approximately 52,000 sq. yards in area, 
and is bounded on the north and south by other 
dock properties. On the east it is divided from 
the public road by a narrow strip of land, on which 
the Dock Board railways run, and above which 
the Liverpool Overhead Railway is carried on a 
viaduct. On the west the site is separated from the 
river by the Clarence Half-tide Dock and its con- 
necting locks, but these are now being converted 
by the Mersey Docks and Harbour Board, so that 
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they will form a section of the canal, which is | 
eventually to run between all the docks and parallel | 
to the river. As shown in Fig. 4, which appeared 
on Plate II in our issue of July 10, the station is 
built in the south-east part of the dock and will be 
extended westward, while a considerable area to 
the north will be utilised as a coal store, the capacity | 
of which will be about 85,000 tons. 

As will be seen from F'gs. 21 and 23 on pages 65 
and 66, the buildings forming the boiler-house, 
annexe, and turbine-room are erected on the 
original dock bottom, which, after a certain amount 
of trimming, was found to be sufficiently firm 
and level to carry the foundations for the super- 
structure and plant. The sandstone rock on this 
site is, in fact, easily capable of withstanding 
the load of 10 tons per square foot, which was 
taken as a basis for calculation, and it was only 
necessary to increase its strength by inserting 
concrete at two places where fissures ran diagonally 
under the boiler-house. 
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This part of the work was based on guidance 
drawings supplied by the Corporation Electricity 
Department to Messrs. L. G. Mouchel and Partners, 
Limited, 38, Victoria-street, London, S.W.1, while 
the actual construction was carried out by Messrs. 
William Moss and Sons, Limited, Roscoe-street, 
Liverpool. 

The system employed for constructing the 
foundations will be clear from Figs. 12 to 15, which 
apply to the turbine-house and annexe. As will be 
seen from Fig. 23, on page 66, the frames of these 
buildings consist of a number of steel stanchions, 
which are supported on grillages, the loads from 
the latter being transmitted to the rock by reinforced 
concrete bases, as shown in Fig. 14. In the case, 
however, of certain stanchions, in the boiler-house, 
where the uplift, due to wind pressure on the 
temporary end of the building, was approximately 
300 tons, the ferro-concrete foundations were dove- 
tailed into the rock to provide sufficient anchorage. 
In order to deal with any water that might seep 











through the sandstone the floors are carried on a 
number of 12-in. concrete sleeper walls, the depth of 
which varies according to the level of the rock. 
These walls are laid on the rock at approximately 
4-ft. centres and run in an east to west direction, 
main and subsidiary trenches being cut to falls in 
the rock, as will be clear from Fig. 12. Asbestos 
sheeting was used as a centering for the reinforced 
concrete slab, which bears on these walls and 
forms the floor, as it was not considered advisable 
to use steel or timber shuttering for this purpose, 
owing to the possibility that these materials might 
rot away, fall into the drainage trenches and 
thus cause an obstruction to the flow of the water. 
A granolithic finish is provided for the turbine 
house and annex, while 2 in. brick tiling, as shown 
in Fig. 15, is used in the boiler-house. The 
whole of the floors in these buildings are con- 
structed in this way with the exception of the 
portions, where heavy plant is placed. At these 
places, concrete foundations carried down directly 
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to the dock bottom have been substituted, while 
the turbine beds are founded on reinforced concrete 
rafts, which extend 1 ft. 6 in. beyond the beds all 





round. The method of construction employed in 
the boiler-house is similar to that just described, the 
main stanchions, carrying the boilers themselves, 

















being spliced on to shorter stanchions, which in 
turn are carried on grillages and reinforced concrete 
bases. 

The foundations of the switch-house, which is 
situated at the south side of the turbine-house, are 
founded in an excavation in the south dock wall, 
the central portion being arranged so that it can be 
used as a cable tunnel, in the way which will be 
| described in more detail later. The floor of this 
| tunnel is also laid to falls, so that any water can 
be led away through gulley boxes and pipes to 
the drainage system below the turbine-house floor. 
On each side of this central portion is a thick, mass 
concrete wall, above which the concrete beams 
carrying the flooring are laid. The row of stanchions 
| between the turbine rooms and the switch-house 
}are enclosed in recesses in the dock wall, and are 
| filled in with mass concrete. The space behind 
ithe curtain adjacent to the turbine-room is filled 
| with rubble, weep holes being left in the wall for 
| drainage purposes. 
| As will be seen from Fig. 4, Plate II ante, the 
north side of the boiler-house abuts on the coal 
storage ground. Since, as previously mentioned, 
Lancashire coal has a tendency to spontaneous 
combustion and experience shows it is advisable to 
keep it under water, if the depth of the pile exceeds 
8 ft., arrangements have been made for flooding the 
storage ground to a depth of 30 ft.; to prevent 
this water from penetrating into the boiler-house, 
it has been necessary to build a dam which, as 
indicated in Figs. 16 to 20, also carries the northern- 
most row of boiler-house stanchions, which at this 
point do not go down to the dock bottom. This 
dam, as these drawings show, consists of an apron 
wall carried by a number of counter-forts, which 
are spaced at 16-ft. centres, the foundations being 
keyed into the dock bottom, and being lined with 
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Sika to prevent percolation. The thickness of the 
apron wall increases from 12 in. at the top to 23 in. 
atthe bottom. The apron wall, the design of which, 
as will be gathered from the figures, is similar to that 
used in river work, is made in sections, which are 
connected by U-pieces of copper sheet. These 
U-pieces are filled with bitumastic, to avoid jamming 
due to debris. The east end of this wall is connected 
to the south end of the coal silo, which is shown in 
course of construction in Fig. 22, and carries the end 
of the reinforced concrete gantry, from which coal 
is unloaded into the storage ground. This part of 
the work will also be described in more detail later, 
when we come to deal with the coal-handling plant. 

The power station building, as a whole, can be 
divided into five main portions, comprising the 
boiler-house, annexe, turbine-house, switch-house 
and control room respectively. Messrs. Francis | 
Morton and Company, Limited, Garston, Liver- 
pool, were responsible for the design of these | 
buildings, under the supervision of Mr. P. J. 
Robinson, and also carried out the manufacture 
and erection of the necessary steelwork. All the 
builder’s work in connection therewith was, how- 
ever, executed by Messrs. William Moss and Sons, 
Limited. The longitudinal axis of the boiler house 
is at right angles to that of the turbine room, 
while the switch-house is at the south of the site, 
with the control-room on the east and the offices 
at the south-east corner of the building. Ground 
is available for the erection of three boiler-houses 
to the west of, and parallel with, the one now in use 
and for the extension of the turbine- and switch- 
houses in the direction of the river. 

As will be seen from Fig. 23, the boiler house is a 
braced and framed steel structure; it is made} 
up of four bays, and has a total length of 190 ft. | 
by 112 ft. wide. Its basement floor is at — 4-00,* 
while the levels of the firing floor, fan floor and 
roof are + 13-00, + 74:00 and + 88-25 respect- 
ively. The whole of the building is supported 
on 20 main columns, which are arranged in four 
rows. ‘The two middle rows carry the coal bunkers, 
in addition to the floor loads, and are rigidly 
braced together to withstand wind pressure, this 
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Fie. 22. Coat Sito In Course oF CONSTRUCTION. 











pressure being thence transmitted to the founda- 
tions. The two outer rows of columns carry 
the steel side framing, which supports the windows | 
and the Robertson asbestos-protected metal sheet- | 
ing with which the building is faced. The propor- | 
tion of glazing to sheeting is unusually large, | 
thus enhancing the external appearance and | 
making the interior much lighter than is usual in | 
power stations. The windows used are of the| 
Hope steel-frame type. The side columns are | 
braced longitudinally with flat bar bracing, to which | 
an initial tension was given to ensure rigidity. The 
main supports for the fan floor and roof are formed of 
lattice girders placed at 47 ft. 6 in. centres, the span 
between the main columns being 46 ft. 6 in. These 
girders are installed in the space between the fan 
floor and the roof and carry longitudinal plate 
girders, which, in turn, support the subsidiary floor 
beams. The chimney gantry is also mainly carried 
by these girders. 

The bunker columns are connected longitudinally 
by lattice girders 25 ft. deep, which are designed 
both to withstand the heavy vertical loads on the 
fan floor, roof and part of the bunker, and to resist 
the longitudinal wind pressure. The chimney 
gantry is a steel structure, which supports all four 
stainless steel chimneys and has been designed 
to carry the weight, wind load and shear at 
level +118-75, as an expansion joint in the chimneys 
at a lower level limits the support that can be 
obtained directly from the roof. This joint conse- 
quently reduces the stresses in the lower portion of | 
the chimney. This gantry, which was employed to | 
avoid the use of large quantities of such expensive | 
material as stainless steel for structural purposes, also | 
carries runway beams for handling the fans and other | 
plant on the roof. The roof of the boiler-house | 
is a concrete flat, which is covered with asphalt and | 
supported on steel framework. The fan floor, on | 
which the forced draught fans are installed, is 
specially braced to resist vibration and is covered 





* All levels throughout this article are referred to Old 
Dock Sill, Liverpool, which is 4-54 ft. below Ordnance 
Datum. 





| junction tower. 








Fig. 23. 


with steel open grille flooring. The firing floor is 
built up of steel girders and is carried from the 
main columns as well as from a number of inter- 
mediate columns, which do not rise above this 
level. The space over the firing aisle is occupied 
by the coal bunkers, all of which are made up of 
2-in. steel plate with hopper bottoms. As will 
be seen from Fig. 21, the portion of the boiler- 
house containing the bunkers is surmounted by the 
conveyor-house, which is 18 ft. wide and 10 ft. high. 
At its north end this building is connected to a 
special structure, which consists of two brackets 
and a lattice column, and supports the coal conveyor 
Though the boiler-house has an 








ultimate capacity of eight boilers, only four are at 
present being installed, and a temporary sheeted | 
lean-to roof has therefore been built over the | 
unoccupied portion, while the fan floor, chimney | 
gantry and concrete roof for this part of the building 


have not yet been erected. 

The annexe is 198 ft. 2} in. long and 22 ft. 14 in. | 
| wide, and contains eight floors and a basement, | station is generally the same as that of the boiler- 
| the latter being at — 3-00, while the flat roof is at | house, but it is covered by a roof, about 50 per 
In addition, offices, a laboratory, and | 


+ 88-25. 
lavatories are provided at various levels at the 
east end. The block containing the latter accom- 








Borter-Hovuset UNDER CONSTRUCTION. 


modation is divided from the annexe proper by 
a tower containing goods and passenger lifts and 
the entrance to the workshop. The annexe build- 
ing is of the usual steel frame construction and 
is filled in with brickwork, except at the west 
end, where protected metal sheeting is used to 
allow of easy extension. The floors are generally 
of reinforced concrete carried on steel joists and 
girders. At level + 44-00, however, the floor 
is specially braced, so as to make it sufficiently 
rigid to support the steam receivers. The roof is 
finished with an asphalt covering. At the south 
end and on the centre line of the boiler-house is a 
steel-framed tower, in which the driving gear for the 
coal conveyors is housed, and this is surmounted by 
an auxiliary water tank at level + 135-00. 

The turbine-house is 168 ft. long, by 110 ft. 9 in. 
wide between the roof shafts, and 76 ft. 6 in. high 
to the roof trusses. The basement floor is at 
— 3-00, while the main stanchions are founded at 
— 7-00. The construction of this part of the 


cent. of which is glazed with Mellows glazing and 
Georgian wired glass, the remainder being slated. 
This roof is surmounted by a clerestory 14 ft. wide, 
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the sides of which are formed alternately of panels 
of snowproof zinc louvres and glazed steel case- 
ments. The interior walls of the turbine house 
are finished with white glazed bricks and tiles and 
coloured brick and tile dados with a black line 
border, but are provided with extensive windows. 
There is no flooring at the turbine driver’s level 
beyond a gangway close to the walls. The whole 
turbine-room can be surveyed from the control 
room through an embrasure, which is closed by a 
plate-glass window. It is served by a 110-ton 
crane manufactured by Messrs. Sir William Arrol 
and Company, Limited, Glasgow, the track of 
which is extended under a special end truss, so 
that it can be run over the workshop floor. A rail- 
way siding also runs into one end of the house 
which, it may be mentioned, will eventually be 
500 ft. long. 

The switch house is 207 ft. 3 in. long by 
40 ft. 104 in. wide and is a three-storey steel-frame 
building with two rows of columns at 12 ft. centres, 
one down the centre of the building and one along 
the south side. The floors on the north side are 
carried from the adjoining turbine house columns, 
the main floor girders running from north to south 
and being connected by longitudinal filler joists. 
These joists form the framework for a monolithic 
concrete floor on which a 1 in. layer of granolithic 
is laid. The steel structure is filled in with 9-in. 
brick panels between the concrete casings. This 
brickwork extends 4 ft. above each floor, the 
remainder of the panel being formed of steel sash 
windows. The roof generally consists of flat rein- 
forced concrete slabs covered with asphalt, but at 
the east end there are two glazed lanterns to give 
extra light over the offices. As in the case of the 
turbine room, a temporary wall has been left at 
the west end. 

The control room building, which is 133 ft. 74 in. 
long by 28 ft. 3 in. wide at the north and 14 ft. 7} in. 
at the south end, is at the east end of the turbine 
house and is supported on stanchions at a height 
of 17 ft. above the road level so as to provide 
sufficient head room for the entrance to the work- 
shop. This colonnade arrangement has been 
adopted to give a maximum space for the entrance 
of vehicles to the station, since at this point the 
boundary of the Corporation’s site is directly 
adjacent to the viaduct of the Liverpool Over- 
head Railway. This building is also a steel 
framework, the stanchions at the east side being 
supported on plate girders which, in turn, are 
carried on cantilevers from further stanchions. 
All the stanchions, wall beams and plate girders 
are cased in concrete, the intervening spaces being 
filled in with 9-in. brickwork, which is red-faced 
on the outside and has a white glazed finish on the 
inside. The floors are of reinforced concrete 6 in. 
thick, that of the control room itself being covered 
with a 1-in. layer of granolithic. Natural lighting 
is provided through steel-framed windows and 
seven pitched roof lanterns below which are obscured 
glass lay lights so that the illumination of the 
control room is diffused. 


(To be continued.) 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 


(Continued from page 51.) 


THE summer meeting of the Institution of Naval 
Architects was continued, in Paris, on Thursday 
morning, July 2, when members reassembled at the 
Salle d’Jena, under the chairmanship of M. Em- 
manuel Rousseau, for the reading and discussion of 
three more papers, the first of which was entitled 
“ Technique and Use of Aircraft and their Relation 
to Naval Technique.” This paper was read in 
abstract by M. Louis Kahn, Ingénieur du Génie 
Maritime ; of this we give the following summary. 


AIRCRAFT AND NAVAL CONSTRUCTION. 

Common ground in both ship and aeroplane 
design has been found in the study of flow of water, 
which has yielded results applicable to the behaviour 
of aeroplanes in air, but the main purpose of this 
paper was to show that problems in both construc- 
tion and operation could be harmonised. The light- 
ening of aeroplanes, in spite of the heavier petrol 





load carried on load distance flights, was studied 
from the angle of the safety coefficient in naval 
construction. Risk of fracture, sagging and stresses 
in plating were dealt with. Traffic conditions were 
dealt with from the point of view of possible com- 
petition between aircraft and other means of trans- 
port, as aeroplanes had revived direct communica- 
tion over land in places where it had been suspended 
due to marine transport. Cost of transport was dis- 
cussed. In dealing with operation it was stated 
that the principles of navigation for ships and 
aeroplanes were the same, although the methods 
varied. The differences in navigational problems 
were examined, and the questions of speed and 
errors in direction, &c., contrasted. An example 
of aero-maritime navigation in the flight of Messrs. 
Costes and Bellonte from Paris to New York in| 
1930 was treated in considerable detail, to illustrate | 
what might be learned from a long flight. <A fore- | 
cast of the possibilities of future aero-maritime | 
navigation concluded the paper. 

Sir Eustace T. d’Eyncourt opened the discussion. | 
The author, he said, set forth the points of 
contact between the science of naval construction | 
and aeronautical science in a very instructive 
manner. The problem as a whole was, perhaps, 
more one for marine officers than for the naval con- 
structor, but it was clear that very great difficulties 
had had to be faced during the rapid development 
of the last few years. A large amount of time had 
been spent at the National Physical Laboratory in 
experiments in wind tunnels, and he believed the 
results had been of value to the Air Ministry and 
also to private undertakings, the examination of 
the scientific side of the problem having helped in 
perfecting several very important inventions. As to 
the commercial side, he had suggested in a paper 
read before the Institution just after the war, that 
merchant ships might be arranged to carry aero- 
planes to carry mails and passengers at either end 
of the voyage in order to shorten an otherwise long 
passage. This was now being done on various ships, 
notably the Bremen and Europa. Developments 
in aircraft had markedly affected the design of 
naval vessels both in the matter of providing 
accommodation for aircraft, protection against 
bombs, and manceuvring capacity to avoid the 
latter. He could not agree that the air arm would | 
obliterate the naval arm. Aircraft discharging | 
bombs or torpedoes could not yet be regarded as | 
weapons of precision, and though warships had to | 
deal with this method of attack, he thought it had | 
been adequately provided against in recently built | 
vessels. 

M. Raclot said that there were differences in| 
the stresses in ships and aeroplanes. In a ship! 
failure might occur at a riveted joint or in the metal 
of the shell itself, and the regulations which had | 
been arrived at in the course of years provided a 
satisfactory degree of security. This knowledge 
might be of use, however, in aircraft construction. 
There was usually more than one cause for the 
material itself giving way in ships. In aircraft | 
construction the greater part of failures arose from 
sagging pure.and simple. The thinness of aircraft 
plating predisposed them to this. In ships, how- 
ever, such cases were rare. He could only recall a 
case of about thirty years ago, when a torpedo- 
boat went aground and was left supported at each 
end. Sagging had occurred and the deck plates 
had buckled into characteristic transverse folds 
between the frames. Trouble usually occurred in 
ships in areas in which there was an abrupt change 
of section subjected to alternating stresses, and 
this, he believed, was the cause of the recent rupture 
of a deck in the Leviathan. The calculations made 
for the longitudinal strength of a vessel generally 
provided a large margin, as it was very rare that 
wave conditions occurred in the way assumed. 

Alternations in stress did not appear to be so 
frequent in aeroplanes, and this made a great 
difference in the arrangement of parts, but abrupt 
changes of section should be still avoided. They 
might be dealt with empirically, and the T’ransac- 
tions of the Institution of Naval Architects contained 
a number of useful researches on the conditions 
existing in the neighbourhood of a hole in a plate. 
Accurate measurements of distortions were neces- 
sary to arrive at the stresses in the bridges and 














superstructures of ships. He thought that there 
was still an unexplored field in this direction. The 
practice in France was often to follow the methods 
of Columb, revised by Duguet. If a circle were 
traced on the plate under stress, distortion would 
transform it into an ellipse from which the direction 
of stress could be determined. He had been trying. 
for some years to find a satisfactory instrument for 
determining the direction and sizes of the axes of 
such an ellipse, but had not been able to carry out 
experiments in this direction satisfactorily. 

M. Henri de!l’Escaille, Directeur de |’Aeronau- 
tique au Bureau Veritas, said that the paper summed 
up a series of noteworthy investigations previously 
made by M. Kahn, as well as their results, e.g., 
the flight of Messieurs Costes and Bellonte. It 
also showed that the Association Technique Mari- 
time et Aéronautique was now taking a real interest 
in these matters. He then discussed the question of 
aviation, as concerned with communications rather 
than transport, and said he thought it would be useful 
to establish liaisons with other branches of transport. 
The question of suitable routes was an important 
one, and it was desirable to study the question 
from every point of view, even going as far as to 


| consider the ancient trade routes, caravan roads, 


old Roman arterial roads, the paths of migratory 
birds, &c. It was important also to differentiate 
clearly between the conditions governing routes 
overland from those over the sea. In the latter, 
for long flights it would seem that the question of 
providing floating aerodromes needed more con- 
sideration. 

M. Rolland Boris, Ingénieur Général du Génie 
Maritime, said he regretted the absence from the 
meeting of Mr. Johns, the present Director of Naval 
Construction for Great Britain, as Mr. Johns had dealt 
with the relation between the flow of air and water in 
a paper read some fifteen years ago, and had forecast 
the possible development of co-ordinating the results 
obtained from the two mediums. The fact that 
their densities had a ratio of something like 1 to 
1,000 was stated in that paper, and a number of 
interesting conclusions were arrived at regarding the 
influence of this difference on experimental work. 

Mr. Kahn then briefly replied, and commenced 
by an expression of appreciation of Sir E. T. 
d’Eyncourt’s remarks. The work of the National 
Physical Laboratory to which he had referred 
was closely watched in France, and its experiments 
had often saved his own technical staff much use- 
less labour. In reply to M. Raclot, it might be said 
that, in indicating the difficulties of experimental 
methods as applied to ships, he had unconsciously 
emphasised the value of his own work of the matter, 
work which was carried out before the question of 


‘applying it to aeronautical construction arose. 


M. de I|’Escaille’s comments had additional in- 
terest from the fact that he had had experience in 
flying in seaplanes when design was rather a matter 
of rule-of-thumb than of the application of scientific 
principles. M. Kahn then said his reply to 
M. Boris was that he appreciated the honour of 
finding himself in agreement with Mr. Johns, but, 
nevertheless, he did not think that the problem 
was connected only with matters of density, for the 
questions were being studied by using the coeffi- 
cients without dimensions. The difficulties of 
greatest moment in aviation and naval construction 
lay in different regions of physics, the one being 
guided by the work of Osbourne Reynolds and the 
other by those of Froude. 

Co-operation between merchant vessels and sea 


| planes was an accomplished fact on Transatlantic 


liners, but while the operation of launching had been 
achieved successfully, that of landing had not. 
The catapult was satisfactory, but did not help 
in landing. In the Navy, however, the problem of 
landing on warships had had a more complete solu- 
tion. M. Raclot had emphasised the relations 
and differences between the problems connected 
with stresses on materials in both ship and aircraft. 
The measurement of ellipses from deformed circles 
and the determination of the direction of their 
axes was very difficult, because the deformations 
were very small. But, by their identity the 
phenomena that occurred in the neighbourhood of 
apertures in decks and aircraft structures were 
probably the same. For, if they were, in absolute 
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value, small in the aeroplane, in relative value they | type. Messrs. Yarrow had patented superheater tubes 
played the same part in interrupting the line of | expanded direct into the steam drum as early as 1910. 
action of the principal forces. As regards air | He submitted that a cardinal requirement for marine 
routes, he thought the future alone would decide | boilers was a long period of service in different 
the ways towards the East, but that they would | classes of vessel. All the types of boilers at present 
remain numerous he was sure. He agreed com-| in use in the mercantile marine and the Navy were 
pletely with the observations of M. de I’Escaille on | well tried-out and had undergone many modifica- 
this point. A vote of thanks was then accorded to/| tions and improvements arising from such service. 
M. Kahn on the motion of M. Rousseau. | Mr. Wall himself, had pointed out in the discussion 
















MopErn Marine Macuinery. that caution was desirable in connection with the 

The second paper taken on Thursday morning, | ratings of early examples of the Yarrow boiler for 
July 2, was one on “ The Effect of Modern Machinery | large merchant ships in spite of its being a well-tried 
on the Design of Large Ships,” by Mr. A. T. Wall, | type. Favourable performance in merchant vessels 
O.B.E., and Mr. H. C. Carey. It is reprinted. in| had been recorded over a long period, and this, 
abridged form on page 89 of this issue. together with satisfactory service at ratings two to 
Sir John Biles, in a written communication, read | three times higher in many warships justified in- 
by the Secretary, said that the diagrams so clearly | creased ratings for Yarrow boilers in future merchant 
indicated what deductions might be made from them, | vessels without further experiment. The authors of 
that the paper was almost self-explanatory. The | the paper had really compared actual practical results 
assumptions on which the calculations had been | of one type of water-tube boiler at very conservative 

























two points of importance to the results might give | in spite of the fact that the latter type was compara- 
rise to questions. One was the greater output of | tively untried at any rating. 

steam per square foot of heating surface assumed| Performance results for the Yarrow boiler, given 
for the Johnson over the Yarrow boiler, viz., 12 lb. | in the paper referred to above consistently showed 
against 7 lb. It seemed likely that most of the | service efficiencies exceeding guarantees by 3 per 
differences in results shown in the curves was due|cent. In Table I, Type B, the service efficiency 
to the difference in steam output per square foot of | on the same basis would reach 88 per cent., especi- 












connection to know the actual weight of boilers | figure would compare well with the 87 per cent. 
assumed. The other point was that of the maximum | given for Type C. Again, the weights for Type C 
horse-power per shaft, though this question would | were relatively high, probably because large air- 
have no effect on the relative results shown in the | heaters were included to cope with high gas tempera- 
diagrams, but only on the maximum possible horse- | ture. The effect of increasing the rating of Type B 
power, viz., 240,000 on trial, a power which was, | to the level of Type C, would bring the former 
however, beyond the requirements of shipowners | below the latter in weight and still leave a consider- 
at present, so that immediate settlement was notable margin for type B to have larger air-heaters of 
of any moment. The horse-power for a 1,000-ft. | similar type to compare on the same footing. Type 
ship had been given as 203,000 shaft horse-power for | B should then be able to show similar results to Type 
33 knots, and it was gratifying to find that the esti-|(, In the Princess Helene there were two Yarrow 
mate of 200,000 shaft horse-power as given in the | boilers, and one Johnson boiler, each having the 
paper on “ Atlantic Ships” he had read in Glasgow | same amount of generating surface. The boiler 
in 1929 for a ship of the same dimensions and speed | efficiencies of the two types did not sensibly differ 























































Rear-Admiral W. M. Whayman said that he| The overall efficiency was, of course, a matter of 
agreed with Sir John Biles that the superiority of | total surface, a small highly-rated boiler needed a 
the water-tube boiler for marine work was so marked | large air-heater to absorb the heat of the gases which 
that there should be no hesitation in adopting it for|in a more lightly-rated, but larger, boiler were 
all new mercantile tonnage, especially after study- | absorbed by the boiler itself, and a small air-heater 
ing the instructive paper laid before the meeting. | was sufficient. These comments, Mr. Nithsdale said, 
The essential qualities of reliability and economy |did not apply to the main issue of the paper as 
in working had now been established for the water- | between cylindrical and water-tube boilers, but only 
tube boiler. He thought the paper was, if any-|to the implied distinction between Yarrow and 


had perhaps not quite correctly dealt with the per-| capped by size limitations but the water tube 
formance of the cylinder boiler. A figure of 78 per | boiler might be of almost any capacity. The paper 


cylindrical boilers on the best class of cargo | tube boiler showed to still greater advantage when 
steamer in the North Atlantic trade, and the 80 per | fired with coal. 
cent. given by Messrs. Wall and Carey might be| M. Rolland Boris said that the cost of high speed 
rather a record than an average. On the other hand, | had to be considered relatively to the class of ship 
an efficiency of 85 per cent. to 87 per cent. was now | concerned, as the effect of saving a day in a passage 
becoming quite ordinary for water tube oil-fired|in the case of liners was quite a different matter 
boilers. As to rate of steaming, this figure was not | from that of saving time in cargo vessels. The 
given for cylindrical boilers in the paper, and his| growth of speed in Atlantic liners merited some 
own experience with water-tube boilers was that} attention. In 1890, the journey occupied eight 
the rate might be 9 lb. per square foot of heating | days, the vessels being 450 ft. long, of 8,000 h.p., and 
surface for short voyages. He would not anticipate | having a speed of 16 knots. In 1900, the time 
any difficulty in maintaining even the rates men- | required for the voyage had decreased to six days, 
tioned for the Johnson boilers with any other type | while the vessels had increased in length to 650 ft., 
of well-designed water-tue boiler. As a matter of | or 700 ft., the machinery being of 30,000 h.p., 
fact, rates of steaming had been reached in the} and the speed 21 knots. Nowadays the crossing 
Navy many years ago of the same order, or higher, | took about five days with vessels 800 ft. long, and 
than these rates, an example being the case of | of 100,000 h.p., the speed being, in the case of the 
H.M.S. Hood. Bremen and the Europa, 26 knots. The further 
Mr. W. Nithsdale was of opinion that the argu- | reduction to a four-days’ passage for which there 
ments for cylindrical boilers, Type A in Table 1, | seemed to be a demand from some quarters would 
and those for water-tube boilers, Type B, were well | necessitate, allowing for weather conditions, vessels 
substantiated, but the figures for Type C were con- | of between 1,300 ft. and 1,400 ft., with machinery 
jectural and invited comment. It might be noted, | of 200,000 h.p., to 250,000 h.p. The speed would 
in passing, that a book by M. Normand recorded a | have to be 32 knots, or 35 knots in order to have a 
boiler very similar to the Johnson boiler, as having | safe margin for bad weather. Even then the 


heating surface. It would be interesting in this! ally as large boilers are there dealt with, and this | 
jago, and H.M. battleships Nelson and Rodney 


|attained a figure of 24 shaft horse-power per ton 
| three years ago. The propelling machinery for the 


of Mr. Yarrow’s paper in the early part of this year,* | 


made were, in his opinion, quite reasonable, but | ratings with those of a type at much higher ratings, | 
| future, 30 shaft horse-power per ton was not too 


|much to expect from high-class fast merchant 
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employment of aircraft at the ends of the voyage 
might beinvolved. The phrase “the most econo- 
mical ship” had been used. This opened up a very 
large question since the question of economy really 
should be taken as a whole, including, for instance, 
the docks, &c., required for handling the ship. 

Mr. J. Hamilton Gibson said he thought there 
was some inconsistency between the title of the 
paper and the statement in it under the heading 
“stability”? that no account had been taken 
of the effect of modern machinery as governing 
hull proportions, because the results of so doing 
would be inappreciable. It was difficult to see 
that they would be so. According to the second 
table in Appendix I of the paper, shaft horse-power 
per ton had been taken as ranging from 12 to 22 
for marine water-tube boiler installations. For the 
Bremen this figure had been given as 16:1 shaft 
horse-power on 100,000 shaft horse-power, but as 
the vessel is believed to be of 130,000 shaft horse- 
power, it may really be 21 shaft horse-power. 
Personally, he thought, that in the immediate 


ships. As far back as twenty-five years ago, in 
H.M.S. Swift, a destroyer of 36 knots speed, 2,000 
tons displacement, and 48,000 h.p. 52°5 shaft 
horse-power per ton was obtained. H.M.S. Hood, 
a battle cruiser, produced 28 shaft horse-power per 
ton on her 150,000 shaft horse-power, twelve years 


Washington l'reaty cruisers was designed on a basis 
of 50 shaft horse-power per ton. 

It was understood that comparisons of warships 
and merchant vessels were not generally made, but, 
it was almost self-evident that heavy machinery 
implied inferior material. If the best materials 
were employed, machinery weights could be greatly 
reduced without increasing risks. Reduction of 
weight was now also possible in other directions 
than quality of material. Boiler units were growing 
larger, and fewer of them were used for a given 


was not far out. Mr. Wall had given for the first | over a wide range of exhaustive tests up to 11-5 lb.| total power. Further, accepting Mr. Harold 
time a general solution which would cover some of | rating. The much larger air-heater of the Johnson 'Yarrow’s figures in his recent paper*, 16} lb. to 
the special cases already dealt with. His results boiler gave a somewhat improved combined boiler | 17} lb. evaporation per square foot of heating 
justified the preference shown by naval architects | and heater efficiency while the Johnson boiler alone, | surface was obtainable in naval practice, and even 
for the water-tube boiler. having less water content was rather lighter. | 6 lb. from a Scotch boiler, as opposed to the older 


limits of 5 to 54 lb. Continuing, Mr. Gibson reviewed 
modern land practice, and then expressed the 
opinion that for some time to come, marine practice 
was not likely to exceed 500 Ib. to 600 lb. per square 
inch working pressure. Beyond this, reheating 
would have to be used, though it involved com- 
plications. The present-day means of controlling 
superheat, both instantly and automatically, would 
enable a steady 800 deg. or 825 deg. F. to be main- 


thing, rather conservative, in this connection, and | Johnson boilers. The cylindrical boiler was handi-| tained whilst mancuvring, thus ensuring dry 


steam almost down to condenser pressure. 
The Johnson boiler followed modern land practice 


cent. had been given to him as the efficiency for | had referred to oil-fired boilers only, and the water- | in having a completely water-walled furnace, and, 


though the actual rating might be double that of 
other types of marine water-tube boiler, the highest 
degree of heat transmission, ¢.e., in tubes nearest the 
fire, was actually less. He would, therefore, have 
no hesitation in adopting a higher rating than the 
figure of 12 lb. quoted by Mr. Wall, and considered 
a 50 per cent. increase attainable without undue 
forcing. The space occupied by marine steam-gene- 
rating plant had been halved during the past four or 
five years. Thus, power for power, the Canadian 
Pacific Duchess class would have boiler rooms 
twice the size of those in the Empress of Britain. 
It was difficult, Mr. Gibson continued, to predict 
future developments, in the direction of reducing 
weight and space, with the turbine. The problem 
seemed to involve the question of propeller speed 
and the performance of the late Sir Henry Sea- 
grave’s Miss England II., with a propeller speed of 
12,000 r.p.m., made some engineers wonder whether 
the direct-drive was not practicable. As a matter of 
fact, a noted French company had always used the 
direct-drive in their big fast liners. Further, if 
direct-driven propellers were admitted, they might 
be increased in number from 4, at approximately 
the same draught, to 6 or 8, at different levels. 











been invented in 1857, while a paper read by Mr. F. J. 
Rowan, in 1897, showed another somewhat similar * ENGINEERING, vol. exxxi, page 618 (1931). 








* Loc. cit. 
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Apart from such speculations, however, Mr. Gibson 
said, he thought that the figure of 30 shaft horse- 
power per ton might be used for high-class, high- 
speed marine machinery. Taking the last two lines 
of Table IV, about 100,000 shaft horse-power were 
required for a 29-knot vessel carrying only 2,000 tons 
deadweight. Assuming 20 shaft horse-power per ton, 
this vessel’s machinery weighed 5,000 tons. A figure 
of 30 shaft horse-power would reduce this by 1,667 
tons. Progress would not stop there. An oil-fuel 
consumption of only 0-5 lb. per shaft horse-power 
per hour for all purposes was within sight. There 
was, for example, a good 10 per cent. to be extracted 
from the funnel gases by adopting economisers and 
several people, including Mr. Johnson, were working 
on this scheme. Compared with 0-575 lb., which 
was about the mean taken by the authors, this would 
mean a saving of 80 tons per day, and the total 
saving on machinery plus fuel would more than 
double the capacity of this particular vessel, or else 
upset all the dimensions and proportions so care- 
fully worked out by Messrs. Walland Carey. Certain 
given factors must be taken as a basis for discussion, 
but the main purpose of his remarks was to point 
out that further important machinery improvement 
were imminent, and these would profoundly affect 
the results arrived at in the paper. 

Sir Eustace T. d’Eyncourt characterised the paper 
as a most valuable contribution on the whole ques- 
tion of the design of big ships, and the statement 
made in it to the effect that the results should not 
be applied to any particular ship without careful 
consideration was a very important point. Admiral 
Whayman and Mr. Hamilton Gibson had referred 
to H.M.S. Hood. He himself, would go a little 
further and say that the figures given by the authors 
had really been anticipated, and indeed improved 
upon, by the actual performance of this vessel, 
which had been designed at the Admiralty when he 
was there 15 years ago. In the trials, not in smooth 
water, but in ordinary weather, a speed of just over 
32 knots was obtained with 150,000-h.p. and a 
displacement of over 44,000 tons. This was the only 
ship of large size which had attained a speed of over 
30 knots, and the actual figures seemed to be worth 
consideration in connection with the points made 
in this paper. 

Sir Eustace then expressed approval of the 
statement in the paper that in all cases considered, 
the engines were single reduction three-stage 
Parsons turbines on each shaft, with two inter- 
mediate pressure turbines, for powers of 30,000 
shaft horse-power and over. This, he thought, 
tuled out the Diesel engine for these large ships, 
which at this stage of development was a sound 
proceeding. He regarded mechanical transmission, 
as matters stood at present, as preferable to elec- 
trical transmission, for although the latter had 
certain advantages it had greater losses than the 
former. He felt he was not competent to speak 
of the comparative merits of the Johnson and 
other boilers, but the great success of the Canadian 
Pacific ships might be taken to indicate that 
anything Mr. Johnson suggested should be treated 
with great respect. The paper certainly gave a 
deathblow to the cylindrical boiler for very big 
powers. 

M. F. Ziegel challenged the form of some of the 
curves given in the paper, and then went on to 
inquire whether the Johnson boiler could be 
operated with as little maintenance as the types 
now in general use. This would have an important 
bearing in the case of large Atlantic liners, in that 
it might involve the provision of spare boilers, so 
that the whole installation might be kept always 
in a state of efficiency. At the present time it 
was not really known what was the exact weight 
per horse-power that could be reckoned on per 
shaft. According to the author’s curves, the 
maximum horse-power per shaft was 60,000, and 
hitherto not more than 40,000 horse-power had been 
transmitted per shaft. This increase of 50 per cent. 
might introduce many new problems, which again 
might necessitate special arrangements. The ques- 
tion of the cost of transport of a passenger was 
also an important matter. To-day it was not 
known what this transport cost to America was, 
as it was masked by Government subsidies. Some 
actual figures would be valuable for comparative 








purposes. particularly as the enormous increase in 
speed of transport necessarily greatly increased 
the cost. 

Mr. Wall then replied. Mr. Hamilton Gibson 
had, he said, not dealt with the boiler weights and 
ratings quite in the manner the authors had intended 
them to be taken, and that affected his views of 
the dimensions of the ships, but he had raised a 
number of interesting points which would be dealt 
with in a written reply. Sir Eustace d’Eyncourt 
had referred to warship performance, but it might 
be remarked that it had taken many years to get 
the water-tube boiler into the mercantile marine, 
in spite of the good performance of that type of 
boiler in warships. Further, it was hardly to be 
expected that the same results would be obtained 
immediately, and his own view was that the water- 
tube boiler in the mercantile marine would develop 
along lines of its own, assisted, but not entirely 
guided, by warship results. He wished to make 
it clear, continued Mr. Wall, that the paper had 
been written without any bias for any particular 
type of water-tube boiler. The ratings quoted 
embodied figures which he had been given to 
understand by the respective boiler manufacturers 
were reasonable ratings, and he did not feel called 
upon to defend any of them. The rating of the 
cylindrical boiler, asked for by Admiral Whayman, 
was 54 1b. per square foot. He thanked the 
members for the interest they had displayed in 
the paper. 

(T'o be continued.) 








HEAVY DUTY VERTICAL MILLING 
MACHINE. 


Tue heavy-duty vertical milling machine which we 
illustrate in Figs. 1 to 17, on pages 70 and 71 and 
on Plate III, disproves the contention obtaining in 
some quarters that the milling machine has reached a 
stage in which nothing new is possible. It has, as a 
matter of fact, several quite novel features of much 
interest, particularly as regards the table which is 
capable of control in a manner little short of remark- 
able. The machine is one of the latest products of 


Messrs. Alfred Herbert, Limited, and is intended for | 
the heaviest class of milling. It has a table working | 


surface of 96 in. by 24 in., a vertical adjustment of 
spindle head of 21 in., and a distance from the centre 
of the spindle to the face of the column of 26} in. The 
maximum distance from the surface of the table to the 
spindle is 28} in., the longitudinal feed of the table is 
72 in., and the transverse feed 33 in. It will be evident 
from these figures that work of very large dimensions 
can be dealt with. The two photographs reproduced 
in Figs. 1 and 2 on page 70, together with the arrange- 


ment drawings of Figs.3 and 4, on Plate ITT, will make | 


clear the general construction of the tool. A base- | 


plate of exceptional solidity carries the table, which is 


operated from the separate control apron and feed | 


gear box, at the front of the machine. The substantial 
column at the back is carried down to the foundations, 
and its top provides a base for the speed gear box 
and spindle drive. Power is supplied by an enclosed 
20-h.p. motor carried on the gear box, with chain 
transmission. The feed mechanism is driven by a 
belt from the main driving shaft. Figs. 5 and 6 show 
the main table fitted with a circular table, which may 
be neglected for the moment. 

In considering the assembly of the machine, it may 
be noted that the column has no openings in either 
sides or back, so that the uninterrupted box section 
thus obtained provides great stiffness. It is tenoned, 


dowelled and bolted to the back of the base on a wide ! 


face. The control apron and feed gear box is bolted 
to the front of the base, the great width of which forms 
a very stable support for the saddle. The base, as will 
be seen in Figs. 1 and 2, has four bearing surfaces for 
supporting the saddle, one of which forms, moreover, 
a narrow guide. The saddle, though of great length, 
has only a short overhang at each end of the base, and 
effectively supports the table at the extreme ends of the 
saddle. The table rests on broad bearing surfaces on 
the saddle. Adjustment for wear in both the saddle 
and table slides is by taper gibs. The front of the 
column is provided with a slide for the spindle head, 
a taper gib being here also provided for adjustment. 
The lower part of the column has a pair of facings to 
which a hinged arbor support is bolted. A platform 
on the left hand of the column provides ready access 
to the top of the spindle draw bolt, motor, &c. 

The details of the machine may now be dealt with, 
commencing with the drive. As shown in Figs. 1 
and 2, the machine is fitted with a_ self-contained 





clear for a travelling crane, the work and fixtures 
usually dealt with rendering such handling more con- 
venient. The motor, however, can be dispensed with, 
and the machine driven from line shafting by means 
of the single pulley seen in Fig. 4. Views of the motor 
chain drive are given in Figs. 11 and 12. A sprocket 
wheel takes the place of the driving pulley, the whole 
gear being enclosed in a casing which forms an oil bath, 
to which casing the feed drive pulley is external. It 
will be noted that the main driving shaft runs on both 
a ball bearing and a roller bearing, the latter being well 
towards the centre of the driving chain. Starting and 
stopping is effected by a multiple disc clutch on the 
main shaft, the control lever being carried out to the 
operator’s position at the front of the machine, as 
shown in Fig. 4. An auxiliary lever seen at the right 
hand of the figure is provided, and is useful for 
inching the gears in the driving box when changing 
speeds. 

Sixteen spindle speeds are available with either 
motor or belt drive. They range from 12 r.p.m. to 
360 r.p.m. They are obtained by three levers of diffe- 
rent lengths and arranged on a common centre, together 
with a hand wheel on a worm shaft, and seen behind 
the left-hand lever in Fig. 4. A dial is fitted on the 
worm shaft with a pointer to indicate the set of gears 
in use, the second selection being made by the position 
of one of the levers against index plates lettered at 
points corresponding to the lengths of the levers. 
A large speed plate enables the speed obtained to be 
read off quickly according to the combination of 
gears used, all the mechanism being interlocked to 
prevent the engagement of conflicting gears. The 
speed changes are all made by sliding gears which, 
together with the spiral bevel gears in the spindle 
driving box are of hardened chrome nickel steel. A 
small pump driven off the main shaft, so that it is in 
continuous operation, although the machine may be 
standing, distributes oil over all the gears, bearings, 
&e. The bottom of the box forms a tank, and the 
oil leaving the bearings passes down from the top to 
the tank past the window seen in Fig. 4, in front of 
the spindle driving box, so that its circulation can 
be kept under observation. Ball bearings are fitted 
throughout in the head gear. The maximum gear 
ratio is 33-3 to Ll. 

The spindle is of high carbon steel, with a nose 
hardened both externally and in the hole, which is 
bored to standard taper form, to prevent sticking of 
the arbors or cutters, &c. A hole is bored through 
the spindle, for the insertion of a draw bolt, which with 
an adapter, makes provision for taking arbors, cutters, 
collets, &c., having No. 11 Brown and Sharpe taper 
shanks. The spindle is mounted in an adjustable taper 
bearing in the sliding head, and a particularly long one, 
through which it slides, in the driving box. Both 
bearings are lined with white metal. The head is 
balanced, and is provided with both quick traverse 
and fine adjustment. The former, used for setting 


‘is actuated by the large star wheel seen in the centre 


of Fig. 4, and the latter, for putting on the cut, is con- 
troHed from the operator’s position by a handwheel 
situated near the starting and stopping lever, and 
provided with a graduated index dial. The lever seen 
between these two in Fig. 3, is for clamping the head. ° 
This operates through the taper gib. A dead stop with 
fine adjustment is provided. The arbor support, 
shown swung out of the way in Fig. 1 and in position 
in Fig. 2, carries a bush for steadying the lower end of 
the arbor. The bolt holes seen in the column facings 
in these two figures, are for the purpose of fixing the 
support in one of two vertical positions corresponding 
to the tops of the main table and circular table, - 
respectively. The eyebolt on the top of the support is 
for connecting it to the spindle head by a sliding rod, 
so that it can be raised or lowered as required. 

The table and feed mechanism now demand atten- 
tion, some details being given in Figs. 7 to 10, Plate 
III, and Figs. 13 to 16, page 71. The table has 
a flush top with the ends level with the surface, and 
has five Tee-slots, j-in. wide. These slots run right 
through. Guards for the saddle are fitted at either 
end, which guards also form the supports for the main 
table feed screw. The table is a solid casting machined 
on the top, bottom, sides and ends, in order to ensure 
that it will maintain perfect truth of surface. Its 
connection with the saddle and the latter’s bearing 
surfaces on the base, as also the structure of the base, 
are clearly seen in Figs. 8 and 9. The saddle is, of 
course, moved to give transverse feed, and the table 
is moved for longitudinal feed, a very ingenious mechan- 
ism enabling both motions to be put into action simul- 
taneously, so that movement in a diagonal direction 
can also be obtained. The feed motion, as already 
stated, is derived from the main driving shaft, which 
runs at a constant speed. The driven pulley is situated 
on a clutch box, seen at the bottom right-hand corner 
of Fig. 4, the connecting belt being guarded to a safe 
height. The clutch is of the multiple-dise friction 


drive, the position of the motor securing it from| type, and is disengaged from the drive when a feed 


accidental injury, and also leaving the overhead space! change has to be made by means of a pedal at the 
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HEAVY DUTY VERTICAL MILLING MACHINE. 


MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 
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stop. The base is formed as a pan to catch the cutting 
lubricant. 

The machine is provided with cutting lubricant by 
a pump driven from a point near the feed drive clutch 
box, as seen in Fig. 4. It is driven by gearing, and 
can be put out of action, when not required, by means 
of aclutch. The tank is readily accessible for cleaning, 
as it is situated outside the column. The drain from 
the table is taken by the flexible pipe seen in Fig. 1. 
On the general construction of the machine it may 
be remarked that, with the exception of the spindle 
speeds, the whole of the controls are arranged within 
easy reach of the operator. Another feature is the 
extended use of anti-friction bearings, there being no 
less than 84 of these, provided with either rollers or 
balls, in the machine. This large number is accounted 
for by their extensive employment in the auxiliary 
mechanisms, in addition to their exclusive use in 
the main drive. All the races are locked in position. 





17. 


With regard to operation, the machine is shown in 
Fig. 1, fitted with a Herbert cutter with inserted teeth 
tipped with Widia metal, and was so working when we 
inspected it. The machine exhibited great rigidity 
under heavy cuts and high speeds. Experiments in 
face milling cast iron blocks 6 in. wide by 24 in. long 
and giving the cutter a surface speed of 260 ft. per 
minute, with a depth of cut of } in. and a feed of 263 
per minute, showed that it was possible to make 250 
such machinings without having to re-grind the cutter, 
which was, moreover,’ in a perfectly good condition 
when the test was abandoned. 








GENERATION OF ELECTRICITY IN GREAT BRITAIN.— 
During the first six months of 1931, the total amount 
of electricity generated in Great Britain by authorised 
undertakers was 5,630 million units, as compared with 
5,421 million units during the corresponding period of 
1930, representing an increase of 3-8 per cent. 
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CAMBRIDGE AS A PLACE OF 
EDUCATION.* 
By Professor C. E. [nauis, 0.B.E., F.R.S. 


In view of the fact that many of this audience may 
be strangers to Cambridge, I thought it would not be 
out of place to explain in a few words how this particular 
town of all others in the country came to be singled out 
at an early date as a centre for learning and education. 

A widely accepted popular belief prevails to the effect 
that the colleges of Oxford and Cambridge developed 
out of institutions of a monastic character in which the 
pursuit of knowledge had outrun the interest in religious 
observances. This popular theory is entirely erroneous. 
The colleges of Cambridge owe little or nothing to the 
monasteries, and it is nearer to the mark to say that 
they were brought into existence to counteract and 
to break down an educational monopoly. They were 
the result of a reaction against the system by which the 
acquisition and dissemination of knowledge had become 
the exclusive privilege of certain religious orders. They 
were brought into existence to meet the needs of 
those who wished for knowledge without the obligation 
of conforming to the mode of life prescribed by monastic 
rules and regulations. This idea of emancipation is 
well indicated by the fact that although in the early 


| days there was no objection to monks attending lectures 


or taking a University Degree, they were not on any 
account permitted to participate in the life or manage- 
ment of the colleges. 

In college architecture a reaction against monastic 
influence is also noticeable. Instead of following the 
layout evolved to suit the monastic life, the colleges 
were more inclined to take as their model the quad- 
rangular country houses of the 14th Century, which were 
replacing the severely utilitarian strongholds of an 
earlier period. Thus the communal dormitory never 
appeared in college buildings, and cloisters, though 
sometimes introduced, were evidently not regarded as 
a necessity. 

So far I have been speaking only of the colleges, the 
first of which, Peterhouse, was founded in 1281. For 
the genesis of the University, and for the reason why 
Cambridge became a university centre, it is necessary 
to go back to a date which is even more remote. The 
seed of learning, which took root and germinated, was 
planted here because from an early date, certainly 
before the reign of King John, Cambridge was a town 
of great commercial importance, and once a year, from 
August 24 to September 28, the far-famed Stourbridge 


* Address delivered before the Institution of Mechani- 
cal Engineers, at Cambridge, Tuesday, July 14, 1931. 
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Fair was held on a tract of ground adjoining an open 
site now known as Midsummer Common. This fair 
grew with ever-increasing importance until the middle 
of the Eighteenth Century, when it reached its zenith ; 
it then gradually waned and sank into insignificance. 
It attracted merchants from every part of Europe, and 
Defoe, who visited it in the early part of the Eighteenth 
Century, speaks of it as exceeding in importance any 
similar fair in this country or elsewhere. A great street 
of booths called Cheapside, half a mile in length, was 
erected, and here, as well as in lesser streets, merchandise 
of every description was exposed for sale. In one 
booth belonging to a Norwich dealer, Defoe speaks of 
seeing stuffs stored to the value of twenty thousand 
pounds, and the quantity of wool disposed of at the 
fair, he says, amounted to between fifty and sixty 
thousand pounds in value. Out of this great fair some 
eight centuries ago, the University had its origin, and 
the beginning, though mainly a matter of conjecture, 
can be visualised as having taken place in this manner. 
An itinerant friar in the course of his journeyings from 
one monastery to another, finding himself in Cambridge 
at the time of the fair, when the town was full of stran- 
gers, may have seen his way to earn an honest penny 
by giving a short course of popular lectures. He finds 
an appreciative audience, the lectures are a success, he 
promises to repeat and extend them next year, and so 
from small intermittent beginnings systematic courses 
of instruction begin to take shape. One teacher no 
longer suffices, he engages understudies, and gradually 
out of this emerges a permanent official, originally 
known as the Rector, and the forerunner of the official 
head of the University now termed the Chancellor. 

In the earliest stages of this evolution, before any of 
the Colleges were founded, teaching was carried out in 
a number of separate houses, scattered throughout the 
town, but in 1278 the University was given a plot of 
ground by Nigel de Thornton, and on this site, with 
several small additions, a group of buildings took form, 
ranging around an open courtyard, and some of these 
buildings or schools, as they were termed, now form 
part of the existing University Library. 

The medieval undergraduate was totally different 
from his modern counterpart. He came to the Uni- 
versity when he was a mere boy of thirteen or fourteen, 
and only a small minority remained long enough to take 
a Master’s Degree. In early days the University did 
not concern itself with the discipline or even the 
housing of these youthful students, though later, to 
check certain abuses, boarding houses, or hostels as 
they were called, were established. Even when the 
colleges were founded, their object was to provide 
board, lodging and a small stipend for teachers only. 
The designations master and scholars, which appear 
in the Foundation Charters, mean in modern termin- 
ology master and fellows, and it was not until the 
Sixteenth Century that students were privileged to 
reside in colleges on the payment of a small annual 
charge. From the earliest days the University and 
the colleges, though serving a common cause, have been 
separate organisations. The University of the middle 
ages was a corporation of learned men associated for 
the purpose of teaching and for conferring degrees, 
primarily intended as a licence to teach. The teacher 
thus licensed became a member of the ruling body. 
The Colleges, on the other hand, were originally founded 
to house and remunerate teachers, and it was only 
much later, as an afterthought, that they took up the 
duty of providing lodging and in some cases free 
maintenance for deserving students. 

I will now pass on to describe very briefly the 
evolution of engineering education in this University. 
Ever since the days of Sir Isaac Newton and even 
earlier, Cambridge has taken a keen interest in scientific 
advances and fundamental research, and as soon as 
the advancement ot engineering called for the help 
of exact science it was only natural that Cambridge 
scientists should play an active part in this progress. 
Conspicuous among these pioneers was Professor Willis, 
Jacksonian Professor in this University during the 
period of 1837-75. The Jacksonian Professor is 
delightfully free to follow almost any path of knowledge 
he may care to pursue. It is true that he is placed 
under an obligation to discover a cure for gout, but 
that obligation does not appear to have weighed heavily 
upon the various eminent scientists who have occupied 
this chair. Professor Willis, among other activities, 
was keenly interested in mechanical engineering, and 
his work on the classification and analysis of mecha- 
nisms is a well-known landmark in the progress of 
engineering science. Appreciation of his work took 
the tangible form of the establishment in Cambridge of 
a professorship of mechanism and applied mechanics, 
an important step forward towards the foundation of 
a school of engineering. 

The first occupant of this new chair was James 
Stuart, who took office in 1875, and under his direction 
regular courses of engineering instruction were started 
and engineering workshops established. Stuart was 
an inspiring teacher of exceptional brilliance ; his 


activities were far-reaching and his name in Cambridge 
is, perhaps, most generally remembered in connection 
with University Extension lectures, a movement which 
he initiated. The work he did for engineering science 
in Cambridge should not, however, be forgotten, since 
he paved the way for a further advance and laid 
foundations on which his successor could build with 
confidence. For this successor we do not have to 
conjure up shades of the departed great. He is very 
much a living force, and I refer to the ever-young and 
ever-vigorous Sir Alfred Ewing. He was appointed 
professor of mechanism and applied mechanics in 
1890, and those who are familiar with his tactful, yet 
determined character will realise that under his direction 
it was inevitable that the study of engineering science 
should attain a position of dignity and importance in 
the University. Under the name of the Mechanical 
Sciences Tripos, a name which still survives, he 
soon had engineering accepted as an honours course 
of study, and he laid down the general principles by 
which such a University course should be governed. 
From these broad principles we have never departed, 
and how well he had sown becomes more and more 
apparent with the passage of time. Sir Alfred Ewing 
is the real patron saint of the Cambridge Engineering 
School, but in so far as his mental and bodily energies 
are still those associated with a comparatively young 
man, his canonisation is not a problem for the present 
generation. Sir Alfred left in 1904 to become Director 
of Naval Education, and the mantle of Elisha fell 
upon a very worthy successor, Bertram Hopkinson, 
who had inherited in full measure the genius of his 
distinguished father, Dr. John Hopkinson. Under 
his virile leadership and under the influence of a mind 
which had no use for anything which was not first class, 
the Cambridge Engineering School advanced from 
strength to strength, or, as the students might put 
it, from difficulties to yet more profound difficulties. 
His death through a flying accident during the War 
was an irreparable loss to engineering science. Men 
of the character and mental calibre of Bertram 
Hopkinson are unique and irreplaceable. 

During the war, engineering, like all other academic 
subjects in Cambridge, was almost completely denuded 
of students, but the subsequent renaissance was 
unexpectedly sudden and quite overwhelming in its 
exuberance. The cubic contents of our original 
premises were quite incapable of dealing with the 
deluge, and the University acquired for our needs a 
new site, on which we hastened to erect commodious 
laboratories. Financial stringency compelled us to 
retain our workshops and some lecture rooms on the 
old site, an inconvenient division of activities which 
has just come to an end. We are now completely 
housed on the Scroope House site, and the conversazione 
to which you are bidden on Thursday evening really 
inaugurates the opening of these new premises, which 
render us once again, after a period of ten years, a 
self-contained establishment. 

I mentioned that in the Cambridge Engineering 
School we are working on the lines laid down by 
Sir Alfred Ewing about forty years ago, and very 
briefly I should like to indicate those lines. We aim 
at giving our students the broad general principles 
which underlie all the main departments of engineering, 
rather than an intensive training in any one particular 
branch. The honours course extends over three 
years, and it is only in their third year that students 
are permitted to specialise, and then only to a limited 
extent. In their Tripos they are tested as to their 
knowledge over a wide range of subjects, and no options 
are permitted whereby this test of basic knowledge 
can be made less comprehensive. As the result of 
this broad training we do not claim to mould our 
students into full-fledged engineers, but we do claim 
that they acquire a working knowledge of the funda- 
mental principles underlying all branches of engi- 
neering, structural, mechanical, and electrical. They 
are not specialists in any one direction, but they 
possess a versatility and balance of mind which enables 
them to strike out with equal facility along any line 
they may subsequently be called upon to pursue. 
Premature specialisation cramps the imagination and 
is destructive to the length and breadth of mental 
vision. Give me a youngster who has had his founda- 
tions of belief widely and deeply laid, and I will back 
him, at long odds, to overtake and surpass at his own 
game one of equal native intelligence who has had his 
imagination cramped by premature specialisation. 

In a University course of engineering, instruction 
should primarily concentrate on teaching those essen- 
tials, which if not acquired at that stage never will be 
acquired. Technicalities which will automatically be 
picked up in a student’s subsequent career are useful 
as stimulating interest, but apart from this they are 
of secondary importance. Education does not consist 
in the memorisation of a number of facts and formule, 
useful as these may be when leavened with intelligence. 
Education at its best should aim at something much 





deeper and more lasting, and the good of education is 








the power of reasoning, and the habit of mind which 
remains, when all efforts of memorisation have faded 
into oblivion. 

By following this ideal, our engineering students, 
when they leave our hands, are necessarily lop-sided 
creations, and we must leave it to their subsequent 
employers to rectify this lack of symmetry. We hope 
for sympathetic treatment in this process. We hope 
that it will be done by filling in the hollows rather than 
flattening down the excrescences. These bumps ought 
not to be treated as indications of a swelled head, 
they are bumps of knowledge, and as such are deserving 
of respect. 

The number of engineering students in Cambridge is 
about 500, of which approximately two-thirds are 
taking the honours course. In keenness and intelli- 
gence they compare most favourably with their pre-war 
brethren, and one can say with perfect assurance that 
recruiting for the engineering profession never stood 
higher than it does at the present time. 

My only fear, and it is a very real fear, is that this 
excellent raw material may be spoilt in its subsequent 
treatment, and the best of it diverted at an early 
stage to other professions which, rightly, or wrongly, 
appear to offer greater opportunities for initiative and 
ability. We hear a great deal about the desirability 
of attracting to the engineering profession young men 
of the highest character and intellectual capacity, 
and the demand for university graduates is becoming 
more and more insistent. Now, it is easy enough to 
attract them, but can you retain the best of them ? 
When one inquires about the progress of former 
students, far too frequently it transpires that the 
more brilliant of these, after two or three years’ 
experience, have left the engineering profession 
altogether, or at any rate have switched over from 
the technical to the administrative side. The causes 
of this are twofold. In the first place, the stipend 
offered to a junior technical engineer, in comparison 
with what he could earn in other walks of life, is usually 
so meagre that it is almost an unsult to his intelligence 
and self respect. Engineering as a career for men 
of education has now many rival competitors, and if 
it is to hold its own in this competition, it must recog- 
nise that young men of first-rate ability cannot be 
retained under a scale of remuneration which makes 
it impossible for them to marry or even enjoy the 
luxury of a first-class illness. But there is a second, 
and perhaps even more disturbing influence. Firms 
are continually asking for young men of exceptional 
ability, but having got them, not infrequently, they 
have not the foggiest notion how they should be 
employed. Razors are poor implements for cutting 
bricks, and a chisel, if used as a screw driver, is apt 
to lose its edge. To develop the latent powers of 
high-class engineering students and to retain their 
keenness, you must give them problems to solve 
which will stretch their brains. You must give them 
responsibility at an early stage; you must even let 
them learn by making mistakes. In too many firms. 
it seems to me, there is a buoyant layer of ability at 
the bottom, and another layer of ability at the top. 
but in between there is a medium of high resistance, 
and low permeability, a region of those who have not 
the buoyancy to rise higher, but are content in a 
painstaking manner to perpetuate the mistakes of their 
predecessors. It might’ be hoped that this state of 
affairs would be rectified in time when the brighter 
underlayer has ascended by reason of its buoyancy. 
But this hope is not fulfilled, because in the course of 
the ascent, the brighter specimens rebel at the condi- 
tions they find, and in consequence, the middle layer 
of mediocrity tends to a regrettable state of permanent 
stability. 

Now it is easier to point out a defect than to propose 
a remedy, but the solution I would suggest as a cure 
for this impasse is to riddle this stagnant layer with 
many more posts in the nature of personal assistants 
to managers or directors. Young men of proved 
ability, after they have undergone a general works 
experience, could thus be set to study special problems 
which would develop their brain powers and, coming 
with authority from on high, their initiative would not 
be suppressed, as is all too likely, if they try and assert 
themselves without influential support. A few posts 
of this sort would have the good effect of inducing 
men of exceptional ability to remain on the technical 
side of an engineering undertaking, and, by bringing 
them into the managerial atmosphere, would fit them 
ultimately for positions of high responsibility. It 
might even break down that impassable barrier which 
in this country seems to debar men of technical know- 
ledge from becoming directors of the undertakings 
they have served. It is little short of a scandal to 
find how few men of technical ability attain to this 
exalted station. 

The reason given is that the technical man has too 
restricted a vision to be useful in that capacity, but the 
true explanation is that we are working in a vicious 
circle. Owing to the barrier they see before them, 
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men of first-rate ability will not remain on the technical 
side, and the residue quite rightly is not regarded as 
having the requisite personality for the highest posts. 

I do not, however, wish to mar this joyous gathering 
with a note of pessimism; I merely want to indicate 
certain defects, the elimination of which, in my opinion, 
would have a most beneficial effect in rejuvenating the 
engineering profession in this country. In spite of 
what I have said, I think engineering is a splendid and 
soul-stirring career, and I always encourage young men 
who have the spirit of adventure to give it a trial. 
In this task of recruiting sergeant, one’s conscience 
would perhaps feel less disturbed, if it were reasonably 
certain that, after a probationary period, engineering 
students of first-rate ability but no family influence, 
could always see clearly before them a vista of advance- 
ment and, in particular, an avenue along the technical 
side leading straight on to the topmost pinnacles of the 
engineering profession. 








LABOUR NOTES. 


A series of resolutions dealing with industrial 
reorganisation appear on the preliminary agenda of 
the sixty-third annual Trades Union Congress, which 
is to be held in Bristol early in September. The 
General Council are responsible for one which welcomes 
‘the present tendency to institute a planned and 
regulated economy,” and expresses the view that 
‘‘nothing short of comprehensive planning of our 
economic development and effective regulation of our 
trading relations will suffice to meet the needs of the 
present day.” It is proposed, therefore, that the 
General Council shall take whatever practical steps 
are possible to advance this policy both nationally and 
internationally, “‘ keeping always in view the necessity 
of maintaining and improving the standard of living 
of the workers and the protection of consumers from 
exploitation.”” A resolution in the name of the 
Transport and General Workers’ Union calls upon the 
Government, when introducing legislation providing 
for the transfer of any industry or service from private 
ownership to common ownership and/or public control, 
to make provision ensuring that the workers, through 
their trade union representatives, shall have an adequate 
and direct share in its control and administration. 





A resolution proposed by the Miners urges the 
nationalisation of mines and minerals, including by- 
products, and declares that one of the first tasks of a 
majority Labour Government should be the intro- 
duction of a measure to effect that. The Iron and 
Steel Trades Confederation embodies its proposals 
for the reorganisation of the iron and steel industry 
in a resolution, and in another the three railwaymen’s 
unions urge the Government to take immediate steps 
to acquire on fair terms the railways and other transport 
undertakings and place them under a national transport 
authority. Congress is invited by the railwaymen’s 
unions to instruct the General Council to bring their 
proposal before the Government ‘with a view to 
legislation: being introduced in the next Parliament ”’ 
to give effect to it. 





The General Workers ask Congress to instruct the 
General Council to approach the Government with a 
request to introduce another Bill repealing the Trade 
Disputes and Trade Unions Act, 1927, and places on 
record its appreciation of the Government’s effort in 
introducing this year’s amending Bill. Many of the 
resolutions deal with hours, wages, and working condi- 
tions. The United Pattern Makers’ Association desires 
the General Council to formulate a new Workers’ 
Charter, comprising “ work or maintenance,” a forty 
hour week, workers’ control of overtime, payment for 
holidays, adequate pensions at 60, nationalisation of 
the mining, railway and building industries, and 
improvement in trade union organisation, inter- 
nationally, nationally, and locally. A national cam- 
paign to secure adoption of the charter is proposed. 
A legal minimum wage, the forty-hour week, and 
adequate retiring pensions at 60, also figure in a resolu- 
tion from the Coal Trimmers’ Union, which urges the 
introduction of a Bill on these lines. The shorter 
working week and compulsory holidays with pay 
figure in several resolutions. Undermanning of elec- 
tricity sub-stations is alleged in one resolution. 





In June the home branch membership of the Amal- 
gamated Engineering Union decreased from 190,831 
to 190,275, and the colonial branch membership from 
25,347 to 25,285. The number of members in receipt 
of sick benefit decreased from 4,597 to 4,391, the 
number in receipt of superannuation benefit from 
11,839 to 11,724, and the number in receipt of donation 
benefit from 35,310 to 34,994. The total number of 
unemployed members increased from 46,790 to 46,933. 
Mr. A. B. Swales has been re-elected executive council- 





man for Division No. 7, and Mr. S. C. Bradley executive 
councilman for Division No. 2. Each had a substan- 
tial majority over three opponents in the first ballot. 
In the contest for the representation of Division No. 6, 
Mr. J. Kaylor, the present occupant of the office, and 
Mr. A. J. Caddick go to a second ballot. 





The first editorial note in the July issue of the 
Amalgamated Engineering Union’s Monthly Journal 
comments upon the new agreement relating to working 
conditions entered into with the Engineering and 
Allied Employers’ National Federation. ‘‘ We can 
certainly,” the writer says, ‘“‘ appreciate the feelings 
of our members who are called upon to make a sacrifice, 
particularly so, having regard to the fact that the old 
conditions were only obtained after many years of 
unceasing effort. We wish, however, to make it 
perfectly clear that the acceptance of the employers’ 
terms was no more satisfactory to the officials than 
to the membership generally. We recognise that our 
action will be adversely commented upon in many 
quarters; that, of course, we are accustomed to. We 
hold the view, however, that the line taken by those 
responsible for the negotiations has resulted in reducing 
the employers’ first proposals by a very considerable 
amount. Our critics would do well to remember that 
for the past ten years, various sections of the engineer- 
ing industry have been passing through severe depres- 
sion. The figures in respect to unemployment are 
abnormally large, and our own union has, for a con- 
siderable time, been showing a very high percentage 
of members out of work. The concessions agreed 
upon will, we hope, result in safeguarding the rates of 
wages of those not engaged upon any system of pay- 
ment by results, for, we feel sure everyone will agree, 
the standard rate of our time-workers is far too low. 
In our view, there comes a time when it is more 
courageous to effect a settlement, even though it 
carries with it a slight worsening of our working 
conditions, and we are confident that a careful review 
of the situation will convince a vast majority of our 
members that the officers of the union have acted 
wisely in avoiding a dispute during this very trying 
period of our industry.” 





During June, the average numbers of persons on 
the registers of employment exchanges in Great 
Britain were 1,847,720 wholly unemployed, 667,104 
temporarily stopped, and 114,391 normally in casual 
employment, making a total of 2,629,215, of whom 
1,789,948 were men aged 21 and over; 149,040 men 
aged 18 to 20; 64,648 boys aged 14 to 17; 488,721 
women aged 21 and over; 86,572 women aged 18 to 
20; and 50,286 girls aged 14 to 17. 





During the five weeks ended June 22, the number 
of vacant situations filled through the employment 
exchanges and juvenile employment bureaux was 
182,757. Since the beginning of the year, 958,875 
vacant situations have been filled, an increase of 
119,907, as compared with the corresponding period of 
last year. 





The Times correspondent in Berlin states that the 
number of unemployed in Germany has been reduced 
from over 5,042,000, the peak reached on February 28, 
to 3,962,000 on June 30, a decline of more than 1,000,000 
in four months. In the corresponding period of last 
year the reduction was only 725,000, though the 
highest figure reached in that winter was lower than 
that of February 28 last. The latest total includes 
1,414,000 unemployed in receipt of relief, 940,000 in 
receipt of transitional benefit, and about 1,000,000 
in receipt of municipal or ‘ welfare”’ relief. The 
remainder, about 500,000, belonged to other catagories 
of unemployed. 





At their annual conference in Ipswich, last week, 
the National Union of Railwaymen unanimously 
adopted the following resolution :—‘ This Congress 
urges the Labour Government to pass legislation at 
the earliest possible moment to revoke those sections 
of the Trade Disputes and Trades Unions Act, 1927, 
which are so objectionable to trade unionists, and 
inimical to the free exercise of the legitimate purposes 
of Trade Unionism.” 





The text of the British Government’s reply to the 
questionnaire of the International Labour Organisation 
on the subject of the regulation of hours of work on 
board ship, is printed in a recent issue of Industrial 
and Labour Information. It is as follows :—‘‘ His 
Majesty’s Government are in sympathy with proposals 
for the regulation of hours of work on board ship as a 
means of preventing excessive hours of labour. They 
are, however, bound to recognise that the special condi- 
tions of the shipping industry are such that the problem 





of regulation of hours of work on board ship, or the 
regulation of the general conditions of sea employment, 
presents special difficulty. In this connection they 
note the difficulties which have been found in securing, 
as regards shore employments, the application of the 
Washington Convention of 1920 on Hours of Labour, 
and they are of opinion that the special difficulties 
of sea employment are against the chances of much 
progress being made in that connection at present. 
They think that before any international action takes 
place it is necessary for the different maritime nations 
to enquire into the extent of overwork (if any) on their 
ships at present, the need for, and the possibility of, 
fixing maximum hours of work, and the question 
whether hours of work can be successfully dealt with 
internationally independently of such matters as 
rates of pay, remuneration for overtime, and other 
conditions. Such enquiry might with advantage 
include the problem of finding remedies for excessive 
hours of work and the study of such national organisa- 
tions or arrangements as exist at present for remedying 
excessive hours of labour, where found to exist. It 
may be found that in some countries the matter is 
satisfactorily dealt with at present by national agree- 
ments between representative Associations of Ship- 
owners and representative Associations of ships’ 
officers and seamen.” 





Reports submitted to a meeting in Moscow of the 
Soviet Coal Miners’ Union stated that the results 
achieved in the first three months of 1931 had not 
been very favourable. The Donetz and Moscow 
basins had not even reached the level of the first three 
months of 1930, and increases of 3 per cent. in the Urals 
and 9 per cent. in the Kuznetsk basin were well below 
the estimates. The results corresponded to only 47 
per cent. of the estimate in the Moscow basin, 66 per 
cent. in the Donetz basin and 73 per cent. in the 
Kuznetsk basin. In addition, the quality of the coal 
showed a tendency to decline. The principal cause 
of the failures was stated to be the extremely low 
standard of efficiency. The daily output per worker, 
which should have been 0-65 tons, was only 0-45 tons. 
In the United States, it was 2-2 tons. Several managers 
sought to account for these unsatisfactory figures by 
explaining that there was a shortage of labour, but 
the Congress rejected their explanation, although it 
was admitted that the improvement in the position 
of the poor peasants, brought about by the growth of 
collectivism in agriculture, had made rural workers 
less inclined to seek employment in the mines. 





The chief remedy for the low output was held by 
the delegates to be mechanisation of labour. During 
the current year, it was stated, fifteen mines in the 
Donetz basin were to be completely mechanised, and 
the management and the trade unions were enjoined 
to devote their attention to the scientific organisation 
of the work—particularly to see that the machinery 
was more effectively utilised. It had been found that 
machines remained unused for from 20 to 30 per cent. 
of the duration of the jobs to be performed, and that 
in some of the Donetz mines imported machines could 
not be used because workers who could drive them were 
not available. There was also a shortage of engineers 
and technical workers, who represented only 0-46 
and 0-23 per cent., respectively, of the total number 
of workers. In Germany, it was pointed out, the 
proportion of engineers and technical workers was 
about 4 per cent. The local organs of the Union were 
urged to show more interest in the technical staff. 


A resolution passed at a Congress of the Danish 
Social Democratic Party declared that since rationalisa- 
tion, like the formation of trusts, cartels and mono- 
polies, was a step in the capitalist evolution through 
which society had to pass, it could serve no useful 
purpose to hinder it. An attempt should, however, be 
made to ensure that such activities were supervised 
by the authorities, and it was essential that rationalised 
undertakings should devote a substantial part of their 
profits to consolidating and securing the interests 
of the workers. The workers should obtain a reasonable 
share of control in such undertakings and the super- 
vising authorities should protect the people against 
exploitation through price agreements or other abuses 
by such combinations. In the case of international 
trusts or monopolies, the aim should be international 
supervision through the League of Nations. 





Addressing a national delegate conference of the 
Amalgamated Union of Building Trade Workers at 
Edinburgh on Tuesday, Mr. George Waddell, the 
president, said that rationalisation, heralded a few 
years ago as the solvent of our industrial troubles, 
was being rapidly applied, and its progress merely 
added to the difficulties and uncertainties of the 
workers. The introduction of labour-saving machines 
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and devices proceeded uninterruptedly. It was the | 
grimmest of grim irony to call them * labour-saving.” 
They saved labour nothing. Indeed, so intensive 
had been the speeding up process that every workman | 
to-day had to work harder and faster. Since the war | 
the weekly wages of members had been reduced by | 
considerably over 1/. per week, yet there had been a | 
remarkable increase in the productive capacity of every | 
individual workman. 


On July 6, the numbers of persons on the registers 


of Employment Exchanges in Great Britain were 
1,847,557 wholly unemployed, 674,418 temporarily 


stopped, and 112,313 normally in casual employment, 
making a total of 2,634,288. This was 30,601 less 
than a week before, but 700,834 more than a year 
before. Of the total number, 1,935,072 were men, 
64,103 boys, 584,480 women, and 50,633 girls. 


"The National Union of Railway men have decided 
to hold a special delegate conference in London at 
un early date to amend the rules so as to open the door 
to membership of the Union to the employees of any 































transport undertaking in which a railway company 
has a financial interest. 





A.P.V. 


“IGS To 3. 
THE CHEMICAL PLANT EXHIBITION.) ""°* ! °° 
THE British Chemical Plant Exhibition, which opened 
on Monday, July 13, in the Central Hall, West- 
minster, and will close on Saturday evening, July 18, 
has been organised by the British Chemical Plant 
Manufacturers’ Association in conjunction with the 
Chemical Engineering Group of the Society of Chemical 
Industry, to demonstrate the progress which has been 
made in this country since the last exhibition in 1926, 
both in the design of chemical plant and in scientific 
and industrial research. In the latter sphere special 
reference is made to the application of raw materials 
to the chemical industry. We propose to give a de- 
scription of the more interesting exhibits in the 
Chemical Plant Section, followed by some notice of the 
most excellent work carried out by the various research 
associations, which form the exhibits of the Chemical | 
Engineering Group referred to above. | 
| 

! 


transfer. The plates and sheets are mounted on side 
bars between heavy end frames; by turning a screw 
these end frames are brought towards one another and 
the plates and sheets pressed closely together making a 
joint. The larger sizes have a compensating device 
for taking up any stresses due to differential expansion. 

As will be clear from Fig. 3 this type of heat exchanger 
is similar in outward appearance to the common filter 
press, and it will be seen that this construction enables 
the whole of the interior to be easily and rapidly cleaned, 
which is of paramount importance when dealing with 
liquids which tend to ** gum up” or leave deposits on 
the heating surface. 
one liquid to mix with the other, as may occur with 
the tubular type, either where the tube is expanded, 
or ferruled, into the tube sheet, or where a tube is per- 
forated by corrosive action. The former trouble is 
usually due to differential expansion between the tubes 
and shell. The A.P.V. heat exchanger has neither of 





We may begin our description with a reference | 
to the A.P.V. heat exchanger, shown by the Alu- 
minium Plant and Vessel Company, Limited, Wands- | 
worth, London, 8.W.18. This heat exchanger is of | 
the plate type, and was originally designed 
handling foodstuff liquors, such as wort, vinegar, | surface being exposed to view when it is opened up, 
milk, and has been largely used in breweries and} any pits due to corrosion can be readily detected, 
dairies in this country and on the Continent. Re-} which is impossible with ordinary tubes. 
ference to Figs. 1 to 3, above, will show clearly the} The makers state that during the past two years 
method of construction. The machine is built up of a} they have extended the use of the A.P.V. heat ex- 
number of cast metal plates having channels machined | changer to the varnish and _ oil-boiling industry. 
out on both sides. Sheet metal plates are placed over | In the latter process linseed oil is heated to, and main- 
these, thus converting the channels into pipes. The faces | tained for many hours, at a temperature of 572 deg. F. 
of the plates are machined to make a perfect joint, each | for polymerisation of the oil to take place, in order to 
plate being 19 in. wide on the working face. The heat-| produce a stand oil or lithographic varnish of the 
ing and cooling liquids flow up and down the channels | required viscosity. Hitherto the practice has been to 
on the two sides of the plate in opposite directions, thus | cool down in pots by air cooling alone with a consequent 
attaining counter-current flow. The heat is transferred | loss in time and heat. By the introduction of a heat 
through the plate and the dividing sheet and, owing to | exchanger, the first batch of hot oil can be rapidly 





In addition, it is impossible for | 


for | these disadvantages. Owing to the whole of the interior | 


the small cross-section of the channel, a high velocity | cooled to about 250 deg. F. by the second batch of cold! transport tank, which, due to its lightness, reduces 



































Fie. 3. 
Heat ExcHANGER ; Messrs. ALUMINIUM PLANT AND VESSEL COMPANY, 
LIMITED. 


of liquor may be obtained resulting in a rapid heat | oil, which is thus heated to a temperature of 384 deg. F. 


| The time required for cooling being often reduced from 
| 20 hours to one hour, whilst the fuel required to heat 
; the cold oil to its final temperature of 572 deg. F. is 
thus reduced by 50 per cent. 

This heat exchanger, as standardised for oil process- 
ing work, is generally supplied to give one of three 
| duties. Six machines of varying output are standardised 
for each duty so that the oil boiler has a choice of 
18 machines. It will be appreciated that the unique 
design of this apparatus lends itself to growing output, 
as where larger oil boiling plants are installed it is a 
simple matter to increase the output of the heat ex- 
changer by adding further plates and sheets. 

The applications of this heat exchanger in the field 
of chemical and general engineering should be very 





jlarge, as it has many advantages such as the 
|ease with which the channels can be cleaned 
|when dealing with a slimy or scaling liquor. 


The small hydraulic mean depth of the channels 
results in a high heat transfer with viscous liquids 
| where the velocity obtainable is in the viscous flow 
| region; also the high velocities which can be obtained 
when dealing with relatively small quantities of non- 
| viscous liquids gives very high heat transfer coeffi- 
cients. Thus the plant has a much smaller heating 
surface for a given duty than the usual types, and 
occupies less space. 

Amongst the further exhibits of the Aluminium 
Plant and Vessel Company, Limited, should be men- 
tioned aluminium varnish plant, including an example 
of a one-ton pot for the Sommer-Schmidding combined 
enamel oil and ester gum manufacturing apparatus: 
pure nickel, Monel metal, and stainless steel chemical 
plant and varnish pots, and also an aluminium bulk 
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HYDROGEN AND OXYGEN CELL; Messrs. INTERNATIONAL ELECTROLYTIC 
Y 
OMPANY. 
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Fie. 7. SEtF-SEALING Door; MeEssrs. 


G.K.S. Comspustion Company, Limirep. 


Gas off-take pipes, one for each gas, collect the gas 


the running costs both as regards wear of tyres and 
horse-power, or alternatively increases the effective 
load. 

The International Electrolytic Plant Company, of 





from alternate bells, and these are coupled to the two 
| main pipes running along the row of cells. The elec- 
trodes are constructed of heavy pure iron plate, at 
Chester, exhibited the well-known Knowles cells for | least 4 in. in thickness, to which the iron lead-in bolts 
the production of electrolytic hydrogen and oxygen, | are welded. The positive plates are specially treated, 
with a guaranteed purity of hydrogen 99-5 per cent.,| giving them a matt surface, which is afterwards 





and oxygen 99 per cent., direct from the cells. An 
actual cell was shown which will run at a current of 
1,000 amperes, 2-125 volts, producing 16-1 cub. ft. 
of hydrogen and 8-05 cub. ft. of oxygen per hour, with 
an electrical consumption of 132 kw.-hr. per 1,000 
cub. ft. of hydrogen. Figs. 4 and 5 on this page show 
the arrangement of the cell. The block of bells form- 
ing the gas-collecting chambers is supported on lugs 
resting on the edges of the tank containing the 
electrolyte, so that the whole of the internal parts 
of the cell may be removed as one unit by dis- 


heavily coated with nickel. The diaphragms are made 
of pure woven asbestos cloth, a material found to be 
| ideal for the purpose, owing to its low electrical 
resistance, and to the fact that, unlike metal dia- 
phragms, asbestos never gets polarised. The electro- 
lyte employed is usually an 18 per cent. to 20 per cent. 
caustic soda solution, although caustic potash has been 
used. The latter gives a slightly higher production, 
| but a 25 per cent. to 30 per cent. solution is required, 
|and the cost of pure caustic potash is much higher. 
In addition, experience has shown that the diaphragms 








and insulators are not so durable with a caustic potash 
electrolyte. 
A model of a larger cell was also exhibited, together 


connecting the copper connections and gas off-take 
pipes. The electrodes, alternately positive and nega- 
tive, are suspended by bolts from the bells. The bolts 
pass through steel tubes welded into the top of the| with a set of automatic water-feed and gas-washing 
bells and are insulated therefrom by insulating tubes. | tanks. The automatic feed tank maintains a constant 
The end of each electrode bolt carries two nuts insu- | level for the electrolyte in the cells, irrespective of the 
lated from the steel tubes by caps on which the bottom | load on them, whilst the washer tanks wash out any 
nuts rest and carry the weight of the electrodes. Current | electrolyte spray carried forward with the gases and 
is conveyed to the electrodes by copper connections | return it to the cells with the feed water, so that the 
clamped between these nuts. loss of electrolyte is negligible. The washers will. deal 
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Fia. 6. Atr-PRessuRE Acip Pump; MEssrs. 
Tuna@stone Patent HigH-PRESSURE CASTING 
CoMPANY. 


with 2,000 cub. ft. of hydrogen per hour. Oxygen, 
hydrogen and water purity testing sets were also 
shown. There should be a large field for the Knowles 
cells for oil hardening, hydrogenation of coal-tar 
products, lead burning, manufacture of artificial 
fertilisers, welding and steel cutting. 

Messrs. Gwynnes Pumps, Limited, of Hammersmith, 
showed, among other exhibits, a centrifugal pump, 
specially designed for dealing with acids and other 
chemical liquids. The inner casing and impeller are 
constructed of Doulton acid-resisting stoneware. The 
outer casing is made of close-grained cast iron, support- 
ing the inner lining, a special resilient cement being 
used to hold the latter in place. The impeller is of 
the single inlet shrouded type, provided with an 
extended sleeve, ensuring protection of the shaft where 
it passes through the gland. A very long stuffing box 
is provided having a split stoneware gland. Vanes are 
formed on the back of the impeller, thus relieving the 
pressure of the liquid on the gland. The pump is 
made in three sizes having 1]}-in., 2-in, and 3-in. 
diameter discharge openings, respectively, covering a: 
range of 20 gallons to 450 gallons per minute, against 
a maximum head of 70 ft. This firm also exhibit 
single and two-stage centrifugal pumps of their 
standard design, suitable for heads of from 10 ft. to 
90 ft., and also a horizontal split-casing pump!for heads 
of from 50 ft. to 150 ft. 

The Tungstone Patent High Pressure Casting Com- 
pany, Market Harborough, exhibited samples of a 
new copper-aluminium-nickel alloy known as “ Bat- 
terium Metal.’’ This is a patented acid and corrosion- 
resisting metal, and can be supplied in the form of 
rods, bars, tubes, sheets, castings, valves and cocks, 
Tests carried out by the National Physical Laboratory 
on the physical properties of this alloy showed that it 
has a tensile strength of over 36 tons per square inch 
at a temperature of 65 deg. F., which is reduced to 
23-9 tons per square inch upon heating it to 750 deg. F. 
Tests were also carried out at the Royal Technical 
College, Salford, on its resistance to corrosion by 
various acids, compared with Monel, Staybrite steel, 
and electrolytic copper, and showed that in the 
majority of cases Batterium was the least affected. 
These tests were taken at different concentrations 
and temperatures, on acetic, sulphuric and hydro- 
chloric acids, sodium chlorides, sodium carbonate, 
sodium hypochlorite, &c. 

The Tungstone air-pressure pump for raising acids 
and other corrosive and erosive liquids was also 
shown on this stand. The principle of the action of 
the pump will be easily followed from Fig. 6. ‘The 
apparatus consists of two separate compartments or 
tanks a and 6, which are filled alternately by 
gravity with the liquid to be elevated, and which are 
emptied alternately by the air pressure acting on 
the surface of the liquid. The general idea is that 
of the acid egg, but with continuity of action, this 
continuity being attained by the use of an ingenious 
valve which controls perfectly the transfer of the air 
pressure from the one container to the other. 

The air used as the actuating medium is admitted 
by way of an air-control valve, which, in effect, 
is a two-way cock governing three exits, one to each 
of the two containers and one to atmosphere. In the 
position of the valve shown in the figure, air passes 













































































































with liquid by admission through the inlet g, now 
sealed by a rubber ball forced on its seating by the 
pressure of the air. The liquid is consequently expelled 
through the exit tube e by the air pressure, up the 
main pipe J, the rubber ball c under pressure acting 
as a valve and cutting off a from 6. The expulsion 
of all the liquid in the container b synchronises with 
the revolution of the air-control valve through an 
angle of 90 deg., so that air next passes through h 
to the second container a, which, in the meantime, 
has been filled by gravity with liquid, while the con- 
tainer b is connected to air. It is now the turn of a 
to be emptied, while 6 is being filled, the air that 
originally was used in 6 being expelled through the 
air-outlet k. By this alternating-pressure system 
continuous pumping is maintained with about 12 
pumping operations per minute per container. A 
study of the action of this pump shows that it is, 
in principle, a continuous elevator, the air being 
admitted to either one of two chambers containing the 
liquid to be elevated. The air-control valve is operated 
by a motor. These pumps are available in a 
wide range of materials for a number of different 
liquors, in chemical lead, regulus metal, cast-iron, 
rubber and Staybrite, and also in the new alloy, Bat- 
terium. It is particularly suitable for dilute sulphuric 
acid, and was originally developed for the Tungstone 
accumulators. 

The G.K.S. Combustion Company, Limited, Tredegar 
Foundry, Newport, Mon., show a varied exhibit of 
alloys, ink and colour mixers, their G.K.S. firebars, 
grinding mills and a model of the Foster quick-opening 
door, which demonstrates the principles and advan- 
tages of the Foster system of quick-opening and self- 
sealing door as used for large chemical vessels. 
Amongst the alloys shown are Hercia, which is a nickel- 
chromium cast-iron alloy having special and distinct 
heat-resisting properties. The material will successfully 
withstand varying or constant temperatures up to 
950 deg. C. The tensile strength at normal temperatures 
is from 17 tons to 20 tons per square inch. Examples 
of furnace components and castings, chemical vessels 
and castings are exhibited made from Arcia; this is a 
ferro-silicon alloy which is stated by the makers to be 
much tougher than the usual materials of this nature 
and is very resistant to corrosive action of certain 
chemicals. Twoexamples of vertical mixers for ink and 
colour are exhibited and a battery mixer, which has been 
specially designed for mixing or diluting paints, enamels, 
inks, patent foods, pastes and similar materials. The 
machine shown is of the 4-unit type and is driven 
by a main shaft by a single plate friction clutch and 
spiral gears. 

The Foster quick-closing self-sealing door, to which 
we have already referred, is illustrated in Fig. 7, which 
shows the main points of its design. It will be 
seen that the door is supported by means of a massive 
hinge, which allows it to swing into position with little 
effort. To close the door, the lugs on the door pass 
between those on the steel angle ring riveted to the 
vessel. The door is then turned about its centre 
by means of the rack and pinion, until the door lugs 
pass behind those on the vessel. A special stop is 
provided to prevent the door turning too far. Imme- 
diately pressure is applied the joint is sealed by a ring 
of special section, fitted either in the door, or in the 
steel ring on the front of the vessel. On releasing 
the pressure within the vessel, the door can be opened 
by reversing the above operations. The vessels are 
made for working under pressure or vacuum. The 
ordinary working pressure for these vessels when 
fitted with boltless doors is 100 lb. per square inch. 


(To be continued.) 





CONTRACTS. 

Messrs. THE British THomMsSoN-Houston CoMPANyY, 
Lim1Tep, Crown House, Aldwych, London, W.C.2, have 
received an order from the Port of London Authority 
for three months’ supply of Mazda vacuum and gas-filled 
Jamps. 

Messrs. MIRRLEES, BICKERTON AND Day, LIMITED, 
Mirrlees House, 7, Grosvenor-gardens, London, S.W.1, 
have recently received numerous orders for their Mirrlees- 
Diesel, Mirrlees-Ricardo, and Mirrlees-Simplex engines. 
The engines, which range from 50 b.h.p. to 600 b.h.p., 
are for use in various parts of this country and in Natal, 
Egypt, India, the West Indies, the Federated Malay 
States, and Ceylon. 

Messrs, Barimar, Limtrep, Holborn, London, have 
successfully repaired, by welding, a 3-ft. long crack in 
the crown of one of the bells in Shelton Church, Bedford- 
shire. The bell is 300 years old and had been silent for 
some 150 years. 








CaNnapDIAN Tatc Propuction.—Canada is the chief 
producer of tale within the British Empire. Tale and 
taleose rocks, popularly called soapstone, are found in 
the provinces of Ontario, Quebec, British Columbia, 
and Nova Scotia. The Dominion production of tale in 
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EDUCATION. 

University of Bristol, Faculty of Engineering.—A 
prospectus of the Faculty of Engineering of the 
University of Bristol, which Faculty is provided and 
maintained by the Society of Merchant Venturers in 
the Merchant Venturers’ Technical College, has recently 
been issued. Courses of study are available at the 
College for persons intending to engage in civil, 
mechanical, electrical and automobile engineering, and 
full particulars regarding these courses are given in the 
prospectus. The ordinances and regulations relating 
to degrees and diplomas in engineering subjects are also 
included. The forthcoming session begins on October 
2, 1931. Copies of the prospectus can be obtained from 
the Registrar, Merchant Venturers’ Technical College, 
Bristol. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Agricultural Machinery.—In connection with the estab” 
lishment of a new model farm at Las Tablas, Panama, 
there is a possible opening for caterpillar and other 
agricultural machinery. (Ref. No. A.X. 11,012.) 

Motor Generators.—The supply of two 15-kw. and one 
l-kw. motor-generator sets, complete with starting and 
control gear. The City of Cape Town Electricity Depart- 
ment, South Africa; July 22. (Ref. No. A.X. 11,024.) 
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sity. [Price 50 cents.] 

Department of Scientific and Industrial Research, Fuel 
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E,. Raymonp. London: McGraw-Hill Publishing 
Company, Limited. [Price 20s. net.] 

Elements of Thermodynamics. By Ernest M. FERNALD. 
London: McGraw-Hill Publishing Company, Limited. 
[Price 17s. 6d. net.] 

Patent Law for Chemists, Engineers, and Executives. By 
Fred H. Ruopes. London: McGraw-Hill Publishing 
Company, Limited. [Price 12s. 6d. net.] 
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Berlin: Julius Springer. [Price 25-50 marks. ] 
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By Joso Lakatos. Belgrade: Office for the Promo- 
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1930 was 11,841 tons, and 8,512 tons were exported, 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Despite the fact that the 
make of local foundry pig is rather more than ample for 
current requirements, the use of Midland iron in this 
area continues slowly but steadily to increase. With 
makers supplying direct the needs of home buyers of 
Cleveland pig-iron, and export demand still very light, 
merchants have little opportunity of dealing in that 
commodity. Stocks are not heavy, but are almost as 
farge as producers care to carry. The outlook is far from 
encouraging, but makers are still markedly disinclined 
to lower their fixed figures for home trade, which stand : 
No. 1, Cleveland, 61s.; No. 3, g.m.b., 58s. 6d.; No. 4, 
foundry, 57s. 6d.; and No. 4, forge, 57s. In their en- 
deavour to re-capture trade with Scotland, however, 
producers offer iron to firms there at substantially below 
the foregoing quotations, but are still undersold by dealers 
in iron from the Continent and from India. 


Hematite.—Little new of moment is ascertainable con- 
cerning the East Coast hematite branch of trade. Custo- 
mers claim they can shade the prices generally named, 
though the belief is stronger that further material fall 
in values is unlikely. Hematite is cheap compared with 
prices ruling for Cleveland pig. Makers are doing a 
small steady trade with customers in the Sheffield 
district, and in the Midlands. Odd orders secured from 
abroad by merchants are obtained only by severe price 
cutting. For ordinary qualities the quotation is 62s. to 
62s. 6d., and No. 1 is at a premium of six pence. 

Foreign Ore.—-With the exception of sales of spot 
lots, business in foreign ore is virtually at a standstill, 
and resumption of buying cannot be expected until 
consumers have accepted considerable quantities of 
arrears of delivery against old contracts. Nominally, 
best rubio is 15s, ¢.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful, and good average qualities remain at 15s. for 
early delivery to local users, though some sellers en- 
deavour to obtain rather more. 

Manufactured Iron and Steel.—Contracts for manu- 
factured iron and steel are not easily arranged, but in 
one or two branches producers are a little better employed 
than of late, and recognised market rates are upheld. 
Common iron bars are 10/.; best bars, 107. 10s. ; double 
best bars, 11/.; treble best bars, 111. 10s.; packing 
(parallel), 82.; packing (tapered), 10/.; iron and steel 
rivets, 117. 5s.; steel billets (soft), 5/7. 15s. ; steel billets 
(medium), 6/. 12s. 6d.; steel billets (hard), 7/. 2s. 6d. ; 
steel ship plates, 8/. 15s.; steel angles, 87. 7s. 6d. ; steel 
joists, 87. 15s, ; heavy sections of steel rails, 8/. 10s. for 
parcels of 500 tons and over, and 9/. for smaller lots ; 
fish plates, 12/7. 10s.; black sheets (No. 24 gauge), 81. ; 
and galvanised corrugated sheets (No. 24 gauge), 101. 

Scrap.—Most descriptions of scrap are in only very 
moderate request, but heavy steel is selling at 37s. 6d. 
to 38s. 6d. ; and turnings have been sold at 26s. Borings 
are 22s.; light cast-iron, 32s. 6d.; heavy cast iron, 
42s, 6d. ; and machinery metal, 44s. 

Ironstone Miners’ Wages.—Under sliding scale arrange- 
ments, the Cleveland Ironstone mineowners are entitled 
to a reduction in wages of employees for the third quarter 
of the year, but, sympathising with the position of the 
miners, they have decided not to enforce the advantage, 
and rates of pay remain at the present level. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal T'rade.—The general conditions in the Welsh 
coal trade are worse than ever. Many pits are idle 
through lack of orders, and with new business negligible, 
the outlook is gloomy. Salesmen experience much 
difficulty in disposing of the reduced outputs, and pros- 
pective buyers experience no trouble in obtaining their 
limited requirements at the scale of schedule prices, 
based on 20s. for best Admiralty large f.o.b., and 138s. 6d. 
for best smalls. Smalls, in fact, are so abundant that 
banking is still necessary in order to release wagons 
for the carriage of other coals. 

The Half-Year’s Coal Exports.—The first half of the 
year has been disastrous, so far as the Welsh coal export 
trade is concerned. Shipments of coal as cargo were 
28 per cent. less than those for the corresponding period 
of 1930, while the average proceeds were also 3}d. per 
ton less. Shipments amounted to 8,719,518 tons or 
3,390,806 tons less than was shipped a year ago, clear- 
ances of bituminous coal falling by 2,940,689 tons to 
7,532,407 tons, and of anthracite by 450,117 tons to 
1,187,111 tons. Even allowing for the strike in January 
over the miners’ hours question, when 2,000,000 tons 
of output was lost and at least 1,500,000 tons of exports, 
the clearances for the first half of the year make a poor 
showing. The average value of bituminous coal fell by 
53d. to 17s. 3d. per ton f.o.b., but of anthracite was 
raised by 23d. to 24s. 7d. In 1913, over 29,000,000 tons 
of coal were shipped abroad as cargo from South Wales, 
so that the figures for the first half of this year represent 
shipments at practically half the rate of the pre-war 
traffic. The prospects of any improvement in the 
second half of this year, too, are remote, for heavy stocks 
are reported in all countries abroad, while foreign coal- 
producing countries are actively competing with 
Welsh coal. In addition to this, the policy of encouraging 
the use of native fuel is retarding imports of foreign coal. 
France, the best customer for Welsh coal, is the latest 
country to follow this policy. The French Prime 
Minister has already given permission to cut down 
foreign imports by 20 per cent., presumably as com- 





pared with 1930. This limitation is, however, not 
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expected to have any serious influence on British exports 
which, it is understood, will be reduced by 5 per 
cent. This proportion has already been reached, clear- 
ances to France having fallen from 6,774,429 tons in 
the first half of 1930 to 5,517,659 tons this year, a 
reduction of more than 18 per cent. The limitation 
will, it is understood, result in a reduction of Dutch 
imports to the extent of 50 per cent., of Russian coal 
by 33 per cent., of Polish fuel by 30 per cent., of Belgian 
coal by 25 per cent., and of German coal by 5 per cent. 

Egyptian Railway Contract.—The Egyptian State 
Railways have placed orders for 100,000 metric tons of 
Welsh large coal to be delivered c.i.f. at Alexandria at 
24s. ld. per ton, with Messrs. T. Beynon and Company, 
Limited, Cardiff. In respect to the tender of 17s. 8d 
per metric ton f.o.b. for 100,000 tons also submitted 
by Messrs. Beynon, this business is under negotiation, it 
being understood that the Egyptian Administration, which 
is forming a national fleet, is not yet ready to ship the 
coal in its own steamers. Though the placing of the order 
for half the quantity asked for is disappointing, it is confi- 
dently expected that the f.o.b. order will eventually come 
to South Wales. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Prospects of an early improvement 
are not so bright. Makers of raw and semi-finished 
materials are operating under great difficulty. Users 
continue to adopt a cautious attitude and cannot be 
induced to enter into forward business, with the result 
that gross output is at a low tonnage. Order books are 
far from being well filled, and unless the general position 
shows an early improvement, more furnaces and other 
plant are likely to go out of commission. Both basic 
and acid steels are only in limited request, while steel- 
making alloys are in a neglected condition. Many 
works are carrying heavy stocks. Local quotations are 
as follows: Siemens acid-steel billets, 9J. 2s. 6d.; hard 
basic billets, 67. 12s. 6d. to 81. 12s. 6d. ; soft basic billets, 
6l.; Derbyshire foundry pig-iron, 63s.; Derbyshire 
forge iron, 60s. 6d.; crown iron bars, 10/.; iron hoops, 
127.; steel hoops, 97. 10s.; and soft wire rods, 7/. 10s. 
The majority of sections in the heavy-engineering trades 
are working under capacity. Railway work is scarce, both 
on home and foreign account, and shipbuilding require- 
ments are at a low level. Output of automobile steel and 
fittings shows further contraction. There is, however, 
a consistently good call for electrical apparatus. The 
current demand for agricultural machinery and equip- 
ment shows a decline on home account, but taken on 
the whole, the season’s gross requirements appear to 
have reached more normal dimensions. Mining machinery 
and implements are being disposed of in greatly reduced 
quantities ; in fact, the home call is very disappointing. 
While depression continues to exert a strong hold on 
industry generally, research work is being pushed for- 
ward with unabated vigour. Considerable headway has 
been made in the production of new steels for resisting 
corrosion, heat, and acids. Tool makers complain of 
keen competition from abroad. Orders are coming to 
hand for hacksaws and blades, precision tools, farm and 
garden implements and twist drills, both of high-speed 
and carbon steels. Files, saws, plantation tools, and 
mining requisites are depressed lines. The light foundries 
are only moderately employed. 

South Yorkshire Coal Trade.—The general condition 
has undergone little change, but certain classes of fuel are 
a shade firmer. Export requirements are steady, and 
further improvement is considered probable. The de- 
pression in the iron and steel industry is responsible for 
industrial coal being in moderate request, while certain 
grades of coke, including blast-furnace and patent-oven 
sorts, are a slow market. Gas coke, however, is firm at 
23s. to 25s. per ton f.o.b. at Humber ports. The house- 
coal market is capable of showing much improvement. 
Country users are taking smaller supplies. Stocks at 
depots and collieries are on the increase. Quotations are : 
Best branch handpicked, 24s. 6d. to 25s. 6d.; Derby- 
shire best brights, 198. to 20s.; Derbyshire best house, 
18s. 6d. to 20s.; screened housecoal, 17s. to 18s. ; 
screened house nuts, 14s. 6d. to 15s. ; Yorkshire hards, 
15s. to 16s. 6d.; Derbyshire hards, 15s. to 16s. 6d. ; 
rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 6s. to 
7s. 6d.; and smalls, 4s. to 58. 6d. 














THE Iron Aanp Steet Instrtute.—By invitation of 
the Council of the Iron and Steel Institute, Viscount 
Ednam, chairman of the Earl of Dudley’s Round Oak 
Works, Limited, and Mr. Robert S. Hilton, managing 
director of Messrs. The United Steel Companies, Limited, 
have accepted seats on the Council. The Council has 
also elected Professor Fritz Wiist, late director of the 
Kaiser-Wilhelm Iron Research Institute, Diisseldorf, to 
be an honorary member of the Institute. 





Tests ON CONCRETE Pavine Fiac StTonses.—The 
British Engineering Standards Association specification 
No. 368-1928, for concrete paving flag stones, specifies 
tests for transverse strength, rate of wear, and absorption 
of water, and also the weight per cubic foot. For the 
convenience of highway authorities, the Ministry of 
Transport has now provided, at the National Physical 
Laboratory, Teddington, Middlesex, the apparatus 
required for making these tests, and the Director of 
the Laboratory has arranged to make the complete set 
of tests, in duplicate, on payment of a fee of 6 guineas. 
Application for tests to = made should be addressed 
to the Assistant Secretary, Roads Department, Research 
Branch, Ministry of Transport, 7, Whitehall Gardens, 
London, 8.W.1, from whom further particulars may be 
obtained, 


NOTES FROM THE NORTH. 


GuiasGcow, Wednesday. 

Scottish Steel Trade.—Business has been very quiet since 
the last report, and there are no signs of any improve- 
ment at present. All the works in this area close down 
towards the end of the week for the annual Fair Holidays, 
and it is a noteworthy fact that there is no pressure for 
deliveries before the stoppage. Any demands which have 
been coming in have only been for the usual routine 
lots, and few of them are for any tonnage of note. The 
quietness in the shipyards has had a marked effect on 
the output at the steel works, where plant has been 
running much under capacity for some time. Not only 
has the home demand been of the poorest description 
for a considerable time, but export trade has fallen 
off considerably, although inquiries are a shade better. 
Makers of black steel sheets are still very quiet, and 
the demand for galvanised sheets has not opened out as 
well as was expected, although the inquiry from overseas 
is rather more hopeful. Prices are unchanged, and are 
as follows :—Boiler plates, 10/. 10s. per ton; ship plates, 
81. 15s. per ton; sections, 8/. 7s. 6d. per ton; black steel 
sheets, 4 in., 7/. 10s. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 11/. 7s. 6d. per ton, all delivered 
at Glasgow stations. Galvanised sheets are still quoted 
at 10/. to 101. 5s. per ton for export. 

Malleable-Iron Trade.—No change for the better has 
taken place in the West of Scotland malleable-iron 
trade, and the holiday stoppage will be welcomed by 
the managements. The demand has been very poor of 
late, and the prospects are not very encouraging. The 
re-rollers of steel bars are also quiet, and competition 
for business is very keen. The following are the current 
market quotations :—-Crown bars, 101. 5s. per ton 
for home delivery, and 91. 15s. per ton for export; and 
re-rolled steel bars, 67. 5s. per ton for home delivery, 
and 61. 2s, 6d, per ton for export. 

Scottish Pig-Iron Trade.—There has been no improve- 
ment in the demand for Scottish pig-iron during the 
past week, despite the approaching holidays, and stocks 
on hand are more than equal to requirements. The 
number of furnaces in blast remains at six. The demand 
from overseas continues to be small. Prices are unchanged, 
and are as follows :—Hematite, 70s. per ton, delivered 
at the steel works ; foundry iron, No. 1, 73s. 6d. per ton, 
and No. 3, 71s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—-The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 11, consisted of only 66 tons, 
all coastwise. During the corresponding week of last 
year, the figures were 418 tons overseas and 305 tons 
coastwise, making a total shipment of 723 tons. 

Steel Trade Prices.—At a meeting of the Steelmakers’ 
Association, held in London, last Friday, it was agreed 
to make no change in current prices in the meantime. 
The present scale and existing rebates were fixed about 
the middle of January to last for a period of six months, 
and it was generally thought that on its expiry some 
concessions would be made to consumers. The reverse, 
however, is the case, but it is understood that the current 
rates will only remain in force until such time as it 
seems desirable to convene a meeting to consider an 
alteration. Shipbuilders, as well as others, have been 
pressing steelmakers for some time to reduce prices, 
and much stress has been put on the fact that foreign 
steel is coming into the market at a price well below 
the home product. Last week an informal meeting of 
some members of the steel industry and of the Ship- 
building Employers’ Federation took place in London, 
when the present position was discussed from both 
standpoints. No decision was arrived at, but it is 
highly probable that the outcome of this meeting will 
be some kind of scheme of mutual benefit to both 
industries, 








British PropuctTIon oF Pia-[RON AND STEEL.— 
The number of blast-furnaces in operation in this 
country at the end of June was 76, a net decrease of 
four since the beginning of the month. The June 
production of pig-iron amounted to 323,800 tons, com- 
pared with 346,500 tons in May and 563,200 tons in 
June, 1930. The June output of steel ingots and 
castings totalled 428,900 tons, as against 435,100 tons 
in May and 600,100 tons in June, 1930. The above 
data are quoted from the monthly memorandum issued 
by the National Federation of Iron and Steel Manu- 
facturers, Caxton House, Tothill-street, London, 8.W.1. 





British STANDARD SPECIFICATIONS FOR Brass AND 
PxHosPHOR BronzE.—T wo further non-ferrous metal speci- 
fications have been issued by the British Engineering Stan- 
dards Association. These are No. 407-1931, which deals 
with phosphor-bronze sheets and strip, excluding drawn 
material, and No. 409-1931, which refers to naval brass 
plates, sheets and strip, excluding naval brass condenser 
plates. The first specification covers two alloys, high- 
tin (from 5-0 per cent. to 7 per cent.), and low-tin 
(3-5 per cent. to 5-0 per cent.), respectively, each in 
five grades of temper, the tensile strength figures ranging 
from 18 tons to 34 tons per square inch. The second 
specification provides for both hot-rolled and cold-rolled 
brass, of tensile strengths from 22 tons to 26 tons per 
square inch. Both specifications call for a bend test, 
as well as a tensile test, whilst a forging test is also 
stipulated in the case of the naval brass. The chemical 
compositions, and the tolerances to be permitted on the 
dimensions of the sheets, are specified, and clauses 
relating to the provision of test pieces and testing facili- 
ties are included. — of these specifications may be 
obtained from the B.E.S.A., Publications Department, 
28, Victoria-street, Westminster, London, 8,W.1, price 
28, 2d, each, post free, 








NOTICE OF MEETING. 


INSTITUTION OF THE RuBBER InDUSTRY.—Monday, 
July 20, 7.45 p.m., First Avenue Hotel, High Holborn, 
W.C.1. ‘‘ The Importance of Intermolecular Forces in 
Relation to the Physical and Technical Properties of 
Rubber,”’ by Professor L. Hock. ‘‘ Some Notes on the 
Effect of Over-milling on Compounded Rubber,” by 
Mr. W. B. Wiegand. 


NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

General Outlook.—Little surprise is expressed in the 
north-western district at the decision of the Steel Asso- 
ciation, at its London meeting last week, to make no 
change in prevailing levels. Consumers who, in some 
cases, had expected that further concessions might be 
made, are now inclined to the view that the further 
withholding of orders is futile, and, as a result, are placing 
instructions for materials required urgently. To this 
extent, at least, the meeting has produced a greater 
confidence in the market and resulted in the release of a 
number of orders. The outlook is also, at present, 
rather brighter in the foundry-iron section, where leading 
manufacturers report the receipt, during the last few 
days, of quite a number of orders for deliveries extending 
over the next two to three months. 

Structural Engineering.—Following the release of the 
important 60,0007. order reported last week for steel- 
work for new departmental stores in Leeds, leading 
constructional engineering firms are hopeful that the 
worst days of the depressed period have now passed and 
that steady, if not particularly large, contracts may be 
expected. Messrs. Edward Wood and Company, 
Limited, following the receipt of their instruction from 
Messrs. Lewis’s, Limited, for 4,000 tons of steelwork, 
have further strengthened their order book with con- 
tracts for a number of smaller schemes entailing the use 
of nearly 600 tons of steelwork. These include the 
assembly of materials for new film studios at Elstree for 
Messrs. The British and Dominion Film Corporation, 
Limited; a new bridge at Bromley for the London 
Midland and Scottish Railway ; mills extensions at 
Matlock ; extensions to the premises of Messrs. Pauls, 
Limited, at Ordsall Lane, Salford; and a telephone 
exchange for H.M.O.W. at Hall Green, near Birmingham. 
Messrs. Gibbons, of Dudley, have secured an order for 
engine-shed extensions at Didcot. ’ 

Miscellaneous Orders,—Messrs. Walker Brothers 
(Wigan), Limited, who are at present engaged on a 
number of important orders, have ensured continuity of 
employment in several departments by the receipt of a 
contract for the supply of 16 of their largest type fans 
for installation in the new Mersey Tunnel, which is now 
in an advanced stage of progress. The release of small 
orders by overseas railways for stock and materials has 
resulted in a slight improvement in the outlook in the local 
locomotive-building and engineering industry. Messrs. 
Beyer, Peacock and Company, Limited, of Newton-le- 
Willows, near Manchester, have secured from the Buenos 
Aires and Pacific Railway Company, Limited, an order 
for two locomotive boilers, and are engaged on a number 
of other contracts for engines and accessories. At 
Stoke, Messrs. Stafford Coal and Iron Company, Limited, 
have been obliged to close down their blast-furnaces at 
Great Fenton on account of continued trade depression. 
The outlook in the electrical-plant manufacturing section 
is further strengthened by the receipt by Messrs. The 
Metropolitan—Vickers Electrical Company, Limited, of 
Trafford Park, Manchester, of a 104,000/. order from the 
Victoria Falls Power Company, South Africa, for a 
26,000-kw. turbo-alternator condenser set. 














PERSONAL. 


Mr. Joun Jounson, Chief Superintendent Engineer, 
Canadian Pacific Steamships, Limited, has been appointed 
Chief Engineer of Steamship Services for the Railway 
and Steamship Companies. His office will, as hitherto, 
be at 8, Waterloo-place, London, 8.W.1. Mr. Johnson’s 
new post embraces responsibilities in connection with 
the design and construction of shipping for the Canadian 
Pacific Railway Company, together with other duties 
pertaining to their steamship services. 

Megssrs, SAMUEL HopGeE AND Sons, LIMITED, 130-132, 
Leadenhall-street, London, E.C.3, have taken over all 
business connections of Messrs. The Howden-Buell 
Combustion Company, Limited, with all rights and 
interests in the Howden-Buell system of pulverised-coal 
firing, the British Rema pulverising mills and vacuum 
system,*and other engineering specialities with which 
they are connected. 

Mr. M. R. Pease, who, for the past ten years, has 
held the position of service manager of Messrs. Leyland 
Motors, Limited, Leyland, Lancs., has now been appointed 
sales manager to the firm, in succession to the late Mr. 
A. W. Windsor. 








Tue InstiTtuTION oF ExEcTRICAL ENGINEERS.—The 
Council of the Institution of: Electrical Engineers has 
awarded students’ premiums, having a value of 101., to 
Messrs. L. 8. Crutch, E. R. L. Fitzpayne, and J. Randle, 
for students’ papers read during the session 1930-31. 
Students’ premiums, having a value of 5/., have been 
awarded to Messrs. E. N. Cunliffe, G. H. Halton, H. 
Hirst, M. G. Holmes, L. F. Salter, R. MacWhirter, H. 
Pickard, F. L. Turnbull, and C. J. F. Tweed. The 
Council has also awarded a prize, the value of which is 
5l., to Mr. C, M. Johnston, for a paper on “‘ The Rela- 
tion between Economics and Engineering,” submitted 
by him in the Students’ Prize Competition, for the 1930- 
31 session, 
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EXHIBITS AT THE ROYAL AGRICULTURAL SHOW, WARWICK. 


(For Description, see Page 84.) 
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Fig. 11. Mick CooLer ; Messrs. R. A. Lister 
AND COMPANY, LIMITED. 








Fie. 13. 34-H.P. Om-ENeIne Tractor; Mrssrs. RicHARD GARRETT AND Sons, LIMITED. 
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Fig. 12. “ DrumMoTOR Messrs. GENERAL 
ELEctTrRic Company, LIMITED. 


LAUNCHES AND TRIAL TRIPS. 


” 


‘Pan Evrope.’’—Single-screw oil-tank motorship ; 
six-cylinder, two-stroke, single-acting Wallsend-Sulzer 
Diesel engine supplied by Messrs. The Wallsend Slipway 
and Engineering Company, Limited. Launch, June 30. 
Main dimensions, 483 ft. by 65 ft. 6 in. by 37 ft. 3 in. 
Built for Messrs. A/S. Abaco, Oslo, Norway, by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, 
Wallsend-on-Tyne. Fic. 14. Four-Wueet Drive Tractor: Messrs. Massey-Harris, LIMITED. 

““Concu.’’——Twin-screw oil-tank motorship:  six- 
cylinder, four-cycle, single-acting Harland and Wolft- 
B. and W. engines. Launch, July 2. Deadweight 
carrying capacity, 11,500 tons. Built and engined by 
Messrs. Harland and Wolff, Limited, Govan, for Messrs. 
Anglo-Saxon Petroleum Company, Limited, London. 
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‘Kosmos II.’’-—Twin-screw whaling factory steam- 
ship ; quadruple-expansion engines. Trial trip, July 8. 
Main dimensions, 580 ft. by 77 ft. by 53 ft. Built and 
engined by Messrs. Workman Clark (1928), Limited, 
Belfast, for Messrs. Hvalfangerselskapet Kosmos II 
A/S., Sandefjord, Norway. 

‘Pan Bortvar.”’—Single-screw oil-tank steamship for 
service between Aruba, Dutch West Indies, and New 
York; triple-expansion engine, together with Bauer- 
Wach exhaust turbine, supplied by Messrs. The Wallsend 
Slipway and Engineering Company, Limited. Trial 
trip, July 8. Main dimensions, 483 ft. by 65 ft. 6 in. by 
36 ft. 9in. Built by Messrs. Swan, Hunter and Wigham | 
Richardson, Limited, Wallsend-on-Tyne, for Messrs. 
The Pan-American Petroleum and Transport Company, 
New York, U.S.A. 

‘FLOATING CRANE No, 1.’’-—Sixty-ton floating-crane, 
non-propelling type pontoon for service at Cape Town 
Docks ; electrically-operated crane, one 120-kw. Robey 
oil-engine generating set. Launch, July 9. Main 
dimensions, 160 ft. by 55 ft. by 12 ft. Crane to lift | 
60 tons at 80-ft. radius and 20 tons at 90-ft. radius. | 
Built by Messrs. Furness Shipbuilding Company, Limited, 
Haverton Hill-on-Tees, to the order of Messrs. Cowans, | 
Sheldon and Company, Limited, Carlisle, for the South | 
African Railways and Harbours Administration. Fic. 15. More PtovaH: Messrs. J. AND F. Howarp, Lim1rep. 

** FJORDAAS,”’—Twin-screw oil-tank motorship ; eight- 
cylinder Diesel engines. Trial trip, recently, Main 
dimensions, 423 ft. by 60 ft, by 34 ft. Built and engined} AGRICULTURAL MacuHINERY IN S14M.—British firms | the market for these goods in Siam, should communicate 
by Messrs. Deutsche Werke Kiel A.-G., Kiel,{Germany, | interested in the export of agricultural machinery and | with the Department of Overseas Trade, 35, Old Quee: n- 
for Messrs. Mérlands Tankrederi A/S., Arendal, Norway, | tools, and desirous of receiving a copy of a report on! street, London, S8,W.1, quoting reference No. A.X, 10,971. 
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LOCOMOTIVE TESTING PLANTS. 





able regularity, but absolute regularity cannot be 
guaranteed. 
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previous to the day of Publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 








It is appropriate that the subject of locomotive 


| testing plants should be considered by the Institu- 


tion of Mechanical Engineers, as was the case on 
Tuesday last. The Institution has been long 
associated with engine and boiler trials, and has 
made research in steam and other matters a line 
of work to which it has specially devoted itself. 
Add to this, the fact that locomotive topics have 
ever been among the more popular at the Institution, 
and the surprise is really that the subject has not 
been brought up before Mr. Gresley’s interesting 
paper read at Cambridge. This, reprinted elsewhere 
in this issue, we welcome not only for its own sake 
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but because the subject is one after our own heart. 

The topic is not a new one for the Institution, 
having been raised at least eighteen years ago, 
when at a meeting Mr. J. G. Churchward made the 
| suggestion that the railways might band together 
to build a locomotive of joint design, which could 
be tested over the different companies’ lines in turn. 
A number of difficulties were raised against this 
by brother superintendents, and finally the counter- 
suggestion was made that the Institution might 
approach the Great Western Railway with a view 
to carrying out a series of independent trials on the 
plant at Swindon, under the control of one of its 
properly constituted research committees, the cost 
being defrayed from such a common fund as Mr. 
Churchward had suggested for his joint locomotive 
scheme. The subject, as is well known, lapsed, 
though it may be interesting to recall that the pro- 
posal was strongly supported in our columns at 
the time (April 11, 1913), when, in a leading article 
‘Locomotive Practice and Research,” 
we even went so far as to name Professor W. E. 
Dalby as suitable to take charge of an investigation, 
which, we suggested, might be in its relation to 
British design as influential as the famous St. Louis 
and Altoona trials were to American practice. 
Subsequently, we followed the matter up on 
numerous occasions, pointing out how, for every- 
thing in the way of definite data affecting locomotive 
details, we had to go to American sources, and at 
the same time showing how great the effect of testing 


| 





plant work had been in that country. 


Incidentally, 
our choice of 1913 has been amply confirmed by the 
fact that Professor Dalby has since been selected to 
act on the Department of Scientific and Industrial 
Research committee on this subject. 

Mr. Gresley, whose advocacy of such a plant has 
been persistent over many years, and whose practice 
bears evidence of the application of such research 
data, is, we may hope, in a better position to press 
the matter to a successful issue, than were the 
advocates of former days. Frankly, with a few 
exceptions, of whom Mr. Gresley has ever been one, 
pre-war locomotive men were apt to treat such 
investigations, as some are still, as of little value ; 
some even then went further. But since the 
war our views on research have largely changed, 
and the general atmosphere is more favourable. 
We now regard research work and research associa- 
tions as part and parcel of our normal national 
organisation, and we can see no reason why the 
railway companies should not indulge in such 
activities, just as do other industries. The main 
systems being now reduced to four in number, 
they are clearly much better able to face the neces- 
sary expense, even in these hard times, than the 
legion of small companies would have been for- 
merly ; and any lessons could now be both more 
quickly and more widely applied, with consequently 


8 more effective return on the cost of the work 


itself. 

Research may be undertaken for various reasons, 
none being more commendable and desirable in 
these days than the object of introducing economies. 
Mr. Gresley’s paper points to certain directions 
which the work might take. It will be agreed that 
every effort must be made by the railways to intro- 
duce the most efficient methods of operation. 
Plants in America have been responsible for funda- 
mental changes of the principles of boiler design, 
of cylinder and valve proportions; high steam 
pressures, superheating, smoke box and other 
conditions have been investigated with results 
that have been translated into practice. One of the 
latest publications we have by us relates to the effec- 
tiveness of the Nicholson Thermic Syphon, which 
independent tests at the Urbana plant (not men- 
tioned, by the way, in Mr. Gresley’s paper), show 
to possess advantages which could never have been 
definitely assessed on the road. It is, of course, 
always possible to argue that it is road economies 
which really count; but on the other hand, when 
road results are at best a combination of innumer- 
able variables, investigations in which some of these 
can be eliminated may be worth far more to the 
designer. 

So far we have dealt only with the railway 
companies, but, as Mr. Gresley points out, our 
locomotive builders are, or should be, no less 
interested, from having to compete in the open 
market for their business without the chance of 
making road tests such as the railways have, and 
against foreign firms who may have the advantage 
of such plants. No one will deny the desperate 
need of the revivification of our locomotive industry. 
The process requires not only the best of work- 
manship and material at reasonable cost; it also 
postulates advance in design. Much is heard 
now-a-days of electrification, but the fact remains 
that the locomotive will not be ousted from most 
parts of the world for many a long year. To main- 
tain or improve their share of the trade our builders 
must keep in the very van of progress, instead of 
being content that others should pioneer. 

It is satisfactory therefore to know that the 
establishment of a testing plant has the approval 
not only of the railways, but also of the builders. 
This we gather to be the case from the last report 
of the Department of Industrial and Scientific 
Research, in which it is stated that the Locomotive 
Experimenta] Station Enquiry Committee of the 
Advisory Council] reported unanimously in favour 
of such a proposal. We referred to this Com- 
mittee’s work in our issue of March 13 last (page 
364), but the Department’s report, so to speak, 
left the Committee and its work in the air. Neither 
does Mr. Gresley’s paper appear to carry it much 
further, for, although one of its leading members, 
Mr. Gresley made no mention in his paper even of 





the existence of the Committee. It is true that 
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both he and the President, Lieut.-Colonel Kitson 
Clarke, briefly mentioned it in the course of the 
meeting, and possibly if Sir Alfred Ewing had been 
able to be present more would have been heard of 
the matter from him. Actually, Mr. Gresley dealt 
solely with questions of design ; but it seems to us 
that these might well follow after the broad lines 
of organisation have crystallised, and it would be 
interesting to know if anything is really standing 
in the way of progress in the latter direction. The 
Departmental report referred to above speaks of 
the Committee having ‘‘ succeeded in framing a 
scheme adequate in their view to meet present 
needs and to allow for future expansion,”’ following 
this up with the suggestion that the work should be 
done by a “ body analogous to a research associa- 
tion.” On this side of the subject the Cambridge 
meeting was curiously silent. 

The suggestion made eighteen years ago was that 
the Institution of Mechanica] Engineers might 
father the investigation, but the idea then involved 
only the temporary use of a plant for a series of 
trials, which might be likened in a sense to the 
recent trials of marine oil engines. Such an inquiry 
would not suffice to-day. For present needs, a 
permanent organisation and the constant use of a 
plant are essential, at the service of both the railways 
and the builders, to help them to solve difficulties 
as they arise. In these circumstances it would 
seem inevitable for the Institution to have to give 
way to something more definite, such, for instance, 
as is to be found in the National Physical Laboratory, 
or, alternatively, might be provided by a research 
association, assisted as these are nowadays by 
Government grants. 

With regard to the first of these, a precedent may, 
perhaps, be considered to exist in the William 
Froude Tank, in which connection we have fre- 
quently been assured that shipowners have many 
times over saved the cost of experiments. But, 
even if a generous donor came forward in like 
manner, there is still the question of meeting the 
cost of operation and maintenance to be faced. 
It is possible in these days of stringency that no 
Government would care to saddle itself with the 
direct responsibility of a locomotive testing plant, 
although the case may truly be said to be a national 
one. Shipowning is an independent industry, sub- 
ject, of course, to Government regulation as to 
provision for safety, &c., but the railways are 
subject to regulations of more far-reaching effect, 
and it seems to us that if it imposes restrictions 
and regulates profits, in equity the Government 
should help the railways in every way possible to 
develop the most efficient methods of operation 
demanded by the Act of 1921. It would thus 
seem that the logical development would be a 
research association working with a Government 
grant, for this should make it possible for substantial 
financial help to be procured, while leaving it free 
to the railways and builders to come to some 
mutually convenient scheme of operation. We see 
no reason why these two industries should not 
benefit in the same way as others have done since 
research became of national interest, and it is to 
be hoped that delays will not postpone final decision 
till action is useless. 

We trust that Mr. Gresley’s paper may do some- 
thing to forward the scheme, and although the 
author may have thought the discussion at Cam- 
bridge disappointing, we believe that a large body 
of members of the Institution would lend their 
moral support to the proposals, which, after all, is 
all that they can do. As regards the plant itself, 
reading between the lines of the report referred to 
above, we gather that the plans put forward in the 
paper are at least analogous to the scheme put 
forward by the Committee. If this be so, they 
have undoubtedly been drawn up by engineers 
competent to assess the requirements of the case, no 
less than the feasibility of the proposed solution. As 
far as broad principles go, therefore, the novel scheme 
may be accepted as an advance on previous plants, 
while Mr. Gresley states that details are within 
the capacity of gear manufacturers. The scheme of 
a wind tunnel is a distinct innovation, but its pur- 
pose appears to have been quite misunderstood by 
speakers, who seemed to think that it was expected 
to serve for resistance investigations. Actually, 











of course, the object is only to simulate road 
conditions so far as they affect processes internal 
to the locomotive, and side winds or the resistance 
of the following train do not influence these. 








THE SOCIETY OF CHEMICAL 
INDUSTRY. 


TuHE jubilee celebrations of the Society of Chemical 
Industry, which have been held this week, have 
shown a remarkable combination of historical 
with present interest. They have been attended by 
representatives from the Dominions, European 
countries and the United States, and the Society, by 
honorary memberships, addresses, and commem- 
oration plaques, has made graceful record of 
its admiration for the work of distinguished British 
and foreign chemists in the last fifty years, and for 
the conspicuous and enlightened aid given by the 
City of London and its Livery companies to scientific 
education and research. By what seems to be 
unusual good fortune it has also been able to wel- 
come and honour no less than 66 of its original 
members, many of whom are still engaged actively 
in their professional work. It is probably more than 
a concidence that its president for the year should 
be Sir Harry McGowan, the chairman of the greatest 
British organisation of chemical manufacturers, 
and the circumstance has enabled an authoritative 
and inspiring statement to be made of the position 
and prospects of the industry, which should give 
valuable encouragement to all who are associated 
with it. Dr. Miall, in the history of the chemical 
industry which he has prepared for the Society 
as part of its jubilee celebrations, estimates that 
the chemical industries are now employing some 
300,000,000/. of capital and close on 170,000 workers. 
These are striking figures, but Sir Harry McGowan, 
with what must be taken as unique opportunities 
for knowing and interpreting the facts, adds the 
still more impressive assurance that the present 
strength of the industry, alike in its intellectual 
and its financial resources, goes beyond the wildest 
dreams of its grandparents. Without noticeable 
exceptions, the British chemical industry is now 
complete within itself, and can supply, within 
reason, every requirement of civilised mankind. 

Many circumstances have conspired to produce 
this result, but one which is particularly connected 
with the last half century, and probably, indeed, 
with the later part of it, has been of special import- 
ance. That is the remarkable development of the 
new practice of chemical engineering. Of the 
several objective expressions that have marked 
the jubilee celebrations the most voluminous has 
been the exhibition of chemical engineering plant, 
of which we give an account elsewhere in this issue. 
No more appropriate choice could have been made 
for the central feature of the Society’s festival 
activities, for the development of chemical engineer- 
ing has been the work of the period under review. 
In their earlier days the dominant chemical indus- 
tries of the country were engaged mainly on the 
large-scale manufacture of relatively simple products, 
such as the common alkalies and acids, and their 
problems were attacked mainly on the chemical 
side. So late as 1886, as Dr. Miall relates, Mr. 
Ivan Levinstein, of the firm of dyestuffs manufac- 
turers, said in terms that the industry did not 
possess what might be called chemical engineers, 
and Dr. E. K. Muspratt, of the family of alkali 
makers, said still more explicitly that it was very 
difficult to find men who combined a knowledge 
of engineering with that of chemistry, such as 
the Germans and the French had been training 
for forty years previously. The need of such men 
became increasingly apparent, not only for the pur- 
pose of abating the nuisance of chemical factories, 
of which public opinion had grown less tolerant 
than it had been in earlier days, but also, and 
more strikingly, to satisfy the growing call for econo- 
mic production, and the avoidance of waste that 
had too long been accepted as a matter of course. 
The chemical trades, also, became steadily more 
exacting in their demands for materials of higher 
resistance, for which they had to appeal to the metal- 
lurgical and other arts. Their practice came to 
involve the use of higher pressures and temperatures, 
following the same course as that of general engin- 


eering, and to require the introduction of electric 
furnaces and the preparation of liquid gases. It 
was found necessary, in fact, to perfect the design 
and construction of chemical plant, from the engi- 
neering point of view, as exactingly as was required 
in other branches of engineering manufacture, 
and the exhibition of this week has been a 
concrete illustration of the success with which this 
has been done. The organisation, indeed, of this 
exhibition was in itself a sign of the progress that 
has been made in providing the means of attaining 
this success. It was arranged for the Society, 
through its Chemical Engineering Group, by the 
British Chemical Plant Manufacturers’ Association, 
a body instituted only in 1920, which is taking an 
active part in facing the technical problems of its 
members jointly, and is in some respects undertaking 
joint action with the Association of British Chemical 
Manufacturers. 

It is a matter for congratulation that the chemical 
industries and chemical engineering in this country 
should be situated so favourably, because to all 
appearances they may look forward to constantly 
extended demand for a long time to come. There 
will doubtless, as Sir Harry McGowan has pointed 
out, be competition not only between country and 
country but also between process and process, 
but with the continual development of fresh 
products and extended uses, the demand both for 
new applications and for the wits and resources 
by which they are produced most promptly seems 
certain toincrease. Itis to be hoped, and, nowadays, 
so far as the industries themselves are concerned, 
may reasonably be expected, that the best use will 
be made of the impending opportunities. The 
history of the chemical industry in this country 
shows that the expression of the hope is not super- 
fluous. The great dyestuffs industry which began 
with Perkin’s discovery of aniline in 1856, remained 
for some years in the country, but by the °70’s and 
°80’s the stronger ambition of the Germans, their 
superior facilities for research, and their more 
careful attention to markets, transferred the bulk 
of it to themselves, and at the outbreak of war over 
80 per cent. of what was being consumed in this 
country had to be imported. The transference, of 
the business was indeed attributable in part to 
legislative and administrative shortcomings. The 
competition between manufacturers with a protected 
home trade and those in our own open market, 
the patent legislation which allowed inventions to 
be hung up by foreign applications without effective 
working in the country, the pedantic excise regula- 
tions by which often the mere alcohol used in making 
dyes in this country cost more than the finished 
dye in Germany, all helped to cripple British makers, 
and the extraordinary recovery they made during 
and after the war was attributable in part to the 
effect of these burdens being removed. The 
dyestuffs industry has only escaped the removal 
of its present protection by a narrow margin, 
and the relief is assured only for a year. Well- 
equipped as the chemical industries now are in this 
country, they have nowhere any great advantage 
over those of other countries, and could not afford 
to be subjected to any avoidable burden from which 
their foreign competitors were free. The interests 
of the community require that, while the chemical 
industries and the manufactures of their plant are 
doing their part in this competition, their efforts may 
not be frustrated by ill-advised legislation or 
administrative measures. 








THe Iron anp Steet Instirute.—As previously 
announced in our columns, the autumn meeting of the 
Iron and Steel Institute will be held at Swansea, from 
September 29 to October 2 next. The business sessions 
will take place in the rooms of the Royal Metal Exchange 
on the mornings of September 29 and 30, and October |. 
In the afternoons, visits will be paid to the Port Talbot 
and Margam Works of Messrs. The British (Guest Keen 
Baldwins) Iron and Steel Company, Limited; the 
King’s Dock tin-plate works, Swansea, of Messrs. Bald- 
wins, Limited ; the Gorseinon works of Messrs. Groves- 
end Steel and Tinplate Company, Limited ; the National 
Oil Refineries of Messrs. The Anglo-Persian Oil Company, 
Limited, at Llandarcy ; and the Swansea Vale spelter 
works of Messrs. The National Smelting Company, 
Limited, Swansea. The whole of Friday, October °, 
will be devoted either to a visit to the Courtybella Works, 
Newport, of Messrs. The Whitehead Iron and Steel 
Company, Limited, or to a motor tour over the Brecon 





Beacons into Mid-Wales. The offices of the Institute 
are at 28, Victoria-street, London, S8.W.1. 
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NOTES. 


THE Wortp’s SHIPBUILDING AND MARINE 
ENGINEERING. 


Tue shipbuilding returns of Lloyd’s Register 
for the quarter ending June 30, 1931, have just been 
published and make depressing reading. These 
show that the tonnage of merchant shipping under 
construction in Great Britain and Ireland, on June 
30 last, namely, 555,603, was not only 138,211 tons 
less than that in hand at the end of the previous 
quarter, but was as much as 836,460 tons below 
that under construction on June 30, 1930. The total 
for the quarter under review, it is distressing to find, 
is lower than that of any other quarter since Decem- 
ber, 1887, and includes nearly 68,000 tons on which 
work has been suspended. Moreover, only 23,259 
tons were commenced during the three months 
which have just elapsed, a decline of 9,326 tons from 
the already very low corresponding figure for the 
March, 1931, quarter. For the purpose of compari- 
son, it may be stated that, during the six months 
ending March 31, 1930, the monthly average of ship- 
ping commenced was over 154,000 tons. Of the 
101 vessels, aggregating 555,603 tons, now under 
construction in our shipyards, 62 are steamers, 
32 motorships, and 7 sailing ships and barges. In 
‘contrast with our own position, the shipping under 

construction abroad on June 30 last, totalled 
1,270,384 tons, and was only about 36,000 tons less 
than that in hand on March 31, 1931. With the 
exception of the United States, which registered 
an increase, as compared with the previous quarter, 
of 70,000 tons, all foreign shipbuilding countries 
having more than 100,000 tons of shipping under 
construction experienced greater or lesser declines. 
The actual figures were : The United States, 301,489 
tons; France, 211,940 tons; Italy, 170,658 tons ; 
Germany, 130,651 tons; Sweden, 110,355 tons ; 
and Holland, 108,299 tons. For some time past, 
a feature of the shipbuilding returns has been the 
relatively large number of oil-tank ships figuring 
in the totals. As many as 77 of these ships, aggre- 
gating 627,810 tons, are now under construction 
in the world’s shipyards. Of these vessels, 28, 
making together 243,315 tons, are being built in 
our shipyards, 11 totalling 85,100 tons in Swedish 
ryards, and 9 aggregating 82,090 tons in German 
‘shipbuilding centres. It is noteworthy that of the 
77 oil tankers under construction, 67 are motorships. 
The total horse-power of marine engines, either under 
construction or being installed on board vessels, 
at the end of June, 1931, was 1,978,692, as compared 
with 2,061,805 on March 31, 1931. This was made 
up of 145,065 i.h.p., the total for reciprocating 
steam engines ; 1,036,790 s.h.p., the aggregate for 
steam turbines; and 796,837 i.h.p., representing 
oil engines. Great Britain and Ireland occupied 
first place with 559,797 h.p., the United States came 
second with 352,805 h.p., Italy third witk 351,350 
h.p., Germany fourth with 199,426 h.p., and France 
fifth with 153,725 h.p. The totals for all the other 
shipbuilding countries were below 100,000 h.p. 
In conclusion, it should be pointed out that the 
tonnage figures quoted above are gross tons, and 
that nu account has been taken, in the returns, of 
vessels of less than 100 tons gross. 


EMPIRE SURVEYS. 


The requirements of the British Empire include 
every class of survey work, which has, moreover, 
to be conducted under every variety of conditions. 
In some regions labour is cheap and methods of 
transport reasonably good. In others, labour is 
expensive and progress is hampered by obstructions 
of every kind. Climates vary from that of Canada 
to the tropics, and each presents its special difficul- 
ties. The class of work required ranges from 
reconnaissance surveys to prime triangulations, 
and the equally precise work of the hydrographic 
service of the Admiralty. The Empire Survey 
Review is a quarterly journal which has been 
established to facilitate the exchange of views and 
experiences between surveyors in every part of the 
Empire. It is an official journal published for the 
Secretary of State for the Colonies by the Crown 
Agents for the Colonies, Millbank, S.W.1, and the 
Price is to be 3s. per issue. The first number, 
dated July, 1931, has just been published. The 





editor is Captain G. T. McCaw, O.B.E., who, as 
secretary of the Colonial Survey Committee, has an 
exceptional knowledge of the work now in progress. 
An interesting paper on Primitive English Land 
Marks and Maps is contributed by Mr. O. G. S. 
Crawford, B.A., Archeological Officer to the 
Ordnance Survey. Mr. Crawford describes the 
earlier English maps, which seem to have originated 
largely in the requirements of private land-holders. 
Aerial surveys have, he states, added greatly to our 
knowledge of prehistoric Celtic communities. The 
use of the Hunter short-base apparatus for minor 
triangulations is described by Dr. J. de Graaff 
Hunter, whilst Captain D. R. Martin, R.E., contri- 
butes an account of the map-mounting machine 
designed and made for the Ordnance Department by 
Practical Machines Co., Limited, Camberwell-green, 
London. This machine has enabled the staff to 
be cut down to less than one-tenth of what was 
formerly required in the map-mounting depart- 
ment, and there is, moreover, a great saving of 
space. There is further a saving of one-half of the 
paste formerly used. The singly-printed sheets 
are mounted on a continuous roll of linen, the 
output being from 300 yards to 350 yards per hour. 
In a report on the Hydrographic Year, Vice- 
Admiral Douglas states that echo sounding has 
proved so successful that it is likely ultimately to 
displace the lead, not only on ships, but perhaps 
also on small craft employed in shallow water. 
The new 45-deg. prismatic astrolabe has given, it 
is stated, extraordinarily accurate results, and is 
said to have proved a distinct advance on the 
60-deg. instrument. In a review of a paper on 
Mount Everest, issued by the Indian Geodetic 
Department, attention is called to the demolition 
of certain fallacies for which Sir Sven Hedin was 
responsible. This writer asserted that the discovery 
of Mount Everest had been anticipated by the 
French by 119 years, and further that the native 
name of the peak was Tchomo Lungona. Neither 
of these assertions has, it is officially stated, any 
foundation in fact. Amongst other reviews are 
those of reports issued by different survey authori- 
ties. From these we learn that it is proposed to 
establish in Australia a Board of Survey, repre- 
senting the various States, which would be respons- 
ible directly to a minister of the Commonwealth. 
The cost of a geodetic survey, including secondary 
and tertiary triangulation, is estimated at 30s. to 
50s. per square mile, plus office expenses, whilst 
precise levelling costs 21. per mile run. Itis proposed 
to employ photography largely in topographic work, 
and it is stated that there would be a ready sale 
in many places in Australia even for the unreduced 
photographs. In the report from Uganda, dis- 
appointment is expressed at the magnitude of the 
closure errors in the Busaga Main Traverses run in 
1928, which have rendered necessary the observation, 
during the past year, of another link. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

For four years in succession, at Birmingham, 
Southampton, Manchester, and Bristol, the Institu- 
tion of Mechanical Engineers has held its summer 
meeting in a city dignified by the presence of a 
University, and the opportunity has been afforded 
to members of seeing the provision made for the 
study of engineering in these comparatively new 
centres of education. This year, the Institution, 
in visiting Cambridge, has not only been able to 
compare the progress which has been made in the 
way of such education since its previous visit in 1913, 
but has had its four years’ recent experience to 
use as a measure of the relative importance given 
to the subject with which it is chiefly concerned in 
a University which has long been identified with 
what are popularly known as the classics and as 
pure science. 

The serious study of engineering at Cambridge 
may be said to have commenced in 1891, although 
prior to this date workshops existed and a limited 
amount of engineering instruction was provided. 
In that year Professor Ewing, now Sir Alfred 
Ewing, K.C.B., F.R.S., was appointed to be head of 
the Department of Engineering. Almost at once 
he succeeded in promoting the subject under his 


charge to the dignity of a Tripos Course, and the 
First Tripos Examination in Mechanical Sciences 
took place in 1894. 

In 1894, the Engineering Laboratory in Free 
School-lane was opened. In 1900, a new wing 
was completed in memory of the late Dr. John 
Hopkinson. Between the years 1904 and 1907, 
a new drawing office and hydraulic laboratory were 
added. In 1912 a new electrical laboratory was 
erected. Thus, when the Institution of Mechanical 
Engineers visited Cambridge in 1913, the whole 
work of the Department was being conducted in 
Free School-lane, and about 240 students were 
working in the laboratory. Since then very 
considerable changes have taken place. 

For many years under the late Professor Bertram 
Hopkinson the number of students reading engineer- 
ing at Cambridge had been steadily increasing, and 
in 1914 had reached a total of 270, and the question 
of further accommodation had by then come 
prominently into view. Acute as this problem 
was in 1914, however, it was as nothing compared 
with the difficulty after the cessation of hostilities, 
for in 1920 the total number of students exceeded 
| 800. 
| Bounded on all sides by other laboratories, them- 
| selves in urgent need of expansion, there was no 
|room for extension, and every expedient for in- 
| creasing the accommodation on the Free School- 
‘lane site had been exhausted. The necessity of 
| transplanting the Engineering School as a whole 
was so urgent that the University acquired a new 
site admirably suited to the immediate and future 
needs of the Engineering Department. This was 
known as the Scroope House Estate, and consisted 
of a large house with four acres of garden, about 
800 yards away from the old laboratories. On 
this site commodious new laboratories have been 
erected, new workshops have also been provided 
and a portion of the front block, containing lecture 
rooms and drawing offices, has just been completed. 
The Department of Engineering is now completely 
housed on the new site.* 

During recent years many developments have 
taken place in connection with the teaching work 
of the Department. An outstanding feature of 
post-war development has been the increasing 
association established between the Engineering 
Department of the University and the Services. 
Immediately after the war considerable numbers 
of Naval officers, Roya] Engineer officers, and 
officers of the Royal Air Force took special courses 
in engineering at Cambridge, and this association 
has been gradually strengthened until it has now 
become the practice for aJ] Royal Engineer officers 
| to reside in Cambridge for two years and sit for the 
Mechanical Sciences Tripos, whilst there are always 
some officers of the Royal Air Force in residence 
studying engineering. 

The courses have been continually adapted to 
keep pace with the rapid advances in engineering 
science ; in particular, the creation of a professor- 
ship of aeronautics and the formation of a Depart- 
ment of Aeronautics operating in close co-operation 
with the Engineering Department has done much 
to stimulate interest in this subject. The formation 
by the Air Ministry of the Cambridge University 
Air Squadron, and the provision of its premises 
in the grounds of the Engineering Laboratory, has 
strengthened the tie between this Service and the 
Department, as the squadron, of course, affords 
excellent facilities for students of aeronautics to 
gain a close practical touch with their subject whilst 
in residence. The staff employed in the Depart- 
ment consists of a professor of engineering, a 
professor of aeronautics, a reader in electrical engi- 
neering, a lecturer in mechanical engineering, a 
lecturer in thermodynamics, sixteen other university 
lecturers, two university demonstrators, a superin- 
tendent of the workshops, and a superintendent 
of the drawing office, assisted by about 13 additional 
lecturers and demonstrators. There is also a 
staff of 32 workshop instructors, assistants, appren- 
tices, and laboratory attendants. 

Institution members assembled at 10 a.m. on 
Tuesday last. in the Senate House of the University, 
where they were officially welcomed by the Right 
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* The actual final transference was timed to take place 
last month (i.e. June, 1931), 
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Worshipful the Vice-Chancellor of the University, 
Mr. A. B. Ramsay, M.A., Master of Magdalene 
College. The Vice-Chancellor made his speech of 
welcome in Latin. The classical scholar at Cambridge, 
he said, caught some of his inspiration from its 
engineering schoo], and the engineering student was 
shown the beginning of his handicraft from its 
state in Greece and Rome. He was glad to pay 
tribute to the high distinction attained by the 
President of the Institution, formerly connected 
with the University. The human race would con- 
tinue to receive benefit from the mechanical sciences. 
Men were filled with wonder from their early days 
at the working of machines, while ancient peoples 
believed that their gods even depended on them. 
Invention seemed to promise a golden age, or, 
perhaps, an iron age in which that hard metal 
would be used to fabricate instruments for the use 
of friendship and peace. 

The President of the Institution, Lieut.-Colonel 
E. Kitson Clarke, M.A., in acknowledgment, 
said he felt sure all the members would appreciate 
the distinction which had been conferred upon them 
of meeting in that famous building, as they had done 
17 yearsago. At that time, Sir Frederick Donaldson 
had made express reference to the use of examina- 
tions in the education of an engineer. The results 
of such methods as now practised by the Institution 
had proved of great value, and it was appropriate 
to recognise that in a place which might be called 
the temple of examinations. In the name of the 
Institution he sincerely thanked the Vice-Chan- 
cellor and his friends and colleagues for throwing 
open the resources and beauty of the university 
to them. He felt that to the head of a great 
repository of learning and as the guardian of the 
lives that in that hall reached a certain peak before 
passing from their first range of education to the 
education that life was preparing for them, he could 
offer on behalf of the members a wish for those 
young men that they would have in their future an 
unselfish heart in success and a brave one in dis- 
appointment. The Institution would welcome 
to its ranks more of the young engineers who 
started on a professional career from the Senate 
House. In the course of his remarks, the President 
read a letter of regret from the Chancellor of the 
University, the Right Hon. Stanley Baldwin, M.P., 
that he was unable to be present. 

The Vice-Chancellor, having briefly acknowledged 
the President’s thanks, then retired, and the 
President took the chair and announced that the 
meeting was constituted as an ordinary general one. 
The minutes of the last meeting were read and 
approved and notice was given of a general meeting 
to be held at Storey’s-gate, on Friday, October 16, 
for the purpose of considering and passing, with 
or without amendment, the by-laws under the 
Royal Charter. The President then said he wished 
to tender the thanks of the members to the staff 
of the Institution for their work in organising the 
summer meeting, particularly Mr. White. He 
then called upon Professor C. E. Inglis, M.A., to 
address the meeting on ‘‘ Cambridge as a Place of 
Education.”” This address we reprint on page 71 
of this issue. It was listened to with great interest, 
which was attested by the very hearty manner 
in which a vote of thanks for it was accorded. 

The President then called upon Mr. H. N. Gresley 
to read a paper on ‘‘ Locomotive Experimental 
Stations.” This will be found, in abridged form, 
on page 88 of this issue. 

The discussion was opened, at the invitation of 
the President, by Professor G. Lomonossoff, who 
expressed his entire agreement with the author that 
the rational design of new forms of locomotives 
should be based on the scientific investigation of 
the old ones, and that tiis investigation could only 
be done under uniform conditions, #.e., for steam 
locomotives, with constant values for throttle 
opening, cut-off, pressure and temperature of 
steam, and speed. But the maintenance of these 
uniform conditions, though of the highest impor- 
tance, was very difficult to arrange. His expe- 
rience showed him that it was more difficult to 
obtain constant speed on a test plant than it was 
on the road—at least, with ordinary reciprocating 
steam locomotives. Every ordinary steam loco- 
motive had a tendency to rotate about its main 
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vertical axis, and this turning moment produced a 
lateral reaction of the flanges on the rails or on the 
test-plant supporting wheels. In modern loco- 
motives these reactions reached 20 tons, and they 
greatly increased the braking effect. To control 
them at the full load of a steam locomotive, a high 
degree of skill and a large amount of experience were 
necessary. In his laboratory tests with a draw-bar 
pull of about 15 tons and a speed of about 10 m.p.h. 
the speed fluctuated plus or minus 17 per cent. from 
this cause. He had seen the same thing in the 
United States. With Diesel-engines and turbo- 
locomotives the figure was about 2 per cent., but 
in Germany with ordinary locomotives on rails 
the figures were plus or minus | per cent. 

It was interesting to note, Professor Lomonossoft 
continued, that the first attempt to obtain the 
uniform conditions on the road by means of an 
auxiliary locomotive, a method now successfully 
practised in Germany, was made by Mr. Loevy in 
1886, and was described in the Proceedings of 
the Institution in the same year.* This attempt 
had, however, been unsuccessful. In 1900 he, 
Professor Lomonossoff, had been able, by carefully 
selecting for the tests sections of line with uniform 
profiles, to attain to a greater or less degree as 
uniform conditions in actual running as were 
obtainable in a laboratory. In 1908 a Locomotive 
Research Bureau was set up in Russia, and the 
method then adopted was to test locomotives on 
very long uniform gradients and also on short 
levels, the speed being kept constant by braking. 
The cut-off and throttle opening were kept constant 
throughout the complete test. There were no 
gradients in Poland sufficiently uniform for this 
method, and the head of the Polish Experimental 
Bureau, Professor Czeczott, commenced in 1923 
the practice of maintaining uniform speed by means 
of an auxiliary locomotive and 10 carriages. 
The most reliable results had, he thought, been 
obtained by this method in Germany under Professor 
Nordmann and Herr Giinter.t 

While agreeing with the author that laboratory 
tests with locomotives must be carried out under 
conditions as nearly as possible the same as those 
obtaining in actual running, his view was that for 
steam locomotives these conditions could not be 
reproduced. Thus, there was great difficulty in 
reproducing the steaming conditions due to the 
absence of vertical vibration. This not only 
improved evaporation, but made the steam wetter, 
which greatly increased the cooling effect of the 
cylinder walls, as Sir Alfred Ewing had pointed out. 
Tests with a locomotive with the same fuel showed 
that on rails 40 per cent. more steam could be 
produced than in laboratory tests, but the dryness 
fraction was only 0-94 instead of 0-98. The boiler 
was more powerful when on rails than in a test 
plant, but the engine was then less efficient. In 
many respects testing plants were very valuable, e.g., 
when testing new details and such new types of 
locomotives as Diesel and turbine-driven engines, 
but he thought that even when they had wind 
tunnels they could not yield figures which were 
capable of being applied to actual running conditions 
without correction. Both German and Russian 
railways, which had such testing plant, really 
preferred actual tests on rails as affording a scientific 
basis to work on. He would conclude by pointing 
out that the first locomotive laboratory was installed 
by a late member of the Institution, Alexander 
Borodin, in 1882, in Kief. It was described in the 
Proceedings of the Institution for 1886 (page 298). 

Mr. W. A. Stainer said that Mr. Lomonossoff had 
confirmed what he had found regarding the difficulty 
of maintaining uniform conditions and, particularly, 
constant speeds in testing plants. It was really 
impossible to develop in a stationary testing plant 
those conditions which obtained in practice, and, 
moreover, these plants were not always easy to 
operate. Bearings, for example, always gave 
trouble. He thought Mr. Gresley’s proposal was 
rather complicated. There were, for instance, 
10 sets of bevel gears, two spline shafts, and 
numerous cross-shafts. It might almost be said 
that these promised trouble. There was another 

* See ENGINEERING, vol. xlii, page 301 (1886). 

t Die Lokomotive, 1923, Heft 2; Bulletin A.I.C. 
Ch. de Fer, 1930. 








comment which might be made, i.e., on the possible 
spread of electric traction. Such a development 
might, conceivably, render any expenditure on 
steam-testing plant a mere waste of money. 

Mr. 0. V. P. Bulleid said that he thought the 
practice of carrying out actual running tests instead 
of those on a testing plant really meant that trains 
and not locomotives only were being tested, for to 
vary conditions meant interfering with the running 
of the train. A testing plant possessed the great 
advantages of enabling an investigator to lay-out 
a series of tests under conditions chosen by himself ; 
the indicators would be more accessible, and the 
discomforts of making observations eliminated. 
He then instanced a case showing the effect of 
variables in running conditions. He had made a 
number of experiments on two different locomotives, 
but on plotting the relations between horse-power 
and speed he had found the resultant curves almost 
the same. This negative result was due to the 
influence of the respective trains on the locomotives. 

Lieut.-Colonel C. H. Kuhne, speaking as one 
concerned with the testing of motor vehicles, said 
that if a satisfactory testing plant could be evolved 
for handling a machine as a whole, whether new 
or not, it would be a step forward. When dealing 
with large quantities of military motor vehicles, 
which were obtained from commercial firms, the 
original tests made could generally be accepted as 
satisfactory. But machines had to be overhauled 
from time to time, and went for this purpose to 
different depots. This introduced a set of variables 
at once, which, added to the other variables which 
existed in the diverse services in which the vehicles 
were employed, made it difficult to assess the 
performance of a re-conditioned machine. A 
plant like that described for testing locomotives, 
which would test a motor vehicle as a whole would 
be a great asset. He believed that there was even 
now a machine for testing motor-cars on the market, 
but it was not yet up to the work of testing heavy 
army vehicles, which had six wheels in many cases, 
and therefore approximated somewhat to a loco- 
motive. 

He thought the locomotive plant had yielded good 
results, and a modification for motor vehicles should 
not be difficult ; the trouble from slipping would at 
all events be greatly reduced owing to the employ- 
ment of rubber tyres. He could not, however, 
visualise at the moment a satisfactory plant for 
testing tanks and similar vehicles with self-borne 
tracks. He might conclude by mentioning that at 
the Military College of Science, Woolwich, they had 
a testing plant for testing the effects on springs 
of rough road conditions, the wheels of the apparatus 
being so formed that excrescences could be bolted 
to their peripheries to simulate uneven roads. 

Wing-Commander Cave-Browne-Cave, referring t® 
the use of wind tunnels, said that these had proved 
of great utility in the case of aircraft, but the 
conditions with a locomotive were very different. 
He might mention that early work with wind tunnels 
had proved somewhat unsatisfactory, because the 
tunnels were originally too small. He thought 
Mr. Gresley’s proposed tunnel was not big enough. 
Moreover, the effect of wind would only be deter- 
mined as far as it applied to the locomotive itself 
and not to the whole train, which was of greater 
moment. They had now effected a saving of 
power in wind tunnels by re-circulation, but a 
similar proposal with a locomotive wind tunnel 
would lead to difficulties due to the heating of the 
air from repeated contact with the hot boiler, &c. 

Professor F. C. Lea said he thought the construc- 
tion of such a test plant as proposed would involve 
considerable mechanical difficulties. Provision 
ought to be made for testing the effects of locomotives 
running round curves, &c. It seemed to him that 
a satisfactory solution would not be reached without 
entirely new types of gears or combinations of gears 
being evolved. With regard to the wind tunnel, 
this seemed to provide for head-on wind effect 
only. A great amount of trouble arose from side 
winds on trains. He was not at all sure that it was 
desirable to attempt to get wind effects with full- 
size locomotives, and he thought that more reliable 
results could be obtained from the employment of 
scale models, whole trains, instead of locomotives 
only, being tested. 
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CHARACTERISTIC CURVES OF FORCED-DRAUGHT FAN. 











10° P 
60r 
> 
3 sot 
8 . 
ee 
hs Sg 
™ = 
> sob = 
= £5 
S S 
b 20F 
x 34 
| & 
10 % . 
«* a 
. : 
& 
0 
oO 10000 20000 30000 40000 
(2743) Volume Ft. Min. at 70° & 30'Hg. —“sxownermc” 


Mr. Gresley, in reply, said he thought some 
misconception had arisen with regard to his proposal 
for a wind tunnel. He had put this forward, not 
with the view of investigating resistance, &c., 
but in order to reproduce more accurately running 
conditions in the furnace, the draught being when 
running practically always end-on whatever the 
direction of the wind might be. Vibration when 
running had certainly an important effect on the 
rate of steaming, and locomotive boilers had proved 
a failure in early torpedo boats due to lack of it. 
This, however, only applied to the Stephenson type 
of boiler. He might remark that the water-tube 
boiler fitted to the L. & N.E.R. locomotive No. 10000 
had shown itself to be practically unaffected by 
vibration. Some remarkable evaporations had 
been obtained from it while stationary. On the 
general question of testing plants, he was aware 
that results on a stationary plant would not conform 
to those obtained in actual running, but what he 
aimed at was uniform results. He thought uni- 
formity was essential in providing analysable data. 
He would like to refer to the debt all interested 
in the subject owed to Professor Goss, of Purdue 
University, whose work had not been noticed in the 
paper as it should have been. 

The President, in proposing a vote of thanks to 
Mr. Gresley, referred to the fact that Mr. Gresley 
had stated in his opening remarks that no mention 
had been made of the Locomotive Experimental 
Station Committee, and that its Chairman, Sir 
Alfred Ewing, was unable to attend the meeting. 
He himself had had the honour of serving on that 
Committee, and he could assure the members that 
a large amount of investigation had been done by 
it. After votes of thanks to the numerous authori- 
ties, firms and individuals, by whom hospitality 
was being extended to the Institution, the meeting 
adjourned. 

The afternoon of Tuesday was spent in organised 
visits to different colleges, while in the evening 
members were entertained at a reception in the 
Guildhall by invitation of the Worshipful The 
Mayor of Cambridge, Councillor Edwin Jackson, 
J.P., and the Mayoress. 

(To he continued.) 


LETTER TO THE EDITOR. 


THE AEROTO FORCED-DRAUGHT 
FAN. 


To THE Epiror or ENGINEERING. 

Sir,—With reference to Mr. Adamtchik’s letter in 
your issue of July 10, we have again to advise you 
that the test results of the Howden forced-draught 
fan given in your article of June 12, and compared 
with results from an Aeroto fan, are, without a know- 
ledge of the conditions for which the Howden fans were 
designed, completely misleading, even had these results | 








been accurate. We have never disputed the results 
obtained from the Aeroto fan, as tested by the staff 





of the National Physical Laboratory, but we do 
definitely dispute and object to the makeshift tests 
carried out by Mr. Adamtchik on the Howden fan. 

We attach characteristic curves of a Howden fan of 
the type and size supplied to the Rodney Star six 
years ago, which should make it clear that the con- 
ditions for which the fans were designed were very 
different from the conditions imposed on the Aeroto 
fan, and that the results of Mr. Adamtchik’s test on 
these fans were both incorrect and misleading. 

It will surely be appreciated that any reputable 
shipbuilder and fan manufacturer, when designing 
such a vital part of the ship’s machinery as the forced- 
draught fan, will allow for possible contingencies, 
especially as regards pressure requirements. It is 
an easy matter, either before or after the ship has 
been put into operation, to replace such plant with other 
plant of a capacity which does not allow for such 
contingencies, and to cause a reduced power con- 
sumption under normal conditions. 

As previously stated, the weight of the Howden fan 
given in your article was 30 per cent. over the actual 
weight. We have, of course, in our records the weight 
of these fans, including seating, as they left our works. 
The figures given by Mr. Adamtchik in letters subse- 
quent to the article, will, it appears to us, aggravate 
the misunderstanding which may be in the minds of 
some of your readers. 

We are, 
Yours faithfully, 
For JAMES HOWDEN AND ComPANny, LIMITED. 
J. HowpEN Humg, Jr. 
Director. 
195, Scotland-street, Glasgow, C.5. 
July 15, 1931. 

Noret.—Although the nature of the objection taken by 
Messrs. James Howden and Company, Limited, to a 
portion of the article on the Aeroto two-stage, 
forced-draught fan, which appeared in our issue of 
June 12, has been made clear by the correspondence 
published in our issues of June 19, the 3rd _ inst., 
and above, it would appear desirable before the 
matter is closed, that some editorial comment and 
explanation should be added. At the outset we 
must express regret that an account of a test of one of 
Messrs. Howden’s fans by a competitor should have 
been published without previous consultation with 
them. Without questioning the bona fides of that 
test, we are bound to say that we should not have 
| incorporated it in the article had we fully realised that 
| the makers of the fan were unaware that the test was 
| being made. In fact, when the article was written we 
| did not know that the fan with which comparison was 
po had been constructed by Messrs. Howden. 
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| The article, however, stated clearly by whom the test 


was made. We feel that this correspondence must 
now be closed.—Ep. E. 








SCHOLARSHIPS IN NAVAL ARCHITECTURE.—The Council 
of the Institution of Naval Architects has awarded the 
Royal Commissioners for the 1851 Exhibition post- 
graduate research scholarship in naval architecture, 
for 1931, to Mr. W. J. Roberts, of Liverpool University, 
and the Sir William White post-graduate scholarship 
in naval architecture, for 1931, to Dr. J. A. J. Bennett, 
of Glasgow University. The first scholarship is valued 
at 2501. per annum for 2 years, and the second at 1501. 
per annum for 2 years. 


THE LATE Mk. S. F. PREST. 


WE regret to record the death, which occurred on 
July 11 last, of Mr. Stanley Faber Prest. Mr. Prest, 
who passed away at his home, Chinthurst, Shalford, 
Guildford, Surrey, following an operation, was chairman 
of Messrs. Parsons Marine Steam Turbine Company, 
Limited, and of Messrs. C. A. Parsons and Company, 
Limited, and a director of a number of other firms. 
The second son of the late Venerable Edward Prest, 
D.D., Archdeacon of Durham, Mr. S. F. Prest was 
born at Sherburn House, Durham, on December 29, 
1858. He received his general education at Durham 
School, and subsequently attended Glasgow University 
for a period of twelve months. In 1874 he entered 
upon a pupilage of five years at the works of Messrs. 
R. and W. Hawthorn and Company, Newcastle-upon- 
Tyne, and in 1881, secured a position in the drawing 
office of Messrs. Sir W. G. Armstrong and Company, 
Elswick. Two years later Mr. Prest was appointed 
manager of Messrs. Westray, Copeland and Company, 
marine engineers, Barrow-in-Furness, which position 
he retained for eight years. He afterwards came to 
London and opened a consulting practice. He con- 
tinued in practice as a consulting engineer until the 
end, his office being at Denison House, 296, Vauxhall 
Bridge-road, London, 8.W.1. In 1891 he became 
managing director of Messrs. The Slag Reduction 
Company, Limited, and for some years prior to his 
death had acted as chairman of that company. 

Mr. Prest’s long association with the late Sir Charles 
A. Parsons began in 1899, and in 1903 he took over the 
management of the department controlling the issue of 
licences to engineering firms for the manufacture of 
the Parsons marine steam turbine. Subsequently, he 
took over the same duties in connection with Messrs. 
C. A. Parsons and Company, Limited. Mr. Prest was 
for many years a director of Messrs. Parsons Marine 
Steam Turbine Company, Limited, and of Messrs. 
C. A. Parsons and Company, Limited, and soon after 
the death of Sir Charles A. Parsons, on February 11 
last, he was appointed to succeed him as chairman of 
these two companies. He continued to occupy these 
positions until his death. Mr. Prest was also for a 
long period, chairman of Messrs. Parsons Foreign 
Patents Company, Limited, and of Messrs. Spanish 
Parsons Marine Turbine Company, Limited. He 
served as director and chairman of Messrs. Eley 
Brothers, Limited, for a period of fifteen years, from 
1905 to 1920. This firm, it will be remembered, was 
merged into Messrs. Nobel Industries, Limited, in 
1918, and Mr. Prest joined the board of the larger 
concern. In 1926, some six years after Mr. Prest’s 
resignation from the board, practically all the share 
capital of Messrs. Nobel Industries, Limited, was 
acquired by Messrs. Imperial Chemical Industries, 
Limited. Mr. Prest became a member of the Iron and 
Steel Institute in 1903, and of the Institution of Naval 
Architects in 1906. He was elected a member of the 
North-East Coast Institution of Engineers and Ship- 
builders in April, 1913. 








Scottish IpeEat Home Exursition.—The Housing 
and Health Exhibition, hitherto held annually at the 
Kelvin Hall, Glasgow, and organised by the Corporation 
of Glasgow, will, this year, be organised by the Daily 
Mail, under the title of the Scottish Ideal Home Exhibi- 
tion. It will be held in the Kelvin Hall, from September 
30 to October 24, 1931. The prospectus and plans are 
now ready, and may be obtained from the manager of 
the Exhibition, Carmelite House, London, E.C.4, or 
43, Hope-street, Glasgow. 


BrItIsH STANDARD SPECIFICATION FOR COLLIERY 
Tus Wueerts.—The British Engineering Standards 
Association has issued a specification for fixed-running 
and self-oiling steel tub wheels and axles for use in mines. 
The specification has been based on the replies received 
to a questionnaire circulated to collieries to ascertain 
the existing position, which showed that there were 
over 3,000 types and sizes of tub wheels in use. These 
have been reduced to 25 in the present specification. 
The replies received showed that fixed-running wheels 
were employed in 90 per cent. of the tubs in use, while, 
of the other types, 82 per cent, were of the self-oiling 
type. These two types have, therefore, been provided 
for in the specification, there being 17 fixed-running 
wheels, ranging in size from 8 in. to 15 in., and 8 self- 
oiling wheels, ranging in size from 10 in. to 17 in. The 
replies to the questionnaire also showed that curved 
spokes were employed in 80 per cent. of the wheels in 
use. As this type of wheel facilitates casting, it has been 
adopted. The wheels have been standardised for use 
with axles with round ends, but, in order to provide for 
the practice in certain coalfields, provision is made for 
these to be varied to permit of the use of axles with 
square ends. Of the wheels at present in use, 62 per cent. 
were found to be made of cast carbon steel and 36 per 
cent. of cast manganese steel. Alternative specifica- 
tions for these materials have, therefore, been included. 
The publication also contains a specification for the steel 
for use for axles. Copies of the new specification, which 
is designated No. 413—1931, can be obtained from the 





B.E.S.A. Publications Department, 28, Victoria-street, 
London, 8.W.1, price 2s, 2d. post free. 
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THE ROYAL AGRICULTURAL SHOW 
AT WARWICK. 
(Concluded from page 35.) 

THE attendance at the Royal Agricultural Show, 
which closed on Saturday, July 11, aggregated 
about 72,000, compared with 101,000 at Manchester 
in 1930 and 96,500 in 1892, when the exhibition 
was last held at Warwick. On that occasion, the 
stands numbered 411, while this year they had 
fallen to 388. Sufficient information is not avail- 
able to provide a full explanation of these differences, 
but comparing this and last year’s figures it may be 
noted that Warwick is the centre of a closely con- 
tiguous agricultural country, while the immediate 
surroundings of Manchester are largely industrial, 
and that on the present occasion the weather was 
much more favourable to an outdoor exhibition than 
it was twelve months ago. Looking back thirty- 
nine years, it would at first sight be supposed that 
the advent of the motor-car would have stimulated 
the attendance, and indeed evidence was not 
wanting that many of the visitors had used that 
form of transport to come from considerable dis- 
tances. On the other hand, agriculture, like every 
other industry, is, unfortunately, passing through 
a period of depression, and almost on the very day 
that the Show was due to open considerable un- 
official, if not official, restriction was imposed on 
the movement of cattle and other livestock owing 
to an outbreak of foot-and-mouth disease. Finally, 
it may be that increases in the membership of the 
Society itself and of the number of season-ticket 
holders had their effect, as visitors obtaining 
admission in these two categories are not included 
in the above figures. In spite of the falling- 
off in attendance and stands occupied, the Show 
may, however, be described as a success, a result 
which was largely due to the excellent organisa- 
tion. Our own experience was that everything 
proceeded closely according to programme, not the 
least satisfactory feature being that practically 
without exception all the exhibitors’ displays were 
ready at an early hour on the opening day. 

Looking back over the time sincé the Show was 
last held at Warwick, it is at once obvious that the 
chief alteration that has taken place is the increasing 
mechanisation of agriculture, the natural concomi- 
tant of this change being the introduction of the 
petrol engine and the electric motor. A reference 
to ENGINEERING of 1892 shows, however, that, 
even at that remote period, a fair number of gas 
and oil engines were being shown by firms that are 
still in business to-day. ‘There were also numerous 
implements, even if these were not so ingenious 
and so labour-saving as their successors, and it is 
further evident that the twilight of the steam age 
in agriculture had not then set in. In some ways 
the tield covered by the exhibits was wider than in 
1931, for brickmaking machinery, well-boring tackle 
and flour-milling appliances all found a_ place. 
It may, therefore, be hazarded that the advance 
that has taken place, and it is not inconsiderable, 
has been in detail rather than in principle, and 
has been directed to a better adaptation of means 
to ends. The field for improvement, moreover, is 
still wide, and is being well tilled, so that we are 
forced, as usual, to confine ourselves to the ex- 
hibits of certain firms, and to refer only to those 
stands on which more or less novel equipment was 
displayed. 

In addition to a complete range of their well- 
known petrol and Diesel engines, lighting plants 
and pumps for country-house work and other small 
loads, Messrs. R. A. Lister and Company, Limited, 
Dursley, Gloucestershire, were showing a number 
of types of milk coole:s, of which the most inte- 
resting is probably the endless pattern illustrated 
in Fig. 11, on page 78. The corrugations, of which 
this is made up, are pressed from heavy-gauge 
copper, which is ‘silver tinned,” a special feature 
being that the ordinary brass end plates are omitted. 
This and the smooth ends facilitate cleaning, while 
the shape adopted gives adequate protection 
against damage. Cleaning is made still easier by 
the provision of a removable top trough, so that 
access can be obtained to the percolating holes, 
while the bottom trough is large enough to pre- 
vent any overflow of the milk, besides allowing 





the churns to be changed without stopping opera- 
tions. As will be seen from the illustration, the 
corrugations are very deep, this feature enabling 
the temperature of the milk to be lowered to within 
a few degrees of that of the cooling water. This 
cooler is made in three sizes with capacities of 40, 
80 and 125 gallons per hour, respectively, and it 
may be xdded that all the connections and unions 
are plated. 

As is well known, the Royal Agricultural Society 
have for many years adopted the excellent practice 
of awarding one or more silver medals to exhibitors 
of ‘‘new implements” for agricultural purposes. 
On the present occasion, eight firms entered for this 
competition, of whom four were successful. Among 
these mention may be made of Messrs. The General 
Electric Co., Ltd., Magnet House, Kingsway, London, 
W.C.2, who obtained a silver medal for the portable 
farm motor which we illustrate in Fig. 12, on page 
78. As will be seen, this equipment, which is known 
as the Drumotor, consists essentially of a steel 
drum, some 2 ft. 6 in. in diameter, the design of 
which broadly corresponds with those which are so 
largely used for the transport of cable. The motor 
itself, which is of the three-phase squirrel-cage type, 
and has an output of 5 h.p. when connected to a 
400-volt 50-period circuit, is mounted on steel 
cross-battens inside the drum, and is controlled 
through a contactor starter of the ordinary pattern 
by two push buttons, which are mounted in a 
recess on one of the ends. This starter is provided 
with one no-volt and three over-load releases, so 
that the motor is adequately protected against 
damage. The spindle extends through the oppo- 
site end of the drum to that on which the push- 
buttons are fixed, and is fitted with a two-stepped 
pulley, so that the various types of farming 
machinery can be driven from it bya belt. Ventila- 
tion of the interior of the drum and of the motor 
is effected through splash-proof vents, which 
are cut in the face of the drum. The motor is 
supplied with current through a plug and a length 
of cab-tyre insulated cable, which when not in use 
can be coiled up on the drum, the plug being 
secured in a clip which is fixed in a recess on 
the periphery. It is claimed for this equipment 
that it can be rolled to any place on the farm where 
power is required, and, as it can be turned in its 
own length, it should prove easily adaptable to 
a wide range of uses. The same firm were also 
exhibiting examples of their more ordinary types 
of motor for driving food-preparing machinery, 
while other appliances on view included an inten- 
sive lighting system for hen houses and a special 
cable, which can be Jaid in the soil and there used 
to provide bottom heat in garden frames. This 
arrangement renders the handling of manure 
unnecessary and also enables an accurate control 
of the temperature to be maintained. 

A silver medal was also secured by Messrs. 
Richard Garrett and Sons, Limited, Leiston, 
Suffolk, for the high-speed tractor which we illus- 
trate in Fig. 13. This tractor is equipped with a 
34-3-h.p. engine of the Invicta type, which was 
manufactured by Messrs. Aveling and Porter, 
Limited, Rochester. Details of this engine were 
given in our description of the exhibits * at the 
Manchester Show last year, while an account of 
the tractor itself appeared in our columns at the 
time of the Agricultural Tractor Trials, which were 
held in September, 1930.7 

There is probably no doubt that the packing of 
the soil which accompanies the use of tractors in 
some districts has prejudiced the employment of 
this type of machinery. This disadvantage should 
be overcome by the new general purpose tractor 
which was being shown by Messrs. Massey-Harris, 
Limited, Bunhill-row, London, E.C.1. This machine, 
an illustration of which appears in Fig. 14, page 78, 
is fitted with a four-wheel drive, so that it is, it is 
claimed, specially suitable for use on hillsides or where 
the soil is loose or wet. In addition, it can be usefully 
employed on row crop work, as the clearance under 
the axles is as much as 30 in. 

The frame of this machine is of the one-piece type, 
the engine and other equipment being mounted so 


* See ENGINEERING, vol. cxxx, page 80 (1930). 
ft See ENGINEERING, vol. cxxx, page 370 (1930). 


that the greater part of the weight is carried on the 
front axle, thus compensating for the lifting effect 
of the four-wheel drive. The petrol engine, by 
which the tractor is driven, is of the four-cylinder 
mono-block type, and is designed to give an out- 
put of 20 brake horse-power on the belt at a 
speed of 1,200 r.p.m. The pistons are of the light- 
weight De Luxe type, the cylinder diameter being 
4 in. and the stroke 44in. Lubrication is effected 
either by a gear pumpor on the splash system. The 
engine is fitted with an ordinary centrifugal governor, 
while ignition is effected by a high-tension mag- 
neto with an impulse starter. A  tubular-type 
radiator, cooled by an 18-in. fan, is mounted on 
the front of the machine, the water circulation 
being effected by a centrifugal pump. The engine 
is connected to the gear box through a twin disc 
plate clutch, while the final transmission consists 
of a drop-forged machine-cut steel pinion en- 
gaging with a gear wheel on each of the driving 
wheels. The pinion is located at the top of 
the gear wheel, the diameter of the latter being 
nearly equal to that of the driving wheel itself. All 
the gearing is mounted in Timken adjustable bear- 
ings, which are totally enclosed and run in an oil 
bath. Three speeds forward and one reverse are 
provided, enabling road speeds of 4, 3-2 and 2-2 
miles per hour to be maintained in one direction, 
and of 2-5 miles per hourin the other. The wheels 
are 38 in.in diameter, with an 8-in. face, the wheel- 
base being 52-5 in. and the track either 48 in., 
60 in., 66 in., or 76 in.,; the first of these sizes is 
provided so that the tractor can be used for orchard 
work. All the wheels are fitted with traction lugs, 
and these can be fixed on a detachable rim if 
desired. The braking is on the front wheels only, 
the necessary bands for this purpose being mounted 
one on each side of the front differential. This 
arrangement enables the tractor to be turned in a 
circle with a radius as short as 3 ft., or witha 
radius of 6ft.6in. if the brakes are not used. The 
front drive is fitted with special universal joints, 
which run in an oil bath, while the rear axle is 
pivoted so that it can swing in|the vertical plane, 
thus ensuring that all four wheels are constantly in 
contact with the ground. Connection to the trailing 
vehicle is made by a swinging drawbar, and if a 
power drive is desired, this can be effected 
through a 1%-in. splined shaft and belt pulley at a 
speed of 545r.p.m. Extensions can be carried over 
to the drawn implement, so that full control of the 
tractor can be exercised from this position. 

Among other exhibits, Messrs. James and Fredk. 
Howard, Limited, Bedford, were showing the tractor 
mole drainer illustrated in Fig. 15, page 78. 
This implement is built to stand up to the hard 
work required of a tractor implement, and is 
designed to overcome the tendency of mole drainers 
to swing from side to side, or to dig themselves in 
too deeply. The main frame is made up of two 
parallel angle bars with a space between them for 
the mole assembly. It swings up and down on 
a pivot over the quadrant shown as it is raised or 
lowered into work. The mole assembly consists 
of the mole, cutting blade, a disc coulter, and the 
depth-adjusting mechanism. The mole is 2} in. 
in diameter, and is made of solid steel with a cutting 
blade of heat-treated steel. The depth of work 
can be varied from 12 in. to 20 in. by means of the 
handwheel and screw visible at the top of the imple- 
ment. The adjustment can be made while the 
machine is at work, so that the mole can be kept 
at the correct level for the batter of the drain. 

The draught bar, through which the pull of the 
tractor is transmitted, is attached to the mole 
assembly, and a forward or backward movement of 
the tractor is used to swing the mole into or out of 
the ground. Strong catches are provided to hold the 
mole assembly in the raised or lowered position. 
To put the mole into work, the catch, operated by 
a hand lever, is released, the tractor is backed, 
and the mole drops automatically into the working 
position, where it is held by the lower catch. The 
two wheels at the front are mounted on a cranked 
axle coupled by a connecting rod to the mole 
assembly. As the mole swings downwards, the wheels 
are raised into their working position. The mole 
is raised from work by releasing the catch, the 





forward movement of the tractor pulling the mole 
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Fie. 16. ComMBInED HARVESTER AND THRESHER; Messrs. CLAYTON AND SHUTTLEWORTH, LIMITED. 








Fie. 17. Powsrr-Driven BiInDER; Mrssrs. RANSOMES, SIMS AND JEFFRIES, LIMITED. 


upwards and causing the wheels to drop into the 
travelling position. A two-wheel carriage is supplied 
for travelling on the road. 

Messrs. Clayton and Shuttleworth, Limited, 
Lincoln, whose combined harvester-thresher is 
stated to be the only one of its kind to be designed 
and built in this country, were another firm who 
were successful in securing a silver medal. The prin- 
cipal features of this machine, which is illustrated in 
Fig. 16, above, were described in these columns when 
it was exhibited at Manchester last year. It may, 
however, be recalled that it is designed for cutting 
widths of 12 ft. and 15 ft., respectively. Though 
in its original form it was therefore admirably 
adapted for use overseas, it was hardly suitable 
for employment in this country, owing to the 
difficulty of transporting it along our narrow roads 
and lanes. In the machine which was shown this 
year, this disadvantage has been overcome by 
mounting the header platform on an articulated 
frame, the axle supporting the latter being con- 
nected to the threshing section through a universal 





joint. When it is desired to move the machine 
from one field to another, a two-wheeled transport 
trolley is placed under the inner end of the header 
platform and the joints in the driving shaft and 
supporting rods between the two sections of the 
machine are disconnected. The header platform, be- 
ing then supported on the trolley and its own trailing 
wheel, can be man-handled round behind and 
coupled to the threshing section. This reduces the 
total width of the combination to 9 ft. 2in., so that 
it does not exceed that of the ordinary binder or 
threshing machine, and can be taken without diffi- 
culty along an ordinary road. 

An important advantage of connecting the two 
parts of the machine through a universal joint is 
that the flexibility of the combination is increased 
and the knife is enabled to get all the grain, how- 
ever uneven the ground that is being traversed. 
In this year’s model, moreover, the header and plat- 
form are balanced by counterpoise weights, instead 
of by the springs which were formerly employed. 
These weights are carried on a trussed tubular 





balance beam, which acts upon the main axle 
through the universal joint. As before, the power 
for operating the harvester is obtained from a four- 
cylinder engine, which is mounted longitudinally 
on the frame of the machine, but a 6-in. rubber belt 
has now been substituted for the disc clutch used 
in the earlier model, thus enabling a further reduc- 
tion in the overall width to be obtained. As before, 
the various transmission drives are effected by large 
roller chains, ball bearings being fitted to all the 
principal shafts, while, as a protection against 
excessive shocks, slipping clutches are fitted where 
experience has shown them to be necessary. Control 
is effected by one man, who stands on a pilot plat- 
form at the head of the elevator, from which 
position it is not only possible to perform the 
various driving operations, but to raise or lower 
the header in accordance with the ground conditions. 
A second man is necessary to maintain the supply 
of empty sacks, his position being on a folding 
bagging platform at the rear end of the machine. 
The full sacks, on the other hand, are automatically 
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shot off on to the ground. In addition, a boy can 
be employed to push the straw along the canvas 
whenever very heavy crops are being cut, and to 
enable him to do this a narrow running board is 
provided at the back of the header. The machine 
is now fitted with the English type of drum and 
barley awner, so that the grain is treated in a 
manner similar to that employed on the firm’s 
standard machines. Finally, it may be mentioned 
that, since last year, the wheels have been strength- 
ened by the addition of extra spokes, and it is 
proposed to equip the combination with a trusser, 
so that the straw will be tied up into bundles 
before it is thrown out. It is, perhaps, hardly 
necessary to add that the machine is suitable either 
for animal or tractor draught. 

As usual, a number of binders were being shown, 
the details of which will already be familiar to our 
readers. There were, however, some novelties, these 
including the new model of the International Har- 
vester Company, with which we dealt in last week’s 
issue. It is, however, casting no aspersion on this 
machine to say that the exhibit in this class which 
attracted most attention was a reproduction of the 
reaper which was demonstrated by Cyrus Hall 
McCornish, in Virginia, just a century ago. Another 
machine in this class which deserves notice was the 
power-driven binder exhibited by Messrs. Ransomes, 
Sims and Jefferies, Limited, Ipswich. This machine, 
which is illustrated in Fig. 17, on page 85, has been 
specially designed for dealing with tangled or very 
heavy crops. It is driven from a take-off shaft on 
the tractor, connection between the two units being 
made by a special shaft which, to ensure flexibility, 
includes three universa] joints. This shaft is also 
arranged so that disconnection can be effected at 
either the tractor or binder end. On the binder 
itself, the shaft goes right through to the far side 
of the machine, special care being taken to protect 
it from dust and dirt, and, as will be clear from the 
illustration, is there connected through a sprocket 
and roller chain to the operating mechanism, the 
latter being of the pattern usual in this class of 
equipment. It may be added that, in contra- 
distinction to the ordinary horse-drawn binder, 
there is no gearing on the bull wheel. The mech- 
anism which normally connects the main wheel to 
the driving mechanism can, however, be retained, 
so that the machine can be converted into one of 
the horse-drawn pattern when desired. A safety 
clutch is incorporated in the transmission, so that 
should anything become lodged in the knife or the 
ree] meet an obstruction, the binding mechanism is 
automatically stopped. It may also be noted that 
the machine is fitted with a sheaf divider, which 
consists of two long curved hardwood forks. These | 
are driven from an auxiliary eccentric shaft, so that | 
they are given a reciprocating motion, and as they 
move downward they are forced into the crops, thus | 
cleanly dividing the straw into bundles of the | 
correct size to form a sheaf before the twine is | 
passed round it. The delay which occurs when the 
crop is tangled owing to inadequate binding and 
choking is, therefore. avoided. 

Messrs. Bamfords, Limited, Uttoxeter, were show- | 
ing a mower of which drawings are reproduced in Figs. | 
18 to 20, on this page. This machine, thoughin general | 
design similar to those exhibited in former years, | 
contains two new features to which attention may | 
be called. As before, power is transmitted through | 
two-stage spiral gearing, but this is now automatic- | 
ally lubricated from an oil bath, the level in which 
is maintained by a filler in the lower part of the 
gear case. Lubricant is drawn from this point by a 
rim which is formed on the edge of the large gear 
wheel, as shown in Figs. 19 and 20, and is thence | 
distributed by centrifugul action to the gearing, | 
bearings, clutch and other parts without the splash- 
ing which often occurs when the gear wheel itself dips 
into the bath. The bearings of the cross-shaft, 
driving shaft and crankpin are also lubricated 
from this central position, the first being supplied 
through a pipe, which opens into the upper part 
of the gear case. A second pipe conveys oil to the 
centre of the driving shaft, whence it is forced in 
both directions through a central hole to the two 
ends and thence by transverse passages into the 
two bearings. A third transverse passage communi- 














cates with the surface of the crankpin, so that this 
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MOWER WITH OIL-BATH LUBRICATION. 


CONSTRUCTED BY MESSRS. BAMFORDS, LIMITED, ENGINEERS, UTTOXETER. 
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part of the machine is also provided with an 
adequate supply of lubricant. 

A second modification is that the outer shoe of 
the mower is now fitted with a cutter bar, which 
presses down the crop at the outer end of the 
knife and holds it firmly while the latter is deing 
its work. The result, it is claimed, is that a 
perfectly clean cut is obtained in the heaviest 
and most tangled crops, and that the edge of the 
uncut crop is left clean so that the track for the 
next cut is clear. The removal of the knife itself 
from the connecting rod is facilitated by making 
the connection between the two of the ball and 
socket type, the socket consisting of two jaws, one 


of which is hinged and the other fixed. Thestationary | 


jaw is provided with a tongue which passes through 
a slot in the hinged jaw, this tongue being slotted 
to receive a finger as shown in Fig. 20, the finger 
being inserted or withdrawn by operating a lever. 
Finally, it may be mentioned that the wooden 
traction pole is now reinforced on its underside 
by a steel plate, thus reducing the risk of breakage. 

Other exhibitors included Messrs. E. H. Bentall 
and Company, Limited, Maldon, Essex, who were 
showing grinding mills, oii-cake breakers, chaff 
cutters, and other farm equipment ; Messrs. Black- 
stone and Company, Limited, Stamford, who had 
a good display of their well-known crude-oil and 
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petro] engines; Messrs. J. and E. Hall, Limited, 
Dartford, who gave a demonstration of their 
automatic refrigerating equipment with plant 
mounted on a motor Jorry: Messrs. Ruston and 
Hornsby, Limited, Lincoln, who were exhibiting 
various examples of their engines and pumping 
plant ; and Messrs. E. R. and F. Turner, Limited, 
Ipswich, who were showing a number of classes of 
agricultural] machinery. In addition, there were 
a great many other exhibits which limitations on 
our space precludes us even from mentioning. In 
conclusion, it may be stated that next year the 
Show will be held at Southampton. 








Evtiorr MEMORIAL PrizE.—The secretary of The 
Royal Aeronautical Society informs us that the Elliott 
Memorial Prize has been awarded to Aircraft-Apprentice 
S. G. Taylor, of Halton, who received the highest marks in 
the general studies paper at the recent final passing-out 
examination. 

CHANGES OF ADDRESS.—Messrs. Aster, Limited, have 
removed their offices from 224-229, Cecil Chambers, 
86, Strand, London, W.C.2, to Dering House, Dering- 
street, Bond-street, London, W.1.—As from July 27. 
the address of the head office and London terminus ol 
Messrs. Imperial Airways, Limited, will be Airway 
Terminus, Victoria Station (Continental Departures), 
London, S.W.1. The present office at Airways House, 
Charles-street, S.W.1, will be retained as a branch West- 
End passenger and freight booking office. 
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STRAIN RECORDERS FOR SHIPS’? | ite the part of the structure of which the strain was 
| to be measured, carrying a recording drum driven 
STRUCTURES. by clockwork, and a dial gauge. Plungers connected 
Tuat discrepancies, sometimes of considerable |to the recording-pen mechanism and the dial gauge 


magnitude, exist between the calculated and actual | made contact with a second stud also screwed into the 
stresses in a ship’s structure is generally admitted, | structural part and passing through a slot in the 
so that any means for determining the true relationship | base plate of the instrument. The relative movement 
between these quantities is of importance both to the | between the two studs, due to the strain in the material 
shipowner and shipbuilder. Some two or three years| of the structure, could thus be measured on the dial 
ago, the Committee of Lloyd’s Register of Shipping | gauge or continuously recorded on the drum. Two 
made arrangements for investigating the stresses to| diagrams obtained with this instrument during the 
which ships are subjected under sea-going conditions, | voyage above referred to are reproduced in Fig. 4. 
and for this work a special form of strain indicator and | They are records of the relative straining in the stringer 
recorder designed by Dr. B. C. Laws, of Lloyd’s Regis- | plate of the weather deck of the vessel, that lettered 
ter, was employed. The instrument was described,|a having been taken close to the corner of a deck 
and some of the results obtained with it during the | erection and that lettered b a short distance away. 
course of a winter voyage across the North Atlantic} A second instrument, similar in principle to that 
were dealt with, by Dr. Laws in a paper read before | above referred to, but containing a number of improve- 
the North East Coast Institution of Engineers and | ments made as a result of experience with the first, 
Shipbuilders, in November, 1929. has recently been constructed, and this is illustrated 
It is obviously important for an instrument of this | in Figs. 1,2 and3. Its weight, in comparison with the 
class, designed for use on shipboard, to be of sufficiently | previous instrument, has been reduced, and the design 
robust construction to withstand a considerable amount | has been modified to enable strains in different direc- 
of jolting and rough usage, but it is also essential | tions to be recorded by swinging the instrument round 
for the measurements obtained with it to be thoroughly | into a new position without removing it from the stud 
reliable. To meet these requirements, the instrument|on which it is mounted. This stud can be seen 
took the form of a frame mounted on a stud screwed ! on the right in Fig. 2, which also shows, on the left, 








Fig. 3. 


the second stud to which the recording mechanism is 
connected. This stud is also shown on the right in 
Fig. 1, and on a larger scale on the left in Fig. 3. As 
will be seen from these illustrations, the corner of the 
base plate is cut away to clear the stud, which is fitted 
with an adjustable sleeve. On the opposite side of the 
sleeve longitudinal flats are formed, and a plunger 
connected to one of the two recording pens provided 
bears against the inner flat near the lower end, as is 
most clearly shown in Fig. 3. The connection between 
the plunger and recording pen is made through a system 
of cams and levers, shown in Figs. 2 and 3, so that the 
pen reproduces, on a considerably magnified scale, 
any relative movement between the two studs due 
to the tensile or compressive stresses to which the mate- 
rial of the ships’ structure may be subjected. Back- 
lash in the lever system is avoided by means of springs, 
some of which are visible in Fig. 3. 

It will be evident that, since the magnification of 
the lever system is known, the actual movement of 
the plunger, and therefore the strain in the material 
between the studs, can be measured to scale on the 
diagram traced by the pen. In this instrument, a 
second diagram may be similarly obtained by a separate 
plunger and lever system connected to the free stud 
at a point some distance above the point of contact 
of the first plunger, as shown in Figs. 1, 2 and 3. If 
the plate remains perfectly plane under strain, the two 
diagrams obtained will be identical, but if any curvature 
occurs, due to bending stresses, the diagrams will 
differ and the amount of curvature can be determined 
from the difference and the known constants of the 
instrument. The actual strain in the plate can then 
be deduced. For convenience in operation, the position 
of both the recording drum and the lever systems can 
be independently adjusted in a longitudinal direction 
along the base plate, while that of the upper plunger 
can also be adjusted vertically. The instrument 
illustrated, and the earlier one above referred to, have 
been constructed for Dr. Laws by Messrs. Henry Hughes 
and Son, Limited, 59, Fenchurch-street, London, E.C.3, 
and the design has been provisionally protected. 
Although primarily intended for use on shipboard, 
the instrument can, of course, be used for measuring 
and recording strains in other structures. Before 
use, it is carefully calibrated by means of a micrometer, 
and also by applying it to a test piece of mild steel 
of known elastic modulus and subjecting the test piece 
to varying loads in a testing machine. By these means, 
a high order of accuracy is obtainable from the records. 
The recording drum can be timed to make a revolution 
in one hour or in 30 min., the rate being chosen to 
suit the nature of the work being carried out. 








WoopworkKING MACHINERY IN Brazit.—A report on 
the market for saw-milling and woodworking machinery 
in the State of Bahia, Brazil, has been issued by the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1. Interested British firms can secure a 
copy of this report on applying to the Department, and 








quoting reference No. A:X. 11,000. 
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LOCOMOTIVE EXPERIMENTAL 
STATIONS.* 
By H. N. Grestey, C.B.E. 

ALTHOUGH great developments have been made in 
locomotives since their first inception, progress to- 
wards increased efficiency has been hampered by 
difficulties in carrying out technical experiments. 
With other prime-movers it is not difficult to devise 
means to make satisfactory tests, such as on stationary 
engines, which can generally be worked for long 
periods at a constant power output, the efficiency 
of the engine being measured by means of a brake. 
Electrical machinery can be tested with great accuracy, 
and the performances of ships can be tested and 
measured. The characteristics of motor-car engines 
can be fully investigated on test-beds, and appliances 
have been developed to test the efficiency also of the | 
essential parts, such as transmission gear and springs. | 
Aeroplane engines can be similarly tested, and the 
design of bodies and wings can be investigated in 





wind channels. 


to water pressure, and this forced them against the 
steel disc. The rubbing surfaces were adequately 
lubricated, and the resistance to rotation of the disc 
was regulated by varying the water pressure. This 
water was kept circulating, and, therefore, formed a 
means to carry away the heat generated. 

The plant was almost destroyed by fire in 1894, 
but was rebuilt and improved, so that six- or eight- 
coupled engines could be accommodated. The weigh- 


ing-head of an emery testing machine was adopted for | 


use as a traction dynamometer in place of the previous 
compound levers. 

The Chicago and North Western Railway brought 
an experimental testing plant into operation in 1895, 
and Columbia University installed one in 1899, but 
the greatest step forward was made by the Pennsyl- 


vania Railroad Company, who installed a plant at the | 


St. Louis exhibition in 1904, where it was in operation 
for about six months before being finally transferred 
to their shops at Altoona. 

The base of the pit is formed on a concrete bed 
about 5 ft. in thickness. Cast-iron bed-plates are 


wheels rotate, and it can thus be used for running in 
an engine after repairs, so that the bearings are in 
proper condition before sending it out into traftic. 
The three supporting wheels are 4 ft. 14 in. diameter, 
and their shafts carry pulleys at each end 3 ft. 6 in. 
diameter and 18 in. wide. A belt runs over these and 
under four pulleys below them, one being coupled to 
an air compressor for shop use. Allowance has to be 
made for differences in wheel spacing, and one pulley 
is mounted on a swinging frame, and compensates for 
this. The bogie wheels are driven by separate belts 
from the pulley below the front supporting wheel, 
and similar compensation is provided for these. As the 
air compressor does not furnish a sufficiently steady 
retarding force to the supporting wheels, the final 
regulation is done on band brakes inside the pulleys 
at each end of each supporting wheel. The load 
producing the braking is obtained by hydraulic 
cylinders. The pressure is furnished by a pump working 
|on the flow-and-return system, a loaded valve con- 
| trolled by a governor regulating the pressure. Water 
| is led to the brake bands for cooling purposes by means 





But the locomotive builder is at a great disadvantage | secured to the concrete foundation. These are pro- | of flexible pipes. The drawbar pull is measured by means 


when his facilities are compared with those already 
mentioned. The private builder has 
practically no facilities. Railway com- 
panies, building their own locomotives, 
can use their own tracks, and by the 
employment of dynamometer cars can 
obtain a certain amount of useful infor- 
mation, but atmospheric conditions and 
variation in gradients make it impossible 
to obtain conditions sufficiently uniform 
to make accurate comparisons. Attempts 
have been made in Germany to maintain 
constant power output by means of an 
engine in the rear acting as a brake, or 
supplying extra power when needed, but 
even if this were satisfactory, variable 
conditions still remain. These variable 
conditions can be eliminated on a sta- 
tionary testing plant in which the loco- 
motive is anchored to a device recording 


its pull whilst the wheels rotate on sup- 5: 
porting rollers, whose resistance to ? 
rotation can be controlled. ° 


This country has been the pioneer in 
locomotive construction. It has built 
locomotives for export to all parts of 
the world, and has still a good name 
for first-class workmanship and design. 

Other countries are, however, now chal- 

lenging our position, and are going 

ahead with the development of scientific 

appliances so that their designs can be 

improved. This country cannot afford 

to rest on its past achievements, and it 

is rather humiliating to have to admit 

that when we require technical data in 

connection with locomotives, we have to 

rely on experiments made in other coun- 

tries where locomotive testing has developed to a 
greater extent than it has done here. The author 
considers that such a state of things should not be 
allowed to continue, and in this paper submits the 
suggestion for the design of a suitable plant. It is 
desirable here briefly to outline the developments in 
the matter of locomotive experimental stations which 
have been made in other countries. 

The first plant on which a locomotive could be tested 
when running on its driving wheels was installed at 
Purdue University, and came into operation at the 
end of 1891. The plant consisted of two pairs of 
supporting wheels carried in bearings secured to a 
framework of oak beams fixed to foundations in a pit. 
The wheels were fitted with tyres turned to the profile 
of a standard rail. The tops of these wheels were 
at floor level. Rails extended along either side of 
the pit, and carried the bogie wheels when the engine 
was in position. The driving and coupled wheels 
were brought exactly to the tops of the supporting 
wheels, and the rear locomotive drawhook was then 
coupled to the apparatus for measuring the drawbar 
pull. This was a system of compound levers, the 
load being measured on a horizontal steelyard fitted 
with a dashpot control to check vibration. © 

The rotation of the driving wheels tended to make 
the locomotive move forward off the crowns of the 
supporting wheels, but the leverage of the weighing 
apparatus was such that practically no forward 
motion was permitted. The resistance to rotation was 
provided by four brakes coupled to the outer ends of 
the axles carrying the supporting wheels. These 
were of the Alden type, each brake containing a steel 
disc rotating between two sheet-copper diaphragms. 
The other sides of these diaphragms were subjected 





* Paper read before the Institution of Mechanical 
Engineers, at Cambridge, on Tuesday, July 14, 1981. 
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ing wheels can be moved to any required position. | 
The tyres of these wheels have the same contour as a 
standard rail on their inner sides, the outer part being 
V-shaped so that any oil that creeps up from the 
outside bearings will be thrown off, and not get on 
the treads. In this plant, as in previous ones, only 
the driving and coupled wheels rotate, the other parts 
being carried on a fixed track. On bringing a loco- 
motive into position removable rails, which support 
the locomotive on its flanges, are used. They are 
slightly lower than the supporting wheels, so that 
when the locomotive is in position no weight is on 
them, and they can easily be withdrawn. Brakes of 
the Alden type are used on this plant. They are 
about 3 ft. 6 in. in diameter, and are fitted at each 
end of each axle. Each brake has two rotating discs 
with four sheet-copper diaphragms. 

The traction dynamometer has a maximum capacity 
of about 35 tons. It is of the compound-lever type. 
The fulcrum points are carried on Emery fulcrum 
plates in place of knife-edges, the constraint at the 
end of the lever system, remote from the drawbar, 
being given by flat springs, which can be changed 
according to the capacity required. To ensure accurate 
results, it is essential that there should be practically 
no forward motion of the locomotive on the supporting 
wheels when exerting a pull, and on this plant this 
motion is restricted to 0-04 in. at full capacity. This 
gives an 8-in. movement at the other end of the lever 
system, which is coupled to a pen-recording mechanism 
that traces the drawbar pull on a travelling roll of 
paper, which receives its motion by gearing from the 
wheels. The table over which the paper moves is 
similar to that in a dynamometer car, and carries 
electrically actuated time-recording pens and a device 
to compute the work done. 

In 1905 an experimental testing plant was installed 
in this country at the Swindon works of the Great 


A smoke stack is fixed in the roof with the under side 
flared out sufficiently to suit locomotives of different 
wheel-base. The under side is closed by a sliding 
plate penetrated by a chimney, which can be set 
immediately above that of the locomotive. The cavity 
above this serves as a receptacle for ejected ashes. The 
plant has done useful service, but the capacity is too 
small for testing modern locomotives under full power, 
as the brakes are constructed to absorb only about 
500 h.p. 

An experimental testing plant has been installed for 
the German State Railways at Grunewald, and was 
brought into use in June of last year. This consists 
of two buildings, a small one containing a dynamometer 
and other measuring instruments, such as speedometers, 
pyrometers, and gas-analysis recorders. Installing this 
apparatus in a separate building has the advantage of 
keeping it and the experimenters away from the noise 
and possible vibration, but introduces transmission 
difficulties. The main building is 137 ft. long. It 
contains an overhead coal bunker, and arrangements 
for exhausting smoke and ashes. To ensure that the 
vibration of the locomotive on the test bed shall not 
be transmitted to the building, the foundations for 
each are independent of one another. The supporting 
wheels are carried on a rigid built-up girder, so arranged 
that they can be adjusted in any required, position. 
In order that they can be accurately aligned in relation 
to the locomotive wheels, a special optical measuring 
arrangement is provided. 

A departure from previous practice has been made 
in the braking arrangement, Froude water brakes being 
used, each carrying wheel having one of these at its 
centre. As the efficiency of this type of brake is low 
at low speeds, they are geared up, gear ratios of 5 to 1 
and 2} to 1 being provided, according to the type of 
locomotive being tested. This arrangement is shown 
in Fig. 4. It is claimed that the brake is much more 
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as it compensates better for changes in speed. The 
water is supplied at a pressure of about 45 Ib. per square 
inch, and as it was inconvenient to get this pressure 
from a head of water, it is obtained by keeping the 
supply tanks under air pressure. There is less tendency 
for a driving wheel to slip when running on a rail than 
when rotating the rim of a braked wheel, as in the 
latter case the portion in contact is smaller, and the 
surface tends to become greasy owing to leakage of 
oil and condensation of any steam charged with lubri- 
cant. A good deal of trouble was experienced due to 
slipping on the American plants, and as this slipping 
forms flat spots on the carrying wheels, which have to 
be ground out, attempts were made to obviate the 
trouble, and special sanding devices have been incor- 
porated. Sand is projected by compressed air between 
the rolling surfaces, and immediately opposite this is 
a protecting box, which covers the lower part of the 
locomotive wheels and the top of the carrying wheels. 
This is coupled to an exhauster, which draws off the 
sand after it has passed between the surfaces and 
prevents it getting on to any of the bearings. 

Arrangements are devised so that the weight of 
unburnt fuel passing away with the smokebox gases 
can be determined, and the fire can be cleaned without 
taking the engine off the test-bed for this purpose. 

The dynamometer is of the hydraulic type, a cylinder 
and plunger fixed in the framing at the rear of the 
locomotive drawhook transmitting fluid pressure by 
pipes to the recording room, where it actuates a plunger 
against the resistance of a calibrated spring. This is 
coupled to a recording pen which traces a curve of 
drawbar pull on a roll of paper on the instrument 
table. It also actuates an integrator for recording 
the work done. Pistons of different area can be used 


according to the capacity of the locomotive being | 


tested, three ranges being employed, the maximum 
capacities being 3 tons, 14 tons, and 32 tons respectively. 
The movement of the recording roll is obtained mech- 
anically from one of the driven axles of the locomotive. 
The speed of revolution is obtained in a similar manner, 
and by electrical means. The pyrometers used are of 
the electrical type, the indicators in connection with 
them being brought back into the recording room. 
Continuous records are also obtained of the composition 
of smokebox gases. In addition to the instruments in 
the recording room, an instrument board is installed 
near the locomotive, ahd shows on dials the revolution 
rate, drawbar pull, smokebox vacuum and other 
particulars, such as pressure of the water supply to 
the brakes, and lubricating oil pressure for the test-bed 
machinery. 

An experimental station is now being constructed at 
Vitry-sur-Seine, near Paris, to designs prepared by the 
Office Centrale d’Etudes de Matérial, and it is antici- 
pated that it will be completed early next year. The 
building will be about 180 ft. long and about 80 ft. 
wide, a portion of it being reserved for a machine 
shop. It is proposed to equip it with two overhead 
travelling cranes, each having a capacity of 40 tons. The 
supporting wheels are 51 in. in diameter with outside 
bearings, and suitable for carrying a maximum load 
of 30 tons, the shafts being directly coupled to the 
brakes. It is proposed to use Froude brakes on this 
plant, and it is specified that each brake must be 
capable of absorbing about 300 h.p. at 60 r.p.m., and 
1,000 h.p. at 360 r.p.m. These brakes are supplied 
with water under pressure, and it is customary to 
obtain this pressure either by head of water or keeping 
a supply tank under air pressure, but in this plant it 
is proposed that the pressure shall be obtained by 
means of pumps attached to each brake, and actuated 
from the carrying wheels, it being thought that this 
method will allow of closer regulation. It is specified 
that the dynamometer shall have a maximum capacity 
of 40 tons, and shall actuate a recording apparatus, 
which will trace the tractive force at the drawbar on 
a travelling roll of paper, the scale to be capable of 
modification, so that it can be more open when testing 
under lighter loads. No special type of dynamometer 
has yet been decided on, but the Amsler hydraulic 
type appears to be favoured. The dynamometer is 
situated in the room at the rear of the test-bed. Means 
are provided for measuring fuel and water and products 
of combustion. 

The author has long felt that there is a great need 
for the provision of a locomotive experimental testing 
plant in Great Britain, and has frequently advocated 
the desirability of the construction of such a plant. 
It would have to be so arranged that it could be capable 
of testing locomotives of any gauge which is extensively 
used throughout the British Empire. It is obvious 
that if such a plant were provided, advantage would 
be taken of the experience obtained with plants built 
on the Continent and in the United States. It is 
desirable that such a plant should embody features 
which would enable the locomotives to be tested under 
conditions approximating more closely to running 
conditions than those in the plants which have been 
described. For this reason it is suggested that the 





locomotive could be placed in a wind tunnel, as this 
would reproduce the effect of running conditions on 
the rate of combustion. It would also more closely 
indicate the output of the locomotive under running 
conditions, in that the resistance due to wind pressure 
would have to be overcome by the engine under test, 
and consequently the pull recorded on the drawbar 
would be almost exactly the same as would be given 
if the engine were hauling a train. The provision of 
a wind tunnel will add to the cost of an experimental 
testing station, and as it is in the nature of a refine- 
ment rather than an essential feature, it would probably 
be cheaper so to design the plant that the wind tunnel 
can be provided at a subsequent date if the first cost 
is to be kept down. 

The provision of a wind tunnel necessitates a radical 
departure from the conventional type of locomotive 
experimental station, in that the locomotive under 
test would have to furnish the power necessary to 
draw air through the tunnel past the locomotive. In 
order to reduce sufficiently the effect of eddy currents, 
the cross-section of the tunnel would probably have 
to be about 25 ft. by 30 ft. It will be appreciated 
that a very large amount of power would be required 
to produce a wind of 50 miles to 60 miles an hour in 
a wind tunnel of these dimensions, and it is estimated 
that motors for driving the fans of about 2,000 h.p. 
will be required. On the other hand, in carrying 
out tests at low speeds, the power required to drive 
the fans would probably be much less than the loco- 
motive under test was producing. The carrying wheels 
would therefore have to be so arranged that the power 


| produced by the locomotive would have to be absorbed 


by dynamos when working at high speeds and by 
brakes when running at low speeds. 

Instead, therefore, of having independent brakes 
directly coupled to the shafts of each of the supporting 
wheels, it is suggested that two heavy splined shafts 
shall be provided running lengthways along each side 
of the locomotive testing pit, and coupled to the 
supporting wheels by means of large bevelled gears. 
Two long bed-plates would be required for this arrange- 
ment, on which the supporting wheels and their gears 
will slide. These two long shafts at their rear end 
would drive the cross-shafts to which they will be 
suitably geared, so that the cross-shafts run at a 
higher speed. On these cross-shafts hydraulic brakes 
and dynamos will be fitted and their foundations will 
be permanent, as their position is not dependent upon 
that of the locomotive wheels. 

At low speeds practically the whole of the power 
generated would be absorbed by the hydraulic brakes, 
but at higher speeds the braking would be obtained 
from the dynamos, and the system would allow for 
a graduation of power between the brakes and the 
dynamos at intermediate speeds. From inquiries 
which have been made from gear manufacturers, there 
does not appear to be any difficulty in satisfactorily 
transmitting up to 750 h.p. from the supporting 
wheels through each pair of bevelled gears driving the 
longitudinal shafts. Probably four sets of supporting 
wheels with brakes and dynamos capable of absorbing 
3,000 h.p. in all would be sufficient. 

At the rear of the locomotive a firing platform, 
approximating to the shape of a tender, should be 
provided, this being on wheels, so that when testing 
tank engines it could be removed. It would be 
adequately covered over so that coal dust may not be 
disturbed by the wind, and there will be a corridor 
connection to the dynamometer room. The under- 
neath would approximate in profile to a tender to 
ensure proper air currents entering the ashpan. The 
locomotive drawbar would be coupled to a suitably 
supported rod, adjustable lengthways, passing under 
the firing platform. 

The dynamometer room would have the same 
contour as a railway carriage, and as the back end 
would be immediately in front of the fan, it should be 
stream-lined to assist in obtaining parallel wind flow. 
The water-measuring tanks would be placed in the 
rear, being fed from the main tank and filled alternately. 
In order to create no additional resistance to wind 
flow, access to the dynamometer room should be 
obtained by an underground passage. The usual 
facilities for coal and water measurement, and adequate 
water supply for the brakes, would be provided, and 
means for cleaning the fire and emptying the ashpan. 
As there would be no gear in the pit under the support- 
ing wheels, it should be possible to devise some type 
of conveyor which would enable the ashes to be got 
rid of without taking the locomotive off the test-bed 
for this purpose. A smoke stack and ash collector 
would also be provided. 

A machine shop should be provided so that any 
minor repairs to the plant can be effected, and as the 
plant will accommodate locomotives of varying gauge, 
those other than the standard will have to be trans- 
ported to the plant in sections and assembled there. 
This will entail provision for erection, and these 
locomotives will have to be assembled on a road 





containing multi-gauge track, and run from there on 
to the test plant, and it will probably be necessary to 
provide large capacity cranes in this shop to facilitate 
the handling of the locomotives. An administrative 
building should also be provided a reasonable distance 
from the plant, so that those engaged in duties requiring 
mental concentration are not affected by the noise of 
the plant. 

It will be realised that a locomotive testing plant 
arranged on the lines outlined by the author embodies 
many features of an essentially novel character, and 
there is much detail work still to be done before the 
scheme can be regarded as complete. On the other 
hand, it is claimed that such a plant offers considerable 
advantages :— : 

(1) The provision of a wind tunnel in which a loco- 
motive can be tested. 

(2) The arrangement of coupling the supporting 
wheels by means of bevelled gears directly to the 
longitudinal shafts produces conditions which approxi- 
mate more closely to normal running conditions. 
Under normal running conditions a locomotive pro- 
gresses along a fixed rail. Therefore a fixed locomotive 
should drive something resembling a caterpillar track, 
and the nearest workable mechanical arrangement to 
this is a set of supporting wheels rigidly coupled 
together. This eliminates the possibility of slipping 
on one of the supporting wheels, and the proportion 
of the power transmitted through the coupling rods is 
approximately the same as that which is obtained under 
running conditions. 

(3) With the braking equipment concentrated in one 
place, fixed on rigid foundations, and away from the 
supporting wheels, the brakes are more accessible and 
can be more readily adjusted, and the use of flexible 
pipes, which is necessary if the brakes are directly 
coupled to the supporting wheels, is obviated. hg 

In conclusion the author submits that the provision 
of a British locomotive experimental station is more 
essential now than at any other time. On the Con- 
tinent and in America, large sums of money are being 
expended upon the scientific development of loco- 
motives, and these countries are obtaining orders in 
markets which were formerly wholly British. To 
meet this competition, and to provide for this country, 
locomotives of the highest efficiency, it is necessary 
that we should have equipment second to none for the 
investigation of locomotive economy. The plant would 
be available not only for carrying out experiments 
on new locomotive designs, but would offer means of 
making investigation into the economies which may 
be effected by the use of higher pressures, new valve- 
gears, feed-water heating, boosters, poppet-valves, &c. 
With the wind tunnel this would make it possible to 
explore more fully the possibilities of the application 
of condensing apparatus to locomotives. By the 
provision of such a plant as that suggested, experiments 
could be carried out with engines and their components 
by scientific methods, and would produce data which 
would be of incalculable value in arriving at the best 
locomotive design. 








THE EFFECT OF MODERN MACHIN- 
ERY ON THE DESIGN OF LARGE 


SHIPS. 

By A. T. Watt, O.B.E., and H. C, Carey. 

Tue speeds of transatlantic passenger-carrying 
vessels are always of importance and interest, and the 
present paper gives the results obtained by an investi- 
gation into the various possibilities. 

The particular object of the paper is to show the 
overall advantage in the complete ship of improve- 
ments in modern machinery. The improvements which 
affect ship design to the greatest extent are (1) reduced 
‘weight of machinery, and (2) reduced fuel consumption. 
These are the factors which are dealt with primarily 
in this paper. Reduced space per horse-power also 
has obvious advantages, but although of great import- 
ance in the design of a particular ship, these advantages 
cannot be put into figures to cover all cases, but they 
are referred to in general terms and as necessary. The 
paper also shows the relation between speed and power, 
in so far as it is affected by length of ship, displacement 
coefficient, and weight of hull. 

It is axiomatic that increase of weight, whether in 
hull, machinery, fuel, water, or other items, means loss 
of speed or increase of horse-power, other things being 
equal. Reduction of fuel costs on account of reduced 
consumption can be calculated directly in any given 
ship, and other economies incidental to the smaller 
amount of fuel carried can also be assessed without 
much difficulty. The effect of reduced weight of 
machinery and fuel, however, cannot be easily assessed, 
but is more far-reaching, since it enables a smaller, 
cheaper, and more economical vessel to be designed, 
or, alternatively, it gives greater earning capacity 





* Paper read before the Institution of Naval Architects 
Paris, on Thursday, July 2, 1931. Abridged. 
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for the same expenditure. Between these two limits 
are endless possible variations, but it is not necessary 
to consider all of these. They can be deduced from 
the results given. 

Type of Ship.—The type of ship considered is 
representative of the modern transatlantic liner, on 
service between Southampton and New York, via 
Cherbourg. All vessels are of cruiser stern type, of 
normal form, with the usual arrangement of super- 
structure decks. In estimating weights, no attempt 
was made to depart from usual practice with regard to 
hull and outfit. There is certainly a possibility of 
weight economy in these items, but this is outside the 
scope of the paper, although the advantages of it are 
shown. 

Machinery Types.—Three types of machinery have 
been selected, the principal variations being in the 
type of boiler and steam pressure and temperatures. 
Diesel machinery has not been considered, since the 
state of its development does not yet warrant considera- 
tion for high powers. In all cases the engines are single 
reduction three-stage Parsons turbines on each shaft, 
with two intermediate pressure turbines for powers of 
30,000 shaft horse-power per shaft and over. The 
closed-feed system, ‘with regenerative condensers, 
is used for all types, and a vacuum of 29 in. is assumed 
throughout. For the smaller powers a twin-screw 
arrangement is taken, and quadruple screws for the 
larger powers. The boilers are of three types :— 
(a) Double-ended cylindrical Scotch, with triple-flow 
air heaters and forced draught. (6) Yarrow, five 
drum, double-flow, side-fired, with auxiliary boilers 
for feed make-up on the Johnson system, quadruple- 
flow air heaters and forced draught. (c) Johnson two 
drum, with auxiliary cylindrical boilers as in (bd), 
quadruple-flow air heaters, and forced and induced 
draught. Particulars of pressures, temperature, and 
efficiencies of the three types are given in Table I. 


TABLE I. 











oar 7 Type A. Type B. | Type C. 
Type of Boiler. \Cylindrical.| Yarrow. | Johnson. 


Steam pressure, lb. per sq. 


Rm. os 6:6 i am 250 450 450 
Superheat in deg. F. ae 244 290 290 
Final steam temperature, | 

deg. F. be as a 650 750 750 
Boiler efficiency (per cent.) | 80 85 87 
Feed temperature, deg. F. .. 260 300 300 


Other types of boilers, such as the Babcock and Wil- 
cox ordinary and §8.X. types, might also have been 
considered, but sufficient ground is covered by the 
three types mentioned. The auxiliary machinery has 
been varied slightly between the three types, and a 
description is given in Appendix I, together with typical 
machinery weights and fuel consumption. 

Type A represents good modern practice with 
cylindrical boilers, with moderate pressure and tempera- 
tures, and forms the basis of comparison. Type B 
represents modern general practice for high-speed 
ships, except that the boiler ratings have been taken 
in excess of the usual 5 to 5} lb. now adopted for marine 
work, They vary from 6-8 lb. of steam (actual) per 
square foot of heating surface for a boiler with output 
ot 66,000 lb. of steam per hour to 7-2 lb. in a boiler 
with an output of 110,000 lb. per hour. The makers 
recommend these ratings as being ‘well within practical 
limits without jeopardizing reliability. Type C might 
be said to represent ultra-modern practice, in that the 
Johnson boiler is the latest water-tube boiler to be 
applied successfully to marine propulsion. The ratings 
in this case are taken as varying from 11-4 to 12 lb. per 
square foot of heating surface for boiler outputs of 
66,000 and 110,000 Ib. of steam per hour, respectively. 
These ratings are taken from information supplied 
by the licensees, Messrs. Clarke, Chapman and Company, 
Limited. 

Basis of Calculations.—To obtain all the necessary 
data, ships of various sizes, displacement coefficients, 
and speeds were considered. Four lengths were 
taken, each length being used in conjunction with 
four displacement coefficients of 0-47, 0-54, 0-61, and 





TasLe II. 

Ft. Ft. | Ft. Ft. 

Length (between per- 
pendiculars) .. --| 55C 7 850 1,000 
Length (on water-line) .. 72 728 884 1,040 
Breadth (moulded) # 74 86 98 110 

Depth (to uppermost 
continuous deck) i 50 56 62 68 
Load draught .. ‘a 29 32 35 38 


0-68, based on length between perpendiculars, and 
speeds of 20 knots and upwards. Average proportions 
for beam, depth, and draught were derived from 
average present practice, and the dimensions (in feet) 
of the vessels considered are as shown in Table II. 
For each combination of length, displacement coeffi- 
cient, and speed, the horse-powers were obtained by 








the use of Taylor’s Standard Series. For a fuller 
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description of the method used reference should be 
made to a paper entitled ‘“‘Some Considerations in 
the Design of Channel Steamers,”’ read before the Liver- 
pool Engineering Society in 1915, by Mr. A. T. Wall. 

Effect of Length on Speed.—The most economical 
ship for the deadweight and speed in Table IV would 
lie between the limits shown in (a) and (b), for each 
type of machinery, because as the length in (6) is 
decreased, the hull cost decreases, whilst the machinery 
and fuel costs increase. There will be some inter- 
mediate length which gives the best combination 
of first cost and running expenses for the maximum 
economy. The most economical length will generally 
be nearer the length for minimum horse-power than 
the minimum length, since reduction of shaft horse- 
power and fuel consumption represents a large value 
when capitalised over the life of the ship. It will be 
noted with cylindrical boilers that the minimum length 
of 923 ft., compared with the length of 1,011 ft. for 
minimum power, is only made possible by an increase 
of displacement of 2 per cent., even although the ship 
is shorter, and the shaft horse-power is increased by 
over 36 percent. The effect with Yarrow and Johnson 
boilers is not quite so marked, the displacements with 
the smaller lengths being actually decreased by 5 per 
cent. and nearly 8 per cent., respectively, while the 
shaft horse-powers are increased by about 27 per cent. 
and 21 per cent., respectively. In other words, the 
increase of shaft horse-power and consequent fuel 
consumption with reduced length is not so great 
with the more modern machinery, so that minimum 
hull dimensions, and therefore initial costs, more 
nearly approach the length for minimum running 
costs—a distinct advantage. 

Even taking the direct mean of minimum length and 
length for minimum horse-power, the ship with cylin- 
drical boilers would be 967 ft. long as compared with 


TaBLe 1V.—Vessels Carrying 2,000 Tons Deadweight at 
29 Knots. 








| | Displace- | Displace- 
aa | tegen | ment ment 8.H.P. 
= OH aienients (tons). 





(a) Minimum Length. 





Cylindrical | 238 | 0-642 | 67,140 | 189,500 
boilers | | 

Yarrow boilers. .| 738 0-595 | 6,600 | 128,500 

Johnson boilers | 692 | 0-577 | 31,010 | 111,500 

(b) Minimum Shaft Horse-power. 

Cylindrical 1,011 0-538 | 65,860 139,000 
boilers | 

Yarrow boilers. .| 804 0-522 | 38,560 101,000 

Johnzon boilers 762 0-511 | 33,650 92,000 








727 ft. for the ship with Johnson boilers. The corre- 
sponding shafthorse-powers, taken from curves, are 
142,500 and 93,500 shaft horse-power on displacement 
coefficients of 0-564 and 0-529, respectively. From 
these figures, the adoption of Johnson instead of cylin- 
drical boilers shows a saving of 24-8 per cent. in length, 
about 50 per cent. in hull cost, and 34-4 per cent. in 
horse-power and fuel consumption. These figures apply 
to the case taken, viz., a speed of 29 knots and carry- 
ing 2,000 tons deadweight, but at other speeds and 
deadweight also large economies would be effected. 

General Results—The results of these investi- 
gations are summarised in the following paragraphs. 
When the word “ship’’ is used, it refers to ships of 
the type and for the trade described in the paper. 
(1) With length limited to 1,000 ft., the maximum 
speed that could be reached, if the necessary power 
could be transmitted through the machinery, is about 
36} knots. With present-day limits of transmission 
of power, the maximum speed with quadruple screws 
and 240,000 total shaft horse-power is about 35 knots. 
These speeds can only be obtained by the use of Johnson 
boilers, giving a machinery weight corresponding to 
about 22 shaft horse-power per ton. The corresponding 
speeds with Yarrow boilers are about 35 and 34 knots 
respectively. (2) The maximum horse-power likely 
to be installed in larger liners will not exceed 240,000 
shaft horse-power for some time to come on account of 
transmission limitations. (3) Modern, steam producers 
are so efficient that space can be found in any ship 
for the necessary boilers to drive her at her maximum 
possible speed. (4) Cylindrical boilers will limit the 
maximum possible speeds for ships of lengths greater 
than about 855 ft., since the available space is insuffi- 
cient to house the boilers, although the necessary 
weight could be carried on these lengths. (5) Generally 
higher speeds are obtainable and maximum possible 
speeds are greater with modern steam producers than 
with the old, varying from 3-3 knots increase in a 550-ft. 
ship to 5-6 knots in a 1,000-ft. ship, in changing from 
cylindrical to Johnson boilers. 

(6) It is most uneconomical to drive a ship at her 
maximum possible speed with any type of machinery. 
(7) For a given speed and deadweight there is a mini- 
mum length of ship coupled with a certain power, 
and a minimum horse-power coupled with a greater 
length. The most economical ship will have a length 











and horse-power between these two values, respectively. 
These values can be found by the methods given. 
(8) Higher speeds must involve longer and larger ships 
for the greatest overall economy, and the initial and 
running costs increase quite out of proportion to the 
percentage increase of speed. (9) Appreciable economy 
is obtained by reducing weight, whether in hull, machi- 
nery, or fuel per shaft horse-power. (10) Modern 
machinery permits the adoption of smaller displace- 
ment coefficients than with the old, giving improve- 
ment in performance at sea. 

(11) Modern machinery enables size and horse-powe: 
for a given deadweight and speed to be reduced. A 
particular case is quoted above resulting in reduc- 
tions of 24-8 per cent. in length, 50 per cent. in hull 
cost, and 34-4 per cent. in horse-power and fuel con- 
sumption. (12) With modern machinery minimum 
hull dimensions for given conditions more nearly 
approach those required for minimum horse-power, so 
that the loss by the necessary compromise is reduced. 
(13) Modern machinery will affect hull design, since 
to carry the same number of passengers as a larger ship 
with old machinery, superstructures will be increased. 
Passenger accommodation will therefore generally 
be higher in the ship, and consequently better. (14) 
Modern machinery enables greater speeds to be obtained 
on the same draught; a definite advantage when 
related to the limitation of depth of water in some 
harbours which cannot be deepened without consider- 
able expense. (15) Generally, great economies are 
possible with the use of modern machinery both in 
first cost of hull and machinery and in running. 


APPENDIX I. 


Main Machinery.—Main turbines are as described 
in the paper. For powers up to 30,000 shaft horse- 
power per shaft, the astern turbines consist of an 
impulse wheel in the intermediate pressure casing, in 
series with a low-pressure astern turbine of the impulse 
reaction type in the exhaust end of the low-pressure 
ahead casing. For powers of 30,000 shaft horse-power 
and over, the ahead low-pressure turbine is of double- 
flow design, and the high-pressure and low-pressure 
astern turbines are incorporated in the second inter- 
mediate-pressure and low-pressure casings, respectively. 
Turbine and propeller revolutions have been worked 
out for each particular case, the range of propeller 
revolutions being from 130 r.p.m.to 300 r.p.m. Shaft- 
ing arrangements and weights follow normal practice. 

Auxiliary Machinery—With type A machinery 
(cylindrical boilers), the main circulating pumps, extrac- 
tion pumps, fresh and salt water pumps, and forced 
draught fans, are electrically driven. The main 
feed pumps are turbo-driven, and all other auxiliaries 








TaBLe V. 
| | 
Reference Number. : | 3 | 
| | 

Length of ship (ft.) ae 550 700 850 1,000 
Speed (knots) ae ‘ae 20 25 30 $2 
Maximum S8.H.P. ..| 28,000 | 67,500 | 183,000 | 260,500 
Number of shafts 2 2 4 4 


Propeller revolutions per. | 














minute .. a 160 180 | 245 240 
| 
TaBLe VI. 
Machinery Oil 
Fuel. 
Refer- Con- 8.H.P. 
Machinery Type. ence | sump- | per Ton 
e No. Pi | tion, lb. | Weight. 
Weight per 
(tons). | sp. | 
per 
hour. | 





3,402 0-696 8-23 
7,010 | 0-655 9-63 
16,760 | 0-622 10-92 
22,910 | 0-608 | 11-36 


2,345 | 0-604 11-94 
4,580 | 0-569 14-75 


10,000 s . 
13,302 | 0-536 | 19-58 


A. (Cylindrical boilers) .. 


B. (Yarrow boilers) 


C. (Johnson boilers) 8/950 0-534 2 ‘45 


11/3890 | 0526] 21 91 


POD RO ROR 











are of the usual steam-driven reciprocating type- 
Steering gear is of the electro-hydraulic type, and the 
refrigerating machinery is driven electrically. Electric 
power is provided by turbo-generator sets. With 
type B machinery (Yarrow boilers), all pumps are 
electrically driven, except feed, which are turbo- 
driven. The forced draught fans, steering gear, and 
refrigerating machinery are also electrically driven. 
while the auxiliary feed pumps and oil fuel units are 
steam driven. Turbo- and Diesel-driven generators 
are allowed for, the latter being for port use. With 
type C machinery (Johnson boilers), the auxiliary 
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WELDED DIESEL-ENGINE FRAMES. 


MESSRS. THE STEEL BARREL COMPANY, LIMITED, ENGINEERS, UXBRIDGE. 


Fig. 2. 
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machinery is generally similar to that for type B, 
except that electrically-driven induced draught fans 
are fitted in addition to those for forced draught. 

Typical Machinery Particulars.—Since machinery 
weights and fuel consumptions vary with size and speed 
of ship, four examples are given in Table V referring 
to typical ships. 

In Table VI, the oil fuel consumptions are for all 
purposes, and are based on oil fuel with gross calorific 
value of 19,000 B.Th.U. per lb. 








WELDED FRAMES FOR DIESEL 
ENGINES. 


Tre substitution of castings by welded frames and 
other parts built up by the same process is perhaps one 
of the most interesting of the developments that have 
recently taken place in machine construction. This 
practice, as is by now well known, not only enables 
an increase in strength to be secured, but allows the 
weight to be considerably reduced, the saving being 
generally of the order of from 33 to 50 per cent., and 
amounting in the case of a large turbo-alternator 
to many tons. In addition, greater accuracy in 
manufacture is possible, so that the amount of ma- 





rejects. It is, therefore, not surprising to find that 
attempts have been made to apply this method of 
manufacture to the construction of Diesel engines, 
the great weight of which when referred to their output 
is often a distinct disadvantage. This particularly 
applies, of course, in marine work and when they are 
used for transport purposes, as in these cases the weight 
may be a deciding factor in determining whether they 
shall be employed in preference to other prime movers. 
This being the position, we may therefore draw atten- 
tion to the system of construction which has been 
patented by Mr. C. H. Stevens, of the Steel Barrel 
Company, Limited, Uxbridge, and has been adopted 
by Messrs. Davey, Paxman, Limited, Colchester, in 
their latest design of marine Diesel engine, a step 
which should prove of great interest to naval and 
other marine engineers. We understand, in fact, that 
this development is being closely watched by the 
British Admiralty, who have already one set of welded 
steel columns, designed by Mr. Stevens, for a new 
submarine engine, under construction at the Steel 
Barrel Company’s works. 

The underlying feature of the design is that all the 
explosion stresses are taken up by a series of main frame 
plates, one of which is located between each pair of 
cylinders. These are so arranged that they act as a 


chining necessary can be reduced, while there are no | sling round the cylinder head seatings and crankshaft, 





Fia. 7. 


It is, however, distinguished from the somewhat similar 
arrangement in which the upper end of a plate frame 
of this kind is secured to an entablature on which the 
cylinders are supported, since no horizontal joints are 
used and the trouble which arises owing to the tendency 
of the bolts to fail under the severe tensile stresses that 
are set up at the time of the explosions is therefore elimi- 
nated. An elevation of one of these frame plates is 
shown in diagrammatic form in Fig. 1. This is cut 
from a single rolled steel plate h, so that its contour in 
elevation corresponds with that of the end view of 
the engine. An opening a is next cut in the top 
part of this plate through which two plates b andc, 
running the whole length of the engine, are inserted. 
The upper of these two plates forms the seating for 
the cylinder heads, while the other provides a 
housing for the lower end of the cylinder liners. The 
way in which these plates are inserted is shown in 
Fig. 2, and they are slotted, as indicated in Fig. 3, at d, 
to accommodate the side and tension members of the 
main frame plates. A second opening e in the lower 
part of the frame plate is provided for the insertion 
of the crankshaft bearing which may, of course, be 
either integral with the frame or a separate unit. The 
series of frame plates built up in this way are connected 
by a wrapper plate k, which extends the whole length 
of the engine on both sides and which may be provided 
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Fig. 2. 
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with such doors and hand holes as may be required. 
The fresult is that the portion of the frame plate above 
the plate 6 acts as a girder, which receives the upward 
thrust due to the explosions in the cylinders, while | 
the base forms a second girder, which similarly takes 
up the downward thrust. It will also be noted that 
all the usual horizontal bolted joints are omitted 
and that the use of through bolts as tension members 
is avoided. It may be added that when the cylinders 
and water jackets are cast in one piece the plate c can | 
be dispensed with, the frame then being built up in | 
the way shown in Fig. 4. 

The various parts of the frame which have just | 
been described are welded together electrically as they 
are assembled, an important feature of the arrangement 
being that none of the welds which join the longitu- 
dinal cylinder plates to the vertical frame plates are 
under stress, since all the primary stresses are taken 
up by the top and bottom girders and the side tension 
members of the main frame plates. 

The application of this method of construction to a 
six-cylinder Diesel engine will be clear from Fig. 6, 
which shows all the vertical frame plates in position, 
the upper and lower cylinder plates welded in and one 
wrapper plate welded on. The bosses for the cylinder 
head studs, the lower liner housing and the seatings 
for the main bearings are also visible. Side and end 
views of the same engine are given in Figs. 6 and 7, 
respectively. This engine frame, which has been de- 
signed by Messrs. Davey, Paxman, Limited, Colchester, 
under licence from Mr. Stevens, and manufactured by 
the Steel Barrel Company, Limited, Uxbridge, makes 
the total engine weight 27 lb. per horse-power com- 
pared with the 48 lb. per horse-power which would 
have been reached had castings been used. The former 
figure can, doubtless, pe still further reduced when 
more experience has been gained. 








AN EARLY WATER-TUBE BOILER, 


In course of the discussion on the paper read by 
Mr. A. T. Wall and Mr. H. C. Carey, at the recent 
meeting of the Institution of Naval Architects in Paris, | 
and reported on page 68 of this issue, Mr. W. Niths- 
dale referred to an early type of two-drum water-tube | 
boiler with curved connecting tubes, illustrated in | 
a work by M. Paul Augustin-Normand, entitled ‘‘ Les | 
Origines des Chaudiéres & Circulation Accélérée (1825- | 
1885).”” We have had an opportunity of referring | 





CRADDOCK WATERTUBE BOILER OF 


Fig. 4. 





re 
“ 




















(2729.4) 


to the book in question, which shows that more 
than one modern invention in steam-raising plant has 
been long anticipated. This does not necessarily mean 
either that in modern designs old plants have been 
plagiarised, or that the original ideas were inherently 
unworkable and were, in consequence, discarded. On 
the contrary, it would seem to show that, in some cases, 
at least, they had such obvious merits that a thought- 
ful man was bound to hit on the principle again sooner 
or later. Probably, also, the designs did not survive 
because the appliances, material and methods of con- 
struction of the day were not sufficiently advanced for 
the particular type concerned. We reproduce, in Figs. 
1 to 6, above, the illustrations referred to by Mr. Niths- 
dale in the hope that they will be found of interest to 


those whose tastes are wide enough to embrace tech- | 


nical history. 

Two types of boiler are shown, both of which are 
assigned to Thomas Craddock and are dated 1857. 
Fig. 1 shows a cross-section of a boiler which has, 
apparently, a dry back. The tubes, as shown in Figs. 2 
and 3, seem to have the intervening spaces filled in, 
so as to form a solid wall, the gases finding their way 
back past the tube walls surrounding the furnace by 
way of an annular space between the walls and the 
enclosing casing, and thence escaping to the chimney. 
Figs. 4, 5 and 6 show sections of a double-ended boiler 
with a central vertical nest of tubes. In one section 
this nest consists of two rows of tubes close together, in 


the other the nest is divided and contains a grate. The | 


tubes are very closely pitched so as to form practically 
continuous walls, and the gases, as shown in the sec- 
tional plan in Fig. 4, pass between such walls formed 
by two rows of outside tubes and then return over the 
outside wall by the casing passage. Taking the draw- 
ings as they stand, this boiler is hardly practicable, as 
the tubes are not shown staggered where they enter the 
drum, and there would thus, unless the drums were 
of inordinate thickness, be practically no adequate 
bridges left in the shell between them to resist bursting, 
to say nothing of withstanding drifting operations 
which, probably, at that time were used instead of 
tightening the tubes by a roller expander. However 


| that may be, and assuming the drawings to be mere | 


diagrams, it would appear that this type of boiler or 
some modification of it was actually manufactured 
before sinking into oblivion. We may express the 
hope that its modern and, incidentally, greatly im- 
proved, form will have a more prosperous career. 




























CATALOGUES. 


Electrical Instruments.—Messrs. Ferranti, Limited, 
Hollinwood, Lancs., have issued a new catalogue of 
moving-coil instruments, with lists of ammeters and 
voltmeters for a wide range of readings. 

Lighting Glassware.—Two further lists are to hand from 
Messrs. Hailwood and Ackroyd, Limited, Morley, near 
Leeds, describing their shade and bowl fittings, which 
are made in clear, opal and coloured glass. 

Motor Starters.—A new list of air-break starters for 
squirrel-cage motors is to hand from Messrs. The English 





Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2. These starters are made in forms 
| suitable for industrial motors within a maximum range 
| of 650 volts, 50 amperes, and 30 h.p. 


| Motor-Pumps.—A list of electrically-driven centrifugal 
| pumps, in which the motor and pump are combined in 
|a@ continuous shell, is to hand from Messrs. Rhodes, 
| Brydon and Youatt, Limited, Gorsey Mount-street, 
| Stockport. There are several types of these “‘Mopumps,” 
| horizontal and vertical, of from 1 in. to 5 in. delivery, 
| and a small type with a }-in. delivery. A steam-turbine 
unit for pumping tar is also dealt with. 

Mill Work.—Two catalogues of mill work are to hand 
from Messrs. Edgar Allen and Company, Limited, 
Sheffield, giving illustrations and particulars of rotary 
double-shell drying machines and intermittent ball mills. 
In both cases the most suitable steels are employed for 
the essential parts. The firm also supplies forged and 
cast balls of various metals and “ helipebs ”’ (small spiral 
pieces) for ball mills. 


Magnets.—Messrs. Darwins, Limited, Sheffield, have 
issued a catalogue of magnets for various purposes, 
including generators, electricity meters, magnetos, 
compasses, telephones, separators, &c., with a description 
of the manufacturing process and technical particulars. 
The catalogue contains much special information which 
will be useful to makers and designers of machines and 
apparatus employing magnets. 
| Compressors.—Messrs. Hicks, Hargreayes and Com- 

pany, Limited, Bolton, Lancs., have issued two new 
catalogues of air and gas compressing machines. One 
deals with the turbo or centrifugal type and the other 
with the rotary type, employing moving blades with 
|eccentric motion. The examples illustrated with steam 
| turbine drives include machines for raising 12,000 to 
20,000 cub. ft. of air per minute to pressures of 80 Ib. 
| per square inch. A motor-driven compressor displacing 
| over 40,000 cub. ft. per minute is also shown, as applied 
|to gas boosting. The rotary compressors and vacuum 
pumps are listed in a good range of sizes for pressure UP 
to 150 lb. per square inch, and vacua up to 95 per cent. 
The descriptive text and illustrations are excellent. 


| 
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THE MANUFACTURE OF SAND- |‘? pipe is 16 ft., renders them more economical 
SPUN PIPES |}in transport, handling and laying than the corre- 


| sponding vertically-cast pipes, the effective length 
A NoTEWORTHY stage in the development of the | of which is usually 12 ft. Moreover, the greater 
cast-iron pipe industry in this country has been | effective internal diameter of the former, due to the 
reached by the completion by Messrs. The Staveley | combination of a standard external diameter with 
Coal and Iron Company, Limited, near Chesterfield, | thinner but stronger walls, and to the fact that 
of a plant for the manufacture of these pipes in sand | they are ground internally, gives them an internal 
moulds by a centrifugal casting process, under| area about 5 per cent. greater than that of the 
licence from the Sand Spun Corporation of New York | corresponding pit-cast pipes. 
and Messrs. R. D. Wood and Company, of Phila-;| It should also be pointed out, in connection 
delphia. The pipes are produced in sand moulds | with sand-spun pipes, that perfect balance of the 
rammed in cast-iron flasks which are rotated about | rotating sand moulds of the metal flasks containing 
their longitudinal axes while the molten iron is| them is essential to the manufacturing process, so 
poured in, the rotation being continued until the; that the mould must be concentric with the flask 
metal has completely solidified. The speed of|and the pipe concentric with the mould. Conse- 
rotation is such that the liquid metal is con-| quently, the pipes produced are straight and 
tinuously subject to a centrifugal force at least | uniform in section, both longitudinally and circum- 


























main building which is 420 ft. Jong, 150 ft. wide and 
63 ft.in height. There are, however, three second- 
ary buildings, the purposes of which are sufficiently 
indicated on the plan. The melting plant comprises 
three cupolas, designed and constructed by the 
Staveley Company’s staff, each capable of melting 
15 tons of pig iron per hour. These cupolas are 
indicated in the top right hand corner of Fig. 2. 
The pig-iron, scrap steel, coke and limestone for 
charging the cupolas are stored in bins, also indicated 
in Fig. 2, and are handled by two electrically-driven 
overhead gantry cranes, fitted with 52 in. magnets 
for lifting the magnetic materials. Fig. 10, on 
Plate IV, shows the cranes and Fig. 11, on the 
same Plate, is a view of the charging platform, which 
is designed for a load of 5 ewt. per square foot, and 
is therefore capable of carrying ample stocks of iron 
and coke for regulating the charges. The materiais 





Fig. 1. CrntTriruGAL CastinG MACHINES AT THE STAVELEY COMPANY’S WORKS. 


70 times that of gravity, and as a result of this |ferentially. Compared with vertically-cast pipes 
treatment, it is claimed, the finished pipes are | of equal nominal size and class, we are informed 
thoroughly sound, being completely free from | that the sand-spun pipes have a 40 per cent. greater 
shrinkage, cavities, gas pockets, blow-holes and | resistance to hydrostatic pressure, a 20 per cent. 
solid inclusions of any kind. As evidence of this, | greater resilience in bending, and a 25 per cent. 
we reproduce in Figs. 3 to 8, page 95, two series each | higher resistance to shock. These important 
of three microphotographs of the metal at the outer | advantages of sand-spun pipes, and also the fact 
edge, centre and inner edge of a sand-spun pipe | that they fit perfectly with British Standard spigots 
and a pit-cast pipe, respectively. In the former | and sockets, so that they can be used in conjunction 
it will be seen the meta] is of a more compact| with standard specials, would appear to justify 
character, the size of the graphite plates is more | their employment in all high-class work. The plant 
uniform, and the proportion of pearlite higher than | which Messrs. The Staveley Coal and Iron Com- 
is the case with the pit-cast pipe. pany, Limited, have put down for manufacturing 
Among other advantages of sand-spun pipes, it them, and which we now propose to describe, has 
may be pointed out, that owing to the fact that! been designed for the production of 80,000 tons 
the cooling is slow and proceeds from the outer| per annum of pipes ranging from 4 in. to 12 in. 
surface in contact with the sand, internal] stresses | nominal diameter, all 16 ft. in laying length, and 
are avoided, leaving the whole strength of the| normally provided with integral spigot beads ; 
metal available to resist the normal working stresses. | Fig. 9, on page 95, is a section of the normal 
It follows from this that a substantial reduction in| joint. Beadless pipes, and half turned and bored 
the weight of a pipe, in comparison with a vertically- | pipes of the same length and sizes can, however, be 
cast pipe of equal size and class, can be made, the | made when required. 
reduction, we are informed, being of the order of | The lay-out of the plant is shown in the plan, 
25 per cent. This lighter weight, in conjunction | Fig. 2. on page 94, from which it will be seen that 
with the fact that the effective length of each sand-! the greater part of the equipment is housed in a 








are dumped by the crane into a tilting tray operated 
by compressed air, one of which is provided for 
each cupola, as shown in Fig. 11, and are tilted into 
the cupola after having been weighed by the 
dial-type machines visible in the illustration. 

Blast air is supplied by one of two electrically- 
driven centrifugal fans, each capable of delivering 
6,000 cubic feet of free air per minute against a 
head equivalent to 36 in. water gauge when running 
at 1,740 r.p.m. Each cupola is fitted with 5 main 
and 5 secondary tuyeres, and each tuyere is provided 
with a damper so that the most effective distribution 
of the blast can be obtained. Drop-bottom doors 
and self-emptying and righting slag pots mounted 
on ball-bearing bogies are provided. The cupolas 
are designed for uninterrupted working periods of 
24 hours each, one being sufficient to supply the 
norma] requirements of the works, and provision 
is made to ensure that the chemical and physical 
qualities of the metal, and its temperature, are 
maintained constant within close limits. 

From the working platform of the cupolas, shown 
in Fig. 12, Plate IV, the metal is transported in 
two bull ladles, each of 34 tons capacity, to tilting 
ladles at the end of each of the centrifugal casting 
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machines, or “‘ twisters ’’ as they are called. One of 
the bull ladles receives the metal, as tapped from the 
cupola, while the other is carried along the line of 
twisters by an electric travelling crane provided with 
a control cabin near the floor level so that the crane 
driver can conveniently run the meta] into the 
tilting ladles of the twisters without assistance. 
The framework supporting the control cabin of this 
crane can be distinguished in the background in 
Fig. 1, on page 93, although the bull ladle was not 
in position at the time the photograph from which 
this illustration has been prepared was taken. 
The exchange of an empty bull ladle for a full one is 
effected by means of a transfer carriage, capable of 
carrying two ladles, mounted on ball-bearings and 
running on a rail track in front of the cupolas. 

Fig. 1, on page 93, which has been reproduced 
from a photograph taken during the construction 
of the plant, shows four of the seven twisters 
installed, the foundations for the remainder being 
distinguishable in the background; one of the 
machines with the cover raised and a flask in position 
is illustrated in Fig. 13, on Plate IV. The machine 
consists of a built-up steel frame bolted down to a 
reinforced-concrete foundation, and carrying two 
idle and two driving rollers on which the flask 
containing the sand mould rests. Each roller is 
supported in two Skefko self-aligning ball bearings 
of 80 mm. (3} in.) shaft diameter. Shaft extensions 
on each of the driving rollers carry a brake drum 
and a driving pulley, the latter, which is 14 in. in 
diameter, being connected by a belt to a 15-h.p. 
slip-ring motor located in the basement below the 
floor level. The motors, of which there are two to 
each machine, are operated by three-phase, 30-cycle 
current at 440 volts. They run at 860 r.p.m., and as 
the motor pulleys are 18 in. in diameter, the driving 
rollers rotate at about 1,100 r.p.m. Specially 
designed contactor gear, with remote control, is 
provided for starting and stopping each pair of 
motors simultaneously, and hand-operated Ferodo- 
lined brakes, acting on the brake-drums previously 
mentioned, are employed to bring the rotating parts 
rapidly to rest on the completion of the operation. 
Hydraulic gear is provided for lifting the flask out of 
the driving rollers, and at the same time lifting the 
semi-cylindrical cover which normally protects the 
operators from any possible injury due to flying 
sand or metal particles. The cover is shown in the 
raised position in Fig. 13 and in the working position 
in Fig. 1. The twisters are operated in pairs, each 
pair being used for the production of one particular 
size of pipe. Only minor adjustments are, however, 
necessary when changing from one size of pipe to 
another, and the seventh machine enables these to 
be made without interrupting the normal output; 
it also, of course, serves as @ spare. 

We shall dea] later on with the method of making 
the moulds, but may now explain that the flasks 
containing them are deposited in pairs by an electric 
crane on opposite sides of a pair of twisters. From 
these positions they are rolled into the twisters and, 
after the casting operation, they are run on to a 
gantry between the two machines, whence they are 
removed by the same crane to the cooling gantry. 
This crane and another similar to it, both visible 
in Fig. 1, on page 93, are of 10 tons lifting capacity, 
and were supplied by Messrs. Craven Brothers, 
Limited, of Reddish. To facilitate the operation 
of transferring the flasks from one gantry to another, 
the cranes are provided with semi-rigid guide frames 
which rapidly damp out the swinging movements 
of the flasks, while the gantries are provided with 
rigid guide frames. The latter are designed to 
guide and control the flask-handling device on the 
crane, so that the flasks are necessarily picked up 
or deposited in the correct position in relation to 
both the handling device and the gantry rails. 

Immediately before being placed in the twister, 
the flask containing the mould is fitted with an oil- 
sand socket core, which is kept in position by means 
of steel plates and wedges. These, however, as 
well as the bead-core plates which are fitted to the 
flasks after jolting, are removed from the flasks on 
the cooling gantry. The flasks, a number of which 
are visible in the foreground in Fig. 1, page 93, 
are of cast iron drilled with numerous vent holes 
and fitted with steel tyres which rest on the driving 
and idler rollers in the twister. With the flask in 





position and the cover lowered, the machine is run 
up to speed, the correct speed being indicated by 
an illuminated sign at the operating end. The 
tilting ladle, with which each machine is provided, 
as previously mentioned, is then tilted, allowing 
the exact weight of metal required for making one 
pipe of the requisite size and class to run along a 
launder into the open end of the flask. The tilting 
ladle, it may be mentioned, is mounted on a carrier 
which runs between fixed limits on the platform of a 
weighing machine of the dial type; the backs of 
the dials of these machines can be seen in Fig. 1. 
The tilting is effected by hydraulic power, the control 
being located at the opposite end of the machine, 
together with that for the driving motors, the flask- 
changing device and cover-raising gear. The 
pouring operation occupies about one second for 
each inch of pipe diameter and, after it is completed, 
the rotation is continued for some minutes, depending 
upon the diameter and thickness of the pipe being 
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perhaps, be mentioned that the adhesion between 
the wheels of the carriage and the track is sufficiently 
low to permit slipping to occur if the jet tubes should 
encounter any abnormal resistance. The air jets 
remove sufficient sand from the mould to permit the 
second operation to take place. 

For this, the flask is rolled out of the blow box 
along a short gantry on to the tilting table of the 
stripper, which is partly visible in the centre of 
Fig. 14. The stripper comprises two double-acting 
horizontal hydraulic cylinders, with differential 
rams 6 in. and 7 in.in diameter and having a stroke 
of 20 ft. The cylinders are bolted to a steel frame, 
the front part of which encloses the tilting table, 
which is operated by a single-acting hydraulic ram 
located in the basement. By means of the differen- 
tial rams, two pipes can be pushed out of their 
flasks simultaneously, the pipes sliding forwards 
on to a transfer carriage, operated by main-and-tail 
haulage gear. 
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produced, until the metal has completely solidified. 
Each twister, it may be noted, is capable of produc- 
ing from 60 to 72 diametrical inches per hour, 
irrespective of the size of pipe being made. 

The cooling gantry, which is indicated in the 
plan Fig. 2, and extends from the left-hand side 
of Fig. 1, is 160 ft. in length. After the casting 
operation, the flasks are placed on this by the 
overhead crane, and are gradually rolled along 
it by hand to the stripping plant at the other end 
of the shop. Some 60 to 70 minutes are occupied 
in traversing the cooling gantry. The first operation 
of stripping consists in passing two tubes, from the 
ends of which jets of air at a pressure of 80 Ib. per 
square inch are issuing, through the sand in the 
annular space between the pipe and the flask, this 
operation being carried out in the chamber, shown 
in Fig. 14, on Plate IV, from which the dust- 
laden air is exhausted. This chamber, known as 
the “blow box,” is provided with two vertical 
sliding doors, which are opened and closed by 
pneumatic power to permit the ingress and egress 
of the flasks. The air-jet tubes, which are 1 in. in 
diameter, are mounted on a carriage propelled along 
a rail track by a 5-h.p. motor at a speed of about 
60 ft. per minute, the air being supplied to the 
jets by a walking pipe and the current for the 
propelling motor through flexible cables. It may, 
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On this they are taken across the shop to the pipe 
gantries indicated in the plan Fig. 2. The flasks from 
which the pipes have been removed, as explained, 
are then freed from sand by tilting the table on which 
they are lying to an angle of 70 deg. with the 
horizontal, the sand falling through a grating in the 
floor, distinguishable in Fig. 14, into a hopper, 
from which it is extracted by a screw conveyor, and 
delivered by a shaker conveyor to the sand-reclama- 
tion plant, which will be dealt with later. The 
blow box is also provided with a sand-collecting 
hopper and a star sand-extracting valve, by means 
of which the sand collected here is delivered to the 
conveyor system and thence to the reclamation 
plant. It may here be noted that the screw conveyor 
and star valve are driven, through reduction gearing, 
belting and line shafting, by a 10-h.p. motor, the 
equipment being designed so that it can handle the 
sand from an additional blow box and stripper to 
be installed later. From the table of the stripper, 
the empty flasks are rolled on to the gantry shown 
on the left in Fig. 14, from which they are lifted 
by the second of the two overhead cranes, above 
referred to, and deposited, according to size, on 
the gantries of the appropriate jolting stations. 
The same crane also transfers the rammed flasks 
to the drying gantry, the position of which is 





indicated in the plan Fig. 2, above. 
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THE MANUFACTURE 


OF SAND-SPUN PIPES. 





Fic. 3. Ovrer EpDGE. 


Fies. 3 To 5. 


Fie. 4. CENTRE. 
MICROPHOTOGRAPHS OF SAND-SPUN PIPE. 





Fie. 6. Ovurer EDGE. 


Figs. 6 To 8. 


As shown in this plan, there are four jolting 
stations, each capable of ramming three flasks 
of the smaller sizes and two of the larger sizes. 


The flasks deposited on the appropriate gantry, 


as already mentioned, are there cooled by low-pres- 
sure air jets, which induce a current of air through 
them, in order to reduce their temperature to 200 deg. 
F., or lower. They are then rolled by hand on to 
one of the hydraulically-operated tilting tables, 
one of which is shown in Fig. 18, on page 108, 
which turn them from the horizontal to the vertical 
position on the jolters ready for filling and ramming, 
and also serve to return them to the horizontal 
position when these operations are completed ; 
one of these tilting tables operates in conjunction 
with each of the four jolters. The latter are operated 
by compressed air, and are each capable of handling 
loads up to 12 tons, and giving 80 jars per minute 
when supplied with air at 80 Ib. per square inch, 
the air consumption being equivalent to 370 cub. 
ft. of free air per minute. The jolters are carried 
on reinforced-concrete foundations constructed on 
piles, the foundations being isolated from each other, 
as well as from the foundations of the building, in 
order to minimise the transmission of vibration. 

Over each jolter, the body patterns, formed of cast- 
ings equal in diameter to the external diameter of 
the finished pipe, are raised and lowered by means 
of an electric winch, which is capable of lifting up 
60 tons, and is operated, through reduction gearing, 
by a 60-h.p. direct-current motor supplied with 
current at 230 volts ; direct current at this pressure, 
it may be noted, is used for all the electrically- 
operated cranes in the plant. The body patterns, 
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three of which can be seen in Fig. 18, are centred 
at the bottom by means of the socket patterns, 
which are fixed to a cast-steel stool plate bolted 
on to the jolter table. At the top, the body pat- 
terns are centred by means of fins provided for 
this purpose on the sand hoppers. When the latter 
are in position, tempered sand is filled in from 
electrically-driven sand feeders with a rotating 
bottom plate and fixed plough, forming part of the 
sand-reclamation plant to be described later. The 
flasks are then jolted and the patterns withdrawn, 
after which the mould is flushed with blacking. 
The latter is run from a pipe into blacking hoppers 
temporarily fitted on to the flasks, and the blacking 
is flushed down the sides of each mould by the 
sudden opening of the valves provided at the bottom 
of the hoppers. The flasks with the completed 
moulds are then lowered by the tilting table to the 
level of the gantries, from which they are trans- 
ferred by the crane to the drying gantry, a photo- 
graph of which is reproduced in Fig. 15, on Plate IV. 

On this gantry, the moulds are skin dried by 
horizontal coke-oven gas burners, which are designed 
so as to force large volumes of air through the moulds, 
together with the products of combustion, and thus 
to dry them rapidly without burning the blacking. 
The burners are situated at the spigot ends of the 


Fia. 5. 





INNER EDGE. 


Fie. 8. 
x 80. 


flasks and removable baffles are fitted at the socket 
ends in order to cause the drying to proceed at a 
practically uniform rate over the whole length of 
the moulds. When the drying is completed, the 
flasks are lifted from the drying gantry, which 
is provided with both picking-up and depositing 
guide frames in appropriate positions, by means of 
the first mentioned crane. This conveys them to 
the gantries adjacent to the twisters for the casting 
operation, as already explained. 

The socket cores which, as already mentioned, are 
fitted to the flasks just prior to placing them in the 
twisters, are made on small jolters of the Osborne 
type, and are subsequently dried on racks in a 
battery of eight coke-fired core stoves located in a 
lean-to adjacent to the main building and shown on 
the right in Fig. 2. Internal transport of the cores, 
as well as of bead-core plates, tilting ladles, stores, 
&c., is carried out by means of elevating trucks and 
movable platforms designed for the purpose. 

Returning now to the point where the pipes were 
delivered from the stripper on to the transfer carriage 
and thence on to the pipe gantry, it will be seen, on 
reference to Fig. 2, that the latter is provided with 
four turntables, by means of which the pipes are 
distributed, according to quality and size, between 
four gantries running at right angles to the others. 
Any defective pipes produced are removed, for 
breaking up, on the first of these gantries, i.e., 
the one on the left in Fig. 2. On the other three 
gantries, pipes of one particular size are delivered to 
the grinders, turning and boring lathes, weighing 
and proving plant, all of which are provided in 





triplicate. In the grinding plants, one of which 
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is illustrated in Fig. 16, on Plate IV, any possible 
flashes or other slight external projections are 
removed by means of compressed-air turbo-grinders. 
Interna! grinding, for the removal of soft sodium- 
silicate slag patches, is effected by means of 
electrically-driven grinders, the grinding wheel of 
which is mounted at the end of a long shaft and 
passed through the pipe, while the Jatter is rotated 
in the opposite direction to that of the grinding 
wheel. For this purpose, the pipe is supported 
on electrically-driven rollers, distinguishable in 
Fig. 16, and during the grinding operations the dust 
produced is extracted by means of tubes connected 
by hoses to a vacuum main. If the pipes are required 
to be turned and bored, these operations are carried 
out on lathes located as shown in Fig. 2, but, in anv 
case, each pipe is weighed and tested under hydro- 
static pressure in accordance with the British Stan- 


end, is held between the ram and the plate while 
water under pressure is admitted to the interior. | 
It is carefully examined while the pressure is 
maintained to discover any leakage, which would 
be readily apparent on the surface and also 
hammered while under pressure. If the test is | 
passed satisfactorily, the pipe is run along the | 
gantry to a coke-fired stove, the temperature of 
which is under pyrometric control, and after heating 
in this stove it is run on to a tilting tray and dipped 
in a tank of heated dehydrated tar solution. This 
operation, as well as the subsequent draining, shown 
in progress in Fig. 19, on page 108, is carried out | 
under cover. The pipes are finally marked and | 


being provided for loading them. 


with 25 tons per hour. The electrically-driven 
shaker conveyor, previously mentioned, collects the 
hot dry sand and dust from the stripper and blow 
box, and delivers it first to a cooling and dust- | 
separating drum in the basement. This drum, | 
which is driven by a 15-h.p. motor, is provided with 
an internal water spray, and is connected to a 
collecting main, which draws off the dust and vapour 
laden air. From the cooling drum, the sand is raised 
by two bucket elevators, one of which is a spare, and | 
delivered into a storage bunker shown on the left 
in Fig. 20, page 108. A vibrating screen separates 


together with any surplus sand, resulting from the 
addition of new sand to the tempered mixture, are 
conveyed by an inclined belt to an external rejection 
bunker. Another conveyor, below the rejection 


sand from railway trucks outside the building to the | 
batch hopper of the first mixing machine located 
below the storage hopper, as shown in Fig. 20. 


one charge for the first mixer, which is similar in 
design to a Smith’s concrete mixer. Together with | 
the sand charge, a measured volume of clay wash 
is introduced into this mixer, which discharges into | 
a second mixer of the Simpson intensive type, 
operating continuously. 


amount of water in a mixing tank, and transferring | 
the wash so prepared into a storage tank, 


wash to and from the storage tank, and the piping 
is arranged so that the wash can be used for preparing 
the blacking for the moulds as well as for tempering 
the moulding sand. From the Simpson mixer, the 
sand is delivered into a feeder, shown on the right in 
Fig. 20, which, in turn, delivers it on to a long belt 
elevator. This elevator, which is indicated in the | 
plan, Fig. 2, just above the cooling gantry, delivers | 
the sand on to a horizontal belt conveyor, and 
from the latter it is delivered by tripping belt 
conveyors into eight bins arranged in pairs over the | 
jolters. Samples of the sand, it may be mentioned, 


are taken at regular intervals and tested for moisture 
and compressive strength, the latter property being | 








| flushed grids, and comparatively clean air escapes 
BSUre | : satire ‘| from the top to the atmosphere. Two electrically- 
dard Specification for its class. Fig. 17, Plate IV.| driven sludge pumps, one of which is a spare, 
shows one of the weighing machines and proving | 
machines. The latter is a form of hydraulic | siudge being discharged continuously from a sludge 


press, and the pipe, with packing material at each |separator connected on the delivery sides of the 


| special substation, not shown on the plan, Fig. 2, 
has been constructed. 
|motor-generator sets supplied with three-phase 
| current at 6,600 volts and 30 cycles, and delivering 
direct current at 240 volts. 
two 1,250 kv.-a. transformers supplying current at 
440 volts and a 150 kv.-a. transformer which sup- 
plies current at 220 volts for lighting. 
supplies of electric and hydraulic power, compressed 
z air, coke-oven gas and water, are all obtained from 
loaded for stock or dispatch by road or rail, aN | the a Dewsmiiies Works and pipe 
electrically-operated crane of 3 tons lifting capacity |r iundries of the Staveley Company. With the 
: exception of a few special items, such as electrical 

The sand-reclamation plant, with which we now equipment, overhead cranes, sand mixers and 
propose to deal, is located near the stripping plant, | elevators, jolters, centrifugal pumps and fans, the 
as shown in the plan, Fig. 2, and is capable of dealing | whole plant has been constructed and erected by 
| Messrs. 
Chesterfield, to designs prepared by the engineers 
of Messrs. The Staveley Coal and Iron Company, 
Limited. The work was commenced in January, 
1930, and the first pipes were produced in June last. 
The successful completion of the plant in the 
comparatively short period of 18 months is thus a 
noteworthy feature on which the companies con- 
cerned are to be congratulated, and the far-sighted 
policy of the directors of the Staveley Company in 
deciding on its construction is another satisfactory 
|feature which augurs well for the future of the 
any foreign material or sand aggregations, and these, | jy» dustry. ' 


and Danks, Limited, Ulster Chambers, 168, Regent-street, 
London, W.1, who are engaged on the salvage of the 
: . os . wy | eX-German fleet at Scapa Flow, were successful in raisin; 
conveyor, brings the requisite proportion of new | the 25,000-ton battleship Prins Regent Luitpold, sie 
July 9. This vessel, which has lain keel uppermost with 
a list of 20 deg., in 18 fathoms of water, since June 21, 
| 1919, has been brought to the surface in less than 5 
pa é : . ea n¢]y | months. Since they began operations at Scapa Flow in 
Che batch hopper is designed to contain exactly | 1924, the firm has been successful in raising three 
battle cruisers, two battleships, one light cruiser and 
25 destroyers, making together 175,000 tons, 


¢ 


| Lrrtine Biocxs.—Shipowners, shipbuilders and _ all 
te hiner wndla ce snared | engineers interested in lifting gear generally, will weleome 
ah The clay w ash ae pared , the publication, by the British Engineering Standards 
by successively grinding the clay in the plastic | Association, of a specification for ships’ cargo-lifting 
condition, diluting the ground clay with the correct | blocks. The work of preparing the specification has 

been carried out by a committee of makers and users, 
‘ ~ | in collaboration with the Home Office. 
Spel : : Centri- | requirements concerning the materials from which the 
fugal pumps maintain a continuous circulation of | various parts of the block should be made, details 
regarding workmanship and manufacture, the test loads 
to which blocks are to be submitted, and recommenda- 
tions as to the sizes of sheaves for use with wire ropes 





of particular importance owing to the high pressure 
to which the sand is subjected in the mould. 
To keep down the dust nuisance inside the works, 


and to prevent the discharge of dust into the outer 


air, an air-cleaning plant, illustrated in Fig. 21, on 
page 108, has been installed. The system is 
connected to the strippers, blow boxes, sand-cooling 
drum, sand bunkers and grinding stations by suction 
mains, and the dust-laden air exhausted by an elec- 
trically-driven fan is first drawn through the cyclone 
separator shown in Fig. 21. The heavier dust 
collected in the cyclone is discharged from the bottom, 
falling directly into a railway wagon, while the 
finer and lighter dust is drawn from the top, through 
the fan, and delivered by a down-pipe to the bottom 
of a scrubber. In this, the dust is caught on water- 


circulate the water through the scrubber, liquid 


pumps. This liquid sludge flows into reinforced- 
concrete settling tanks, from which the solids are 
removed by a crane and grab at intervals. 

For the supply of electric current to the plant, a 


It contains two 400-kw. 


In addition, there are 


The primary 


Markham and Company Limited, of 








SALVAGE OPERATIONS AT Scapa FLtow.—Messrs. Cox 





BrItIsH STANDARD SPECIFICATION FOR SHIPS’ CARGO- 


It lays down 


made in accordance with British Standard Specification 
No. 365. One of the most important matters covered 


back half. 
of 115 lb. per square inch were obtained, and in 







THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 69.) 

THE final paper, taken on Thursday, July 2, at 
the Paris meeting of the Institution of Nava! 
Architects, was one entitled ““On the Development 
of Marine Internal-Combustion Engines.” It was 
read in abstract by its author, M. Paul Dumanois, 
Chief Engineer (retired), French Corps of Naval 
Constructors. It is briefly summarised below. 


MARINE INTERNAL-COMBUSTION ENGINES. 


The subject of recent developments in the design 
of Diesel engines was too large to handle in one 
paper, and the present one was accordingly limited 
to recent work on airless injection and supercharg- 
ing. The power for operating air compressors was 
considered, and the amounts required by engines 
having air and airless-injection, respectively, were 
compared. The effect of turbulence was next con- 
sidered, along with the part played by pre-combus- 
tion chambers, and increased cylinder volume. The 
question of explosions in compressor cylinders and 
the oxidation of the lubricating oil received attention. 
Sections on the increase in power of single units, 
and on the relative advantages of two-stroke and 
four-stroke engines followed, with an explanation of 
the effect of supercharging on the characteristics of 
the two types, the late M. Rateau’s work on super- 
charging being reviewed. A table giving the 
relative powers obtainable from the various types 
of engine with supercharging placed the two-stroke 
double-acting engine, with fuel-air supply by the 
scavenging pumps, at the top of the list. 

Mr. A. C. Hardy opened the discussion, and ex- 
pressed the view that developments in methods of 
airless injection, with or without supercharging, 
had been so rapid in the last four years as to remove 
the threat to the four-cycle engine of extinction 
by the two-cycle engine. The two-cycle engine, 
particularly in its airless-injection double-acting 
form, was now an attractive propulsion engine for 
certain types of ships, but he thought that, with 
supercharging and airless injection, the four-cycle 
engine was now, perhaps, the most perfect form for 
most types, though not for all. There was, how- 
ever, still the question of the best method of effecting 
airless injection and supercharging. The paper was 
mainly concerned with the exhaust-gas system, as 
used with the Rateau blower and the Biichi blower. 
It was interesting to note, in passing, that in a 
recent paper read in Glasgow by M. Leugt, of the 
Werkspoor Company, some of the conclusions 
arrived at were similar to those given in the present 
paper. 

The economic side of the question was as import- 
ant as the technical side. The supercharger occupied 
an analogous position to the exhaust turbine on 
reciprocating engines, inasmuch as the power of the 
engine could be increased in both cases without 
increasing its size. An example of the economic 
effect of supercharging lay in the practice of the 
Anglo-Saxon Petroleum Company, Limited. The 
engines of its new fleet of 20 tankers were super- 
charged, and this had made it possible to run the 
ships at a service speed of about 13 knots. To get 
this speed without supercharging would have made 
it extremely difficult to provide the necessary space 
for cargo. The power required for supercharging 
was also important and was, at present, receiving 
a good deal of attention. The beginnings of 
supercharging were difficult to trace, but, as far 
back as 1890, Mr. Hamilton, of the Premier Gas 
Engine Company, Nottingham, had patented a 
single-cylinder engine with a differentia] piston in 
the front half and an ordinary trunk piston in the 
By this method, mean effective pressures 














by the specification, however, is the inclusion of a|some cases even of 130 Ib. per square inch, which 


load of a given block, together with particulars of a 
standard method of marking blocks, indicating the 
maximum safe working load for which the block may be 


| standard definition embodying what is the safe working in those days was & fairly high figure for internal- 
combustion engines. 


M. George Lehr, while admitting the value of 


used. This attempt to simplify the existing diverse |the method of calculation described in the paper. 
methods of marking should be universally welcomed and expressed a doubt whether the figures arrived 


the hope may be expressed that all interests concerned 
will co-operate in its immediate adoption. Copies of 


at could be legitimately applied to supercharged 


the specification, which is designated No. 408-1931, | high-speed two-stroke engines, inasmuch as they 


may be obtained from the B.E.S.A. Publications Depart- had been based on low-speed engines. 





It was 


28, Vi ia-street, L , 8.W.1, price 2s. 2d. Z SE ° ? : 
ment, 28, Victoria-street, London, S.W.1, price 2s. 2d. thought that an airless-injection engine would bh 


post free. 
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.™good type for aeroplanes, but objections were 
raised that it was defective on account of the 
waste due to unburnt gases escaping with the ex- 
haust, and several engineers believed that scaveng- 
ing with a supply of pure air would prevent the 
trouble ; they added that, if this were done, the 
two-stroke engine for this purpose would become 
popular. The real drawback to the use of the 
two-stroke engine was that it did not function 
so satisfactorily at high speeds as the four-stroke 
engine, a fact recognised by the manufacturers 
of two-stroke engines. M. Lehr explained 
at some length the reasons for this limitation, 
and concluded by saying that the study of 
marine and aeroplane internal-combustion engines 
should be carried on so that the respective designs 
would interact on one another. An example of 
the advantages which might be expected from this 
practice was found in the application of super- 
charging to marine engines. This had first been 
used in aeroplane engines for.a quite different 
purpose, namely, to counteract the effects of the 
increasing rarefaction of the air as high altitudes 
were reached, and so maintain the power, but it 
had proved successful in the marine engine in 
providing a definite increase in power. 

As the hour was late, the discussion was closed 
at this point, and for the same reason the author 
was unable to make more than a very brief reply. 

M. Rousseau, in proposing a vote of thanks to 
the author, referred to the abilities of the late 
Professor Rateau, the inventor of the supercharg- 
ing turbo-compressor, and said the papers would 
form valuable contributions to the Transactions 
of both the Association and the Institution. He 
also wished to tender his personal thanks to the 
meeting for the opportunity accorded him of presid- 
ing at the second _ session. 

Admiral Lord Wester Wemyss, in closing the 
meeting, said that, speaking on behalf of the Institu- 
tion of Naval Architects, the Paris Meeting of 1931, 
would be recorded as a memorable one. The papers 
had been of great interest, and in scope had gone 
beyond mere technique and taken wide views. All 
those who had come over from Great Britain would 
also treasure the memory of the manner in which 
they had been received by their French colleagues. 
He specially thanked M. Rousseau and his confréres 
for the cordial welcome they had extended to the 
British party, and all would be grateful to M. 
Georges Bourges, the Secretary of the Association 
Technique Maritime et Aeronautique, and to Mr. 
R. W. Dana, the Secretary of the Institution of 
Naval Architects, for the arrangements made. 

This terminated the technical part of the meeting. 
The sessions were well attended by members of 
both the Association and the Institution. 

The afternoon of Thursday was occupied by a 
visit to the aerodrome of Le Bourget, at which, 
after inspecting it, the members were entertained 
to tea by the: Bureau Veritas. Before and during 
the war, this aerodrome was used for military pur- 
poses only, but, after a transition period, during 
which some of the squadrons were diverted to the 
air-mail transport service, it was converted into a 
purely commercial depot. The growth, of late 
years, has been rapid. In 1923, the number of 
passengers carried was 14,341, but in 1929, this had 
increased threefold, viz., to 45,017. In the same 
period, the amount of goods carried had also in- 
creased threefold, while the mail carried in 1929 
was 22 times as much, by weight, as in 1923. In 
the evening, an enjoyable reception was held in the 
gardens of the Pré-Catelan, a resort in the Bois de 
Boulogne. 

Friday, July 3, was set apart for a trip, partly by 
train and partly by motor, to La Baule, a seaside 
resort in the south of Brittany. The route taken 
was by way of the famous Chateau de Blois, where 
the party was entertained to lunch after being shown 
over it. The Chateau de Chenonceaux was also 
visited. It is built on piles in the middle of the 
River Cher, and is the property of Senator Gaston 
Menier, who welcomed the members in person and 
entertained them to tea. La Baule was reached 
shortly before midnight. 

On Saturday morning, July 4, the party was 
conveyed by motors to Saint-Nazaire, at the mouth 


tion with Sir John Biles paper, that a new dry dock 
having a length of 1,150 ft. and a breadth of 164 ft., 
is here in course of construction. The first part 
of the day’s programme was a visit to the shipyard 
of the Société des Chantier et Ateliers de Saint- 
Nazaire-Penhoét. This yard, originally founded 
in 1861, occupies an area of about 62 acres, and has 
five building slips, the latest of which has a present 
length of 1,020 ft., to be extended later to 1,150 ft. 
This slip is served by eight travelling cranes 
of a capacity of 8 tons at 45 ft. radius, the height 
of lift being, in some cases, 180 ft., and in others 
197 ft. This slip was occupied by a 70,000-ton turbo- 
electric liner for the Havre-New York service of the 
Compagnie Générale Transatlantique. The vessel, 
which was well advanced, will have an overal] length 
of 300 m. (984 ft.), a length of 298 m. (977 ft. 7 in.) 
between perpendiculars, and a breadth of 35 m. 
(114 ft. 10 in.) Points commented on by many of 
the members were the practical nature of the staging, 
and the somewhat curious appearance, in English 
eyes, of the shell of a vessel being erected before 
the frames. 

Other vessels under construction were the flotilla- 
leader Maillé-Breze, 2,480 tons Washington dis- 
placement ; the mine-laying cruiser Emile Bertin, 
5,980 tons Washington displacement ; the turbine 
liner L’Atlantique, 722 ft. long, for the Compagnie 
Sud-Atlantique, and the turbine liner Champlain, 
28,000 tons, for the Compagnie Générale Trans- 
atlantique. About 5,500 men are at present 
employed, together with a technical staff of 600 
and a general office staff of 265. The fitting out 
quay is provided with a 180-ton crane having a lift 
of 148 ft. 

After inspecting the yard, the party was enter- 
tained by the company to lunch. At this function 
an outstanding feature was an address of welcome 
by the president of the company, M. René Fould, 
who reviewed his firm’s activities from its early 
days, illustrating it by the growth in size, speed 
and luxury of trans-oceanic transport. From this 
he passed on to a consideration of the difficulties 
besetting present-day shipbuilding in the world as 
a whole, and suggested that Great Britain should 
take the lead in the setting up some sort of conference 
to arrive at an agreement on international mercan- 
tile marine activities and construction. In this, 
he said, the co-operation of French shipbuilders 
would be assured. 

Immediately after the luncheon, a visit was paid 

to the shipyard of the Société Anonyme des Ateliers 
et Chantiers de Ja Loire. This firm, which has 
been in existence some fifty years, has, during that 
time, constructed 145 vessels, both for the French 
Navy and for the merchant services of different 
countries. 
As the programme had been somewhat dislocated, 
there was hardly sufficient time to make more than 
a cursory inspection of this yard. Amongst the 
vessels on the stocks was a submarine. The firm 
commenced to manufacture aeroplanes and sea- 
planes in 1925, and these works were also visited. 
after which tea was provided and the party then 
returned to Paris by train. The meeting was thus 
terminated. It should be mentioned that for’the 
whole of Friday and Saturday the members of the 
Institution of Naval Architects were the guests of 
the Association Maritime et Aeronautique, and that 
the organisation of the whole excursion merits 
very high prise. The hospitality shown through- 
out the whole*visit was most marked. 








BriTIsH STANDARD SPECIFICATION FOR AIRSCREW 
Huss.—The British Engineering Standards Association 
has issued a revision of Specification No. 87, which 
deals with airscrew hubs. The new publication is divided 
into two parts. Part I deals only with the fixing of the 
airscrew to the hub, and Part 2 contains recommendations 
for the standard engine flange fixings for airscrew hubs, 
rendered necessary by the rapid development of 
detachable-bladed airserews, metal airscrews, and 
gearbox transmission to multiple-airserew machines. 
It is recognised that airscrews are not required to be 
interchangeable between existing types of aircraft 
engines, and that each new design of engine has its own 
particular type of hub. At the same time, it is felt 
that there is a need for information regarding the basis 
for the design of these fittings. Copies of the speci- 
fication, which is designated No. 87, Parts 1 and 2- 
1931, may be obtained from the B.E.S.A. Publications 
Department, 28, Victoria-street, London, 8.W.1, price 


THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 7.) 
ENGINEERING DEPARTMENT.—(Continued). 

Springs.—The lengthy research programme for 
the Springs Research Committee which has been 
carried out, jointly with the Metallurgy Depart- 
ment, during the past few years has now been com- 
pleted and a full report by the Committee is in course 
of preparation. The main conclusion of the in- 
vestigations amounts, briefly, to the view that the 
full intrinsic mechanical properties of spring steels 
are never fully realised in springs owing to the 
development of surface weakness by heat treatment 
or other causes. 

The subject continues, however, to present an 
abundance of further problems for solution, among 
which the fundamental question of the effect of 
repetitions of load on the stress-strain relationships 
and elastic moduli of standard spring steels has 
recently been investigated by Dr. G. A. Hankins. 
It appears, in general, that hysteresis phenoméfia 
in spring steels are similar to those in mild steel, 
but are less marked. In the early stages of repeated- 
loading tests, for instance, hysteresis loops are 
obtained under the application of stresses exceeding 
the proportional limit of the material, which 
diminish in width under long-continued loading. 
Stressing a spring steel beyond its yield point can 
also produce a small decrease in the values of the 
tension and torsion elastic moduli. It may prove 
advantageous, therefore, to subject a precision 
spring to a large number of stress cycles slightly 
in excess of the maximum working cycle, as a means 
of reducing changes of calibration in subsequent 
service. 

An interesting series of tests on comparable 
chrome-vanadium steel laminated motor-car springs 
of British and foreign manufacture has revealed 
that, whilst the foreign springs are rather stiffer 
than the British, no superiority in performance 





can be assigned to the former. In addition to static 
and endurance tests in the Laboratory, the springs 
have also been tested under road-running con- 
ditions, measurements being made of their deflec- 
tion when fitted to the saloon car for which they 
were designed. Surface weakness igs very marked 
in the foreign springs, the limiting range of repeated 
stress in the master leaves being less than 12 tons 
per square inch, as compared with 16 tons per 
square inch for chrome-vanadium steel springs of 
British manufacture. 

A novel design of plate spring, in which the master 
leaf consists of a number of separate segments 
clamped between two long adjacent leaves, has been 
subjected to static and endurance tests. Such 
springs are found to have a satisfactory limiting- 
stress range, and the wear on the articulated 
master leaves, even after 3,000,000 oscillations, 
is negligible. 

Arising out of the recently established influence 
of surface defects in reducing the fatigue endurance 
properties of spring steels, an attack is being made, 
by engineering and metallurgical methods, on the 
general aspects of these effects in relation to all 
types of steel used, more especially after heat 
treatment, without machining. The immediate 
objects are to determine the relative importance of 
various types of defect in regard to fatigue and to 
investigate methods of eliminating or reducing their 
effects. Experiments have, so far, been largely 
confined to the study of surface decarburisation in 
silico-manganesc and chrome-vanadium steels. 
Comparative experiments have revealed that, 
whilst specimens heat treated in vacuo have a 
higher fatigue resistance than those heat treated in 
air, even the former treatment has sufficient effect 
on the surface for the fatigue resistance to be 
appreciably lower than for similar polished speci- 
mens. Accordingly, in recent tests, a number of 
machined specimens have been heated, prior to 
quenching, in an atmosphere controlled to produce 
a carburising action so slight that no surface hard- 
ening can be detected. From this process distinctly 
encouraging fatigue tests have resulted. Under 
suitable conditions of quenching temperature, both 
materials show a fatigue-endurance limit approxi- 
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after heat treatment. The Wohler test, with small 
rotating-cantilever test pieces, has been used from 
the outset of this work, but during the past year 
the tests have been extended to large plane speci- 
mens, cut from plates, which are tested in the 
high-speed spring-plate testing machine. 

It appears from these experiments that a practical 
process can now be developed so that the effect 
of heat treatment on the surface is negligible, 
provided the material is first machined to remove 
the decarbonised layer produced during manu- 
facture. These surface defects appear to be more 
marked in high-tensile steels than in softer materials. 





heat treatment, experiments carried out on spring 
steels have revealed that. whereas a marked reduction 
of fatigue resistance is caused by notches cut with 
a steel tool, no appreciable effect arises from small 
scratches produced by flow of metal under a diamond 
point. No explanation of this curious disparity 
is at present forthcoming, and the matter is being 
further investigated. 

Materials for Use at High Temperatures.—The 
demand for data on the mechanical and creep 
properties at high temperature of an extending 
range of commercial alloys* shows no abatement, 
and among the materials now under investigation 
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Fig. 10. 





With mild steel, for example, a rolled, slightly | by Messrs. R. G. C. Batson and H. J. Tapsell, a 
decarburised surface does not appreciably lower | high-nickel high-chromium steel for aircraft is 
the fatigue-endurance limit. For the immediate | noteworthy. The effect on creep characteristics of 
future, therefore, attention is being directed to | the composition of the atmosphere to which a hot 
forgings and other products usually employed in a | metal is subject, as a subsidiary factor to the tem- 
fairly hard condition. perature at which it is maintained, is also attracting 

With regard to the relative importance, as factors | increasing attention. In the case of a 0-23 per 
influencing fatigue endurance, of decarburisation | cent. carbon steel, for example, it has been observed 
and initial stress in the surface layers of spring | that, whilst at 450 deg. C. the rate of creep under 


steels, reference may be made to a series of tests; a given stress is the same in steam as in air, at | 


on a special batch of carbon-steel plates. As a | 540 deg. C. the rate is rather higher in steam. The 
result of removing the surface layer to a depth of | behaviour of a special alloy steel subjected to a hot- 
}-in. and polishing the surface, the limiting range of | air blast has also been studied on behalf of the 
alternating stress was increased from + 10-5 tons | Aeronautical Research Committee. A natural 
per square inch to + 








17 tons per square inch, | extension of this line of inquiry to the corroding | without. disturbing the specimen. 


vince of metallurgy, and further details will be 
given in the account of the work of the Metallurg, 
Department. 

As regards the mechanical side of creep pheno- 
mena, an effort has recently been made to determine 
the extent to which disparities in published data 
are the outcome of experimental error. It has been 
observed that the results of creep tests made by 
different investigators on the same types of com- 
mercial steel often show a greater lack of agreement 
than appears justified by small differences in 
composition or heat treatment. Tests on the same 





materials, with dissimilar equipment, by the 
Fie. 11. 
|Research Department of Messrs. Metropolitan- 


Vickers Electrical Company, Limited, and by the 
National Physical Laboratory, have resulted, how- 
ever, in highly satisfactory agreement. The necessity 
remains, nevertheless, for greater refinement in the 
measurement of rates of creep, and in four new 
creep units which have just been installed in the 
Engineering Department, strain measurements to 
one millionth of an inchon a 5-in. length are achieved 
with Martens mirror extensometers, whilst the fur- 
nace temperature is maintained constant within 
+ 0-5 deg. C. An important improvement over 
the older design of testing machine is that elastic. 
as well as creep, phenomena can now be observed 
The test load 


although observation showed that the plates were | effects of flue gases and superheated steam carries |is applied through double-levers, and determined 


free from initial stress. 
With respect to surface 





irregularities of a| 


mechanical nature, as distinct from those due to | 


* See ENGINEERING, vol. cxxxi, page 713 (1931). 





| the earlier stages of a wide research into the pro- | 


by the position of a moving weight on a graduated 
beam. In the event of vibrations arising in the 


| loading system from the elasticity of the specimen, 
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the latter is in danger of becoming overstressed. | on a single crystal of silver subject to alternating 
Accordingly, damping is introduced in the form of | cycles of torsional stresses which has revealed an 
an oil-filled dashpot fitted to one end of the gradua- | apparent difference between the twinning phenomena 
ted beam. A detailed description of the new units | of single crystals and of aggregates. Silver was 
will shortly be published in a report by the Depart-| chosen as representing the face-centred cubic 
ment of Scientific and Industrial Research. structure, and, more particularly, as one that is 

Chains and Lifting Gear.—The completion of the|known to twin very readily when the metal 
lengthy investigation* by Dr. H. J. Gough and|is in the form of a crystalline aggregate. Whilst 
Mr. A. J. Murphy into the causes of failure of | the twinning characteristics of silver were regarded 
wrought-iron chains provides a suitable oppor-|as the primary object of this experiment, the slip 
tunity to recapitulate the main conclusions reached. | phenomena have also been observed and found to 
It has now been fully confirmed that the defective | be in close agreement with the predictions of the 
laminations of so-called “ burnt” iron are due to| maximum resolved shear stress law. Cycles of 
excessive proportions of phosphorous and silicon, | reversed torsional stresses were applied over various 
and originate in the puddling stage of manufac- | fanges up toa maximum of + 2 tons per square inch, 
ture. As one result of this work, a special test, | at which fracture occurred. During this process, the 
devised to reveal the presence of such defective | changes in micro-structure were correlated with the 
lamellz, has been included in the recent British | crystalline structure. Under the conditions of this 
Standard Specification No. 394-1930, for short-link | test, however, the most careful search by micro- 
wrought-iron crane chain. It appears, further, | scopical and X-ray methods revealed no evidence of 
that the coarse-grained structure, whichis very prone | twin formation. From observation of the number 
to occur in this impure iron, cannot be refined by | of slip bands per unit distance transverse to their 
any normalising process, since, for this material, | length, the conclusion was reached that this spac- 
there is no critical temperature below the melting | ing varies systematically with the intensity of 
point at which spontaneous recrystallisation can | resolved shear stress. These data have a bearing 
occur. The Laboratory conclusion that low-tem-|on the degree of structural perfection attained in 
perature annealing at 650 deg. C., or preferably | metallic crystals, and suggest by many indications 








= 


IMPACTS OF A PNEUMATIC TYRED WHEEL. 3 


HEIGHT OF FALL 13-27 INCHES. 


; 206 
Fig. 12. 

155 
10 
| 

4 

Xo Sec. 

CALLED E DE 





IMPACTS OF A SOLID TYRED WHEEL. 
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750 deg. C., as a suitable works treatment for 
removing surface embrittlement and for restoring 
wrought-iron chains to a satisfactory condition, has 
been generally confirmed by a conference of makers 
and users of chains and lifting gear. 

Arising out of this work, a limited metallurgical 
research has been commenced, treating of the con- 
stitution of iron alloys containing small proportions 
of phosphorous and silicon. The principal investi- 
gation now in progress, however, relates to the effect 
of restorative heat treatment on steel components 
of lifting gear. The effects of periodic proving 
and annealing on the shock-resisting capabilities of 
screwed fittings are receiving special attention. A 
machine designed by Dr. Gough for mechanical 
tests on this class of gear has just been put into 
commission. It consists of a lever to which an 
irregular oscillation is imparted by a cam and roller 
mechanism. A load of 30 cwt. is connected to the 
lever by a length of wire rope and the fitting 
under test, the rope passing up from the load, over 
a pulley éarried by a trestle, and down to the lever 
in such a manner that the weight of the load 
maintains the roller at the end of the lever in con- 
tact with the cam. The profile of the cam is such 
as to subject the test piece to tensile-shock loading. 
A second machine has also been constructed to 
investigate the effects of service conditions, with 
and without periodic heat-treatment, on the 
pitch of calibrated chains. Both these latter 
investigations are the outcome of problems arising 
in industry, which have been referred to the Home 
Office and the Laboratory. 

Fatigue of Single Crystals——In continuation of 
Dr. Gough’s recent work, in collaboration with 
Mr. H. L. Cox, on the general twinning characteris- 


tics of metals, an experiment has been conducted | early stages. As the test proceeds, the size of the 
: _ | pits increases and neighbouring pits merge to form 





* See also ENGINEERING, vol. cxxxi, page 653 (1931). 
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that single crystals are not homogeneous. On the 
conclusion of the fatigue tests, the specimen of silver 
was annealed in a vacuum at several temperatures 
in a further, but equally fruitless, endeavour 
to procure evidence of twinning; even when 
specimens cut from the enlarged ends of the test 


to these general symptoms, several relatively 
large corrosion pits, probably caused fortuitously 
by etching, local impurities or inclusions, were 
observed in positions bearing no assignable relation 
to either the stressing system or the situation of the 
water inlet and outlet. From Fig. 8, which shows 
one of the largest pits observed, it is evident that 
their influence as “ stress-raisers’’ exceeds that 
of the smaller pitting due to the general attack. 
Their influence on the actual fatigue fracture of the 
crystal, however, is negligible by comparison with 
that of cracks in the specimen due to preferential 
corrosion on the site of previously-formed slip 
bands. Fig. 9 shows typical cracks prior to actual 
failure. They are found to be directly related to 
the crystalline structure of the aluminium and to 
the applied stressing system, remaining parallel 
to the traces of the operative slip planes and con- 
centrating densely in the regions of maximum 
resolved shear stress intensity. In Fig. 9, corrosion 
products are visible in the neighbourhood of the 
large cracks, but what appear to be fine slip lines 
are really a multitude of corrosion fatigue cracks 
in the early stages of development. Fig. 10 shows a 
heavily cracked and corroded area after fracture 
has occurred, whilst the appearance of the speci- 
men after test is shown by Fig. 11. Each fatigue 
crack is outlined bya deposit of aluminium hydroxide, 
evidently formed within the crack as a product of 
corrosion. The magnification of Figs. 6, 7, 9, and 
10, as reproduced, is 64 diameters, while that of 
Fig. 8 is 218 diameters. This research, which is 
| being continued, is expected to supply fundamental 
| knowledge on the subject of corrosion fatigue. 
Among fatigue problems of direct application 
to industry which have lately called for attention, 
mention may be made of the adhesion and fatigue 
of thin layers of white metal deposited on mild 
steel surfaces. This work has. special reference 
to the relative merits of different alloys used for the 
liners of big-end bearings in aero engines. In the 
method of test adopted, a steel ring, 3-in. in diameter, 
1-5 in. long and 0-15 in. thick, is lined with bearing 
| metal to a thickness of 0-02 in., and subjected to a 
predetermined cycle of bending stress at a frequency 
of 3,000 cycles per minute. During this process, 
the white metal is immersed in oil and maintained 
at a temperature of 120 deg. C. No frictional resis- 
tance is introduced at the surface of the liner. The 
testing machine comprises three steel cylinders 
mounted on parallel axles centred at the corners 
of an equilateral triangle. In the midst of these, 
and in contact with them, the lined cylinder under 
test is placed. The uppermost outer cylinder is 
rotated by a motor and drives the others, whilst 
one of the lower, outer cylinders, the axle of which 
is carried on a loaded lever, compresses the test 











piece were subjected to static and impulsive com- 
pressional straining, no more than plastic deforma- 
tion by slip was observed. These results have been 
communicated to the Institute of Metals, and, for 
an account of the relevant discussion, reference 
may be made to ENGINEERING, vol. cxxxi, page 366, 
(1931). 

A novel aspect of plastic deformation—that of a 
factor influencing corrosion—has been brought 
to light by Dr. Gough and Mr. D. G. Sopwith, 
by the analysis of a single crystal of aluminium 
which was fractured by cycles of alternating shear 
stress whilst the surface was exposed, throughout 
the 40 days of the test, to a slow running stream of 
ordinary tap water. One of the most important 
results of this experiment is that, under the corro- 
sive influence of water, the specimen fractures under 
a smaller intensity of reversed stress than would 
be required to produce fracture under ordinary 
conditions in air. The plastic deformation by slip, 
which occurs over the major portion of the surface 
during the initial stage of the test, is apparently 
unaffected by the water bath. In the subsequent 
stages, however, microscopical examination reveals 
the definite progression of corrosion effects illustrated 
by Figs: 6 to 11, on the opposite page. The first 
sign of attack is the formation of corrosion pits 
spaced, to the order of 10 million to the square 
inch, over the whole surface of the specimen. Fig. 6 
shows the typical appearance of this pitting in the 








minute holes, as shown by Fig. 7. In addition 


cylinder. Tests of this nature have been completed 
on a number of appropriate alloys, and show that, 
under prolonged alternations of stress within the 
fatigue limit of the steel, the surface of the white 
metal develops a network of fine cracks. With all 
the alloys, save lead bronze, the adhesion to the steel 
is ultimately destroyed when the stress range in the 
steel is a large fraction of the limiting range and 
the number of repetitions of stress is of the order 
of 15 millions. 

Vehicle Wheel Impact.—Most of the work which, 
in recent years, has been carried out at the National 
Physical Laboratory for the Roads Department of 
the Ministry of Transport, has now been transferred 
to the Ministry’s Experimental Station at Harmonds- 
worth, together with the apparatus, designed and 
constructed at the Laboratory, for use in experiments 
on skidding of vehicles and on concrete for road 
construction. An important research into the 
impact reactions of motor-vehicle wheels on road 
surfaces is, however, being continued by Dr. F. 
Aughtie and Mr. A. F. C. Brown of the Laboratory. 
A remotely recording accelerometer, designed for use 
in both laboratory and road tests, has already been 
noticed in some detail in our columns.* Since 
that description appeared, the instrument has been 
dynamically calibrated by being mounted on a 
piston operated by a crank and connecting rod. 
The natural frequency of the accelerometer has 
also now been made almost perfectly unobtrusive 





* See ENGINEERING, vol, cxxx, page 147 (1930). 
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by damping the armature with a light machine 
oil. 

Laboratory experiments on six different wheel and 
tyre systems have now been completed, and repre- 
sentative records taken during the fall and impact 
of pneumatic and solid tyred wheels are reproduced 
in Figs. 12 and 13. In order to constrain the wheel 
during its fall and rebound, it is rigidly attached to a 
long arm hinged at one end and prolonged beyond 
the wheel, to carry a mass chosen so as to place the 
centre of percussion of the system at the centre 
of the wheel. The accelerometer is rigidly secured 
to the arm as near to the wheel as possible, and the 
assembly is operated by a winch and trigger release, 
the height of fall being varied up to 8 in. for solid 
tyres and up to 20 in. for pneumatics. No simple 
relation has been found to obtain, for either class of 
tyre, between the height of fall and the magnitude 
of the reaction. The evidence from an extensive 
series of tests points, moreover, to a markedly 
different type of relation in the two cases, the impact 
with solid tyres being roughly proportional to the 
drop, whereas with pneumatics the impact tends 
towards constancy at the larger drops studied. 
From the records reproduced, no direct comparison 
of solid and pneumatic tyres, based on the maxi- 


mum decelerations and heights of fall, is per- | 


missible, although the superior qualities of the 
pneumatic tyre are obvious. 

Road tests, to investigate various combinations 
of wheels, tyres and road surfaces, are now in 
progress. Two accelerometers, mounted on an 
axle of the experimental vehicle, provide a measure 
of the reactions due to the unsprung mass, whilst a 
stiff spring (approximately 500,000 Ib. per inch de- 
flection), inserted between the vehicle suspension 
spring and axle, measures the additional reaction 
due to the sprung mass, Both deflections are 
electrically recorded by apparatus carried in the 
experimental trailer. 

(To be continued.) 


Tue Mopet ENGINEER Exurisrtion.—The annual 
exhibition of models of locomotives, ships, and other 
kindred subjects, is to be held, this year, at the Royal | 
Horticultural Hall, from September 3rd to the 12th. | 





TRADE WITH CZECHOSLOVAKIA.—A short memorandum 
of Hints for Commercial Travellers in Czechoslovakia has | 
been forwarded from H.M. Legation at Prague to the | 
Department of Overseas Trade. Requests for copies | 
should be addressed to the Department, 35, Old Queen- 
street, S.W.1, quoting the reference number C. 3593. 


(Concluded from page 76.) 


CoNTINUING our account of some of the material 
shown at this exhibition, we may now refer to the 
stand of Messrs. Kestner Evaporator and Engineering 
Company, Limited, 5, Grosvenor Gardens, S.W.1, 
who showed, amongst other plant, the Kestner E.M.S. 
dryer, which is illustrated in Fig. 8, on this page. 
This is an entirely new appliance and is intended 
for the removal of water from semi-dry granular 
products, filter-press cakes, &c. This plant can be heated 
by means of steam, hot oil circulation, waste flue gases, 
or other means, and can be worked either continuously 
or on the batch principle. It is built in sectional form, 
so that it is a relatively simple matter to increase the 


The dryer consists essentially of a number of semi- 
circular troughs, placed side by side, each trough being 
provided with a rotary scraper or paddle mounted on 
a tube through which the heating medium is passed. 
The material is fed in at one end of the series of troughs, 
and is lifted by the rotary paddle over the lip of one 
trough, and falls into the next. In a like manner, 
it is passed on to the succeeding troughs, the finished 
product leaving at the last. The troughs are of 
hollow construction, steam or other heating medium 
being passed through the jacket. By this arrangement, 
the makers claim that a high rate of transfer of heat 
may be obtained, due to the regular movement of the 
| material over the heating surface of the trough. 


| 





| evaporator, made under the Brunler patents, in which 
| direct combustion of the fuel, usually oil or gas, takes 
| place actually in the liquor which is being concentrated ; 
| consequently high efficiencies are attained. When 
| evaporating a liquid by this method, where the vapour 
and products of combustion leave at atmospheric 

pressure, the highest temperature usually attained by 

the liquor would be about 80 deg. C., owing to the 
| partial pressure of the vapour being lowered by the 
| presence of the products of combustion. Thus it is 
| not necessary to heat the liquid to so high a temperature 
| as in the ordinary steam-heated evaporator. If the 
| vapour and products of combustion are employed for 
| pre-heating the liquor, and the plant is well lagged, a 
| very high efficiency is obtained. The fuel is supplied 
| to the burner, together with the air for combustion, 
| under a pressure of a few pounds per square inch, a 
blower or air compressor being used. The outstanding 
advantage of this method of evaporation is that the 
heat is not transmitted to the liquor through a metal 
wall, and, consequently, the difficulties of hard-scale 
formation from scaling liquors are eliminated. In 
addition, where corrosive liquors, such as zine chloride, 
are concentrated, the vessel can be lined with a/| 
corrosion-resisting material which is not subjected to! 


output of an existing plant by adding further sections. | 


Another exhibit of interest was a submerged-flame 







AT THE CHEMICAL PLANT EXHIBITION. 


THE CHEMICAL PLANT EXHIBITION. | 


Fig.9. 


[JULY 24, 1931. 











EVAPORATOR ; 
AND 


Fie. 9. SUBMERGED-FLAME 
MEssRs. KESTNER EvaPORATOR 
ENGINEERING COMPANY, LIMITED. 


Fig. 10. 








ep 














| 








Arey 
(2731 A) 


Fig. 10. Forcrp-CircULATION EVAPORATOR ; 
Mgssrs. GEORGE Scott AND Son (LONDON). 
LIMITED. 









abs 
eye 
the 
ex] 
ma 
cor 
&e 
suc 


sur 
gas 
the 
thr 


rea 


Br 
pat 
tio 


pas 
des 











JuLy 24, 


1931.| 











Fie. ll. 


a higher temperature than the boiling point of the liquor. 
Thus the burner is the only part of the apparatus 
which is exposed to a high temperature. Fig. 9 shows 
a diagrammatic section of one type. The liquid to be 
evaporated enters the plant through the inlet shown on 
the left, a predetermined level being maintained in 
the chamber B. The actual combustion takes place 
in the inner chamber A, through which the liquor to be 
evaporated passes, the quantity being regulated by the 
valveson the pipesC and E. The products of combustion, 
together with the vapour evaporated from the liquor, 
leave the plant through the outlet D, whence they 
can be discharged to atmosphere or further utilised. 
Amongst the remaining exhibits of this firm was 
the Kestner silica-gel air dryer. The plant exhibited 
had a capacity of about 1,000 cub. ft. of air per 
minute, removing over 90 per cent. of the water from 
the air. After drying about 250,000 cub. ft. of air, 
this size of unit requires regenerating to drive out the 
absorbed moisture before it is ready for a fresh drying 
cycle. The regeneration may be carried out by heating 
the plant in any convenient method. The unit 
exhibited was heated electrically. This type of plant 
may also be used for the purification and drying of 
compressed gases, such as oxygen, carbon dioxide, 
kc. The regeneration of large commercial plants for 
such uses as the drying of air for blast-furnaces, &c., 
would be carried out by heating air in an indirect 
surface heater by means of blast-furnace, or other 
gases, passing this heated air through the gel. When 
the moisture is removed, a current of cold air is passed 
through to cool the gel, after which it is completely 
reactivated and is put again into commission. 
Messrs. George Scott and Son (London), Limited, of 
Bradfield-road, Silvertown, E. 16, showed a variety of 
patented apparatus, among which was a forced-circula- 
tion evaporator, constructed with all liquor and vapour 
contact surfaces of pure nickel. Fig. 10, on the opposite 
page, shows a section of a similar type designed for 
dealing with salting liquors ; for non-salting liquors the 
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design is modified slightly, the impeller being driven 
from underneath. Reference to Fig. 10 will make the 
main features of this evaporator clear. The liquor 
is drawn downwards through the inner nest of tubes by 
means of the impeller, which is, in effect, a centrifugal 
pump without the usual volute, causing a pressure to 
be developed in the lower portion of the vessel, thus 
forcing the liquor upwards through the outer annular 
nest of tubes. Fig. 11, on this page, illustrates another 
type, in which the heating system, or calandria, is 
external to the evaporator. The impeller attached to 
the bottom of the pan causes the liquid in process of 
concentration to pass through the tubes of the calan- 
dria at a high velocity. No evaporation takes place 
in the tubes themselves. This is effected in a flash-off 
pan, into which the liquid is delivered tangentially. 
In the case of milk or other similar food products, 
where sterilisation and cleansing are essential after 
every batch, accessibility is vital, and easy access to 
all parts coming into contact with the liquor is pro- 
vided. The impeller is attached to a quick-opening 
hinged door, forming a bottom cover. The end covers 
of the calandria are also of the quick-opening type, 
whilst manholes are provided. Thus the whole plant 
can be easily and quickly cleaned. This design is 
particularly applicable to the concentration of liquids 
which become viscous at high densities. The design 
shown in section, Fig. 10, is more applicable to liquids 
where cleaning is not so vital, such as caustic soda, 
wood extracts, &c. 

Messrs. Scott also showed a plant for extraction by 
solvents, using trichlorethylene, which is non-inflam- 
mable. It is specially adapted for the treatment of 
materials of high moisture content, such as green 
bones in their raw state. Fig. 12 shows this plant, 
which consists essentially of an extractor, shown on 
the left-hand side, fitted internally with a false bottom, 
heating and cooking coils, open steam inlet, &c. 

Messrs. Thomas Broadbent and Sons, Limited, 
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of various types of their well-known centrifugal 
machines, including a 9-in. working model of the 
Broadbent patent centrifugal separator suitable for 
treating coal slurry, and similar substances. They state 
that a 36-in. experimental centrifuge of this type is 
now dealing successfully with washed coal, which is 
treated at the rate of 30 tons per hour. The coal con- 
tains about 28 per cent. of moisture and this is reduced 
to 7 or 8 per cent. in the machine. During a recent 
reliability trial for wear and tear, the centrifugal treated 
70,000 tons of coal, and a subsequent examination of 
the wearing parts showed these to be in a most satis- 
factory condition. 

Messrs. Broadbent also exhibited a working model 
of their continuous self-discharging centrifugal separator 
for treating slurry of all kinds containing up to 10 per 
cent. of fine solids. This machine has two baskets 
rotating at different speeds. The outer basket, which 
is mounted on the main spindle, is not perforated, and 
rotates at 920 r.p.m. The inner basket carries a re- 
movable spiral, and rotates at 887 r.p.m. in the same 
direction. The main spindle is hollow, and carries a 
stationary pinion shaft. The spiral is driven through 
epicyclic gears. The slurry is fed through a funnel 
and falls on to the top of the inner basket, whence it 
is discharged through openings and collected in the 
outer basket. The solid contents of the slurry are 
deposited on the inner wall of this basket and conveyed 
downwards by means of the spiral, and finally discharged 
through port holes. The solids are then collected 
by a scraper drum and ejected from the machine 
through a chute. The clarified liquor is discharged 
over a spilling lip of the outer basket into the 
liquor chamber, and discharged through an outlet pipe. 
The makers state that a machine of this type is now 
treating coal slurry containing about 10 per cent. of 
solids at the rate of 2,000 gallons per hour. Tests 
showed that the final effluent water did not contain 
more than | per cent. of solid matter. The recovered 


Central Iron Works, Huddersfield, showed examples | coal dust had a moisture content of about 20 per cent. 
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when delivered from the centrifugal. There should 
be a large field for this type of machine in the chemical 
industry. 

Messrs. The Clean Coal Company, Limited, Horse- 
ferry-road, 8.W.1, showed a series of samples of raw 
coal, and the products obtained by their de-dusting 
and gravity-separation process. The system consists 
essentially in a separation of the fine dust in a cyclone, 
followed by a flotation process in which a solution of 
calcium ichloride, having a specific gravity of 1-4, is 
employed. After separation of the coal from foreign 
matter, the former is washed with water in order to 
remove the adherent calcium-chloride solution, which is 
afterwards recovered by concentration of the wash 
water. The water to be removed by evaporation is of the 
order of 22 to 33 gallons per ton of coal treated, whilst 
the loss of calcium-chloride solution is not more than 
half a gallon per ton of coal. It has been shown that 
the use of calcium chloride, by reason of its being a 
strong electrolyte, prevents the dispersion or disin- 
tegration of shale particles which, in the ordinary 
water washing, form a clay deposit on the coal, and 
spoil its appearance, while the product from the cal- 
cium-chloride process is clean to the touch and presents 
a lustrous appearance. 

The design and manufacture of chemical plant 
during the last decade has been greatly facilitated by 
the use of the many new corrosion-resisting steels 
which are now available. In this connection, the exhibit 
of Messrs. Thomas Firth and John Brown, Limited, 
of Sheffield, was of particular interest to the chemical 
engineer. This firm showed examples of a wide range 
of plant made of Staybrite steel, mainly applicable 
to chemical processes and the food industry. A notable 
advance in the technology of Staybrite steel produc- 
tion was demonstrated by Staybrite F.D.P. steel. This 
metal, whilst retaining all the corrosion-resisting quali- 
ties of the nickelechromium series, does not require 
heat treatment after welding, which hitherto has been 
an objection to its use for the construction of large 
welded vessels. Amongst other exhibits were solid- 
drawn tubing of large diameter, Staybrite plates 15 ft. 
by 4 ft. by 4 in. thick, parts constructed in Firth H.R. 
Crown heat-resisting steel, valves and pipe fittings. In 
addition, complete technical data of their various 
special steels were available for the engineer who 
wished to keep in touch with the latest developments. 

Precious metals in many forms were shown by 
Messrs. Johnson Matthey and Company, Limited, of 
Hatton-garden, London, E.C.1. For instance, one 
portion of their exhibit was devoted to silver plant 
in the form of condensers, stills and taps, together with 
silver-lined copper tubing. Silver-lined plant is now 
being extensively used in the vinegar, jam, and acetic. 
acid industries, owing to its ability to withstand the 
corrosive action of the organic acids, also to its present 
comparatively low cost. A very interesting exhibit 
was Firth’s Staybrite in the form of fine wire made 
up into gauze form. Staybrite wire has been drawn 
by this firm down to 0-0005-in. diameter, using 
a special annealing process which gives great duc- 
tility to the metal. Elongations up to 50 per cent. 
have been obtained. Staybrite wire gauze } in. mesh 
has been supplied for protecting the cotton crops in 
Egypt, being used to prevent special varieties of 
cotton plants from being cross-fertilised by insects, 
and, apart from the property of the wire of resisting 
corrosion, it has the advantage of remaining bright, 
which prevents the cutting off of excessive amounts 
of light. This is a great advantage, for if the light 
is too much restricted, the plants grow stunted and 
deformed. A dull, non-reflecting wire in the form of 
— mesh gauze will cut off a large portion of the 
ight. . 

The exhibit of Messrs. Hadfields, Limited, Sheffield, 
was largely devoted to applications of their special 
Era H.R. heat-resisting steels and Era C.R. non- 
corroding steels. A wide range of castings, forgings, 
and rolled products in these special steels was shown. 
Examples of steam-turbine blading in Hecla/ATV 
non-corroding steel were exhibited. This steel is 
specially suited for use where the parts are subject to 
the combined effect of corrosion and erosion; it has 
a high-tensile strength when exposed to high tempera- 
tures. Of more special interest to the chemical 
manufacturer was a full-size model of a recuperator 
consisting of a number of passes of three tubes in 
parallel terminating in headers, the tubes and headers 
being cast in one piece. This construction should be 
very suitable for air and gas heaters where tempera- 
tures in the order of 1,000 deg. C. are required. Owing 
to the low heat transfer from the gases to the metal 
surface of the tube compared with that through the 
tube wall, the greater thickness of cast over drawn 
— has no appreciable effect on the transmission of 

eat. 

Messrs. Babcock and Wilcox, Limited, 34, Farring- 
don-street, E.C.4, showed samples of deep pressings in 
stainless steel. They also exhibited examples of calorised 
steel and iron made by an associated company, Messrs. 





The Calorising Corporation of Great Britain, Limited. 
Calorising is a patented process, in which aluminium is 
forced into the surface of mild steel or cast iron, to 
form a ferro-aluminium alloy. When subjected to 
heat, a thin, firmly adhering film of aluminium oxide is 
formed on the surface of the metal, affording protection 
from oxidation to the underlying metal at temperatures 
up to 950 deg. C., as well as immunity to the attack of 
SO,. This firm also manufactures a heat and corrosion- 
resisting alloy under the name of ‘‘ Calmet,”’ which is 
of the chromium-nickel-aluminium class. It is avail- 
able as castings, which it is claimed have considerable 
mechanical strength up to temperatures of 1,150 deg. 
C., and are also unattacked by the presence of sulphur 
compounds when exposed to hot flue gases. 

Messrs. Brown, Bayley’s Steel Works, Limited, of 
Sheffield, exhibited samples of two new additions to 
the many chromium-steel alloys. Chemical vessels 
are usually constructed with welded or riveted joints, 
and past experience has shown that whilst on mechani- 
cal grounds the chromium nickel corrosion-resisting 
alloys are ideal for welding processes, it has been 
usually necessary to heat treat after welding in order 
to prevent intergranular attack near the joints. This 
attack is due to the precipitation of an intergranular 
film of carbide when the steel is heated to 500 to 
900 deg. C. The trouble is removed by heat treat- 
ment, but this is difficult to carry out in a large plant. 
Messrs. Brown Bayley’s have produced a special form 
of steel, known as ‘‘ Weldanka,”’ which does not require 
heat-treatment after welding. There should be a wide 
field for this steel for large vessels used in the chemical 
industry. This firm also showed samples of a high- 
chromium stainless iron, which they claim is tough 
and ductile, and an ideal material for riveted con- 
struction. 

The filtration of liquids plays a large part in many 
chemical processes, and any new developments are 
therefore of interest. A novel type of filter was shown 
by Messrs. Manlove, Alliott and Company, Limited, of 
Bloomsgrove Works, Nottingham. The filter, known 
as the “ Easifilt,”’ is of the vertical pressure-leaf type 
and is applicable to the filtration of solvents, and 
for clarification and general use. In this design, the 
whole battery of leaves may be drawn forward, thus 
permitting the cake to be scraped off or shaken directly 
into a truck placed underneath the filter. The covering 
door is deep from back to front’to allow space for 
the two cantilever supports carrying the leaves; the 
door is secured by a toggle or screw closing gear. 
Freedom from leakage is ensured as the filter has only a 
single external joint. 

Messrs. A. Gallenkamp and Company, Limited, of 
Sun-street, Finsbury-square, E.C.2, showed, among 
their small-scale chemical plant and laboratory appara- 
tus, a new type of filter, in which a large number of 
paper discs or sheets were used. The liquid to be 
filtered passes through one or more circular holes made 
in the layers and makes its way to other holes forming 
an outlet, the liquid thus flowing across the surface 
of each disc or sheet. In the filter exhibited, which 
is known as the “ Metafilter,” rectangular strips with 
bevelled edges are employed. The strips, which may 
be constructed of almost any material, have square 
openings, and the filter is built up of a large number of 
these strips placed on one another, the openings thus 
forming rectangular tubes, whilst the bevelled edges 
form a series of deep Vees. The strips are kept apart 
to a definite degree, usually from 0.0005 in. to 0.0015 
in. in height, by slight prominences between the holes. 
Filtration takes place from the outside to the inside. 
For fine work a deposit is first formed in the Metafilter 
by passing through a suspension of a loose porous body 
such as carbon, kieselguhr, sulphate of lime or other 
substance. The deposit collects in the Vee-shaped 
grooves and forms a filter bed. This type of filter is 
easily cleaned by back flushing, owing to the Vee 
formation, as accumulations of cake are pushed from 
a narrow to a wide part. 

Messrs. Dorr Company, Limited, of Abford House, 
Wilton-road, London, S8.W.1, exhibited machines for 
continuous agitation, thickening, filtering, &c., and a 
working model of a complete plant for the production 
of phosphoric acid from phosphate rock, illustrating the 
well-known Dorr system of continuous counter-current 
agitation and the use of their thickeners for the sub- 
sequent decantation of the liquid and washing of the 
solids. This firm also showed a 4-ft. by 1-ft. Dorrco 
filter. Itis of the rotary-drum vacuum type, in which 
the material is fed to the interior of the drum. The 
makers claim that, by this arrangement, the force of 

vity assists in cake formation and cake discharge. 
This filter has been used successfully for treating 
caustic muds from causticising plants and gypsum 
formed in the production of phosphoric acid from 
phosphate rock. 

Messrs. T. and C. Clark and Company, Limited, of 
Shakespeare Foundry, Wolverhampton, showed various 
—- of their acid-resisting enamel to chemical 
plant, including an open-type steam-jacketed tilting 








mixer, a steam-jacketed still, and a sulphonating pot, 
They also exhibited a condenser of unique design. 
The inner body consists of a cylinder having a domed 
end, cooling water being introduced through a tube 
which passes inside the whole length of the cylinder 
and discharge against the interior surface of the 
dome. The domed cylinder is fitted concentrically 
inside an annular water-jacket, through which cooling 
water also flows. The vapour to be condensed enters 
axially at one end and impinges on the domed 
end of the cylinder, passing through the annulus 
formed between the water-jacket and the cylinder, 
Thus the entering vapour meets the coldest surface of 
the inner cylinder; in addition, a high velocity of 
vapour is obtained in the annulus. Thus, in spite of 
the low thermal conductivity of enamels, a rapid 
heat transfer is obtained. The condenser shown is 
constructed in mild steel, having all surfaces coming 
into contact with the vapour covered with acid-resisting 
enamel. 

Messrs. Baird and Tatlock (London), Ltd., of 
Cross-street, Hatton Garden, E.C.1, exhibited a com- 
prehensive range of apparatus applicable to research 
and routine analysis in industrial laboratories, includ- 
ing the Whidbourne air-driven stroboscope and speed 
counter which was recently fully described and illus- 
trated in our columns.* 

Messrs. Silica Gel, Limited, of Bush House, 
London, W.C.2, exhibited demonstration air and gas 
dehydration plants regenerated by steam, electricity, 
or gas. In the dehydration of air it is claimed that 
over 99 per cent. of the moisture can be removed. 
The demand for gases which are practically anhydrous, 
such as carbon dioxide, hydrogen, helium, acetylene 
and various refrigerants, has increased so extensively 
that many manufacturers are now using a pressure- 
type silica-gel dryer through which the gases pass 
before use or when filling cylinders for shipping. An 
additional contamination in compressed gases is due 
to lubricant vapours in the compressor cylinders 
caused by partial “ cracking ”’ of the lubricant due to 
the heat of compression. The cracked products 
give the gas a musty odour, which is removed by 
silica gel. Compressed air is often contaminated in 
this way, and in paint spraying the vapour will ruin 
a fine finish, and the precipitated oil will prevent 
uniform drying. 

Messrs. Cannon Iron Foundries, Limited, of Deep- 
fields, Bilston, showed, in addition to furnace pans 
and boilers lined with their special grey heat-resisting 
enamel, an interesting series of small mixing digesters 
or stills, in which the stirrer is turned by hand through 
mitre gearing; the whole gear and stirrer can be 
removed clear of the digester body. These small 
stills should have a distinct application in laboratories, 
where only a small output of a particular product is 
required. Messrs. Thermal Syndicate, Limited, of 
Wallsend-on-Tyne, exhibited a number of products 
made in Vitreosil, which is pure fused quartz or silica. 
Of special interest was a tube-type cooler, arranged 
to work as an evaporative condenser, the cooling water 
passing over the tubes. Coils for cooling and con- 
densing nitric, sulphuric, acetic and other acids, 
volatile liquids, &c., were also shown. 

Of recent years much interest has been taken in 
the subject of the dehydration of town gas, as by 
effectively drying the gas before it enters the mains, 
corrosion of the pipes is reduced and their life is 
greatly increased. Messrs. W. C. Holmes and Com- 
pany, Limited, of Huddersfield, showed photographs 
and descriptive matter of their ‘“‘ Dri-Gas’’ process 
for the dehydration of town gas, fuel gases, &c. In 
this process calcium chloride is used. A number of 
absorbents have been suggested, such as silica gel and 
glycerine. The latter is used in a plant installed by 
Messrs. Kirkham Hulett and Chandler, Limited, at 
the Colwyn Bay Gas Works. Messrs. Holmes also 
exhibited Connersville air blowers, gas meters, and 
Connersville cycloidal pumps for liquors. The gas 
meters work on the displacement principle, and are, in 
effect, a Roots-blower, in which a definite volume of 
gas is passed per revolution. 

Messrs. Imperial Chemical Industries (Brunner, 
Mond and Company, Limited), of Northwich, showed 
apparatus of great interest to the student of physical 
chemistry. Among their exhibits was apparatus for the 
analysis of gases by fractionation, in which the gases 
were contained in a Dewar vessel taking the form of a 
tube, the gases being cooled by liquid air to the lique- 
faction point of one of the gases. Other exhibits 
were a Kinematographic record of growing crystals; 
an automatically controlled muffle furnace, which was 
maintained at a temperature of 1,000 deg. C. to within 
less than 1 deg.C.; and a cryostat for maintaining 
temperatures constant between 0 deg. C. and — 160 deg. 
C. to within 0-01 deg. C. Some of the apparatus was 
a triumph in the art of glass blowing. 

The research section of the exhibition showed 
a group of exhibits designed to demonstrate the 


* See ENGINEERING, vol. cxxx, page 503 (1930). 
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applications of various raw materials to chemical in- 
dustry with special reference to chemical engineering. 
Fourteen distinct research associations co-operated in 
the work, including the Department of Scientific and 
Industrial Research, the National Physical Labora- 
tory, the Fuel Research Station, and the Wool Industries 
Research Association. 

The last-named Association showed a new sheep- 
marking fluid developed to eliminate the use of tar 
and paint for sheep marking, which caused heavy losses 
to the trade owing to the difficulty in eliminating minute 
traces which reveal themselves in the finished goods. 
Samples of wool grease were shown and its many 
applications were indicated. This grease is recovered 
from wool-wash liquor by centrifuging, followed by 
other treatment, and a water-white lanoline has been 
produced. One of its useful applications is as a rust 
preventive. 

The Fuel Research Station showed a method of 
increasing the rate of sedimentation of suspensions. 
When sedimentation takes place between inclined 
parallel surfaces, there is a rapid circulation of the 
liquid and a visibly increased rate of formation of clear 
water. This principle can be applied to the continuous 
treatment of ‘‘ washery slurry.” An instrument was 
shown for measuring directly the heat losses by radia- 
tion and convention from the exterior walls of furnaces, 
&c. It depends on the balancing of the rate of expansion 
of a gas heated by the flow of heat from the hot surface 
with the rate of leakage of this gas through an orifice, 
the pressure at which equilibrium is attained being 
measured, This instrument is known as the Blackie 
surface heat-flow gauge. 

Considerable research work has been carried out on 
the design of pulverised-fuel burners, and particulars 
of a Vortex combustion chamber were given which 
departs from the usual type of turbulent burner by 
making use of streamline motion and by attempting 
to control the relative movement of air and fuel. 
Particulars of a grid burner were given in which the 
primary air and fuel are supplied through a number of 
narrow slots so as to form thin parallel sheets between 
which are introduced similar thin sheets of preheated 
secondary air. A short intense flame is obtained. 
From tests carried out in the open, a burner with 
an area of 6 in. by 6 in. will satisfactorily burn 350 Ib. 
of pulverised coal per hour, the flame then being 6 ft. 
long. 

The National Physical Laboratory showed apparatus 
employed in the realisation of the International 
Scale of Temperatures. A number of fixed points 
on the scale are determined from the melting or boiling 
points of pure substances and certain instruments are 
used for interpolation and extrapolation between and 
beyond these points, viz. :— 

The platinum - resistance thermometer, from 
— 183 deg. C. to 660 deg. C. 

The thermocouple, from 660 deg. C. to 1,063 deg. C. 

The optical pyrometer, from 1,063 deg. C. upwards. 

A further interesting exhibit referred to an investi- 
gation into the mechanism of boiler-plate failure under 
the combined action of stress and corrosion. By means 
of apparatus displayed, specimens of mild steel were 
subjected to slow cycles of bending whilst immersed 
in air, water, brine, or caustic soda solution. The 
effect was illustrated by microphotographs of the metal 
after failure. 


THE BRITISH WATERWORKS 
ASSOCIATION. 


THe Summer Meeting of the British Waterworks 
Association has been held this week in Belfast. Wed- 
nesday was devoted to the annual general meeting, 
which was held in the Municipal College of Technology. 
At this Mr. David Adams, the President, delivered his 
address, and papers on water examination, geology and 
hydrology and reservoir construction were presented. 
The following days were set aside for visits to the 
reservoir in course of construction in the Mourne 
Mountains for the Belfast Water Board, and to works 
representative of the industries of the district. 

Mr. Adams, who in addition to being president of the 
Association, is chairman of the Belfast City and District 
Water Commissioners, devoted himself in his address 
to a survey of the history of the city and the development 
of the public utility services of the district. The 
Belfast Water Board, he explained, exercised its 
authority under special Acts of Parliament and had 
no administrative connection with the Council of the 
city, and only came within the control of the Government 
of Northern Ireland to the extent of the audit of its 
accounts. Electricity supply was a municipal under- 
taking, with a plant capacity of 55,750 kw. In 1930, 
the number of units generated was over 81 millions. 
Gas distribution was formerly conducted by a private 
company, but in 1874, this service was transferred 
to the Corporation. Then the actual make of gas 
was 418,000,000 cubic feet ; to-day, it amounted to 
4,266,000,000 cubic feet. 








RESERVOIR CONSTRUCTION. 

A paper on “The Silent Valley Reservoir’? was 
presented by The Board of Engineers, a body con- 
sisting of Messrs. W. J. E. Binnie, E. Sandeman and 
H. P. Hill, under whose guidance the original plans 
for its construction in the Mourne Mountains were 
modified. As the scheme was originally conceived in 
1893, it was possible to undertake whatever work was 
immediately essential in such a way as to form a 
proper part of the ultimate complete plan. Thus a 
35 mile aqueduct was brought into use in 1901, which 
conveyed the supply of water derived from an area of 
5,500 acres, draining to the site of the embankment 
of the intended reservoir on the Kilkeel River, as well 
as that from 3,400 acres on the adjoining Annalong 
River, delivering this into the Knockbracken Service 
Reservoir. Provision was made to store 3,000,000,000 
gallons of water in the Silent Valley by means of an 
embankment 1,500 feet long at top water level, and of 
a maximum height of 88 feet above stream bed level. 
As the demand for water continuously increased, it was 
recognised, in 1923, that the construction of the reser- 
voir must be started, but unfortunately the original 
engineer, the late Mr. McCullough, died very shortly 
after Messrs. S. Pearson and Son commenced operations. 
The lower part of the Kilkeel Valley was filled with 
glacial deposits, consisting of silt, silty sand and 
boulders, and the embankment was located so as to 
rest upon an ancient moraine, which was cut through 
by the river. From early borings, it was anticipated 
that granite rock would be found at a depth of about 
50 feet below the surface, in the Valley bottom. After 
a tunnel had been made to divert the river, early in 1926, 
the cut-off trench was commenced, when it was dis- 
covered that as the excavation advanced towards the 
valley bottom, the surface of the rock dipped down- 
wards much more rapidly than had been anticipated 
from the information derived from the borings. It 
was found on further exploration that rock was only 
reached at a depth of 200 feet below the surface at 
the deepest part of the valley. It appears probable 
that what was originally thought to be rock was nothing 
more than large granite boulders. An attempt to 
sink a timbered shaft for the purpose of dewatering the 
strata proved unavailing because of the nature of the 
material penetrated, through which water ran freely. 
The existence of the boulders also prevented the 
success of an attempt to drive down a circular ring of 
interlocking steel piles, to form a sump, from which the 
water could be pumped. It was thus recognised that 
the methods of construction envisaged in the original 
contract were impracticable. The contract was 
therefore altered by agreement to put it upon a 
cost-plus-percentage basis, during an exploratory 
period, the work to be carried out under the direction 


the authors of the paper. 

There were no particular difficulties of construction 
to be anticipated with the embankment or the ancillary 
works, but it was impossible to impound water by 
means of the embankment unless its percolation 
through the permeable material underlying the bank 
could be prevented. To effect this purpose, the only 
method that promised success was to construct drainage 
shafts under compressed air, as the pressure of the air 
would drive the moisture out of the silt and silty sand 
and prevent the run of the material into the shaft. 
The difficulty of keeping down the pressure, to which 
the men were subject, to not more than 30 lb. per 
square inch above the atmosphere, was overcome by 
lowering the level of saturation in the strata by 
pumping. When the first shaft was at the depth 
limited by working air pressure, a strainer was put into 
it at the foot, to reduce the entry of sand, and then 
water was pumped out. While this was going on, 
work was continued on the neighbouring shaft, which 
reached a lower level before the air pressure became 
too great. Then the pumping plant was transferred 
and further work done on the first shaft. This method 
of working proved successful, and four shafts were sunk 
and lined with cast-iron. The Board then informed 
the Commissioners that the work of construction on 
the site was possible, and six further shafts, 11 ft. to 
12 ft. in diameter, and spaced about 56 ft. apart, were 
sunk. These shafts were situated on the centre 
line of the cut-off trench, and acted first as drainage 
shafts to dewater the trench, while they later were filled 
with concrete to form part of the cut-off wall, a portion 
of the cast-iron lining being removed to make the 
concrete continuous throughout the length of the 
trench. Where it was over 100 ft. in depth the trench 
was lined with cast-iron segmental plates. The work 
was now rapidly approaching completion by the con- 
tractor, Sir Ernest Moir, who continued the work after 
Messrs. S. Pearson and Son had become dissolved. 


HyDROLOGY OF THE BELFaAstT DIsTRICT. 


Mr. John J. Hartley, lecturer 6n geology at Queen’s 
University, Belfast, presented an interesting contribu- 





tion on “The Geology of the Belfast District, with 





of the then newly appointed Board of Engineers, | po 





Notes on Hydrology.’’ The rocks found in this area 
were basaltic lavas of Tertiary age, chalk with a layer 
of greensand at its base, liassic shales and triassic 
marls, triassic sandstones, and ordovician and silurian 
slates and grits. The geological structure was a simple 
one. The various rock formations ran north-east and 
south-west, while they were inclined at varying angles 
towards the north-west. This simplicity was slightly 
modified by the presence of a subsidiary belt of triassic 
rock, tributary to the main outcrop, which ran at 
right angles to it and extended from Belfast to the 
head of Strangford Lough. Apart from surface run off, 
there were four possible sources of water in the imme- 
diate neighbourhood of the city. All these sources, 
namely, the silurian, triassic and cretaceous rocks, and 
the sands and more permeable portions of the drift, had 
been utilised to a greater or less extent. The imper- 
vious character of the silurian rocks made them poor in 
yield of water, except where percolation was facilitated 
by the presence of faults, or coarser bands of grit in 
the finer grained shales. They were very useful and 
much more suitable as reservoir sites than as sources 
of subterranean supply. The recently constructed 
service reservoir at Knockbreckan was carried down 
through the drift to these beds, while the supply 
reservoirs for the towns of Holywood, Bangor and 
Helen’s Bay also overlay this, or the ordovician forma- 
tion. The triassic sandstones provided large yields of 
water of excellent quality, and this source of supply 
had been largely used for manufacturing purposes by 
many firms in Belfast. Because of its properties the 
water was favoured by numerous mineral water manu- 
facturers on the left bank of the river and distillers 
on the other side. The third source of supply was 
found in numerous springs, thrown out along the 
escarpment at the base of the chalk, where it existed 
over the impervious marls and shales. These springs 
still formed an important auxiliary supply for portions 
of Belfast. The sands and gravels overlying the boulder 
clay supplied much water from shallow wells for 
domestic use. Local supplies of water, though nume- 
rous and useful, were inadequate for the supply of a 
city of the size of Belfast, and thus recourse had had 
to be made to the surface sources, where the rainfall 
was much greater, in the Mourne Mountains. 


Water TESTING. 


The necessity for the provision of an adequate 
supply of water free from contamination, that might 
cause outbreaks of disease, had led to the institution 
of certain definite tests from which deductions could 
be made. Professor W. James Wilson gave a paper 
on this subject, entitled ‘“‘ The Reduction of Sodium 
Sulphite by Bacteria, and its Application to Water 
Examination.” In this, he showed how the power 
ssessed by certain bacteria of reducing sulphites 
could be used as a valuable supplement to the quantita- 
tive B. coli test. The test consisted in incubating a 
standard medium containing a definite quantity of 
sodium sulphite, to which a prescribed amount of the 
water to be tested had been added. Examination 
after incubation disclosed colonies of bacteria, which 
Professor Wilson divided into four groups and suggested 
that the presence of what he termed large black colonies, 
5 mm. or more in diameter, indicated water of an 
undesirable character, while the existence of his 
next group, medium sized colonies, 3 to 4 mm. in 
diameter, also pointed to contamination. The evidence 
of test showed general confirmation of the results 
obtained in the B. coli test, but exceptions were found, 
where it was probable that the B. coli was not of 
excreted origin, but was more allied to the B. lactis 
aerogenes. Occasionally the water, as judged by the 
B. coli test, might not appear to be very bad, but 
the reduction test made evident its dangerous character. 








THE Port oF MonTREAL.—The total tonnage handled 
at the Port of Montreal was less by some 250,000 tons 
in 1930 than in 1929, although the imports were greater 
by about 120,000 tons. A new high record was reached 
for coal, the receipts amounting to 2,563,486 tons. 
British anthracite rose from 501,503 tons in 1929 to 
740,803 tons in 1930. Although grain decreased greatly, 
the elevators delivered 81,669,864 bushels, as compared 
with 48,717,000 bushels at New York. For the first 
time Italy replaced Great Britain as the largest importer 
of grain through the port. 





Price CONVERSION TABLES.—We have received from 
Messrs. Kingston’s Translations Institute, 96-98, 
Leadenhall-street, London, E.C.3, two price conversion 
tables which they have recently issued. These give the 
equivalents for the cost in English money, in the curren- 
cies of Belgium, Denmark, Estonia, France, Germany, 
Holland, Italy, Latvia, Norway, Sweden and Switzer- 
land. One refers to the cost per pound, and gives the 
equivalent price per kilogram for the countries named. 
The other gives cost per yard, and gives foreign equiva- 
lents per metre. Two other tables will be ready shortly, 
giving cost per hundredweight and per 100 kilogram, and 
per gallon and hectolitre. The tables are published at 
2s. net each. 
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WASTE-HEAT RECOVERY FROM 
GAS-WORKS RETORTS. 


THE interesting installation for the recovery of 
waste heat from gas-works retorts, which we describe 
below, is a clear indication that gas engineers are 
taking full advantage of modern methods conducive 
to economical works practice. The installation re- 
ferred to is that at the works of Messrs. The York 


Gas Company, which were radically modernised in | 


1930, and are still being developed under the manage- 
ment of Mr. H. E. Bloor, to whose courtesy we 
are indebted for permission to inspect the waste-heat 
installation. The carbonising plant at York comprises 
two distinct systems, the first consisting of a battery 
of Drake’s horizontal regenerative retorts. These 
settings are fired by an independent Trefois gas pro- 
ducer, and the plant is employed to utilise coke breeze 
and dust for which there is no reliable market. The 
major part of the output, i.e., about 70 per cent., is, 
however, obtained from the second plant, which consists 
of Glover-West continuous vertical retorts. 


fitted. 


It is on | 
this plant that waste-heat recovery boilers have been 
| 800 deg. C. The volume is, therefore, great and the 
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| pipe-line at any time in case of emergency. Each 
of the waste-heat boilers is of sufficient capacity to deal 
with the gases from three of the settings, and one only 
is generally in use to deal with the summer load. For 
the heavier winter load both boilers are employed. 

As will be seen from Fig. 1, the boilers are of the plain 
cylindrical type, and are arranged with their inlet 
ends abutting on a common chamber between them. 
The outlet ends are at the outside, the smokeboxes 
being connected, by way of induced-draught fans, to 
| two chimneys projecting a short distance through the 
/roof. The internal construction follows the usual 
standard Spencer-Bonecourt design, a number of small 
diameter tubes being grouped in two nests with a clear 
central space between them to permit of inspection and 
cleaning. The arrangement of the collecting flue 
| from the settings will be also clear from Fig. 1. An 
external view of it is given in Fig. 4. 

Taking the producer fuel as amounting to about 15 per 
cent. by weight of the coal carbonised, which, as already 
| stated, is approximately 140 tons per day, the hourly 
maximum producer coke consumption is 1,960 1b. The 
gases enter the boilers at a temperature of 700 deg. to 


The Glover-West house contains five settings of eight | temperature high, and the collecting flue is corres- 


33-in. retorts per setting, i.e., 40 retorts in all. 


water-gas reaction on the charge of the retorts. 
1930, the plant was re-modelled and these boilers 
were removed, the five chimneys, however, remaining 
in position. The five original boilers were replaced by 
two horizontal boilers, each of 1,225 sq. ft. heating sur- 
face, supplied by Messrs. Spencer-Bonecourt, Limited, 
32 and 33, Farringdon-street, London, E.C.4. These 
are shown in Figs. 1 to 4, on this and the opposite pages. 
They supply the whole of the steam needed in the 
works, thus rendering unnecessary the provision of 
independently-fired boilers. It may be mentioned, 
however, that a Cochran boiler fitted with a Turbine 
furnace has been retained as a stand-by, and is kept 
under steam by coke-breeze, so that it can be put on the 


Each | pondingly large and needs careful insulation. 
retort has a daily throughput of approximately 3-5 | accordingly, provided with a double lining, as shown, the 
tons, so that, when the whole installation is in opera- | inner ring of which consists of a special refractory brick 
tion, the daily carbonising load is 140 tons. As originally | and the outer one of firebrick. Two other precautions 
installed in 1924, each setting was fitted with a small | are needed, viz., an expansion joint in the vertical 
natural-draught waste-heat boiler and a by-pass | off-takes to allow for the differential rise and fall of the 
chimney, designed to give sufficient steam for the | settings through expansion and contraction relative to 
In | the horizontal flue ; and careful sealing of all dampers, 








It is, 


&c., to prevent the infiltration of cold air from the 
exhausting action of the induced-draught fans. The 
original chimneys are normally closed by dampers. 

The central chamber into which the hot gases flow 
is divided vertically by a gas-tight partition provided 
with dampers at the bottom, so that either boiler can 
be isolated from the other. This chamber also contains 
the superheaters, which, as the gases are too hot for 
the connection type, are of the Spencer-Bonecourt 
radiant-heating design. In addition, each compart- 
ment is fitted with a calorised Babcock and Wilcox 
Diamond soot blower for cleaning the tubes, an opera- 
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tion of rough wood chippings or shavings. 
inserted through small hoppers in the side of each of 
the compartments, and in their passage through the 


tubes give rise to a definite scouring action. At the 
same time the tubes can, if necessary, be swept by a 
flexible brush through holes in the smokebox end, 
normally closed by plugs as shown in Fig. 2. The 
centre of this end is occupied by a dial-type mercury 
thermometer, which, at the time of our visit, was 
indicating a temperature of 240 deg. C. for the issuing 
gases. These arrangements permit the boilers to be 
kept in steady effective operation without the necessity 
of periodical closing down for tube cleaning. 

The induced-draught fans are of the Sirocco type, 
fitted on saddles on the boiler tops and drawing from 
the smokeboxes through the box shown in the upper 
part of Fig. 2. Each fanis driven by a Greenwood and 
Batley De Laval type geared turbine. Governors are 
fitted, which ensure a positive steady draught pull 
on the settings. The exhaust from the turbines is led 
through a Holden and Brooke surface-type feed heater, 
shown on the right in Fig. 1. The design is so 








tion which is rendered more effective by the introduc- 





regulated that the proportion of boiler steam taken by 
the fans is such that the bulk of the heat units in the 
exhaust are abstracted in the heater, and when the 
plant is in operation there is no surplus exhaust steam 
at the relief pipes. A portion of the cold feed water is 
also passed through the water jacket of the shaft 
bearing next to the fan casing. Oil coolers are also 
fitted. The feed water is supplied by a pair of Weir 
feed pumps, and is controlled by a Twist Thermofeed 
automatic regulator, seen in Fig. 3. The pumps are 
situated below the boilers, as shown in Fig. 1, the 
hot well being immediately behind them.- The feed 
temperature is approximately 185 deg. F. The raw 
feed is taken from the river, and has a hardness of 
from 18 to 25 deg., depending on the height of the water. 
It has, consequently, to be treated before entering the 
boilers, to which it is fed, after passing through a Kenni- 
cott lime and soda plant and a Zeolite softener, with a 
hardness of from 1 to 2 deg. To avoid trouble due to 
the action of the treated water on gunmetal fittings, 
the water gauges and other boiler mountings are all of 
steel 

As regards performance, the boilers, under ordinary 
conditions, easily evaporate 4 lb. of water per pound of 
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producer fuel, from feed at 60 deg. F., the steam being 
delivered at a pressure of 120 Ib. per square inch with 
a superheat temperature of 100 deg. F. From and at 
212 deg. F. the steam output is 5 lb. per pound of 
producer fuel. With the winter load, the total output is 
about 7,840 Ib. per hour on the cold feed basis mentioned 
above. About 2,430 Ib. of steam per hour are required 
for steaming the settings, and the difference is available 
for operating the works steam plant. The boilers are 
supported on girders independent of the settings, and 
are provided with suitable access platforms. This 
part of the contract, as well as the flues, boilers and 
such accessories as are not above referred to, was carried 
out by Messrs. Spencer-Bonecourt, Limited, the actual 
construction being done at the Lincoln works of the 
firm’s parent company, Messrs, Babcock and Wilcox, 
Limited. 


Waste-HeEat Borer, 
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Gas-CoLLECTING FLUE on RETORTS. 


ENGINEERING AT KING’S COLLEGE, 
LONDON. 


THE Engineering School of King’s College, London, 
produces, under the title The King’s Engineer, an 
annual journal of the Engineering Society and the 
Engineering Branch of the Old Students’ Association. 
The tenth of these publications, which was issued last 
month, is accompanied by a supplement in which 
Professor Ernest Wilson describes the contribution of 
King’s College ta the advancement of engineering 
during the first century of its existence. This paper 
is, in fact, a somewhat delayed recension of an address 
which Professor Wilson gave in 1929 in the course of 
the centenary celebrations, but it is a convenience to 


| have this interesting record in its present more per- 


manent form. A valuable part of an engineer’s 
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training lies in the co-operative associations it leads 
him to form, and among the connections which engineers 
make, those associated with the place where they were 
trained should be of particular permanence and 
advantage. It is natural, therefore, as it is desirable, 
that they should take suitable occasion to praise the 
famous men with whom they have themselves been 
associated, or in whose succession they are fortunate 
enough to follow. 

Professor Wilson’s record is a reminder of the 
distinguished material for such a purpose found in the 
history of the Engineering School of King’s College. 
From the outset, with Wheatstone as Professor of 
Experimental Philosophy, and Daniell, of Chemistry, 
the college was associated intimately with experimental 
research, and the present number of The King’s Engi- 
neer, in the paper by its editor, Mr. L. A. Beaufoy, 
on a research on structural design which he has been 
conducting under the direction of Major C. H. Lobban, 
shows that the tradition is being maintained. The 
Engineering Society was founded as far back as 1847, 
about the time when Sir William Preece and Sir William 
Anderson were students at the college. Some ten years 
later it fell into bad ways, transforming itself, under 
the guidance of W. S. Gilbert, then a student at the 
college, into a Shakespearian Reading and Dramatic 
Society. With this lapse, which only lasted about 
a year, it remained, and remains, an esteemed institu- 
tion of the professional life of the college. The ’sixties 
were a notable period for the engineering faculty, for 
it was while he was conducting both day and evening 
classes at the college that Clerk Maxwell completed his 
electro-magnetic theory of light and made the absolute 
determination of the ohm, while Wheatstone, among 
other developments of the dynamo-electric machine, 
discovered the possibility of self-excitation, and John 
Hopkinson became one of the ten first Whitworth 
scholars. When Lady Siemens, in 1890, founded the 
Chair of Electrical Engineering, Hopkinson was_ the 
first professor, and it is not surprising that about that 
time the engineering faculty was particularly active in 
electrical research. It was, however, by no means 
neglecting other branches of the profession, and in 1893 
the college had the distinction of providing the presi- 
dents of the three great engineering institutions. The 
rest of the interesting story of the progress of King’s 
engineering must be sought in Professor Wilson’s paper. 
It records, among other things, how Sir Alfred Yarrow 
procured a successful trial of the sandwich system in 
courses of four years, which had nevertheless to be 
abandoned when the three-year course for the engineer- 
ing degree was established. Very notably, too, it men- 
tions how King’s men come to be distinguished as 
such in all parts of the world where engineering work 
xe done. 
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TENDER. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1. particulars 
of tender invited for plant of which further details 
may be obtained on application to the Department at 
the above address, the reference number given being 
quoted. 


Filtering Plant.—The supply of a rotary grille for| The Motor Industry of Great Britain. 1931. London 


filtering the water of the Meuse. The Municipality of 
Liége, Belgium. Tenders must be sent in by July 25 
(Ref. No. G.X. 10,587.) 








CONTRACTS. 


Messrs, Sir WILLIAM ARROL AND ComPANY, LIMITED, 
of Glasgow, have secured the contract, from the Minister 
of Transport, for the dismantling of the three existing 
bridges, and the erection of three new swing bridges, 
operated by petrol-driven machinery, at Fort Augustus, 
Aberchalder and Laggan, on the Caledonian Canal. 

Messrs. THE ENGLISH ELECTRIC CoMPANY, LIMITED, 
Stafford, have secured an order from the South African 
Iron and Steel Industrial Corporation, for the Pretoria 
district, for heavy rolling mill equipment. The value 
approaches 150,000/., and represents about 86,000 h.p., 
including an Ilgner set, which will be the most powerful 
so far built by the Company. 

Messrs. METROPOLITAN-VICKERS ELECTRICAL Com- 
PANY, Lim1TED, Trafford Park, Manchester, have received 
an order for the whole of the electrically driven winches 
for the new Cunard liner, being built by Messrs. John 
Brown and Company, Clydebank. 

Messrs. THERMOTANK, LIMITED, Helen-street, Govan, 
have recently supplied Thermotank heating and venti- 
lating systems for the 8.8. L’Atlantique and 8.8. Colombie 
being built by the Société Anonyme des Chantier et 
Ateliers de St. Nazaire (Penhoet), and the Société des 
Ateliers et Chantiers de France (Dunkerque). 








PERSONAL. 


Mr. M. G. WaALtLAcE has joined the staff of Messrs, 
Elliott Brothers (London), Limited, Century Works, 
Lewisham, London, 8.E.13, in the capacity of sales 
representative for their heat-economy and control 
apparatus. 

Mr. H. H. Keat has been appointed a director of 
Messrs. Loranco, Limited, The City Chambers, 65a, 
Fenchurch-street, London, E.C.3. 








LAUNCHES AND TRIAL TRIPS. 


**Capsa,’’—Twin-screw oil-tank motorship;  six- 
cylinder, single-acting, four-cycle, Hawthorn-Werkspoor, 
supercharged engines. Launch, July 17. Main dimen- 
sions, 467 ft. by 62 ft. by 34 ft. Deadweight about 
11,500 tons. Built and engined by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, at Hebburn, 
for Messrs. Anglo-Saxon Petroleum Company, Limited, 
London. 

‘* CAPRELLA.’’—Twin-screw, oil-tank, motorship ; six- 
cylinder, single-acting, four-cycle, Hawthorn-Werkspoor 
engines, supercharged on the Werkspoor system. Trial 
trip, recently. Main dimensions, 467 ft. by 62 ft. by 
34 ft. Deadweight about 11,500 tons. Built and 
engined by Messrs R. and W. Hawthorn, Leslie and Com- 
pany, Limited, at Hebburn, for Messrs. Anglo-Saxon 
Petroleum Company, Limited, London. 

“Str RicHARD GRENVILLE.’’—Twin-screw tender. 
Trial trip recently. Main dimensions, 170 ft. by 42 ft. 
6 in. by 15 ft. 9 in. Built by Messrs. Earle’s Ship- 
building and Engineering Company, Limited, Hull, for 
the Great Western Railway Company to operate at 
Plymouth. 

‘“* Dracon.’’—Steam dipper dredger. Launch, July 16. 
Main dimensions, 125 ft. by 44 ft. by 12 ft. Built and 
engined by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited. 

**Corsis.”’—Twin-screw oil-tank motorship; four- 
cycle, single-acting, Werkspoor Diesel engines. Launch, 
July 16. Main dimensions, 465 ft. by 62 ft. by 34 ft. 
Built by Messrs. Workman Clark (1928), Limited, 
Belfast for Messrs. The Anglo-Saxon Petroleum Company, 
Limited, London. 








ADHESIVE InsuLATING TaPE.—The Standing Com- 
mittee (General Merchandise) appointed by the Board of 
Trade have reported on the inquiry as to whether 
imported adhesive insulating tape for electrical purposes 
should bear an indication of origin. The report, it is 
stated, will be shortly obtainable through H.M. 
Stationery Office. 

TxHE Seconp Lincotn ARc WELDING COMPETITION.— 
The Lincoln Electric Company, of Cleveland, Ohio, is 
promoting a second competition for the purpose of 
increasing the knowledge of the adaptability of arc 
welding to industry, more especially in the re-design of 
machinery from cast-iron or riveted-steel structures to 
welded-steel structures, and are offering prizes to the 
total value of 17,500 dollars for papers on this subject. 
Any person, or group of persons, in any country of the 
world may submit a paper, which must be posted prior 
to October 1, 1931, to The Lincoln Electric Company, 
P.O. Box 683, Cleveland, Ohio, U.S.A. Full particulars 


are obtainable in this country from Messrs. The Lincoln | The Elements of Machine Design. By WiiFrRip CoLLins. 


Electric Company, of Canada, Limited, Bush House, 
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and Stationery Office. [Price 150 mils.] 











Oxford University Press., London: 


Humphrey 
Milford. [Price 12s, 6d. net.] 





Aldwych, London, W.C.2. 





Architectural Practice and Procedure. By Hamitton H. 
TuRNER. Second edition. London: B. T. Batsford, 


Sound-Film Reproduction, with Special Reference to| Y. 2 : 
British Practice. By G. F. Jones. London: Blackie | diploma and special day courses, arranged by the Techni- 


Rensselaer Polytechnic 


A Comprehensive Treatise on Inorganic and Theoretical 


ENGINEERING TRAINING AND 
EDUCATION. 


Bradford Technical College.—The Bradford Education 
Committee have recently issued a prospectus of the 


cal College, for !the session 1931-32. In addition to 
:| particulars of the college awards and scholarships, 
- | information is given regarding regulations, registration 


ic Institute. Engineering and Science | and admission of students, fees, &c. The session 


Series. No. 31. An Investigation of Pressures and 
V Pretual on Betas ty Wel. tr opens on September 21, and closes on July 13, 1932, and 


besides mechanical, civil and electrical engineering, 
includes courses on such subjects as the textile industries, 


Handbuch der Anorganischen Chemie. Vol. IV. Die | chemistry, dyeing, commerce and banking, &c. Copies 
Elemente der achten Gruppe. Part 3. LHisen und | of this prospectus may be obtained from the Principal, 
seine Verbindungen. Edited by Dr. R. Aseag, | Technical College, Bradford. 

Dr. Fr. AvERBACH and Dr. I. Koppey. Leipzig: 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is just a shade more 
doing in Cleveland pig iron, but the limited output is 
still slightly in excess of current requirements. hile 
transactions are also mostly direct between ironmasters 
and home consumers it is gratifying to learn of occasional 
small export sales, by second hands, customers on the 
Continent having purchased one or two light parcels. 
Stocks are not heavy, but makers have as much iron on 
hand as they care to carry. Producers offer pig to firms 
in Scotland at rates substantially below those ruling for 
home trade, but continue to be undersold there by dealers 
in overseas iron. Fixed figures for home business stand : 
No. 1 Cleveland, 61s.; No. 3 g.m.b., 58s. 6d.; No. 4 
foundry, 57s. 6d.; and No. 4 forge, 57s. Midland iron 
is coming forward steadily for consumption here but 
little buying from that quarter is now reported. 
Hematite.—Conditions in the east coast hematite 
branch alter little. Customers do not expect further 
material fall in values but are still pursuing a cautious 
policy, and are disinclined to negotiate for supplies 
beyond quantities sufficient to cover early needs. In 
this department also, sales are chiefly by manufacturers 
to home users, but merchants are doing a little overseas 
trade. Second hands have disposed of small lots to 
customers in Italy, and are not without hope of making 
sales to firms in Heliand. Ordinary qualities are quoted 
628, and No. 1 is put at 62s. 6d. 
Foreign Ore.—Inactivity in foreign ore is only what 
must be expected with consumers well stocked and 
heavily bought. The nominal price of best rubio is 
15s. ¢.1.£. Tees. 
Blast-Furnace Coke.—Local demand for Durham 
blast-furnace coke keeps very quiet. Supply is plentiful, 
and for early delivery to works in this area good average 


Y | qualities are no more than 15s., but some firms have 


closed their books rather than sell at round about that 
figure. 

Manufactured Iron and Steel.—New features in the 
various branches of manufactured iron and steel are few. 
Orders for some descriptions of material are, perhaps, 
hardly so scarce as they have been, and in one or two 
departments, tonnage output is fairly large, but new 
business still falls far short of what could be desired. 
Constructional steel sections are fairly busy, and branches 
producing railway material have still contracts to com- 
plete, but departments engaged on the manufacture 
of shipbuilding requisites are greatly in need of work. 
Sheets are not “in too well. Quotations: common 
iron bars, 10/.; best bars, 101. 10s. ; double best bars, 
1ll.; treble best bars, 117. 10s.; packing (parallel), 8/. ; 
packing (tapered), 10/.; iron and steel rivets, 110. 5s. ; 
steel billets (soft), 5/7. 15s.; steel billets (medium), 
61. 128. 6d.; steel billets (hard), 7/. 2s. 6d.; steel ship 
plates, 8/. 15s.; steel angles, 8/. 7s. 6d. Steel joists, 
81. 158. ; heavy sections of steel rails, 87. 10s. for parcels of 
600 tons and over, and 9. for small lots; fish plates, 
127. 108.; black sheets (No. 24 gauge), 8J.; and gal- 
vanised corrugated sheets (No. 24 gauge), 101. 
Scrap.—Business in scrap is quiet. Borings are 
22s.; turnings, 26s.; light cast iron, 32s. 6d.; heavy 
cast iron, 4ls.; machinery metal, 43s.; heavy steel, 
37s. 6d. to 38s. 6d. 








Iron AND STEEL FiusH Prres.—The Board of Trade 
state that under the Merchandise Marks Act (1926) 
they have referred to the Standing Committee an 
application for the marking of imported iron and steel flush 
pipes with the country of origin. Anyone desiring to 
e heard in opposition, at the public inquiry, should 
communicate with Mr. E. W. Reardon, Board of Trade, 
Great George-street, S.W., not later than August 29. 





TRAINING IN BusINEss ADMINISTRATION.—A Depart- 
ment of Business Administration has recently been esta- 
blished at the London School of Economics, with the 
support of a number of large business firms and banks, 
as well as well-known individuals. The object of the 
instruction is to make students familiar with the prob- 
lems of individual firms, as well as the broader lines of 
commerce. A feature of the course planned is a series 
of informal discussions conducted by well-known _busi- 
ness men in various branches, by which it is hoped 
students will be enabled to obtain an effective insight 
into actual problems which arise. For the ordinary 
student, the fee for the course would amount to 30/. 
per annum. The first year-course is arranged for the 
evening ; the second year for day-time work. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Progress in the local steel and engineer- 
ing trades is of a slow character. Taken on the whole, 
business shows a decline in many sections. Inquiries 
are slightly more numerous, but prices have generally 
to be pruned to the bone if actual contracts are to be 
secured. The gravity of the position may be gauged 
from the fact that Sheffield has now over 57,000 wholly 
unemployed, and over 20,000 short-time workers, A 
year ago the total of idle and short-time operatives was 
37,000. The statistics relating to the gross output of 
iron and steel in this district in May shows a somewhat 
surprising increase. During that month the figure was 
63,500 tons, which showed an increase of 17,000 tons on 
the output for April, which month, however, included 
a fairly long holiday stoppage. A truer comparison is 
provided with May of 1930, when the output was nearly 
20,000 tons greater than in May this year. The raw 
and semi-finished steel trades are more or less in @ mori- 
bund condition, largely resulting from the prevalent 
trade depression and stocktaking operations. More fur- 
naces are out of commission as compared with a month 
ago. There is hardly any call for scrap while ferro 
alloys are a weak market. Revised quotations are 
as follows: Siemen’s acid steel billets, 91. 2s. 6d. ; 
hard basic billets, 61. 12s. 6d. to 81. 12s. 6d.; soft 
basic billets, 62. ; crown iron bars, 12/. ; iron hoops, 12/. ; 
steel hoops, 92. 10s.; Derbyshire foundry pig iron, 
63s, 6d. ; Derbyshire forge iron, 60s. 6d. ; soft wire rods, 
7l. 108s.; basic steel scrap, 38s. Order books at the 
heavy engineering works are not very impressive. Con- 
tracts for railway rolling-stock arising from the Boxer 
Indemnity Fund have not yet been distributed. Ship- 
building requirements are on a low level. Makers of 
mining plant and machinery have received orders for 
dredging apparatus for South America. Activity in the 
manufacture of large hollow forgings is fully main- 
tained. There is a steady call for all kinds of electrical 
apparatus, while the current demand for automobile steel 
shows signs of revival. Large storage tanks and trans- 
former containers, weighing up to 31 tons, are in 
course of construction. A Sheffield firm has installed 
one of the largest electric steel melting furnaces in the 
country. It has a capacity of 20 tons, and is to be engaged 
exclusively in the manufacture of stainless steel. 


South Yorkshire Coal Trade.—The coal market generally 
has not @ very impressive appearance. There is only 
a moderate call for most classes of fuel, though in some 
directions an improvement is noticeable. Only a 
limited amount of industrial fuel is going into consump- 
tion and revival seems to be as far away as ever. The 
railways are not such good customers, while export 
requirements do not come up to the normal level. The 
demand for housecoal is of the usual summerlike dimen- 
sions. Bests and smalls are only in moderate request. 
The market in foundry and furnace coke shows plenty 
of room for improvement. Gas coke is steady at 23s. 
to 25s. per ton. Quotations: Best branch, handpicked, 
24s, 6d. to 25s. 6d.; Derbyshire best brights, 19s. to 
20s. ; Derbyshire best house, 18s. 6d. to 208. ; screened 
housecoal, 17s. to 18s.; screened house nuts, 148. 6d. 
to 15s.; Yorkshire hards, 15s. to 16s. 6d. ; Yorkshire 
hards, 15s. to 16s. 6d.; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 6s. to 7s. 6d.; smalls, 4s. to 5s. 6d. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.-—With the steel works in this 
area all closed down for the annual holidays, there is 
practically nothing doing this week. The staffs are 
on holiday, and only a limited number are employed 
overhauling plant and taking stock. There was very 
little business done before closing at the end of the 
week, as the demand, both on home and export account, 
was exceedingly small. In the black sheet trade the 
pre-holiday demands were poor, both for foundry iron 
and galvanised sorts. The overseas orders for the 
latter have not come up to expectations, but a fair 
inquiry has been received of late. As the general 
trade depression shows little sign of easing, the holidays 
will be longer this year than usual, and works are not 
likely to reopen before Monday, August 3, and then 
only if the accumulation of specifications warrants a 
start being made. Prices are steady, and are as follows :— 
Boiler plates, 107. per ton; ship plates, 8/7. 15s. per ton ; 
sections, 81. 7s. 6d. per ton; black steel sheets, } in., 
il. 10s. per ton; galvanised corrugated sheets (No. 24 
gauge), 111, 7s. 6d. per ton, all delivered at Glasgow 
stations, The export price of the latter is 10/. to 101. 5s. 
per ton, f.o.b. Glasgow. 

Malleable-Iron Trade—In the West of Scotland 
malleable-iron trade, the holiday stoppage was some- 
what welcome to the different managements who have 
put in rather an anxious time recently. Orders have 
been so scarce that much broken time has been general 
all this year. The re-rollers of steel bars have had a 
similar experience, and have had to face very severe 
competition to secure business. Prices show no change, 
and are as follows :—‘‘ Crown ”’ bars, 101. 5s. per ton for 
home delivery and 9/. 15s. per ton for export; and 
re-rolled steel bars, 6l. 5s. per ton for home delivery, 
and 67. 2s, 6d. per ton for export. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pPig-iron continues on very small lines, and the inquiry 
has also fallen away. Stocks have been increasing 
recently, and last week five of the six furnaces in blast 
im Seotland were damped down, showing that trade 
depression and the steady imports from India, &c., 
have had a serious effect on the local pig-iron industry. 
The following are the current prices :—Hematite, 70s. 





per ton, delivered at the steel works; foundry iron, 
No. 1, 73s. 6d. per ton, and No. 3, 71s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 18, was again small, and 
only amounted to 322 tons. Of that total, 212 tons went 
overseas and 110 tons coastwise. During the corre- 
sponding week of last year, the figures were 610 tons 
overseas and 95 tons coastwise, making a total shipment 
of 705 tons. 








NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

General Outlook.—Although only a few orders of any 
magnitude have been placed in the last few days, leading 
firms in several sections of the north-western iron and 
steel and heavy engineering industry are now facing 
the future with greater confidence than for some time 
past. Constructional engineers report a continuance 
of the recent improved inquiry, and the receipt of a 
number of orders for relatively small quantities, and are 
fairly confident that, in the near future, further orders 
for the assembly of moderately substantial quantities of 
materials will be released. Electrical plant manufac- 
turers, who are perhaps more favourably situated than 
any other section locally, continue to book useful, if 
small, contracts, and motor-vehicle manufacturers are 
being steadily employed on orders from municipalities 
in various parts of the country who are extending their 
motor-omnibus systems, and in consequence, enlarging 
their fleets. Foundries in this area are not too well placed, 
but in some directions it is reported that there is an 
po eapaece in demand, this being attributed to a 
rather readier disposition on the part of consumers to 
buy at current rates, now that there is little or no like- 
lihood of “‘ cuts ’’ in the comparatively near future. 


The Depressed T'rades.—As has been the case for several 
months past, locomotive builders, textile machinery 
manufacturers, and boilermakers are still finding con- 
ditions extremely difficult, and only orders of real 
urgency are being placed. Conditions are slightly better 
in the machine-tool section at present, leading under- 
takings reporting a slightly readier tendency to place 
orders. In the north-west coast hematite pig-iron 
trade, conditions are rapidly becoming worse. Despite 
the fairly extensive absorption of local manufacture by 
steel manufacturing concerns, stocks continue to accumu- 
late and now exceed 100,000 tons. With such a quantity 
of materials in hand, therefore, there is little likelihood 
of any increase in the number of operative furnaces in 
the area for some little time, even with a quickening in 
demand. Steel manufacturers are rather more fortu- 
nately situated, and report the receipt of orders for rails 
and sleepers from home and overseas clients, sufficient 
to keep plant going for the next three or four weeks. 
Messrs. Chandler Bros., of Manchester, have in hand 
an extensive tunnelling contract in connection with a 
75,0001. road scheme being carried out by the Carnarvon- 
shire County Council at Penmaenbach, on the main 
Holyhead-Chester road. At Crewe, the outlook continues 
unpromising, and almost each week men are being 
transferred from the railway works there to those at other 
centres. Messrs. Harrison, McGregor and Company, 
Limited, agricultural machinery manufacturers, of 
Leigh (Lancs.), announce that on account of the state 
of home trade and Continental troubles, they are obliged 
to put their employees on to weekly periods of work and 
unemployment. About 500 workers are affected. 








British STANDARD SPECIFICATION FOR TUBULAR 
Traction Potes.—A new edition of specification No. 8 
for tubular traction poles has been published by the 
British Engineering Standards Association. The revised 
publication differs from the 1927 edition in that it is 
extended to cover poles 33 ft. in length, whereas previously 
only poles 31 ft. in length were included. This extension 
has been rendered necessary on account of the increasing 
use of the trackless trolley omnibus, for which the longer 
poles are required in order to provide better support for 
the greater number of contact wires to be supported. 
Three strengths of 33-ft. poles are provided for, namely, 
medium, heavy, and extra heavy, and dimensions for 
outside diameters, lengths of section, and minimum 
thickness are given, while details of the drop tests and 
bending tests are also included. Copies of the specifica- 
tion, designated No. 8—1931, can be obtained from the 
B.E.S8.A., Publications Department, 28, Victoria-street, 
London, S.W.1, price 28. 2d., post free. 





THE INTERNATIONAL RAILwAy FUEL ASsocIATION.— 
The International Railway Fuel Association, a body in 
the United States established to encourage the economical 
use of fuel on railways, commonly holds an annual 
meeting in May, at which reports of its committees 
are received, papers are read and discussed, and addresses 
delivered by experts. The social side is also well attended 
to, as is usual with such conventions. This year the 
May meeting was abandoned owing to the general 
depression in business, but it has been felt, on the other 
hand, that these very conditions make certain questions 
of more than usual importance, and that ground might 
be lost if the Association did not meet. It has been 
decided, therefore, to hold a meeting in Chicago in 
September, when the programme will only include 
business limited to addresses on fuel economy and 
committee reports having a strict bearing on railway 
operating efficiency. The usual four days’ meeting will 
be reduced to two, and social events will not be arranged, 
neither will there be any exhibition. 


NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 

The Coal Trade.—In view of the generally depressed 

conditions, colliery owners, coal exporters, and ship- 
owners are considerably concerned about the possible 
effect of the French import restrictions on the coal trade 
of the district. Because of the heavy reduction in 
shipments to France from this district, as compared with 
last year, it is thought that the French restrictions will 
not have much effect on the present rate of shipments, 
but it is recognised that the French quota does not apply 
to South Wales exclusively, but to i United i 
and that even if France imports to the limit it is quite 
 encaige that French importers might prefer to take a 
arger proportion of Welsh coal than has been the case 
in the past, which would, of course, benefit South Wales. 
On the other hand, itis realised that France might take an 
increased quantity of North country coal owing to price 
considerations. So far as the country as a whole is 
concerned, the French decree must have an adverse 
influence, but how it will affect the different districts 
can only be seen in practice. Meanwhile, traders have 
been informed that vessels chartered before July 16 
for France will be permitted to load without licence, 
but that the cargoes will be included in the British 
quota. The only encouraging note during the past 
week has been the re-capture of the Brazilian Central 
Railways coal contract, a Cardiff firm having quoted the 
lowest price for the supply of 50,000 tons, consisting of 
two-thirds large and one-third small, delivered over 
August and September. The last order was taken by 
Germany at about 2s. per ton below the Welsh price. 
In the past week, shipments were slightly increased to 
334,650 tons, clearances to France being increased from 
94,300 tons to 135,960 tons, probably on account of 
exporters accelerating their shipments prior to the 
operation of the licensing system. Discussion has 
taken place of late in respect to a reduction in the 
schedule of minimum prices for Welsh coal, but the 
Marketing Association has decided not to alter the 
schedule. This does not, however, prevent colliery 
companies seeking arbitration as to the classification of 
their own products, and it is believed that a number of 
concerns are likely to ask for a revision of prices. 

Steamer Sold to Russia.—The Swansea steamer Dore, 
owned by Messrs. Harries Bros. and Company, Limited, 
at present on time-charter to the Russians, is stated to 
have been sold to the Russians on the basis of long-term 
credits, and represents the first British steamer sold on 
this basis. 

Iron and Steel.—Exports of iron and steel amounted to 
but 9,005 tons in the past week, or 6,000 tons less than in 
the preceding six days. Shipments of tinplates and 
terneplates fell from 9,386 tons to 4,582 tons, of black- 
plates and sheets, from 1,329 tons to 849 tons, of gal- 
vanised sheets, from 1,479 tons to 396 tons, and of other 
iron and steel goods, from 3,278 tons to 3,178 tons. 








Tue InstiTuTION OF ELECTRICAL ENGINEERS.—AS & 
result of the ballot taken, Captain J. M. Donaldson, 
M.C., has been elected President of the Institution 
of Electrical Engineers for the year commencing Sep- 
tember 30. Mr. J. M. Kennedy and Mr. F. W. Purse 
have been elected vice-presidents. 





Notes For “ Sarety ’’ ORGANISERS.—The National 
Safety First Association, 119, Victoria-street, London, 
8.W.1, have issued a booklet containing some useful 
notes which, it is hoped, will assist Safety organisers 
and Safety committees in making inspections of depart- 
ments and works. These notes are of a general nature 
only, and their scope can, perhaps, best be indicated by 
saying that in the case of machine tools it is suggested 
that attention should be directed to seeing whether 
guards are not in use and to ascertaining whether guards 
are required or are inefficient. On hoisting machinery 
care should be taken to check the condition of the lift 
gates, doors, ropes and safety devices, and whether the 
controls are in safe and suitable positions. The matters 
which are dealt with either under statutory regulation 
or in a Home Office publication are specially noted, and 
it is pointed out that these require regular periodic 
inspection and report. The scheme, of course, requires 
adaptation to particular cases and some tact in its 
application, but with these provisos should fulfil its 
purpose well. 


Tue AssociaTION oF SuPERVISING ELECTRICAL ENGI- 
NEERS.—The Association of Supervising Electrical Engi- 
neers was founded in 1914 to provide an organisation 
for technical men engaged in a and adminis- 
trative positions in the electrical and allied industries, 
its main objects being educational and benevolent. In 
November, 1918, it was registered as a trade society to 
enable it to see that the fruits of the efficiency of its 
members were adequately rewarded. As its membership 
is confined to technical supervisory employees its position 
is unique, and that this is recognised is shown by the 
fact that it is the only organisation of its kind to be 
represented on the Wiring Regulations Committee of the 
Institution of Electrical Engineers, while it also takes a 
part in the work of the British Engineering Standards 
Association and other bodies. Its present activities 
include lectures, visits to works, legal and patent assist- 
ance, and machinery for safeguarding the professional 
status of its members. It therefore has considerable 
claims to support from the useful class of engineers for 
which it particularly caters. The general secretary is 
Mr. A. Brammer, whose address is Chalmers House, 





43, Russell-square, London, W.C.1. 
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SAND-SPUN PIPE WORKS OF THE STAVELEY COAL AND IRON COMPANY. 


(For Description, see Page 93.) 
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, | their booklet on ** Merseyside Employ- 
TRAINING FOR INDUSTRY. | ments—The Engineering Trades.” 

WHEN a decision has to be made regarding the | which, published ata price of sixpence, 
future of the average boy leaving school, his parents | ensures that all young people in that 
have frequently but little information on which to} part of the country may now obtain 
base proper conclusions, fitting alike to his physique, | reliable information regarding work- 
mental capacity and temperament, or on the courses |shop training, technical education, 
of training necessary for any specific trade. In conse- | and all that goes to make up adequate preparation for a 
quence of this, many young fellows have wasted years | future life of satisfying and valuable service in industry. 
in employment which, no matter how attractive it | As the title of the publication indicates, the Liverpool 
appeared immediately, could lead to nothing more | authorities have contented themselves, quite rightly, 
than a blind-alley. The tragedy of such happenings is | with dealing with their own local conditions, and 
now fully recognised, and efforts have been made in| have put outside the scope of their survey such engi- 
various ways to ensure that adequate advice is put | neering trades as are not in evidence on Merseyside, 
at the disposal of those concerned with advising boys, | though of great importance elsewhere. By this re- 
so that they may be directed into channels which | striction they have been better able to concentrate 
will lead to the exercise of their natural abilities and|on the provision of authoritative information, in a 
enable them to become happy and contented workers. | pamphlet of reasonable size, applying to the work 
Amongst the many schemes to meet the need, that | undertaken in the neighbourhood, the methods of entry 
followed by the Liverpool Education Committee of | to such organisations for training, and the resources 
publishing pamphlets on groups of trades, such as the | available to. young engineers for instruction at the 
building trades, commercial occupations and so on, | Central Technical School and other educational insti- 
deserves special commendation. We have just received ! tutions. Within the compass of this publication, the 




















AIR-CLEANING PLANT. ~- 


Fig. 21. 


needs in preparation for every local engineering trade 
are adequately and clearly stated, the schemes of 
National Certificates in engineering are dealt with, the 
conditions of labour and wage rates for- each trade 
and grade are specified, and information is afforded on 
the books available in the public libraries within the 
area to engineering students of all standards of attain- 
ments, while the addresses are given of the Juvenile 
Employment Offices, as well as a list of the various 
trade organisations. All this must prove of service 
to those consulted for advice on employment questions, 
and will serve in the provision of proper direction to 
those whose aim is to qualify themselves for service 
in production. The example set by the Liverpool 
Education Committee is one that might well be fol- 
lowed by the authorities in other districts. 
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ELASTICITY AND STRENGTH. 


“Eyes have they but they see not; they have 
ears but they hear not,” was said of them of olden 
time, and every day furnishes fresh evidence that 
the passage of the centuries has been marked by 
no diminution in the number of those who adopt 
creeds rather than policies. Thus in.an article in 
the March issue of Mechanical Engineering, the 
officia] journal of the American Society of Mechani- 
cal Engineers, Professor F. A. Mickle concludes 
with the following statement : ‘‘ If all designs were 
based on the strength at the elastic limit, if sincere 
attempts were made to compute all the determinate 
loads, and if a factor of safety were determined by 
logical reasoning, we should find our designs check- 
ing very closely with our predicted elastic-limit 
strength, and our factor of safety everything its 
name implies.” All experience of the behaviour 


is in direct conflict with this remarkable assertion. 


admittedly logical, but logic, per se, unchecked by 
comparison with observation, is as dangerous a guide 


Thus, as 


Professor Haigh has shown, by direct experiment, 


from ingot to finished product. 
there has not been recorded a single failure of 


if a specimen of each be pierced wlth a small hole 


;|and subjected to a pulsating stress (averaged over 


the whole section), ranging from + 5 to + 15 tons 
per sq. in., the 30-ton steel will endure indefinitely, 
whilst the 60-ton steel fractures, after no excessive 
number of repetitions. of the cycle. These facts are 
absolutely irreconcilable with the dictum of Pro- 
fessor Mickle quoted above. ‘There is, in fact, a 
pretty general agreement between all experiment- 
alists that. the endurance of structural steel is much 
more closely correlated with the ultimate strength 
of the material than it is with its elastic limit. 
This has also been found to hold good with Monel 
metal. 

There is, moreover, a fundamental difficulty to be 
faced by the logicians, who favour the basing of 
factors of safety on the elastic limit, viz., the difficulty 
of defining the latter. It is by some commonly taken 
as equivalent to the yield point, whilst by others 
it is said to be represented by the limit of propor- 
tionality ; but how is this to be defined? The 
greater the accuracy of measurement, the lower 
this limit appears to be. Indeed, some 40 years ago, 
Professor Bouasse, on the results of experiments on 
wires of different materials, including steel, declared 
most definitely that no such limit existed. This 
conclusion would also seem to follow from Dr. 
Rosenhain’s statement to the Faraday Society in 
1921, to the effect that ordinary wires, if twisted, 
did not quite re-acquire their original position, but, 
he added, with a wire consisting of a single crystal, 
the return was immediate and complete. 

The balance spring of a chronometer is subject 
mainly to bending stresses, which range between 
some + 94 tons per square inch. It will main- 
tain a steady rate for years, and so in some sense 
must be perfectly elastic. Nevertheless, if the 
chronometer be dismantled for cleaning purposes, 
its spring, when replaced and again set to work, 
will take a month or six weeks before it again 
acquires a steady rate. Moreover, it has been 


proved that if springs are set vibrating in a vacuum, 


so as to get rid of air resistances, the vibration dies 
away much more quickly than can be accounted for 
on the mathematical theory of elasticity, the metal 
being subject to some kind of internal friction, the 
nature of which is obscure. 

The theory of the strength of materials is, in fact, 
much less simple than those who would base factors 
of safety on the elastic limit seem willing to 
recognise. In some experiments of Bottomley, 
quoted by Lord Kelvin, a soft iron wire, tested as 
received, broke under an average load of 45-2 lb. 
A specimen left for 34 days with a load of 43 lb. 
suspended by it, and then tested, broke under a load 
of 514 1b. In another instance, an initial load was 
gradually increased over a period of weeks, and 
the wire finally broke under a load of 57} lb. Pheno- 
mena of this kind are now referred to as due to 
strain hardening, and have been correlated with 
the existence of an amorphous intercrystalline layer. 
Experiments more difficult to explain have, however, 
been described in one of the bulletins issued by the 
University of Illinois. Here, in some endurance 
tests, specimens, after being subjected to 100 million 
cycles, in which the range of stress was just below 
the normal endurance limit, subsequently carried, 
without failure, 50 million cycles under a stress 
which, in the case of 0-37 per cent. carbon steel, 
was 20 per cent. greater than the ordinary en- 
durance limit of the material. 

In the article already cited, Professor Mickle 
makes the further claim that ‘a piece of high-grade 
heat-treated alloy steel is much more reliable than 
a piece of ordinary mill stock.”” This was exactly 
the theory adopted by certain Continental construc- 
tors of turbo-generators, with results which were 
set forth in a masterly paper contributed to the 
proceedings of the World Power Conference at 
Tokio, by Mr. H. Rickli; the paper was reprinted 
in our issue of March 28, 1930. As there shown, the 
procedure recommended by Professor Mickle re- 
sulted in disastrous explosions of rotors, though the 
material had been treated with the greatest care 
both by makers and by manufacturers, and had 
been thoroughly tested at every stage of its passage 
On the other hand 





Thus, | rotors of good mild steel, which, as part of the 
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manufacturing routine, were purposely strained be- 
yond the elastic limit by over-speeding the rotors in 
a bombproof. It may be added that a corres- 
ponding method of gun construction is now coming 
into favour, the metal being purposely overstrained 
in the process of manufacture. It is also of interest 
to note that at least one leading firm of turbine 
engineers, whilst retaining the use of high-grade alloy 
steels for the pinions of reduction gears, have aban- 
doned the heat treatment of the metal, which is 
regarded by them as increasing the danger of a 
breakage. Our insurance companies again have 
recorded repeated instances of cracked shafts of mild 
steel or iron (particularly the latter) remaining in 
service for years, but they would certainly be 
seriously alarmed by « crack in a shaft of heat- 
treated alloy steel. Heat-treatment has its uses, 
but also its undoubted dangers. 

The introduction of high steam temperatures has 
confronted engineers with new problems in the 
fixing of factors of safety. In this case both the 
elastic limit and the ultimate strength as deter- 
mined by short time tests are of little significance. 
Here, as so frequently happens, the engineer has 
to do his own pioneering. He has to frame and 
act on his own hypotheses, and to do so at his 
own peril, for as Dr. Elihu Thomson has pointed 
out, the practising engineer is the only professional 
man who is called upon to guarantee results. This 
matter is now attracting the attention of the insur- 
ance companies, and in his memorandum to the 
Manchester Steam Users’ Association (just pub- 
lished), Mr. V. B. Harley-Mason, M.Inst.C.E., gives 
an able review of the present position of the prob- 
lem, with a useful summary of the leading experi- 
menta] researches so far made. Some ingenuity 
and not a little industry, have been necessary to 
correlate these, since no standard methods of con- 
ducting such tests have as yet been established. 

The early work of Mr. J. H. Dickenson and of 
Professor F. C. Lea has been supplemented by com- 
prehensive tests atthe National Physical Laboratory, 
and valuable work has been done in America by 
Mr. F. C. Norton, whose results are also analysed 
by Mr. Harley-Mason. The main point brought 
out has been the fact that for moderate tempera- 
tures up to, say, 750 deg. F., good mild steel has 
at least as high a resistance to creep as steels of the 
stainless type. For high temperatures, however, of 
1,000 deg. F. and upwards, the Austenitic steels are 
to be preferred. They cost no more than the stain- 
less type of alloy, but have a creep resistance some 
ten times as great. The time required for creep tests 
is a very serious drawback. Dr. Hatfield has, there- 
fore, proposed his “time-yield,”’ test, which consists 
in discovering by static loading, the stress within 
which, at the given temperature, stability of dimen- 
sions is attained within a period of 24 hours; and 
for a further period of 48 hours with a deformation 
not exceeding 0-5%. He suggests that the safe 
working load at any temperature may be taken 
as two-thirds of the time-yield limit. A different 
procedure has been suggested by Mr. R. W. Bailey, 
of the Metropolitan-Vickers Company, who adopts, 
as a working hypothesis, the view that creep 
occurs at all temperatures and all Joads, and that 
at high temperatures working stresses must be 
fixed so that the total creep shall not become ex- 
cessive during the working life of the plant. As a 
practical basis for fixing working stresses in these 
difficult conditions, this ingenious expedient has 


much to recommend it, though the claim that. 


creep occurs at all temperatures and at all stresses 
does not pass unchallenged. Indeed, according to 
Dr. Harold Jeffreys, F.R.S., there is astronomical 
evidence that there has been no creep in the material 
of the moon for over 2,00 million years. Her 
present form is not a figure of gravitational equili- 
brium, but was attained when she was much nearer 
the earth, and in a more plastic condition. 

Another serious temperature effect discussed by 
Mr. Harley-Mason is the embrittlement of flange 
bolts. He notes cases of nickel-chrome bolts which 
had originally an Izod value of 70 foot-pounds. In 
the course of a service of a year or so this figure 
was found to have fallen to as little as 5 to 10 foot- 
pounds. There was, it is stated, no accompanying 
change in the tensile strength or the ductility, as 
observed in ordinary tensile tests. 








-ELECTRICITY SUPPLY AND FUEL 
CONSUMPTION. 

UnperR the powers granted by the Electricity 
(Supply) Act, 1919, the Electricity Commissioners 
require all authorised undertakers to forward a 
four-weekly return of the electricity generated, 
fuel consumed and other operating data, and for 
the past nine years have issued an Annual Return 
based on this data, which shows the results obtained 
in each public supply and in certain other stations 
in the country. During that period, for a variety 
of reasons, electricity has been produced with in- 
creasing economy and higher efficiency, and it is 
not going too far to assume that these improvements 
have been stimulated by the competitive spirit 
inspired by the publication of these figures. Hitherto 
the return has covered the financial year ending on 
March 31, but, as a result of representations that 
an alteration to the calendar year would facilitate 
comparison with corresponding statistics for other 
countries, the latest edition* deals with the year 
ended December 31, 1930. There is, therefore, a 
certain amount of overlapping with its immediate 
predecessor, which may perhaps make strict com- 
parison unwise, but does not necessarily detract 
from the interest or usefulness of the figures as a 
whole. 

The return covers 559 stations or nine less than 
in 1929-30, the difference being accounted for by 
the closing of 23 stations, the opening of seven 
and the inclusion of another seven, which had 
acquired statutory status during the period. The 
steam stations, which included all those of the 
largest output, numbered 312 or six less than before, 
and a striking feature is that while the output of 
this group increased from 11,436,600,040 kw.-hr. to 
11,727,567,729 kw.-hr., or 3-1 per cent., the fuel 
they consumed fell from 10,096,210 tons to 9,952,336 
tons, or 1-42 per cent. On every other occasion, in 
spite of greater economy in operation, the fuel con- 
sumption has been higher than in the preceding 
period, owing to the increased output, and this turn 
in the tide must be primarily ascribed to the exist- 
ing trade depression. If the various determining 
factors cause it to continue, the result, happy as it 
will be in some ways, will mean a further blow 
to the fortunes of the coal industry. 

Economy in fuel consumption is, in fact, the pre- 
dominant note of the returns. The figures just 
quoted give an average of 1-9 1b. of coal per kilowatt 
generated, which compares with 1-97 1b. in 1929-30. 
The most economical station was the Kearsley sta- 
tion of the Lancashire Electric Power Company, 
with the exceedingly low figure of 1-17 1b. This is 
slightly better than in 1929-30, when it had only 
just started operation. At the following stations the 
consumption was approximately equal to, or less 
than, 1-5 |b. per kilowatt-hour: Hams Hall (Bir- 
mingham Corporation), Portishead (Bristol Corpora- 
tion), Hayle (Cornwall Electric Power Company), 
Barking (County of London Electric Supply Com- 
pany), Padiham (Lancashire Electric Power Com- 
pany), Lister Drive, No. 3 (Liverpool Corporation), 
Deptford West (London Power Company), Barton 
(Manchester Corporation), North Tees (Newcastle- 
upon-Tyne Electric Supply Company), Bonnybridge 
(Scottish Central Electric Power Company), Upper 
Boat (South Wales Electrical Power Distribution 
Company) and Ferrybridge (Yorkshire Electric 
Power Company). At 96 other stations the con- 
sumption was less than, or only slightly in excess 
of, 2 lb., per kilowatt-hour, or approximately equal 
to the average, and it is interesting to note that 
these include fourteen non-selected stations. On 
the other hand, 20 selected stations had consump- 
tions which were above the average. Further, we 
notice, that at 27 stations 5 lb. or more of fuel 
per kilowatt-hour generated was consumed, the 
highest figure being 9-83 lb. Even this is an im- 
provement on last year, and since 34-9 per cent. 
of all the stations in the return consumed less 
than 2 lb. per kilowatt-hour generated, the general 
result is distinctly encouraging. It may be added 
that 80 oil-engine stations are recorded as consum- 
ing 1 lb. or less of fuel per kilowatt-hour generated, 
compared with 77 in 1929-30 and 70 in 1928-29, 
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the most economical being that at St. Martin’s-lane 
(Charing Cross Electricity Supply Company), where 
the consumption was 0-6 1b. per kilowatt-hour or 
slightly higher than that obtained by the same 
station in the last return. The average consump- 
tion for this class of station was 0°85 lb. per kw.-hr. 
The most efficient gas producer station was that of 
the Blandford Forum and District Electric Supply 
Company, with a consumption of 1-47 lb. per kw. 
generated, as against an average of 2-02 lb. The total 
electricity generated during 1930 was 12,329,575,309 
kw.-hr., compared with 11,958,384,570 in 1929-30. 
Of this total, 95-12 per cent. was produced in steam 
stations, compared with 95-64 per cent. in the 
previous year, while oil engine stations accounted for 
0-63 per cent., gas producer stations for 0-09 per 
cent., waste heat for 1-36 per cent., compared with 
2-06 per cent. in the previous year, and water power 
for 2-6 per cent., compared with 1-38 per cent. 

As regards thermal efficiency, the highest figure 
for the steam stations was also obtained by the 
Kearsley station of the Lancashire Electric Power 
Company, with 23-84 per cent. This is noticeably 
higher than the previous record of 22-83 per cent., 
which was obtained at North Tees in 1929-30. 
Other stations, in which a figure of 20 per cent. 
was exceeded, were Hams Hall (Birmingham Cor- 
poration), Portishead (Bristol Corporation), Barking 
(County of London Electric Supply Company), 
Spondon (Derbyshire and Nottinghamshire Electric 
Power Company), Lister Drive, No. 3 (Liverpool 
Corporation), Deptford West (London Power Com- 
pany), Barton (Manchester Corporation), North Tees 
(Newcastle-upon-Tyne Electric Supply Company) 
and Ferrybridge (Yorkshire Electric Power Com- 
pany). It is significant that the best figures are 
nearly all obtained by the largest and most modern 
stations. Actually, the highest figure was obtained 
by the oil-engine station of the Buxton Corporation 
with 30-18 per cent. this comparing, with the 29-94 
per cent. reached by the same station in 1929-30. 
On the other hand, one coal and refuse destructor 
station did not succeed in improving upon 2:51 
per cent. 

Comparisons of load factors are rendered difficult 
by the fact that the changes in operation have made 
several different methods of computation necessary. 
Thus load factor is based either on the number of 
hours in the year, or on the number of hours the 
station was in operation. The result is that some 
very high figures are shown. At Hebden Bridge, 
for instance, the load factor was no less than 92-7 
per cent., while other stations, where a figure ex- 
ceeding 70 per cent. was obtained, were Maxwell- 
town (Dumfries Corporation), the Leeds Corpora- 
tion Tramways Station, Sennybridge, Stoke New- 
ington, the water-power station of the Lochaber 
Power Company, and the waste-heat stations of the 
Newcastle-upon-Tyne Electric Supply Company at 
Redcar and Shotton. 

It is interesting to note that the district showing 
the highest degree of electrification was South East 
England, where 4,203,561,124 kw.-hrs were gene- 
rated in 128 stations. This is followed by North 
West England and North Wales with 2,195,321,034 
kw.-hrs., generated in 84 stations and Central 
England, with 1,511,477,796 kw.-hrs., generated in 
58 stations. The area with the largest number of 
stations was South West England and South Wales, 
with 133, though the electricity generated only 
amounted to 798,000,498 kw.-hr. The least electri- 
fied area was South Scotland, with 10,737,421 kw.-hr. 








CHARING CROSS BRIDGE. 


Tue London County Council, on Tuesday, came 
to a decision on the subject of Charing Cross Bridge, 
which may offer a way out of the impasse resulting 
from the rejection of the Bill of last year by the 
House of Commons Select Committee. The posi- 
tion is not now, however, so simple as it was, since 
the proposals then had the joint approval of the 
various bodies concerned, whereas for the new 
scheme that still has to be obtained. It is, how- 
ever, well that the matter should be set going again, 
and, we hope, with better fortune for successful 
issue. 

After the rejection of the Bill referred to, 
the Council appointed an Advisory Committee. 
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which studied afresh the various proposals, especi- 
ally in the light of the objections taken to the 
former scheme, which were related wholly to the 
treatment of the Surrey side of the river. The 
Advisory Committee, after considerable delibera- 
tion, considered that the situation would be met by 
substituting an approach which would reach ground 
level at a large traffic circus to be formed at 
the junction of York-road, Stamford-street and 
Waterloo-road, with widening of the latter to the 
New Cut—Lower Marsh-circus. A high-level road 
would run from the bridge end to the head of 
Waterloo Bridge, past the proposed railway station, 
and an embankment road was proposed as a diver- 
sion to Belvedere-road. The cost, with certain 
economies, was expected to come within the 
12,500,0007. of the Parliamentary Scheme. This 
proposal was reported to the Council a short time ago, 
but in view of a modification of the original scheme, 
known as No. 4, having been pressed, the matter 
was recommitted to the Advisory Committee. No. 4 
scheme embodied a low-level railway station, and 
its modification still necessitated a gradient for the 
railway down to the station, as well as the raising 
and lowering of roads which would have to cross it. 
It is stated that the railway took objection to and 
would make a claim with regard to having to work 
such an incline, while the promoters’ allowances 
for compensation of property affected by the altera- 
tion of road levels is claimed to have been quite 
inadequate. 
In these circumstances the Advisory Committee 
adhered to their proposal for the No. 6 scheme as 
modified by them. This scheme was considered on 
Tuesday, and adopted, and a Bill will be promoted 
in due course. As the matter now stands, of course, 
the Council has still to obtain the co-operation of 
the Ministry of Transport and the approval of the 
railway company. The consent of the latter was 
given to the previous Bill, and as the new one does 
not seem to affect the railway prejudicially in any 
way, it is to be hoped that it will again be forth- 
coming. With regard to the co-operation of the 
Ministry, implying, as it does, the defrayment of 
75 per cent. of the cost of the scheme, it may 
be stated that the Advisory Committee attempted 
to obtain an opinion from that body, but the reply 
was that it could not, at a preliminary stage, pass 
one on a scheme which the full Council might reject. 
The Committee, therefore, had to proceed without 
knowing the mind of the Ministry on the matter. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
(Concluded from page 83.) 

WE continue our account of the summer meeting 
of the Institution of Mechanical Engineers from 
Wednesday morning, July 15, for which four 
visits of widely differing character were arranged. 
These comprised the inspection of the works of two 
Cambridge firms, viz., Messrs. Cambridge Instru- 
ment Company, Limited, under the guidance of the 
joint managing directors, Mr. R. S. Whipple and Mr. 
C.C. Mason, and Messrs. Pye Radio, Limited, under 
the guidance of the managing director, Mr. T. A. W. 
Robinson. An illustrated account of the Cambridge 
Instrument Company’s works was given on page 1 
ante, and of those of Messrs. Pye Radio, it may 
suffice to say that they formed an excellent example 
of a large modern wireless apparatus factory, prac- 
tically all the parts being made on the spot, and 
approximately 900 workers being employed. A 
second party, including most of the ladies, were 
taken to Histon, and shown the orchards, farms, and 
works of Messrs. Chivers and Sons, Limited, where 
hot only the processes of making jam were witnessed, 
but those of can-making. It may be noted that the 
firm’s activities are now being extended in the direc- 
tion of the canning of fresh fruit and fresh vegetables, 
branch works for the former having been set up 
at Montrose and for the latter at Huntingdon. 

A third party went farther afield, viz., to Barring- 
ton, where an inspection was made of the cement 
works of Messrs. Eastwoods, Limited, under the 
guidance of the chairman, Mr. Horace Boot. Notable 
Points in this visit were the handling of the raw 
inaterials, the constituents of which are so combined 


in referring to Professor Inglis’ address of the day 


number for the engineering industry to be expected 
to absorb. He thought the disappointments some- 
times felt by graduates in finding it difficult to 
obtain a post would be avoided if the passing of 
a man to the University direct from the secondary 
schools was abandoned. 
resulted in turning a graduate out with no experience 
of life, but with the idea that he was capable of 
assuming a managerial position. 
years of pre-graduate practical workshop training 
would be of great advantage, because in industry 
management could only be based on experience. 
Further, he would enter the University fortified 
with some understanding of the economics of 
engineering, and would be more capable of appre- 
ciating the excellent facilities 
offered in it. 
system, students did not know what they wanted. 


ful allusion, said he liked to think there was an 
interaction between all the arts and sciences, and 
particularly that a classical scholar might be 
intensely interested in science, whether theoretical 
or practical. 
some of their best students were provided by the 
classical schools. 
engineer had ever built so complicated a bridge as 
the wooden one constructed by Caesar over the 
Rhine, and certainly in the recent war no one had 
succeeded in annihilating an enemy fleet by burning 
glasses like Archimedes. He then made some refer- 
ence to the way in which the University had 
endeavoured to improve the accommodation for the 
Engineering Faculty. 
Councillor Edwin Jackson, J.P., also responded to 


a Ransome and Rapier steam shovel operating on 
the quarry face, and is then transferred to the wash- 
mills, the wet process being used. We have not space 
to comment on the plant lay-out, which is of the 
most modern type, but it may be noted that it was 
particularly satisfactory as regards dust emission. 
A further point of interest lay in the power station, 
which not only renders the works self-contained, 
but has reduced the cost of current to 0-34d. per 
unit, the lowest possible figure at which it could 
have been purchased from outside sources being 
ld. per unit. A fourth party visited the paper- 
making works at Sawston, belonging to Messrs. 
Edward Towgood and Sons, over which members 
were shown by Mr. Ernest Renshaw and Mr. W. C. 
Smith. An interesting feature was the processes 
of making wood-pulp bottles and containers, while 
the methods of manufacture of waxed papers also 
attracted considerable attention. The Sawston 
Village College was also visited under the guidance 
of its Warden, Mr. A. E. Filsell, M.A. 
The afternoon opened with short alternative 
visits to the Low Temperature Research Station of 
the University of Cambridge and the Department of 
Scientific and Industrial Research, Downing-street, 
and to the Cambridge University Press, Trumping- 
ton-street. The scope of the work carried on at 
Cambridge is well illustrated by the Report of the 
Food Investigation Board for the year 1930.* The 
visit was made under the guidance of the Superin- 
tendent, Sir William B. Hardy, M.A. The respec- 
tive parties met after their visits and proceeded to 
Magdalene College, where a garden party had been 
arranged, by invitation of the Master, the Right 
Worshipful the Vice-Chancellor of the University, 
Mr. A. B. Ramsay, and Miss Ramsay. This func- 
tion was somewhat interfered with by inclement 
weather, but nevertheless a very agreeable time 
was spent in the beautiful hall, common rooms, 
library, &c., of the college. 
The Institution dinner took place on the evening 
of Wednesday, in the banqueting hall of the 
University Arms Hotel. The chair was occupied 
by the President, Lieut.-Colonel E. Kitson Clark, 
M.A., who was supported by a distinguished 
and representative company on behalf of both 
the University and the town. The first toast, 
that of “The University and Town of Cam- 
bridge,” was proposed by Mr. E. Bruce Ball, who, 


before, said that 500 students was an enormous 


Such a practice often 


Two or three 


and instruction 
In some cases under the present 


The Vice-Chancellor, in a response full of delight- 


He believed that engineers would find 


It was open to doubt whether any 


The Mayor of Cambridge, 


&c., necessary. The marl or clunch is removed by 


this toast, and reminded his hearers that the Presi- 
dent’s father, the late Professor Clark, had been a 
prominent member of the: University, and that his 
son was a Fellow of Trinity. On the side of the town, 
the Mayor continued, the President’s sister, Mrs. 
Webber, was on the Town Council. The town was 
always both willing and anxious to help the Univer- 
sity. He concluded by saying that this year saw 
the 700th anniversary of the Mayoralty of Cam- 
bridge, that office having been there instituted by 
King Henry ITI. 

The President then rose to propose the toast of 
“The Guests,” and, in doing so, alluded to his 
early life at Cambridge and his first acquaintance 
with the Mayor at school there. The hospitality 
of Cambridge, he said, had been unbounded, and 
every member appreciated it very highly. It was 
of interest to note that the company included repre- 
sentatives from India, America, New Zealand 
Switzerland, Australia, Tasmania and China. The 
response to this toast was made by Professor Sir 
Joseph J. Thomson, O.M., in a speech full of 
interest. He recalled the difficulties attending 
engineering education at the time when he himself 
was studying it, and after some reference to Cam- 
bridge men who had distinguished themselves in 
engineering science, contrasted the changed condi- 
tions which then obtained and those which now 
existed, due to the development of competition by 
other nations. There were internal changes also 
in industry. The one-man businesses which had 
been very successful were now replaced by enormous 
concerns. It was fashionable now to think in 
millions, but that was not the real question, as 
many of the people who thought in millions, paid in 
sixpences. On the subject of education, with 
which Sir Joseph dealt at length, he said he thought 
modern methods were rather those of pouring in- 
formation into men instead of inspiring them with 
the desire and power to learn for themselves. This 
was regrettable ; men should leave the University 
not only with knowledge and the wish to read, but 
possessing the spirit of an artist or research worker 
—the artist who was never content with what he 
had done, but wanted to do something better, and 
the research worker who was never content with 
what he knew, but wanted to know more. Sir 
Joseph concluded by reviewing present industrial 
conditions. It seemed futile, he said, to suggest 
remedies, but it would appear that the virtue of 
doggedness in adversity was particularly desirable 
at the moment. 

Professor Lord Rutherford, O.M., then proposed 
the health of the President in a short but felicitous 
speech, and a still shorter acknowledgment from 
the President, terminated an evening which, it is 
safe to say, was thoroughly enjoyed by everyone. 
The programme arranged for Thursday, July 16, 
included one rather unusual item, namely, a visit 
to Newmarket races. Other members went by motor 
coach to Northampton, where a number of alterna- 
tive visits were provided for. These embraced an 
inspection of the boot and shoe factories of Messrs. 
Manfield and Sons and Messrs. J. Sears and Company 
(True-Form Boot Company), and the Northampton 
Electric Light and Power Company’s Hardingstone 
Junction generating station, under the guidance of the 
general manager and engineer, Mr. G. H. Jackson, and 
of Mr. H. E. Sharp. These parties met for luncheon 
at the invitation of the Northampton Electric 
Light and Power Company, after which the members 
again separated, some to visit the works of Messrs. 
Express Lift Company (Messrs. Smith, Major and 
Stevens) under the guidance of the works director, 
Mr. P. C. Major; others to the shoe factory of 
Messrs. Lotus Limited ; and others again to the picture 
gallery at Althorp, by invitation of the Right Hon. 
The Earl Spencer. 

Another excursion arranged for Thursday was a 
trip by river to Ely, with a call on the way to inspect 
the Swaffham and Bottisham Drainage Board’s 
pumping station, and the Burwell Fen Commis- 
sioner’s pumping station, the latter under the guid- 
ance of the resident engineer, Mr. J. Grandfield. 
After lunch, the party visited Ely Cathedral under 
the guidance of the Dean, the Very Rev. A. F. 
Kirkpatrick, D.D., A division then took place, 
some of the party visiting the Bishop’s Palace 





* H.M. Stationery Office, Kingsway, London, W.C.2. 





naturally as to render little adjustment in mixing, 


[Price 3s. net.] 


and garden, by invitation of the Lord Bishop of 
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Ely, the Right Rev. L. J. White Thomson, D.D., and 
others proceeding to Queen Adelaide, to inspect 
the Ely Beet Sugar Factory, this visit being under 
the guidance of the managing director, Mr. H. 
A. Willemstyn. The only processes being carried 
out at the time of the visit were those of sugar 
refining, the beet crop not being matured until 
October when, we understand, the factory has to 
be run night and day to handle the great mass of 
roots which are then delivered. The evening was 
set apart for a conversazione at the engineering 
laboratory, by invitation of Professor C. E. Inglis 
and Mrs. Inglis, and the staff of the University 
Engineering Department. It is impossible to 
attempt to describe either the new laboratories or 
the wide range of exhibits provided in the space at 
our disposal ; neither can we particularise when there 
was so much of equal interest. It will be sufficient 
to remark that even the most casual visitor must 
have been impressed with both the thoroughness 
and the wide range afforded in the engineering 
courses, as evidenced by the machinery and appa- 
ratus provided. 

The concluding day of the meeting, Friday, 
July 17, was like Thursday, arranged with three 
main excursions. The first of these was a motor- 
coach trip to Bury St. Edmunds, from which the 
party proceeded to Wretham Hall, where the 
members were entertained both to luncheon and 
tea by invitation of Sir John Dewrance and his 
daughter, Mrs. Evelyn Rich. The journey back to 
Cambridge was broken by a visit to Mr. V. R. 
Edwards’ flint-knapping works, at Brandon, where 
the technique of this almost vanished handicraft 
was exhibited. The second excursion was by train 
to Henlow and Letchworth, two parties being 
formed, of which one visited the Royal Air Force 
Home Aircraft Depot, under the guidance of the 
Officer Commanding, Group Captain A. V. Betting- 
ton, and thereafter being entertained to luncheon 
in the Royal Air Force mess by invitation of the 
Air Council. Another party inspected the First 
Garden City Waterworks, under the guidance of 
the engineer, Mr. A. W. E. Bullmore. This party 
was entertained to luncheon by invitation of 
the Letchworth Manufacturers’ Association. A 
drive round the First Garden City of both parties, 
under the guidance of the secretary, Mr. Harold 
Craske, and the engineer, Mr. A. W. E. Bullmore, 
followed, and then visits were made to the steel 
foundry and machine shops of Messrs. Kryn 
and Lahy,* to the motor-vehicle works of Messrs. 
Shelvoke and Drewry, and others. Tea in the 
Icknield Hall, by invitation of the First Garden 
City, was provided for all the groups of members. 

The third of Friday’s excursions was a visit by 
train to Peterborough, from which motor coach 
trips were made to a variety of works, &c. A party 
visited the cement works of Messrs. The Ketton 
Portland Cement Company, Ketton, and were there 
entertained to luncheon. This works is a good 
modern example of a plant using limestone and clay 
as the raw materials. Further parties visited one 
or other of the following places of interest : the City 
of Peterborough Electricity Works, or one of the 
works of Messrs. The London Brick Company and 
Forders, Limited. The parties were entertained to 
luncheon by the invitation of Messrs. Baker, Perkins, 
Limited, Messrs. Barford and Perkins, Limited, 
Messrs. The London Brick Company and Forders, 
Limited, and Messrs. Peter Brotherhood, Limited. It 
should be noted that a visit had been arranged to the 
works of this last firm, but just before the visit, it 
had been found necessary to apply for permission 
from the Government to enable it to be made, as 
Messrs. Brotherhood are contractors to various 
Government Departments. This permission had 
not arrived in time, so the visit had to be cancelled. 
In the afternoon, alternative visits were arranged, 
one to the works of Messrs. Barford and Perkins, 
Limited, manufacturers of motor rollers, and to 
those of Messrs. Baker, Perkins, Limited, manufac- 
turers of food-producing, laundry and chemical ma- 
chinery. The other party visited Burghley House, 
near Stamford, by invitation of the Most Honour- 
able The Marquess of Exeter. 

Most of the members, of whom there were 250, 
with 150 ladies, dispersed on Friday evening, thus 





* See ENGINEERING, vol. cxxv, page 744 (1928). 








ending a meeting which was thoroughly enjoyable in 
itself, and also most admirably organised. For this, 
while thanks are due to the Cambridge Reception 
Committee and the honorary local and assistant 
local secretaries, Professor C. E. Inglis, M.A., and 
Mr. A. H. Chapman, M.A., respectively, members are 
also largely indebted to the secretary of the Insti- 
tution, Brigadier-General Magnus Mowat, and his 
staff. 
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Vectorial Mechanics. By Louis Brann. New York: 


John Wiley and Sons, Incorporated. 
Chapman and Hall, Limited. [Price 25s. net.] 
Tuts book covers a wide range, and it is impossible, 
in the course of the present brief review, to do more 
than mention certain of the more prominent features. 
As the title indicates, a special point is made of 
vector processes, and the first and sixth chapters 
on vector algebra and vector calculus contain all 
that is necessary for a full appreciation of the 
main subject, which has been arranged according 
to the scheme— 
{ Kinematics 


{ Statics. 
*** | Dynamics 


Mechanics ‘+ | Kinetics 


Statics, which lends itself naturally to graphical 
treatment, is considered first, and in the course of 
five chapters, the author deals very effectively with 
the action of forces in two and three dimensions, 
the sections relating to the determination of stresses 
in framed structures being particularly good. The 
last chapter of this section deals with stresses in 
flexible cables. The author then deals with kine- 
matics, starting with the motion of a particle, and 
following this up with problems relating to kine- 
matic chains, epicyclic gearing, cams and wheel 
teeth. 

The last five chapters of the book deal with 
dynamics. The two chapters on fundamental 
principles and dynamics of a particle cover the usual 
ground, and do not call for special comment, except 
that in connection with dimensions the author 


adopts the method, unusual in this country, of , 


making force a fundamental unit instead of mass. 
In accordance with this notation, Mass has dimen- 
sions F L~! T°, i.e., force/acceleration, density is 
written F L-‘ T?, instead of the orthodox M L-’, 
kinetic energy becomes F L, instead of M L? T-2, 
and so on. 

Chapter XIV deals with dynamics of rigid bodies, 
and contains problems of practical interest relating 
to rotating bodies, balancing, governor action, &c. 
A brief but interesting section explains the applica- 


tion of vector principles to gyroscopic motion. | 
Impact is dealt with in the final chapter. Numerous | 


examples of a practical character, inserted at fre- 
quent intervals throughout the text, are a useful 
feature. A large number of engineering problems 
depend fortheir solution upon graphical methods, and 
although the author has applied vectorial methods 
in cases where ordinary mathematical processes 
might have provided a simpler solution, the book 
contains a large amount of valuable information 
which students of all branches of engineering science 
will find it well worth their while to study carefully. 
The book is excellently printed and indexed, the 
diagrams are clear, and the only apparent disad- 
vantage is the price which—so far as the average 
student is concerned—seems on the high side. 
Overhead Expense in Relation to Costs, Sales and Profits. 
By A. Hamitton Cuurcu. London: McGraw-Hill 
Publishing Company, Limited. [Price 25s. net.] 
RECOGNISING that the question of overhead expense 
has always presented many baffling problems, Mr. 
A. Hamilton Church, an American writer, has 
written a book dealing with this element of costs. 
Not infrequently, the circulation of books of foreign 
authorship dealing with production matters suffers 
because it is sometimes thought that the treatment 
given may not suit English conditions. While there 
may be some justification in this attitude, possibly 
on no subject would this be less likely to be justified 
than on the question of overhead expenses. In 
this connection, accountancy practice hasbeen, 
and quite often still is, sadly astray. The running 
of a works must entail the incurrence of many 
expenses. Some will be caused by men being 


London : | 








employed; some because machines are used 
requiring much, little, or no power, occupying 
much or little space, costing much or little money. 
Yet, all these expenses are often distributed as a 
percentage on wages, a basis which, because it has 
not necessarily any connection with or bearing on 
their incurrence, is likely to give the most mis- 
leading results. The results of the best costing 
system can be rendered useless unless overhead 
expenses, often the biggest factor, are correctly 
apportioned. The author says, and it is not un- 
reasonable to infer that he is referring to American 
practice, “this method is probably more wide- 
spread to-day than any other.” Certainly, in 
England, this has been the case, to the very serious 
loss of many firms whose resultant paper figures 
have been sadly at fault. 

The book is divided into five parts having, in all, 
forty-four chapters. The first part is devoted to 


_a general discussion of overhead expense. In this, 


the various factors of overhead are considered, as 
well as the different methods by which overhead 
can be apportioned. In addition to the percentage 
and hourly burden methods, the author elaborates 
on what he terms the ‘“‘ Process Dollar.” In plain 
English, this is known in many works as a machine 
rate, and where there is a big difference in the cost 
of power used or space occupied by any machine, 
a machine rate is built up which should ensure the 


' whole of the cost incurred by the purchase, housing 


and use of a machine, being recovered. 

The remaining parts of the book are devoted to 
the consideration of the influence and incidence of 
these various factors of overhead upon the whole 
and, consequently, upon prices. It is possible for 
overhead per unit of product to be increased, while 


‘actual overhead has remained stationary. Overhead 


per unit of product is the factor that matters, and 
this always involves rate of production. If this be 
realised, and the need for overhead expense’ to be 


| distributed as nearly as possible in accordance with 


its incurrence, the mental attitude is right. 

The book contains 412 pages of reading matter, 
and is quite well printed. It would appear to be 
well indexed although, if the references therein to 
depreciation are complete, -all too little would 
appear to have been said about depreciation of 
plant, a subject upon which there is plenty of scope 


| for treatment. 


Mr. Church’s book will help to induce the right 
point of view although, perhaps, readers will not 
be helped by many of the terms used. The great 
thing, however, is to obtain a proper grasp of the 
subject, and nowhere is this more necessary than 
in connection with overhead expenses. 





Werkstoffe, Physikalische Eigenschaften und Korrosion. 
Vol. I.  Allgemeiner Teil Metallische Werkstoffe, 
Vol. Il. Nichtmetallische Werkstoffe. By Dr. Erich 
Rasa. Leipzig: Otto Spamer. [Price 135 marks.] 

THE wastage of materials due to corrosion reaches 

an enormous figure every year, and constitutes a 

serious problem for constructional and maintenance 

engineers. The replacement of this wastage certainly 
calls for further production, so giving employment 
in different industries, but such replacement 
frequently adds very considerably to the costs of 
manufacture. An engineer gradually accumulates 
experience in dealing with the particular types of 
corrosion affecting the plant normally under this 
charge, but even in regard to this, so much work 
is being done in different countries that he has 
difficulty in keeping abreast with it, and in adapting 
it to his own needs. In addition to this more or less 
normal wastage, cases frequently arise where the 
construction of plant for carrying out a process, 
whether in an experimental installation or on 

a full-size manufacturing scale, depends on the use 

of materials which will resist the attack of particular 

agents. 7 
The monumental work of Dr. Rabald will be 

found of great value to engineers and chemists 

faced with such problems. It is based on a careful 
survey of all work published from 1897 to August. 

1929, some 10,000 references being given. It is not 

quite a text-book, neither is it merely a bibliography, 

but combines many of the features of both. Those 
who require a brief summary of the state of know- 
ledge on a particular subject will find their needs met 
by the critical discussion devoted to each item, 
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while those who are seeking for more detailed infor- 
mation will be guided in their search by the excellent 
manner in which the papers or books dealing with 
such details are indicated. The method of treat- 
ment is to give for each material the commercial 
forms in which it is available, with analyses, followed 
by a statement of the physical properties which 
must be taken into account, since they are often 
a controlling factor, necessitating the acceptance of 
a short life as a condition of carrying out certain 
processes. The general resistance to corrosion is 
next considered, followed by special data regarding 
the attack by different substances, these being 
arranged alphabetically, and information on the 
use of the material for protecting coatings, and of 
alloys in which it forms the principal constituent. 
This is followed by the bibliography relating to the 
particular material under consideration, naturally 
varying in length; in the case of iron and steel there 
are 2,781 references. 

Introductory chapters deal in a comprehensive 
manner with a general treatment of physical 
properties, especially of metals, physical tests, the 
causes and appearance of corrosion, the measure- 
ment of resistance to corrosion, and the combating 
of corrosion. The first volume also includes 
sections dealing separately with aluminium, lead, 
cadmium, chromium, iron, gold, cobalt, copper, 
magnesium, molybdenum, nickel, the platinum 
metals, silver, tin, tungsten, and zinc. 

The second volume, devoted to non-metals, has 
sections dealing with glass, wood and products 
similar to wood, ceramic materials such as tiles, re- 
fractories, stoneware, porcelain, artificial andnatural 
stones, quartz glass, prodorite, &c. Thisis followed 
by information about coating materials including 
alumina, magnetic oxide, enamels, fluorides, silica, 
phosphates, and silver salts, and sections dealing 
with varnishes, lacquers, paints, asbestos, tar, pitch 
and bitumen, rubber, cements for jointing various 
materials, carbon, leather, paper, oils, fats and 
waxes, celluloid, sulphur and textiles. 

It will be obvious that, in spite of the 1,634 pages 
contained in the two volumes, it is impossible to 
deal exhaustively with such a wide range of 
materials, but, as already indicated, the method of 
presentation and the information which is given 
should prove of very distinct assistance in many 
cases. Reference is made easy by the excellent 
indexing, a specially commendable feature being 
the index in each volume in which the attacking 
agents are listed alphabetically, with references 
to the pages on which they are dealt with, the 
material in connection with which they are so 
dealt with being also given in this index. The 
question of corrosion arises from two points of 
view, first in regard to the resistance of a specific 
material, which forms the main line of arrangement 
of this work, but there is also the question of 
selecting a material to resist a specific attack, and 
it is in connection with this phase that the index 
referred to will be found of special value. 








THE LATE MR. G. W. VOLCKMAN. 


WE regret to have to record the death, in a nursing 
home in London, on the 15th inst., of Mr. G. W. Volck- 
man, who was connected with much civil engineering 
work in this country and abroad. Mr. Volckman was 
born in 1873, receiving his early education at Dulwich 
College from which he passed to King’s College where 
he took a two years’ engineering course. In the 
ensuing nine years he was successfully an assistant 
under Mr. G. W. Manton, Mr. W. J. S. Binnis, and 
Sir J. Wolf Barry and Partners. Under the first he 
was connected with excavation and training works 
on the Mersey locks giving access to the Bridgewater 
and Runcorn Docks, and docks at the Royal Dockyard, 
Portsmouth. Subsequently he was engaged on the 
staff of Messrs. Price and Reeves on the Notting Hill 
Gate-Marble Arch section of the Central London 


ree 4 ’ and next was in charge of the construction College, Gower-street, the following awards have been 
of a 4} mile main line section of the South Eastern | made :—The Goldsmid Entrance Scholarship to Mr. H. 
Railway. Subsequently he was engaged on widening |G. Lillicrap, Erith County School; Archibald P. Head 
of the L. and N.W. and G.W. Joint line from Chester | } 
to Birkenhead. Mr. E. A. S. Simons ; Chadwick Medal and Prize (Muni- 
In 1902 he took charge of the sinking of caissons at a and Municipal Hygiene), Mr. H. E. 
Stopher. 


later of the sinking of the Sloane street Station shaft of 7 leper oo hoving hem quase | Win Somneme 
lvl 


_ Piccadilly Tube railway. Between 1902 and 1907) Russell, H. E. Stopher; Mechanical Engineering, 
'e acted as engineer and manager in charge of the| Kk. M. Leach, E. A. S. Simonis; Electrical Engineering, 


the site of the then proposed Avonmouth docks, and 


in the latter year he visited Canada to report on Lake 
ports. In 1908, he took up the position of engineer 
for the Montreal, Ottawa and Georgian Bay Canal 
Company, and in 1910 was engineer to the Dominions 
Dry Dock Company for which he designed docks at 
Quebec and St. John, 1,000 ft. long, 120 ft. wide and 
with 35 ft. of water over the sill. In 1910-1912, as 
chief engineer for Messrs. Macarthur Perks and Com- 
pany, Ottawa, he was responsible for the design and 
construction of concrete piers at Havana, and also for 
suction dredging and reclamation for Messrs. Barclay 
Parsons and Klapp, of New York. He next turned his 
attention to railway work on the Pacific coast, as 
engineer to the same firm, which had obtained the work 
for 120 miles of Southern Pacific Railway main line in 
Oregon. Later, work included the design of docks for 
Ascension, Paraguay, Port of Spain, Trinidad, &c. 
In 1928, he took up an appointment as chief engineer 
and representative in India and the east, of Sir 
Alexander Gibb and Partners. 

He joined the Institution of Civil Engineers as a 
Student in 1892. In 1925, he was made a full member. 
He was also a member of the Engineering Institute of 
Canada, and of the American Society of Civil Engineers. 





THE INSTITUTE OF METALS. 


Tue list of the papers, to be presented at the Ziirich 
meeting of the Institute of Metals, held from September 
13 to 18 next, has now reached us. Particulars of 
the meeting were given on page 11 ante. These con- 
tributions comprise, ‘‘ Experiments in Wire Drawing. 
Part I.—Behaviour of a Composite Rod,” by Messrs. 
W. E. Alkins and W. Cartwright; ‘‘ Experiments in 
Wire-Drawing. Part II.—Notes on the Relation 
between Reduction of Area by Cold-Drawing and 
Tensile Strength of H.C. Copper,” by Mr. W. E. Alkins ; 
‘* Brittleness in Copper,” by Mr. C. Blazey; ‘‘ The 
Application of the Spectrograph to the Analysis of 
Non-Ferrous Metals and Alloys,’ by Dr. H. W. 
Brownsdon and Mr. E. H. S. van Someren; “ The 
Physical Testing of Copper and Copper-Rich Alloys 
in the Form of Thin Strip,” by Dr M. Cook and Mr. E. 
C. Larke; ‘‘ The Attack on Mild Steel in Hot Galvanis- 
ing,’’ by Mr. E. J. Daniels; ‘‘ The Oxidation of Some 
Copper Alloys,” by Dr. J. S. Dunn; ‘The Drawing 
of Non-Ferrous Wires,” by Mr. E. L. Francis and 
Professor F. C. Thompson; “*‘ Unsoundness in Alumi- 
nium Sand-Castings. Part I.—Pinholes: Their Causes 
and Prevention. Part I1.—The Effect of Using Metal 
Previously Subjected to Corrosive Conditions,” by 
Professor D. Hanson and Mr. I. G. Slater; ‘‘ Trans- 
formations in the Gold-Copper Alloys,” by Dr. J. L. 
Haughton and Mr. R. J. M. Payne; with an appendix 
on ‘ X-Ray Examination of Gold-Copper Alloys,”’ by 
Mr. G. D. Preston ; ‘‘ The Macro-Etching of Aluminium- 
Silicon Alloys,” by Dr. W. Hume-Rothery ; ‘ Nickel- 
Copper Alloys of High Elastic Limit,’’ by Messrs. J. D. 
Jones and W. T. Griffiths and Dr. L. B. Pfeil; ‘‘ The 
Copper-Magnesium Alloys. Part 1V.—The Equilibrium 
Diagram,”’ by Mr. W. R. D. Jones; “ Applications of 
the Electric Furnace for Non-Ferrous Metals, with 
Special Reference to the Bright Annealing Process,” 
by Messrs. H. C. Kloninger, G. Keller, and . Meuche ; 
‘** Physico-Chemical Study of the Gold-Copper Solid 
Solutions,” by Professor N. 8S. Kurnakow and Mr. N. 
W. Ageew; ‘‘ Constitution of the Alloys of Silver and 
Mercury,” by Mr. A. J. Murphy; “Note on the 
Failure of a High-Strength Brass,’ by Messrs. J. E. 
Newsom, and A. Wragg; ‘The Diameter Measure- 
ment of Certain Brinell Indentations in Cold-Rolled 
Metal,” by Dr. H. O’Neill; ‘‘ The Work-Hardening 
Capacity and Elongation Properties of Copper,’’ by 
Dr. H. O’Neill and Mr. J. W. Cuthbertson; ‘‘ The 
Spectrographic Assay of Some Alloys of Lead,” by 
Mr. D. M. Smith; ‘ Melting Nickel-Chromium Alloys 
in Hydrogen,” by Dr. C. J. Smithells, and Messrs. S. V. 
Williams and E. J. Grimwood; ‘‘ The Protection of 
Magnesium Alloys Against Corrosion,’ by Messrs. H. 
Sutton and L. F. Le Brocq; “The Effect of Cold- 
Rolling and of Heat Treatment on Some Lead Alloys,” 
by Messrs. A. Waterhouse and R. Willows; and “ Influ- 
ence of Variations in Heat-Treatment and Ageing on 
Duralumin,” by Professor A. von Zeerleder. The 
offices of the Institute of Metals are at 36, Victoria- 
street, London, S.W.1. 








UNIVERSITY oF LONDON, UNIVERSITY COLLEGE, 


Lonpon.—In the Faculty of Engineering, University 


Memorial Medal and Prize (Mechanical Engineering), 


Among the diplomas awarded, the following 


and Municipal Engineering, C. H. Cousins, 


THE P. & O. TURBO - ELECTRIC 

LINERS ‘“STRATHNAVER’’ AND 

‘* STRATHAIRD.”’ 

Ir is a matter of common knowledge in shipping 
circles that the performance of the turbo-electric 
liner Viceroy of India has satisfactorily fulfilled the 
expectations of its designers, and it is no doubt largely 
due to the results obtained with this vessel that the 
Peninsular and Oriental Steam Navigation Company 
decided after no very long interval to adopt the same 
system of propulsion on their new ships, the Strath- 
naver and Strathaird, which are now being completed 
at the Naval Construction Works of Messrs. Armstrong- 
Vickers, Limited, Barrow-in-Furnace. Actually, the 
first of these ships was launched on February 5, 1931, 
but the second not until Saturday last, July 
18; it is hoped that both will be delivered before 
Christmas. The two ships are similar in design and 
equipment and may therefore be described together. 

Beginning with the general dimensions it may be 
said that the overall length is 664 ft. and 630 ft. between 
perpendiculars. The breadth is 80 ft., the draft 
29 ft. and the gross tonnage 22,000. The vessels have 
been designed for cruising at a speed of 22 knots and 
will be equipped with propelling machinery with an 
aggregate output of 28,000 shaft horse-power. Accom- 
modation will be available for 498 first-class passengers, 
668 tourist-class passengers and 476 officers and crew. 
The vessels are, of course, being constructed to satisfy 
the British Board of Trade requirements for passenger 
ships and will be classed 100 Al at Lloyd’s. They have 
a straight stem, which is raked forward, two masts, 
three stream-lined funnels and a cruiser stern. The 
hull is sub-divided by twelve water-tight bulkheads, 
the latter being fitted with doors, which can be closed 
electrically from the bridge. Oil fuel, fresh water and 
water ballast will be carried in a cellular double bottom, 
which oil fuel bunkers are arranged at the sides of the 
boilers and refrigerating machine room, and fresh water 
tanks immediately aft of the engine room. 

The main steam raising plant will consist of four 
Yarrow boilers of the five-drum double-flow side-fired 
type, which will be fitted with superheaters and air 
heaters and will deliver steam at a pressure of 400 lb. 
per square inch and a temperature of 725 deg. F. In 
addition, there will be two auxiliary boilers of the 
same design, which, like the larger units, will burn 
oil fuel. This fuel will be supplied to the main boilers 
by two electrically driven duplex pumps and to the 
auxiliary boilers by a simplex pump. All the boilers 
will be operated on the Howden forced draught air-duct 
system. The main propelling machinery will consist 
of two British Thomson- Houston turbines, which will ex- 
haust into Weir regenerative condensers with a cooling 
surface of 32,000 sq. ft., so that a vacuum of 28 in. can 
be maintained with a sea water temperature of 82 deg. F. 
These turbines will be coupled to 10,700 kw. alternators, 
which will generate three-phase current at a pressure 
of 3,000 volts, when running at 3,000 r.p.m. These 
machines will supply two synchronous propulsion 
motors, each of which will have an output of 14,000 
shaft horse power when running at 125 r.p.m. The 
control equipment for this installation will comprise 
isolating switches enabling each alternator to be 
connected to its own motor, or either of the alternators 
to be connected to both motors. In addition, three 
levers will be provided for operating contactors and 
controlling the speed of the turbine, the system em- 
ployed being similar to that already in use on the 
Viceroy of India. 

Other engineering equipment will include an electro- 
hydraulic steering gear and telemotor, an electric 
windlass with extended ends for warping and two 
electric capstans, as swell as electrically driven cargo 
and boat winches. In addition, refrigerating plant 
will be installed for cooling the chambers in which 
frozen cargo can be stored and ventilation will be 
effected by both natural and mechanical means, the 
Thermotank Company’s punkah louvre system being 
installed for supplying warm or cool air. The 
necessary energy for these purposes, as well as for 
lighting will be supplied by four auxiliary turbo- 
generators, three of which will have a capacity of 
750 kw., while the output of the fourth will be 400 kw. 
These sets will also supply the electric cooking equip- 
ment. 

As regards accommodation, 262 of the first-class 
passengers can be housed in single-berth and the 
remainder in double-berth cabins, while there are also 
12 de luxe cabins. The public rooms will include a 


corridor lounge, verandah cafe, children’s playground 
and swimming-bath house. 


The tourist class passengers 
will be accommodated in two and four berth cabins, and, 
in addition to the usual public rooms, will also have 


the use of a swimming bath. 








CHANGE OF ADDRESS.—The offices of the Argentine 


Chamber of Commerce in Great Britain, have been 
removed from 


Regent-street, to River Plate House, 








Bermuda Dockyard extension for the Admiralty, and|N. E. G. Hill. 


12-13, South-place, London, E.C.2. 
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LABOUR NOTES. 


Accorp1n¢ to the latest official report of the United 
Pattern Makers’ Association, the total membership 
of the organisation is now 11,221. The number of 
unemployed members has increased to. 2,738, with 
reports still to come in from Birmingham and Dudley. 
Commenting upon the new agreement with the Engi- 
neering and Allied Employers’ National Federation on 
the subject of working conditions, Mr. Wardale, the 
president, says that he offers no apology for the part 
he took in negotiating it. He regrets that the terms 
are not better, and accepts his share of the full respon- 
sibility for the work of the Committee. The members 
may approve or disapprove of his efforts, he says, but 
if any decision he is called upon to make as president 
means that the members, to whom he has given the 
best years of his life, are to suffer without the neces- 
sary funds to assist them, he will regard it as in the 
best interest of the Society to withhold it. 


“J. R.,” writing in the July issue of the Electrical 
Trades Journal, the organ of the Electrical Trades 
Union, is severely critical of the new agreement, which 
he describes as ‘‘ wholly unsatisfactory.” ‘* Con- 
cessions have been made,” he says, “on practically 
everything that matters, except wages of day workers, 
There is no further double time for overtime; the 
first two hours have also been reduced to time and a 
quarter. Night shifts have been reduced from time 
and a third to time and a sixth. Overtime on night 
shifts has been reduced from time and two-thirds to 
time and a quarter for the first two hours and thereafter 
time anda half. Again, double time has been abolished. 
On double day shift and/or three-shift system, actually 
two out of the three shifts receive less than a week’s 
wages, as the morning shift and the afternoon shift 
will only be paid forty-five hours per week.” 


“It is true to say,” ‘J. R.”’ proceeds, “ that the 
hours worked are less than the hours paid for, but it is 
abominable that men should be expected in times of 
prosperity to work for less than a week’s wages, because, 
undoubtedly, double day shift or three-shift systems 
can only be regularly worked if orders are there to 
execute. The greatest reduction, however, is on 
systems of payment by results. Hitherto, the compu- 
tation has been on the basis that the average workman 
is able to earn 33} per cent. in addition to his day work 
rate. This has now been reduced to 25 per cent., and 
in practice will mean substantial reductions to the 
members affected. Needless to say, the E.T.U. dele- 
gates spoke and voted against acceptance of the 
proposals, but the majority accepted them, believing 
they were not in a position, owing to the state of trade, 
to effectively oppose them, and certainly not because 
they liked them. The only hope is that trade, and 
more especially employment, will so improve as to 
enable the workers to force back from the employers 
what the employers have forced from them.” 


Yesterday, at Carlisle, representatives of the Ship- 
building Employers’ Federation and representatives 
of the shipyard trade unions again discussed the 
proposals relating to working conditions and wages 
submitted recently by the employers. Since the last 
full conference, joint sub-committees have locally and 
nationally examined details of the scheme, but nothing 
appears to be known outside official circles of the 
decisions arrived at. ‘In this section again,’’ writes 
“J. R.,” * the E.T.U. are solid against any reduction in 
wages or worsening of conditions.” 


At a special meeting at the Ministry of Labour on 
Friday of the Joint Industrial Council for the electricity 
supply industry it was decided to appoint a joint 
committee to deal with the difference that has arisen 
over the decision of the workers’ side to terminate the 
sliding-scale agreement. The committee is to meet at 
Manchester on July 28, and its business will include, 
it is understood, the consideration of reports from the 
Area Councils and representations by both employers 
and unions as to the future basis of wages. 


The Amalgamated Union of Building Trade Workers 
has rejected the employers’ proposals for a new agree- 
ment, to take the place of that which expired in March, 
by 7,117 votes to 3,151. A conference of the organisa- 
tion at Edinburgh last week adopted a resolution 
recommending that, in any new national wages agree- 
ment, no further reduction should be accepted. 


The British Minister of Labour states, in a written 
reply to a question in Parliament, that it has been 
officially reported that on June 30 the number of 
persons in Germany registered by public employment 


exchanges as unemployed was approximately 3,962,000. 
In Italy 670,353 persons were recorded by the National 
Social Insurance Fund as wholly unemployed and 
28,780 as partially unemployed at the end of April. 
In Austria there were 286,932 persons on the registers 
of the employment exchanges at the end of April. 
For Hungary the only available information relates 
to the proportions unemployed among certain trade 
unions with about 145,000 members ; of these members, 
28,171, or 19-4 per cent., were reported in April to be 
unemployed. There are no statistics of unemployment 
in Russia. 





The Ministry of Labour Gazette states that employ- 
ment showed a further decline, on the whole, during 
June. Among workpeople insured against unemploy- 
ment in Great Britain and Northern Ireland, the per- 
centage unemployed in all industries taken together 
was 21-8 at June 22, 1931, as compared with 20-8 at 
May 18, 1931, and 15-4 at June 23, 1930. For males 
alone the percentage at June 22, 1931, was 23-2, and 
for females, 18-4. At May 18, 1931, the corresponding 
percentages were 21-9 and 17-9. It is estimated that 
on June 22, 1931, there were approximately 9,271,100 
insured persons, aged 16 to 64, in work in Great Britain. 
This was 109,600 less than a month before, and 578,300 
less than a year before. 





At June 22, 1931, there were 1,851,421 persons on the 
registers of Employment Exchanges in Great Britain 
who were out of a situation. This was 10,859 more 
than a month before, and 690,486 more than a year 
before. The total included 1,364,767 men, 48,237 boys, 
399,741 women, and 38,676 girls. It was made up 
approximately of 1,274,910 insured persons who had 
paid at least 30 contributions during the preceding two 
years, and therefore satisfied the full contributions 
condition for the receipt of unemployment benefit ; 
489,640 insured persons who had paid less than 30 
contributions during the preceding two years; and 
86,870 uninsured persons. The claimants for benefit, 
numbering 1,691,786, included 233,274 men, 5,606 
boys, 44,973 women, and 2,768 girls who had been on 
the register for less than one month. 





There were registered as unemployed in Great 
Britain, 469,102 men, 16,009 boys, 166,868 women and 
10,162 girls, who were on short time or were otherwise 
suspended from work on the definite understanding 
that they were shortly to return to their former 
employment. The total of 662,141 was 111,234 more 
than a month before, and 100,007 more than a year 
before. Of persons who normally seek a livelihood by 
means of jobs of short duration, there were on the 
registers in Great Britain, 111,372 men, 272 boys, 
2,158 women, and 22 girls ; these were mainly employed 
in dock, harbour, river, and canal service. The total 
of 113,824 was 1,644 less than a month before, but 
21,551 more than a year before. 





There was a further decline in coal-mining and in 
general and marine engineering. Unemployment also 
increased in pottery and glass manufacture, in the 
motor vehicle, cotton, wool, lace, textile bleaching and 
finishing, and clothing industries, and in building and 
public works contracting. There was some improve- 
ment, however, in slate quarrying, the brick and tile, 
tinplate, jute and artificial-silk yarn industries, the 
distributive trades, dock and harbour service, and hotel 
and boarding-house service. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation in 
June resulted in a decrease of about 13,1001. in the 
weekly full-time wages of 152,000 workpeople, and in 
an increase of 6501. in those of 17,500 workpeople. 
The principal bodies of workpeople who sustained 
reductions during the month included coal-miners in 
North Staffordshire ; brick, tile, &c., makers in various 
districts ; workpeople employed in the heavy chemical, 
explosives, and allied industries; steel workers at 
Sheffield ; bobbin and shuttle makers in England and 
Wales ; workpeople employed in the linen and cotton 
handkerchief and household goods, &c., trade in 
Northern Ireland; textile makers-up and packers at 
Manchester ; asbestos workers; road-vehicle builders 
in Scotland; railway workers in Northern Ireland ; 
workpeople employed in the non-trading services of 
local authorities in the West Midlands and Middlesex ; 
and waterworks employees in Lancashire and Cheshire. 
Workpeople whose wages were increased included coal- 
miners in Warwickshire and iron puddlers and millmen 
in the North-East Coast area. 





The number of trade disputes, involving stoppages 





of work, reported to the Department as beginning in 


June, was 23. In addition, 18 disputes which began 
before June were still in progress at the beginning of 
the month. The number of workpeople involved in all 
disputes in June (including workpeople thrown out of 
work at the establishments where the disputes occurred, 
but not themselves parties to the disputes) was about 
18,400, and the aggregate duration of all disputes in 
June was about 116,000 working days. 





At the end of June, 25,685 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society 
were “signing the books,’’ compared with 25,057 at 
the end of May. The number of members in receipt 
of superannuation benefit increased from 4,995 to 
5,002, and the number in receipt of sick benefit decreased 
from 2,158 to 2,070. In May, which had to bear 
five weeks’ outlays, the expenses were 11,1851. 16s. 5d. ; 
while in June, with only four weeks’ expenses, they 
were 9,4311. lls. 2d. 





Addressing the annual conference of the Miners’ 
Federation of Great Britain, which is sitting at Black- 
pool this week, Mr. E. Edwards, M.P., acting president, 
said that, in future, their policies must be two: Firstly, 
to raise the economic level of their industry; and, 
secondly, to make their organisation fully representative 
of the workers in it. In his view, if their industry 
could not be raised to a higher level, they could not hope 
even to improve the present miserable standard. But 
he believed the economic level of the coal industry 
could be raised by a vigorous movement along the 
following lines :—(1) Elimination of internal competi- 
tion, leading to a raising of the general price level and 
the co-ordination and control of the industry by a 
strong central body; (2) elimination of waste in the 
administration and working of collieries; (3) the 
imposition of a national levy to facilitate export 
trade, pending the conclusion of an international 
agreement; and (4) the fullest possible application 
of scientific methods in the production, treatment, and 
utilisation of coal. 





On July 13, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
1,858,512 wholly unemployed, 672,590 temporarily 
stopped, and 111,587 normally in casual employment, 
making a total of 2,642,689. This was 8,401 more 
than a week before, and 702,823 more than a year 
before. Of the total number on the registers, 1,946,687 
were men, 64,486 boys, 580,682 women, and 50,834 
girls. 





The following emergency resolution was passed by 
the Miners’ Federation of Great Britain at its annual 
conference in Blackpool:—‘‘ That this conference 
records its strongest disapproval of the majority 
recommendations contained in the Interim Report of 
the Royal Commission on Unemployment Insurance, 
and generally approves the evidence submitted by 
the Trades Union Congress, and urges legislation along 
those lines.”’ 





A composite resolution embodying proposals from 
South Wales and Yorkshire relating to the Workmen’s 
Compensation Acts was unanimously agreed to by the 
Conference. It called on the Government to introduce 
a new Compensation Act on the principles approved 
by the Trades Union Congress and the Labour Party, 
and in particular, that it should provide full com- 
pensation in cases where the employer refused to find 
the light work mentioned in the medical referee's 
certificate. 





A development has taken place which may have 
far-reaching effects on the Lancashire controversy 
over the eight looms question. On Monday, the 
Weavers’ Association decided to accept a scheme put 
forward by Messrs. James Nelson, Limited, Nelson, 
which provides for the first time in the weaving section 
of the cotton industry a fall-back wage of 58s. per 
week for eight looms and 60s. for artificial silk looms, 
for a 48-hour week. An agreed bonus scheme will be 
instituted by which the earnings of weavers above 
58s. and 60s. a week will be increased. The speed of 
the looms will be determined by experience, and reports 
will be presented by outside investigators. Yarns 
will be carefully selected and prepared in order to 
reduce breakages toa minimum. The firm will supply 
auxiliary labour for sweeping, cleaning, oiling, * cut 
and weft carrying; new preparatory machinery will 
be required, and the displaced labour (if any) in the 
weaving-sheds will be given the first available oppor 
tunity of this alternative employment. No deduction 
will be made from the weaver’s wage under this system 
for the production of alleged unmerchantable cloth. 
It is stated that, even if the scheme is rejected by the 
Employers’ Association, Messrs. Nelson will proceed 





with it. 
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THE STRENGTH OF FRONTAL AND | resistance to this will be referred as the resistance to | is to say, the four half-fillets—which have to carry the 
LATERAL WELDS.* tear, whilst its value per square centimetre will be| whole of the total load. The effective surface of the 
By E. H denoted by Ks. Some of the values of Ks observed | one is / x h, from which F, = 4 Al. 
y 4. HOERN. are given in Table I. 

Lar welds may be either frontal or lateral. The joint | on E ? TaBLE III.—The Resistance of Thick Specimens to Tearing 
is made by running in a fillet between the edge of one = vacmastheaiiac itt Pann ef ee fe Prenen # percha (K5), and to Shear (K ,). Height of Filleth = 1-5 em. 
plate and the face of another. The edge of the plate| yeicnt of Fillet : én all cases. 
in question may either be square or bevelled. The h. Ks Tay : Sagtad Gos She ETT Ge ae 
term lateral is used to denote a weld which runs parallel | Cee Pa + — Series O. Series EB. 
to the line of action of the resultant load on the weld, a ten | i te ae 

0-6 cm. 2-7 to 3-3 tonnes per square cm. Frontal Welds. 
| 0-9 ,, | 2-2to3-1 ,, i Tearing surface 
| 12, | 20085 5 © i Fs = 2 bi, per | 3 | 
1°5 ,, 1-4* to 2-6 ,, ve 8q. cm. aad 18-0 | 18-0 
| > ee ep itn ae Sie Z Load at rupture 
* The lower value is extrapolated. Q tonnes. 49-8 43-0 
All the welds were made by the Quasi-Are process. | Ks = My » kg. per | : 
The tabulated value of Ks were deduced from the r nn pe. >. 
q. cm. sal 2,770 | 2,390 
expression 
) Lateral Welds. | 
Ks = zo = ~ sg vapey = | 
a 2 Fs 2 r= , per : | 
(24944) — “BNGINEERING where Q denotes the total load at rupture, and Fs a. > saat 30 45 = 60 | 30 45 = 60 
Fig.2. the area of the surface of adhesion of the fillet | ~ Q, Pang a 60-7 84-5 (100) 57-5 83-0 91-0 
- to the edge of the plate (not the area of rupture), 4 Q | 
Ke 185 ' 185» SPECIMEN N°S whilst / is the height of the fillet and b its length. | Kt = y, » k#- per 
F . . 63. ; Lateral Fillets.—Lateral fillets are mainly sub- sq. cm. ..| 2,030 1,870>1,670 | 1,910>1,840>1,520 

S a ae jected to shear, and the shearing strength per 

% 50 Adhesion. 

i 8 pe h i —— surface, | | 

La ‘ s+ ’ re | 
ai ay a tt; bad sq. cm. < ee 48 63 | 48 63 
64. 65. 66. Load at rupture, ; } 
tonnes .. .-| 100 (8&9) | 88 94 
[a Adhesion stress, | | 
kg. per sq.cm. | 2,080 ? | >1,840 >1,490 
! et AD sex! st ban Sera ee ae Se 
6tEgk Hxg’k 1D IZ 
7 a 68. —69. It may be noted that in Table II the figures preceded 
$ ( by the sign > do not refer to the resistance of the 
+ 60- 
be ' ' ] tg. 4. 2 
. ze Poy kre ine 
4 70. 7. 72. , + 6o-£ 
S . 3 E 
[¢ 60 — | = E 
| ah | | Tit 
cig h stg? ts ae --—- $00 -----—-se---~-- 
13. 14. 15. SHUT TTT 
If ia . 2 -+-- J4Q*------ 
8 “3 z 4 
pl 
ee geen 4 2 ----- 699------ 
. 16. 71. 8. de ‘nee 
p-1--$1-4---. 370 + 3618 
aa Y " 
oo D, TOTTI 
. 6h # Bt mare =f lege gh le COE tpt Faas 
¢ 185-->1# 185 -----> a (2494.0) f 
(2494.8) “ENGINEERING (2494.0) ENGINEERING” “ENGINEERING 
Fig.5. - . fillets, since in these cases it was the cross- 
9 Fig.6. Fig.7. Fia.8 straps which failed, the fillets remaining 
4000, y. intact. 
shed l=2cm u-3 cm l=4cem The term ‘‘adhesion” will be used to 
Ww Sar Ww denote the resistance of cross-straps welded 
a. od Pies G G w W, at every edge, i.e., at front, back, and 
ae ae J ws J sides. This adhesion includes both resist- 
‘~ > « 2000 = ee SQ _ <j - ance to tearing and resistance to shear. 
g G a g E = V G > E ‘oa It may be noted, in passing, that in the 
S 2000 ~ 7 a case of specimens 73 to 78, Fig. 2, it was 
> , the cross-straps that gave way, whilst the 
& oo fillets were unbroken. 
< Later on, the foregoing series of tests 
100 going 1 
| p —_ ——— be ee pera 
plates, particulars of which will be founc 
06 09 12 15 06 09 12 15 06 0g 12 hs oa Fig. 3. 
os as 3 Js hom —— The cover plates were 2 cm. thick, but 


(-¢o0r~) h saad 
whilst in a frontal weld the fillet stands square to this 
resultant force. 

A section through a square-edged frontal fillet is 
represented in Fig. 1. Experiments made by the 
author in 1921 showed that the resistance of the fillets 
was reduced by bevelling the edge of the plate. A 
systematic experimental study of the relative strengths 
of lateral and frontal welds was begun in 1923, and of 
these a brief résumé is given below. 

The specimens employed are represented in Fig. 2. 
Each consisted of a bar cut in two and the halves 
rejoined by welding on double-cross straps, as indicated. 
In the case of specimens 61 and 62, the cross-straps 
were welded only at the front and back edges, whilst 
lateral welds were used for specimens 64 to 72. In the 
case of specimens 73 to 78 both types of weld were 
employed. The total number of specimens tested was 
208. 

Frontal Welds.—Frontal welds are subject both to 
shearing and bending forces. The disruptive forces 
tend to tear off the fillets from the plate, and the 





* Translated from a report to the Swiss Boiler Owners’ 


of K, as experimentally determined are recorded in 
Table IT. 


TABLE IT.—Mean Shearing Resistance of Lateral Fillets 


in tonnes per square centimetre = Kr. 
ee 
| = length of fillet. 
Height of | 
Fillet. | Sa ee 1 
h. | 2 =2-0cm. | Ll=3-0cem. | =4-0cm. 
0-6 cm. 2-04 to 2-86 | 2-12 to 2-83 >1-92 to >2-23 
0-9 ,, | 1-60to 2-29 | 1-78to2-22 | $1-67 to 2-18 
. = | 1-52 to 2-24 | 1-34 to 2-09 1-64 to 1-92 
ES .. 1-2* to 1-95 1-2* 1-2* to 1-72 


to 1-74 | 





* The lower values are extrapolated. 
The values of K, are deduced from the expression 
eg 
et: amt 
where F, denotes the surface of adhesion of the fillet, 
whilst h is the height of the fillet and / its half length, 
the whole length being L = 21. 





The specimens consisted of two half-bars separated 





Association, 


by an open joint, and it is the fillets on each half—that 


the height / of the fillet was only 1-5 cm. 


square centimetre will be denoted by K,. Some values | There were two series of these experiments, the general 


results of which are summarised in Table III. Where 
the entries are prefixed by the sign > it was the 
cross-straps which failed, and not the welds. 

The characteristics of the specimens used in other 
tests made in 1927 are shown in Fig. 4. In this case, 
the height h of the fillets was 1-4 cm. Two identical 
specimens of each type were used in the research, and 
the mean results obtained are set out in Table IV. 

Taste 1V.—Adhesion of Welds Tested in 1927, 
Specimen No. 1. Adhesion 
Ks + K,= 1,880 kg. per sq. em. 
In each case one cross-strap was torn off, whilst the 
other parted. The load at rupture was 63 tonnes. 
Adhesion 
Ks + K,> 1,210 kg. per sq. cm. 
The cross-straps broke under a load of 68 tonnes. 
Specimen No. 3. Resistance to 
shear K, > 1,580 kg. per sq. em. 
The cross-straps broke under a load of 62 tonnes. 

The results obtained with the specimens represented 
in Fig. 2 have been plotted in Figs. 5 to 8. The letters 
correspond to different series of tests, whilst points to 
which an arrow is affixed refer to cases in which it 
was the cross-straps, and not the welds, which failed 


Specimen No. 2. 
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hence the points in question should really lie 
higher. 

From these diagrams it appears that the specific 
resistance, both of frontal and lateral welds, decreases 
as the height of the fillet increases. On the other hand, 
the specific resistance of lateral fillets to shear is 
independent of the length. (In Figs. 6 to 8 the values 
of 1 represent half the total length of the cover plates.) 

In Fig. 6, 1 was 2 cm., and in Fig. 7,3cm. The curves 
are of practically the same height. With regard to Fig. 
8, where 1 = 4. cm., it must again be noted that the 
points to which an arrow is attached refer to cases in 
which the cross-straps failed and not the welds, so 
that the real resistance to shear was more than 
indicated. 

The Strength of Frontal Fillets.—If, in Fig. 9, the 
edge AC were displaced parallel to itself, tensions 


0 02 04 06 08 10 


(2494.6) h.cm 


would be developed in the fillet 
ABC. In order to determine the 
distribution and intensities of 
these tensions it would be neces- 
sary to know the run of the stress 
lines traversing the fillet. Unfor- 
tunately, no measurements dealing 
with this have as yet been made, 
but the character of the stress 
lines is known for the case of a Fig. 
solid unbroken bar to the middle : 
of which double cross-straps have 
been welded, as indicated in Fig. 
22, on the opposite page. 

It is thus possible to sketch in, 
as in Fig. 9, the general run of 
the stress lines through the fillet. 
They are, presumably, more closely 
spaced near A than near C. 
Nothing is known, however, as to 
their distribution in the cross- 
straps, but this matter will be 
discussed later on. 

This question as to the run of 
the stress lines calls for some re- 
marks on the form of the fillet. 
It will be evident that sections 
such as are representea in Figs. 9 and 12 are superior to 
that shown in Fig. 11. Astill more favourable arrange- 
ment is sketched in Fig. 13, where the upper edge 
of the plate has been chamfered off. As matters stand, 
sections such as shown in Fig. 11 are now seldom 
met with; the more usual arrangement is represented 
in Fig. 12, which is, in fact, sometimes specified. 

Referring to Fig. 10, let AB be taken as the X axis, 
and AC as the Z axis. The principal stresses can be 
resolved along these axes, and will have components 
H and V, respectively. In order to estimate the 
distribution of H we may make use of two considera- 
tions, of which one is definitely known. Since the 
principal stresses at A are greater than at C, this will 
also be the case with the component stresses. Evidence 
in support of this will be found in Tables IT and ITI. 

If the cross-strap were displaced, a bending moment 
would be developed on the section AC which might 
be represented by a couple R, having a lever arm 
equal to r. Calculation shows that, in every case, r is 
small, being always less than } A. If the tensile and 
compressive stresses were uniformly distributed, the 


4a mm 


arm of the couple would be exactly Pl Consider, for 


example, the case of the O series of tests, Table III. 


Here R = 5 24-9 tons, and his 1-5 em. Hence, if 








r= . its value would be 0-75 cm., and the moment 


would be 18-7 kg.-cm., which is equivalent to a stress 
op, of about 8,300 kg. per square centimetre, If, on the 
other hand, r were 0-326 cm., the value of o, would be 
3,600 kg. per square centimetre. It follows accord- 
ingly, that the tensions H, Fig. 10, must be distributed 
much in the way represented by the line EF. 

The values of Ks, given in Tables I and III, are less 
than the normal tensile strength of the metal, a fact 
which must be attributed to the bending stresses on 
the joint. 

A weld is subject both to normal tension and to 
shear, and there is a known formula for computing 
the maximum stress under these conditions, viz., 





K =0-35¢+0-65Vo?+472 . . (1) 










millimetres, as Ks = we kg. per square milli- 
metre. . ° : ° : : ° - (2) 

These formule may be applied to estimate the 
resistance of a frontal weld. The safe working stress 
8 is obtained by dividing Ks by a factor of safety. 
For this the author adopts the value 5 for double 
cross-straps arranged symmetrically, as in case A,, 
Fig. 24, and 6 for a single cross-strap, as in 
cases A, and A;, Fig. 24. High values have 
been selected for these factors in view of the uncer- 
tainty of securing perfect welds. 

Hence, the safe working stress may be expressed as 








5, = 100 = + kg. per sq. cm. for double cross-straps, 
15h + 40 
(Formula 3), andas 3, = 100 Gh+e kg. per sq. cm. 
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Unfortunately, this formula cannot be ap- 





























4. 








plied to the case of a frontal weld, since this is 
subject to stress both along the X and Z axes. 
Indeed, as shown later, in Fig. 22, there 
are also stresses and strains along the Y axis. Similar 
cousiderations apply also to welded frameworks. In 
the case of hollow welded receivers, the existence of 
stresses in all three directions cannot be ignored. 
Whilst awaiting further and more complete strain 
measurements on such welds, only empirical methods 
are available for computing the strength. 

The specific tearing resistance of the fillet diminishes 
as the height of the weld increases, and the results of 
the author’s experiments on this head are represented 
in Fig. 14, which differs from Fig. 5 by the inclusion of 
all recorded values. A mean curve has been plotted 
which passes through the point Ks = 4,000 kg. per 
square centimetre for h=0. When h=0, the 
bending moment Rr, Fig. 10, disappears, and, as the 
result of numerous tests, 4,000 kg. per square centi- 
metre, may be taken as a fair representative value of 
the ultimate tensile strength of the metal. The curve 
drawn is part of a hyperbola, the equation to which 
100 x (15h + 40) 

h+1l 
per sq- cm., or, if the dimensions are taken in 


(24944) 


may be expressed either as Ks = kg. 
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for single straps (Formula 4). In both cases, the value of 
h is to be expressed in centimetres. 

The forces acting on a frontal weld (see Fig. 24) are 
as follows :— 

With double cross-straps Q = 2F;8, . : «: ‘(8) 
»» @ single cross-strapQ=F,5, . : . (6) 
», a simple lap joint Q=2F,6, . : . (Ga) 

If b be the length of the fillet, and h its height, 
then F, = 6h. For purposes of calculation, it is this 
section which has been adopted and not the actual 
section of rupture. In practice, it is unnecessary to 
make h more than 15 mm. or even 12 mm. 

Consider next two neighbouring and parallel sections 
of a lateral fillet such as are represented in Fig. 15. A 
plan view of the mass of metal included between these 
sections is indicated on the left of Fig. 15 by the hori- 
zontally hatched rectangle. The cross-strap, being 
subjected to not quite the same longitudinal tensions 
as the plating below it, either lengthens or shortens 


| relatively to the latter. This gives rise to internal 


stresses in the metal involved. To estimate these, 
let us assume, in the first instance, that the cross section 
of the fillet is cut away parallel to the edge B C, leaving 
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2F,3, +4 Frr, = 26h8, + 41 Ary, or better, if 
0-83, from the formula 
Q = 28,h (6 + 1-6). 
This refers to double cross-straps. 
strap we have 
Q = Fs 8, + 2 Fr 7, = 8,4 (6+ 1-61) . (12) 
Having calculated the mean value of + = =. the 
actual distribution of the stress still remains to be 
determined. To this end, tests were made on specimen 
No. 10, particulars of which will be found in Fig. 18. 
In this case, the bar was cut in halves. Comparison 
tests were also made on a corresponding specimen 
No. 11, Fig. 20, in which the cross-straps were 
welded to a solid bar. In each case, double cross-straps 
were used and were welded all round. 
The strains in these cross-straps under load were 
measured by extensometers. The plan followed was to 


only an elementary triangle near A; the remainder can 
be regarded as subject solely to shear. Next, suppose 
that the metal be cut away so as to leave merely a 
thin strip parallel to BC which bridges the space 
between AC and BC. This strip will be subject 
both to bending and shearing stresses and may be 
regarded as a beam encastre at both ends. It will 
yield more and be less stiff than the small triangle 
left near A in the case first considered, and the stress 
in it can, in all probability, be regarded as dis- 
tributed in the way represented by the quadrilateral 
B DEA, of which the resultant may be represented by 
R. There will be a corresponding distribution of stress 
along the face AC, as indicated by ACFG. The 
resultant will again be R, but will be directed the oppo- 
site way. The lever arm of the couple due to these 
forces will be r, where r = 1r’4/2 (see Fig. 15). It is 
the existence of this couple which, in the author’s 
opinion, is responsible for the fact that the load taken 


Fig. 21. 


Q= 
t= 


. (11) 
With a single 





Fig. 22. 
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by the fillet does not increase in direct proportion to | 
the section of the latter. 
In order to compute the resistance of a lateral weld, | Ci Cz 
values of K,, mainly taken from Tables II and III, | 
have been plotted in Fig. 16 as a function of the fillet | 
height h. Onthe same diagram a curve K, = 0:8 Kg | Q re Z ‘—- 
has been plotted, where Ké is given by the formula in | %% Q 


Fig. 14 (Formula 2). Moreover, the value of Ks has | 
also been plotted, being represented by the dotted line. | 
Taking, as before, factors of safety equal, respectively, 
to 5 and 6, the working stress for double cross-straps 
may be taken as 


15h + 40 





Ty 100. 625k 4 6-26 kg. per sq. em. . (7) 
whilst for single cross-straps 
15h + 40 
100 bea 8) | 
™ 7-5h + 7-5 o 


| place one leg of the extensometer at the centre of the 
upper cross-strap, this point corresponding to M in 
Figs. 17 and 19. The other leg of the instrument 
engaged either with one of a series of centre-pops 
have Q = 4F yr, = 41h 7, (Formula 9) the correspond- | laid off along the median line of the cross-strap or 
ing value for single cross-straps being Q = 2 Fy rz = 2/ with the centre of one of a series of plugs which passed 
LAr,, (Formula 10) where | represents the half length | freely through holes in the cross-strap and were screwed 
of the cross-strap in the case when these are symmetrical | into the plate below. In this way, the relative displace- 
about the joint (see I to IV, Fig. 24), and half the | ments of the cross-strap and of the plating to which it 
length/of the lateral welds in cases such as are represented | was welded could be determined. The two sets of 
by V and VIII in the same diagram. | observations, which will be denoted, respectively, by 
As before, Fr is taken as equal to hl, and not to the| A a, and Aa,, have been plotted in Figs. 17 and 19, 
area of rupture. It has, in fact, been found that the| where the hatched areas represent the differences 
ruptured surfaces are very irregular, and are thus ill- | between the two displacements. This relative displace- 
suited to purposes of computation. It may be noted, | ment is proportional to the shearing stress, so that we 
in this connection, that in tensile tests the calculated | may write c(Aas — Aa,) = 7, where 7 denotes the 
breaking stress is also based on the original section of | local value of the shear. Mean values may be repre- 
the specimen. , 
In general, the cross-straps are given rectangular | sente 
ends, as indicated on the left of Fig. 18, and it is these | J . 
alone that will be dealt with here. | The mean value of 7 is found from the relation 
With double cross-straps, the loads are commonly | F, 7 = Q, in the case where the test bar is in halves, 
carried by two frontal fillets and four lateral fillets, | and by F, + = F,, o,, when the bar is in one piece (see 
such as are represented in Fig. 24, by cases | Fig. 20). 
I, Ill, V and VII. In applying to these formule| In the foregoing, F,, is the area of the transverse 
(3) and (7), it is necessary to calculate what are the | section of the cross-straps which are welded in pairs 
probable stresses with the height of fillet chosen. | to opposite sides of the plate, and one exactly under 
Generally, the width 6 of the frontal edge is known, and | the other. The mean value of the normal tension 


Lateral fillets will always occur in pairs, even when | 
the cross-strap is on one side of the plate only. 
With double cross-straps and lateral welds only, we 








T 


d by c (A a) = 7, whence the constant ¢ = 





=4lh+2bh. Here, as before, 1 denotes half the 
length of a fillet, as indicated in Figs. 18 and 20. 
In the case of specimen No. 10, Fy, = 41-2 sq. cm., 
Fs 
metre. Again, in the case of test bar No. 11, 


1 1 
Aa= Tr 2, (Aa) Al= 


Q = 15 tonnes, and r = = 364 kg. per square centi- 


ly 
l S, 
where S represents the hatched area of length / in 
Figs. 17 and 19, respectively. 
In the case of specimen No. 10, 
S = 8-9 cm.?, ] = 8-5 cm. 





Ss 
Al= 1-047, 
l 
T 238 a 
c= = ~ = 347, 
Aa 1-047 
800 
and ee — = 2-9 
364 
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Again, with specimen No. 11, 
S = 6-98 sq.cm. 1 = 9-0 cm. 
S 


> 0-776, 
; 238 
c= —— = —— = 307, 
a 0-776 
Tmax = C (A a)max 307 <x 1°37 = 414 kg. per sq. cm., 
Tmax 414 e 
and 338 74 


The tensions in the lateral welds are, therefore, very 
irregularly distributed. When the cross-straps straddle 
an open joint, as in Fig. 18, the tension is a maximum 
at the joint, where it rises to 2-2 times the mean. 

When the straps are welded to a solid plate, the 
value of 7 is highest at the ends of the lateral fillets, 
the maximum being 1-74 times the mean. Near the 
middle of the strips r falls to zero. 

In both cases, the straps being welded all round, the 
coefficients 2-2 and 1-74 have reference not solely 
to the lateral welds, since, as indicated by Figs. 17 to 
20, the values are influenced by the presence of the 
frontal fillets. 

If the stresses given in Tables II and III, above, are 
multiplied by either 2-2 or 1-74, the result will, in 
certain cases, exceed 4,000 kg. per square centimetre, 
which indicates that the coefficients in question may 
not be the same in conditions other than those applying 





the requisite length of the lateral fillets has to be/| on the cross-straps is denoted by ¢,, whilst F, is the 
determined. This can be found from the formula| total area of the welds, so that F, = 4F,+ 2 F 








to specimen No. 10. The cross-section through the 
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fillets and cross-straps and the quality of the | 
welds are involved, but even more important is the | 


length of the fillets—or rather, the ratio of l toh. In 
the case of specimen No. 10, this ratio was from 7 to 8, 
the value of h ranging from 1 tol-lem. The problems 
thus arising are still far from solution. 

Formule (3) to (12) for § and 7 apply to mean 
values, and should really be denoted by § and 7. 
The question which thus arises is whether such formulz 
should be based on these mean values or on the 
maximum value of the stresses. If the latter plan 
be adopted, together with 5 or 6 as the factors of safety, 
very large fillets will be required. As matters stand, 
the formule already given seem adequate, especially 
as it is possible to reduce the risk of failure by 
graduating the joint, which would have the effect of 
equalising the stresses along the whole length of the 
lateral fillets. Some suggestions for such graduation 
are represented in Fig. 21. 





In the case of A, where the straps cover an open 
joint, the height of the fillet, for section No. II, is fixed | 
by means of equations (7) and (9). For section No. III | 
the height is increased, whilst it isreduced for section No. | 
I. The frontal fillet may then also be of reduced height. | 

For the case represented by B, where the double 
straps are welded on to a one-piece bar, the section of 
the fillet is calculated for section No. II as in the case | 
of A, but the graduation is of the opposite kind and | 
the frontal fillet S is large. 

Cases A and B apply without modification to welded 
frameworks. In the case of pressure vessels, however, 
it appears doubtful whether the frontal fillets should be 
large owing to the attraction they exercise on the stress 
lines, thus generating in the plate below them unde- 
sirable parasitic stresses. With cover straps of this 
kind, the height of the frontal fillets should be small, 
as at C, Fig. 21, so that the stresses may be transmitted 
mainly to the lateral fillets. These considerations 
override those which led to the proposals embodied in 
Fig. 13. 

Generally, C represents a weld which ought to be 
strengthened by cross-straps. It may be admitted 
that the strength of the weld is less than that of the 
plate. The case represented by C can therefore be 
considered as intermediate between cases A and B. 
The lateral fillets should have their heights calculated 
by formulz (7) or (9). 

In the case of single cross-straps or lap joints, 
provision should be made for the bending stresses 
which are then developed. 

By the methods set forth above, it is possible to 
calculate the area required in the fillets when the load 
to be carried isknown. There is, however, the difficulty 
that this is not always the case. An instance is 
provided when the straps are intended to reinforce a 
weld. The test-piece No. 4, which is represented in 
Fig. 22, is strengthened on both sides by a pair of 
cross-straps, and is subjected to a pull of 30 tonnes. 
What, then, are the stresses on these straps at the 
section MM, and what proportion of the total load do 
they carry? Long and tedious measurements have 
been required to supply the answer to this query. 

It has been found that the two straps take, in all, 
about 33 per cent. of the total pull. This result is of 
great importance when there is a welded joint along 
the line MM. The stress lines mapped in Fig. 22 are of 
great interest. Test-piece No. 4 was 16 cm. wide, 
and the number of stress lines mapped is 17. The 
direction of the stress is shown by the arrows and its 
intensity at each point is proportional to the length 
of the arrow there. The conjugate lines of principal 
stress are shown crossing at right angles. The straps, 
as shown in Fig. 22, attract the stress lines at the 
frontal fillets, and still more at the lateral fillets. 
The stress on the frontal fillets is not constant, being 
greater at the corners than at the mid point, but the 
difference is not large. There is a greater inequality 
of stress along the lateral fillets. 

With semi-circular ends, see Fig. 18, on the right, the 
attraction on the stress lines is increased. Here the 
local stresses may rise to 128 per cent. of the mean. It 
is, therefore, advisable to use square-ended straps, 
as in Fig. 20. 

When the straps are welded to a one-piece plate, 
bending stresses are not to be expected, whilst when 
they straddle an open ;oint, as in Fig. 18, the bending 
stresses become important, as is indicated in Fig. 23. 
Toa certain extent the elastic condition of the straps 
confirms the hypotheses made as to the elastic state of 
the frontal welds. 

The conclusions set forth above are based on high- 
resistance welds. It has been necessary to repeat 
constantly that in order to secure the maximum 
strength it is absolutely necessary to use covered 
electrodes of the best quality. With inferior electrodes, 
with overhead welds, and in other difficult cases, it 
must be admitted that the strength is less than the 
value given by formula (3). Even now the stress 
conditions in frontal and lateral fillets cannot be con- 





sidered as wholly elucidated. 





HYDRAULIC STRAIGHTENING PRESS. 


CONSTRUCTED BY MESSRS. HOLLINGS AND GUEST, 





Summary.—(a) From the results of a great number 
of tests on both frontal and lateral welds, it is 
concluded that the specific resistance diminishes as the 
height of the fillet increases. (b) The causes of this 
decrease in the resistance of frontal welds to tearing, 
Ks, have been explained, and an empirical rule found 
for its variation with the height h of the fillet. Thus, 
for the case of double cross-straps, as represented at 
A,, Fig. 24, we have 
15h 
5h 


whilst for single cross-straps Ay and Ag, Fig. 24. we 


40 
8, 100 — kg. per sq. cm., 
0 


LIMITED. 





maximum stress Tmax. is 2:2 times the mean value r. 


IV, and, perhaps, VII and VIII), the value of rmax. is 
1-7 times the mean value 7. 

These figures apply to cases in which the value of | 
was 7 to 8 times the height of the fillet 4. The co- 
efficients depend on the quality of the weld, but 
also markedly on the length of the lateral fillets, 
but the matter is still insufficiently elucidated. Never- 
theless, the formule given-above may safely be adopted. 
It may, however, be prudefm in such cases as I, IT, V 
and VI, Fig. 24, to omit the frontal welds in making 
calculations. In any case, the lateral welds are the 





have 

Lik 40 
6h +6’ 
where h represents the height of the fillet. Owing to 
the possibility of a bad weld, a factor of safety equal 
to 5 has been adopted for formula (3), and of 6 for 
formula (4). 

If 6 denotes the width of the weld, the permissible 
load on it can be estimated as follows :— 

For double cross-straps, Q = 2 Fs 8, = 2bh8,. 

For single cross-straps, Q = Fs 8, = bh 8s, 
whilst for a simple lap joint, A;, Fig. 24, we have 
Q =2Fs8, = 26h 8,. 

(c) The research also covered the specific resistance, 
K,, of the lateral fillets. These fillets are mostly 
exposed to shear, and it has been assumed that Ks 
is approximately equal to 0-8 K,, where Ks represents 
the tearing strength of the frontal fillets and K, the 
shearing resistance of the lateral fillets. In that case, 
we may, for double-cross straps, write :— 


5, = 100 


more important. A ratio of 1] = 1-25 h to 1-54 will 
be found generally suitable. 








HYDRAULIC STRAIGHTENING 
PRESS. 
Tue greatly increased use of high-grade alloy steels 
in the past few years has given rise to a demand for 


| machines which will straighten shafts of such materials 


accurately and quickly, and a press specially designed 
for this purpose has recently been put on the market 
by Messrs. Hollings and Guest. Limited, Thimble 
; Mill Lane, Birmingham. This press, which is illustra- 
ted in the figure on this page, is of the hydraulic type 
with an open gap. The cylinder is in one piece with 
the press frame, and the bed of the latter is slotted to 
receive two brackets carrying rollers across which the 
work is laid. The distance between these rollers can 
be adjusted by slacking off two bolts, and the rollers 
are grooved to receive the shafts. The ram is 9-in. 
in diameter, and has a stroke of 6 in. and the available 
gap is normally 8 in.; these dimensions can, however. 
be modified to suit individual requirements. The 





15h + 40 
7, = 0-83, = 100 ey eee kg. per sq. em. 
whilst for single-cross straps we have :— 
15h + 40 
T, = 0°86, 100 aa 7-6 kg. per sq. em. 


The following forces can be transmitted in the case 


of the double cross-straps represented by B,, Fig. 24 :— | 


Q 4F, 7, 4hl 7, 

the corresponding value for single cross-straps being 
Q=2Frr = 2h rq 

where / is the half-length of the strap in the cases repre- | 


| return of the ram is effected by the balance weights 
| shown, which are connected to a cross bar on the ram 
| by wire ropes passing over pulleys. The ram is of 
| cast iron. 
As will be clear from the figure, the machine !s 
| fitted with a front bed carrying two centre stocks for 
| testing the straightness of the work. The bed is of cast- 
liron, and the distance between the centres can be 
| adjusted between zero and 5 feet. The stocks are 
fitted with hardened-steel spindles, and the one shown 


sented from I to IV in Fig. 24, and half the length of | on the right is provided with the usual hand-w heel 
the lateral fillets in such cases as V and VIII, Fig. 24.) adjustment. The press can be operated either by 


(d) For a cross-strap welded all round, we have 
(Cases I, III, V and VII and C,) Q = 28,4 (A + 1-60), 
whilst for single cross-straps (Cases IT, IV, VI, VIII and 
C,) the corresponding figure is Q = 8, A (h + 1-6 1). 

(e) The stress § on a frontal fillet is fairly uniform, 
but not quite so. It is a minimum at the mid point. 
The stress 7 on a lateral fillet is, on the other hand, 
very irregular. When the cross-straps straddle an 
open joint (Cases III and, perhaps, IV and V), the 








means of a small hand pump, as shown, or by an 
electrically-driven pump. 








ELectric VacuuM-CLEANER INDUSTRY IN CANADA. 
—According to the Canadian Bureau of Statistics, 
Ottawa, 108,927 electric vacuum cleaners were manu- 
factured in Canada during 1930. Some 56,100 machines 
were exported, 78 per cent. reaching the United King- 
dom, 10 per cent. Germany, and 4 per cent. Holland. 
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If the straps are welded to a one-piece plate (Cases II], ~\_ 
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THE KUBIT STONE BREAKER. 


CONSTRUCTED BY MESSRS. FREDERICK PARKER, LIMITED, ENGINEERS, LEICESTER. 

















Fig. 1. 
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wa ALCO Prre Wrencu.—In the description of the new | introduced and were manufacturing this wrench. Messrs. 
ine co pipe wrench, which appeared on page 810 of our | Walworth ask us to state, in order to prevent misunder- 
rp of June 19, it was stated that Messrs. Walworth, | standing, that this wrench is manufactured in the United 

imited, of 90, Union-street, London, S.E.1, had recently | States at the Boston works of the Walworth Company. 


THE KUBIT STONE BREAKER. 


A NEw gravel and stone breaker or granulator of 
unconventional design, in which the breaking of the 
material is accomplished mainly by impact, has recently 
been placed on the market by Messrs. Frederick Parker, 
Limited, Catherine-street, Leicester. The machine runs 
at about 350 r.p.m., and is therefore of the low-speed 
type, and it is claimed that the cost of renewals is un- 
usually low, that the percentage of dust produced is also 
low, and that the broken product is exceptional for its 
cubical form and the absence of flat pieces. The machine 
is illustrated in Figs. 1 to 5, annexed, and it will be seen 
that it consists essentially of six hammers mounted . 
| radially on a shaft revolving in a casing, the material 
being fed in near the top and discharged at the bottom. 

Referring to Fig. 4, it will be observed that the rotor is 
| not concentric with the casing. The material falling 
| down the feeder chute impinges on the rotor, and is 
| thrown violently by centrifugal force against fixed 
| beater bars at the top of the casing, being fractured in 
| the process. It then falls to the rotor by gravity, and 
| is again thrown against the beater bars. The hammers 
| have tapered shanks, fitting in corresponding tapered 
| recesses, as shown in Figs. 4 and 5, and are normally 
| held at the outward limit of their travel by centrifugal 
| force. Owing to the eccentricity of the rotor relative 

to the casing, the hammers approach closer to the bars 
towards the end of their effective stroke, so that the 
material is reduced to the required size in a succession 
of operations. 

The casing is made up in two parts, there being 13 

renewable beater bars in the upper part, as shown in 
Fig. 4. These bars are made from a special mixture 
of chilled iron, the chill being carried to a good depth 
in the wearing face to ensure a long life. The bars 
are reversible side for side. The remaining parts of the 
upper part of the casing are made from heavy plate, 
| suitably reinforced as required. The bottom part of 
| the casing is a single casting of semi-steel, strongly 
ribbed as shown in all the figures, and provided with 
bearings for the main shaft. Both the upper and lower 
casings are protected at the sides with chilled-iron 
lining plates. These plates are fastened by means of 
tapered bolts, and are readily renewable. 

The shaft is a 50-ton Siemens-Martin steel forging, 

7 in. in diameter at the centre and 5 in. in diameter at 
the ends. A keyway is provided at both ends, so that 
the pulley may be fitted on either side of the casing. 
The bearings are ring-oiled, as shown in Fig. 5. The 
six hammers are of manganese steel, and are reversible 
side for side, thus greatly increasing their useful life. 
The distance pieces between the rotor side discs, which 
|} form the tapered holders for the hammers, are of 
| annealed cast-steel, and are bored through to receive 
(a pin of large diameter. This pin passes through 
| corresponding holes in the discs, as shown in Fig. 5. 
The hammers can readily be removed by taking out 
one of the distance-pieces. The side discs are of cast- 
steel, and are keyed to squares on the shaft, as indicated 
in Fig. 5. The pulley is of wrought-iron, and is 
| provided with a double row of arms. It can be clearly 
| seen in Fig. 1. Alternative speeds are readily obtain- 
able by fitting a pulley of different size at each end of 
| the shaft. The power required to drive the breaker 
|is approximately 25 brake horse-power, the actual 
| power depending upon the particular duty required. 
| It is stated that 6-in. stones can be broken to any size 
| between 2 in. and g in. in one operation by merely 
| varying the speed between 250 and 500 r.p.m. No 
grid bars are, of course, necessary. The machine shown 
| in the figures weighs 7 tons, and is capable of an output 
of 15 tons to 25 tons per hour. It is suitable for dealing 
| with gravel, stone, or similar material. 











CorPpER PRODUCTION IN THE UNITED States.—The 
production of crude primary copper, from home ore, 
| at the smelting plants of the United States, during 1930, 
amounted to about 623,000 long tons, a decline of 30 per 
cent. compared with the output for the previous year. A 
report issued by the Bureau of Mines, Washington, 
shows that the chief producing centres were in Arizona, 
| Utah, Montana, and Michigan. 


British STANDARD SPECIFICATION FOR COLLIERY 
Conveyor TrouGcHING.—The British Engineering Stan- 
dards Association has issued a specification, designated 
418-1931, for conveyor troughing for use underground 
in mines. This specification, which has been agreed 
to by all British makers of shaker conveyors, has been 
prepared with a view to securing interchangeability 
between the troughing used for the various types of 
shaker conveyors underground. A_ specification is 
also included for the material of the steel plates used in 
the manufacture of the troughing. Three capacities 
of troughing have been standardised, but the types 
have been so designed that all three can be manu- 
factured from a single set of dies. It is hoped that this 
will considerably cheapen the cost of the troughing to 
the users. Copies of the new specification are obtain- 
able from the B.E.S.A. Publications Department, 28, 








Victoria-street, London, 8.W.1, price 2s. 6d. each, post 
free. 
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UNDER PROLONGED LOADING.* 

By Prof. D. Hanson, D.Sc., and M. A. WHEELER. 

Part I.—THE FLow AND FRACTURE OF ALUMINIUM. 
(Concluded from page 58.) 


Density and Hardness Determinations.—A number of 
test-pieces were prepared and annealed at 550 deg. C. 
for 15 minutes, and cooled slowly; they were then 
subjected to a load of 1-4 tons per square inch at 
250 deg. C. for varying periods of time. The parallel 
portions of these specimens were then cut out, the ends 
smoothed, and the densities measured. Weighings 
were accurate to within 0-02 mg. The hardness of the 
specimens was determined by taking the average 
measurements of three impressions produced by a 1 mm. 
ball under 5 kg. load for 30 seconds on a Baby Brinell 
machine. The results obtained are tabulated in Table IT 





TABLE II. 
Hrs. | plonga- | Brinell | 
No. of | Under tion. Density | Hard- | 
Speci- | Per | corrected | 7°8S NO- Remarks. 
en, | tOD8 | cent. | to 4°C at 
pescite| per sq wd , 15° C. 
| in, |(6./area) 
} 
0 os 2-7091 17-6 
BS. ..j/ 2 | 3-0 2-7087 19-0 
| | annealed at 550° 
L36..; 66 | *%9-0 2-7081 19-1 f C. for 15 mins. 
L 35. 88 | 5-0 2-7046 18-9 and cooled in 
| | furnace. 
L32..| 132 29-6 2°6794 | 22-7 | fractured. | 
L24../ 220 33-0 | 2-6846 23-5 | fractured. | 
strained in two | 
L2.. ‘s 16-0 2-7023 20-1 minutes at 
250° C. | 
| 
* Temperature of furnace increased to 258 deg. C. for a short | 


period of time. 

and shown graphically in Fig. 24. The graph shows that 
the density decreases with time, slowly at first, but 
rapidly as the specimens approach failure. The two 
branches on this curve, and also on the hardness and 
elongation curves, merely show the results obtained for 
different specimens, the difference in time to fracture 
being due to slight experimental variations beyond 
control. 

The elongation curve for annealed specimens shows 
an initial extension of about 4 per cent., which occurs 
soon after loading ; further extension is very slow over 
a period of many hours, as indicated by the straight 
portion of the curve, during which time the hardness 
remains constant, but the density slowly decreases ; 
then the rate of extension increases, and finally becomes 
very rapid just before fracture occurs. Theelongation 
curves of L 23, single crystal, and L 19, a bi-crystal 
specimen, showed the same general characteristics as 
the curves for aggregate specimens, but the amount 
of the initial extension is greater and the period during 
which the extension is very slow is much greater— 
about 4 to 5 times as great in the case of L 23 and L 19 
as for the aggregate test-pieces. The elongation 
immediately preceding fracture is slightly less in the 
single crystal specimens than in those consisting of an 
aggregate. The final extension after fracture is about 
the same, curiously enough, for all types; it is less 
than is obtained with rapidly broken specimens. 

The general similarity in the time-extension curves 
for aggregates and single crystals suggests that similar 
processes are at work in the metal in both cases, in 
spite of the profound differences in the metallographic 
features revealed by the above study. Single crystals 
invariably developed slip bands during the course of 
flow, whilst aggregates showed few if any slip bands ; 
these few could be definitely attributed to the primary | 
initial loading, and were not a feature of the process 
of slow extension. Moreover, the failure of aggregates 
was always intercrystalline, whereas in a single crystal 
the fracture occurs by shear on the slip planes. 

Slow-Loading Experiments on Aluminium: Single 
Crystal Tested at Room Temperature (Specimen L 22).— 
A single crystal of aluminium was polished and sus- 
pended axially from a beam so that by dead loading | 
with lead shot, placed in a suitable container, the stress 
on the specimen could be increased as desired. The 
strain was measured without removing the load, the 
limit of measurement being 0-00l-in. The rate of 
loading in the earlier period of the test was 0-05 tons 
per square inch—the lead shot being divided into four 
smaller amounts and added at intervals of two hours 
during the day. For the latter period of the test the 
rate of loading varied, but never exceeded the above 
amount per day. 

During the course of the experiment, the specimen 
was examined through the microscope under high 
magnifications of 150 and 600 diameters. It was not 
found possible, however, to photograph the specimen 








* Paper read before the Institute of Metals, on Thurs- 
day, March 12, 1931. Abridged. 


without removing it from the testing apparatus, and, 
as this was undesirable, no microphotographs were 
obtained until the test was completed. Fig. 26 (Curve 
I), on this page, gives the stress-strain relationship of 
the single crystal tested. Under a load of 1-0 tons per 
square inch, the elongation was 0-86 per cent. and 
no slip bands were visible. Whilst it is dangerous to 
compare single crystal specimens, owing to the possible 
differences in orientation, the authors have never, in all 
their experiments with rapid loading of aluminium 
crystals, failed to obtain visible slip under loads of 
1 ton per square inch, and it is almost certain that 
specimen L 22 would have had many slip bands if the 
load had been rapidly applied. 

On continuing to load L 22, the first faint sign of slip 
appeared at a stress of 1-35 tons per square inch, 
with an elongation of 1-3 per cent. It was possible to 
see these slip bands only by very careful adjustment 
of the lighting arrangements or by racking the image 
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| in which creep occurred at each increment of load until 
the specimen fractured. The load was not increased 
at any period until creep had become exceedingly 
small. At least 18 per cent. of the final elongation of 
41-0 per cent. occurred during the last 21 hours of the 
test, over which period the test-piece necked, and 
ultimately failed with a perfect knife-edge fracture. 
Annealed Aggregate Specimen Tested at Room Tempera- 
ture (Specimen L 41).—A similar test to that of L 22 
was carried out on an annealed aggregate of crystals, 
and the stress-strain diagram is shown in Fig. 26 (Curve 
2). Very little extension and no visible movement 
were observed until a stress of 1-55 tons per square in. 
was attained, when signs of boundaries appeared. 
Faint slip bands were observed to appear at a stress 
of 1-65 tons per square inch, and both the boundaries 
and the slip bands developed as the stress was increased, 
the slip becoming more rapidly prominent. At a stress 





Hours. 


of 2-20 tons per square inch, slip bands were visible in 


Fig.i4. ALUMINIUM AT 250°CENT. UNDER 
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Fig.26. SLOW-LOADING CURVES-ROOM TEMPERATURE (18°C. + 1°). 
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slightly out of focus, and it was very difficult to photo- 
graph them, as they were invisible under normal light- 
ing. As the stress was slowly increased to 1-8 tons 
per square inch, the slip bands developed in intensity 
as the specimen extended, but creep, i.e., extension 
under constant load, was not detected during this 
period of the test. At a stress of 1-9 tons per square 
inch, a second series of slip bands appeared, and these 
continued to increase in number and intensity as the 
stress was further raised. The elongation at 2-05 tons 
per square inch was 6-4 per cent., by which time both 
series of slip bands were very clearly marked. The 
second series was of a broken nature at this stage, con- 
fined principally to the more lightly strained areas, 
where the spacing of the first series was widest. As 
the stress was further increased, the broken-up appear- 
ance of the second series gradually disappeared, the 
number and the intensity of both series increasing 
slightly, until at a stress of 2-5 tons per square inch, 
and an elongation of 11-6 per cent. the specimen was 
found to be creeping. At this stage the slip bands had 
become quite prominent. 

The stress-strain curve in Fig. 26 shows the manner 





every crystal, and while the boundaries in a more or 
less horizontal direction (i.e. at right angles to the 
direction of the stress) were well marked, those in @ 
vertical position were barely visible. The slip bands 
were finer and straighter than normal bands, especially 
during the first period of extension up to 6 to 8 per 
cent., but the rumpling of the surface made examination 
more difficult as the specimen became more elongated. 
The development of boundaries was clearly not due to 
the formation of cracks, or to the bodily movement of 
crystals over one another, but solely to differences in 
the deformation of neighbouring crystals producing 
differences in level, and it was quite clear that the 
crystals themselves were extending throughout the 
tests. This is further confirmed by the density of the 
test-piece after fracture (2-7059), which is very definitely 
higher than that of a rapidly broken specimen (2-7012), 
and is very different from that characteristic of material 
that has broken owing to the formation of fissures 
between the crystals (about 2-68). ; 

This specimen extended slowly, as shown in Fig. 26, 
and finally broke under a stress of 3-85 tons per 
square inch; the extension of 54 per cent. is large, 
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due chiefly to the fact that well-defined necks formed 
at two places before one of them ultimately led to 
fracture. 

A rapidly broken specimen has a tensile strength of 
about 4-8 tons per square inch. It is therefore clear 
that at normal temperatures aluminium can _ fail 
by creep at less than its normal breaking load; but 
the fracture is quite different from that formed under 
creep conditions at higher temperatures, and the 
material of the crystals fails before the boundaries. 
The curve shows the periods of creep throughout 
the test ; in this specimen, after creep had been allowed 
time to complete itself at each load, further creep did 
not usually commence until several further increments 
of load had been added; for example, after 153 days 
under a load of 2-85 tons per square inch, after which 
no further creep could be detected, the metal did not 
begin to flow again until the stress reached 3-3 tons 
per square inch. This behaviour is very similar to that 
observed in steels and associated with the recovery of 
elasticity after over-strain. 

Aluminium single crystal specimens were polished 
and subjected to slow-loading tests at 110 deg. C., 
250 deg. C., and 400 deg. C. 

Slow Straining at 110 deg. C. (Specimen L 53).— 
The test-piece was loaded gradually, commencing with 
a load of 0-25 tons per square inch, and every two days, 
increments of 0-10 tons per square inch were added. 
There was no visible slip under a stress of 1-0 tons per 
square inch; at which period the elongation was Q-95 
per cent. The first sign of slip appeared at 1-2 tons 
per square inch with an elongation of 1-3 per cent. 
At a stress of 1-30 tons per square inch, the specimen 
was left under load for 216 days, at the end of which 
period the elongation was 4 per cent. and no further 
creep could be detected. At the end of this very slow 
extension the slip markings were very faint; not one 
single well-marked slip band could be detected, although 
when the extension is more rapid this amount of 
elongation (4 per cent.) produces well-defined bands on 
profusion. 

Single Crystal Tested at 250 deg. C. (Specimen L 52).— 
This single crystal showed no sign of slip bands up to 
a stress of 0-65 tons per square inch, and 1-0 per cent. 
extension. On further loading the specimen to a stress 
of 0-75 tons per square inch in two steps, a sudden 
extension occurred, and creep continued for 48 hours. 
The elongation was found to be 11-0 per cent., and 
the slip bands were similar to those obtained by rapid 
loading at all temperatures. The total time of the 
test was 40 days, and as the greater part of the extension 
occurred during the creep period mentioned, it was 
considered that the increments applied were excessive 
in the later stage of the test. 

Single Crystal-Tested at 250 deg. C'. (Specimen L 55).— 
This specimen was loaded in steps of 0-10 tons per 
square inch every two days up to a stress of 0-45 tons 
per square inch. No slip bands were visible at this 
stage with an elongation of 0-82 per cent. The rate of 
loading was then decreased to 0-025 tons per square inch 
per two days, and with an elongation of 1-0 per cent. 
at a stress of 0-60 tons per square inch, there was still 
no visible slip. Three days under 0-625 tons per square 
inch, and an elongation of 1-1 per cent, failed to 
produce visible slip bands. Fourteen days were taken 
to increase the stress to 0-70 tons per square inch with 
an elongation of 1-23 per cent., and the polished 
surface was still quite free from slip bands. After six 
days, under a stress of 0-725 tons per square inch, the 
extension amounted to 1-80 per cent., and a careful 
examination revealed very fine slip bands similar to 
those obtained on L 53, but less distinct. They were 
visible only under certain lighting conditions, and were 
extremely difficult to record photographically. The 
total time occupied by the test was 52 days. 

Single Crystal Tested at 400 deg. C. (Specimen L 63): 
No visible slip bands or movement of the surface could 
be detected after this specimen had extended 0-22 per 
cent. under a stress of 0-25 tons per square inch during 
a period of four days. At equal periods over 11 days, 
the stress was raised to 0-325 tons per square inch, 
by increments of 0-025 tons per square inch. After 
two days under this load, the elongation was 2-0 per 
cent., and a series of straight bands, closely spaced, 
became visible. They were more in the nature of 
corrugations of the surface than actual slip bands. 
They were visible only under critical conditions of 
lighting, and disappeared entirely under high magnifica- 





tion. specimen L 19, consisting of two crystals only, a clean 

The above experiments serve to explain the apparent | intercrystalline fracture was obtained, but in normal 
anomaly of flow without slip. It is clear that very | aggregates the metal in the immediate neighbourhood 
appreciable amounts of deformation, amounting to | of the boundary was usually distorted, and the cracks, 
several per cent. extension at least, can be obtained | although mainly intercrystalline, often branched into 
under suitable conditions without producing slip bands | the neighbouring crystals. 
The evidence | surface near the boundaries, owing to the irregular 
appears conclusive that, if the deformation is produced | distortion in these regions, makes it difficult to detect 
sufficiently slowly, the amount of slip on individual | the commencement of cracking, but the evidence of the 
Planes can be very small, and the number of planes | density measurements strongly suggests that inter- 


of the normal well-marked variety. 


detected the reason is that it is so well distributed as to 
be invisible under the microscope. This type of slipping 
is the more readily produced: (a) The slower the rate 
of straining; (b) the higher the temperature, and 
probably (c) the smaller the grain size. 

In regard to (a) there seems to be some evidence 
that there is a rather critical rate of straining dividing 
the two types of slip bands. This is particularly well 
shown in the experiments of 250 deg. C.; in the one 
instance the application of a load increment of 0-05 
tons per square inch (over the range 0-65-0-75) 
caused a relatively sudden extension and normal slip 
bands, whereas much smaller load increments over the 
same range produced a more gradual flow and fine 
slip bands. In regard to (c), there is not sufficient 
evidence to justify a final conclusion, but it is undoubted- 
ly true that the fine type of slip band is produced only 
with great difficulty in single crystals, whereas flow 
without visible slip occurs rather readily in aggregates 
at 250 deg. C.: moreover, in a test-piece containing 
small and large crystals normal slip bands occur in the 
large crystals, when slip cannot be detected in the 
small ones. 

Discussion of Results.—We are now in a position to 
offer some explanation of the main features observed 
during the flow of aluminium under prolonged load- 
ing. When the rate of straining is rapid (7.e. when 
fracture occurs within a few minutes) the mechanism 
of flow and fracture appears to be exactly similar to 
that already well known to characterise deformation 
at air temperatures, as described by Carpenter, by 
Taylor and Elam, and by Gough and others. Whilst 
we have not identified the slip planes, there seems no 
reason to suppose that they are other than octahedral 
planes, to which all other types of deformation of this 
metal have been referred. When, however, deformation 
is very slow, and fracture occurs only after a period of 
days, certain differences are observed, both with 
specimens consisting of single crystals, and with those 
consisting of aggregates. The course of the extension 
in the early stages is the same in both instances— 
namely, plastic flow of the crystalline material by 
slipping, with little movement at the crystal boundaries 
when these are present. The slipping may be so fine in 
character as to be invisible under the microscope, and 
this is normally the case in aggregate test-pieces at 
250 deg. C. This flow is greater in single-crystal test- 
pieces than in crystal aggregates, the extension in 


These observations are consistent with the low elasticity 
of annealed aluminium and the previously observed 
greater plasticity of single crystals. The primary 
extension in both cases is accompanied by definite strain 
hardening, with very little, if any, reduction in density. 
During the second stage the rate of flow is extremely 
low and the test-pieces elongate relatively slightly, 
even after long periods under strain. The two types of 
specimens must here be considered separately. 

In aggregates at 250 deg. C. the results of density 
measurements given in Table III show that changes 
TaBLE III.—Density Measurements. 


Speci- |Tempera- | Time to | , 
men. | ture. | Fracture. | Density. | 
| | 
Crystal Aggregates. 
2-7091 unstrained material. 
2-7059 | centre of test-piece. 
2-7065 | above after removing 
neck, 


L41 | ordinary 570 days 


L 38 j ordinary | 3 minutes | 2-7012 | 
Single Crystals. 


ae — sine 2-7087 unstrained crystal. 
L22 | ordinary | 256 days | 2-7084 | 
L23 | 250°C. | 33 days 





2-7026 | 





are occurring since there is a slow but definite fall in 
density during this period; for example, after 88 hours, 
by which time this period has been passed, the density 
has fallen from 2-709 to 2-7046. A metallographic 
examination discloses the gradual development of 
cracks, which become definitely visible about the end 
of this stage at or near the boundaries of the crystals. 
The appearance under the microscope suggests a 
gradual disintegration of the metal in these regions, 
rather than the clean separation of the crystals from 
one another in the manner characteristic of season 
cracking. The cracks probably start at the junctions 
of the grains, but spread, partly, at any rate, through 
the neighbouring crystalline material. In the case of the 


The disturbance of the 





In the case of the aggregate specimen slowly strained 
at room temperature, in which, of course, the time 
required to produce creep failure is much longer, the 
mechanism of failure is quite different. There is no 
evidence of any breakdown at the boundary, the change 
in density is inappreciable, and any slow extension that 
o¢écurs is due entirely to slipping within the crystals. 
In the case of the single-crystal specimens at all tempera- 
tures used, no changes of microstructure could be 
detected during this period except possibly a slight 
increase in the intensity of the slip bands. Density 
changes are very slight; indeed, in the specimen 
extended slowly at room temperature, the density of 
the specimen even after failure was identical, within the 
limits of the experiment, with that of a similar unstrained 
crystal, whilst in the case of a specimen broken at 
250 deg. C. the small change in density is most probably 
accounted for by changes occurring during the final 
stage. 

In all cases the third period of flow is characterised 
by a further relatively rapid extension, which increases 
| in rate until the material fractures. In the case of the 
laggregate at 250 deg. C. this is accompanied by the 
‘development of a large number of cracks in the region 
| of the boundaries, leading to a form of intercrystalline 
| fractures involving little alteration in the general shape 
'of the individual crystals, although frequently accom- 
| panied by local distortion near the boundaries. In the 
| case of single crystals at all temperatures up to 400 deg. 
| C., and of aggregates at room temperature, the mechan- 
| ism of this further flow is different. Plastic deformation 
| of the crystals once more sets in, and ultimately leads 
| to the formation of a necked fracture similar in general 
appearance to normal tensile fractures in this metal, 
but the total extension is less than that obtained when 
the metal is broken rapidly. 

Just as the long period under load during the second 
stage of the test is made possible only because the 
plastic deformation of the initial period has strenthened 
| the metal, so must we relate the behaviour during the 
| third stage to what has happened during the second. 
| During this long period of loading the metal is sub- 
| jected to the action of a stress just insufficient to cause 
|further slipping, but yet substantial in intensity. 
| Both the boundaries and the previously formed slip 
| surfaces, as well as other possible planes of slip through- 
| out the metal, are subjected to this stressing. In the 
case of the aggregate at 250 deg. C., the action of the 








the latter usually being of the order of 3 or 4 per cent. | prolonged stressing gradually leads to disintegration, 
| starting at the boundary, which ultimately leads to the 
| formation of numerous cracks; these spread through 


the metal along or near the boundaries at an increasing 
rate, and in the later stages may produce considerable 
local distortion. 

Single crystals, and aggregates at room temperature, 
begin to fail by a process allied to slipping. In the 
case of the aggregate, the surface was so distorted after 
the completion of the test as to make it difficult to 
follow the behaviour during the final stages. In single 
crystals, however, the surface of features could be more 
closely followed. The slip bands which developed 
during this stage were more intense, more widely 
spaced, and less straight than those formed during the 
primary extension. 

The action of prolonged stress under the conditions 
of the authors’ experiments seems to be capable of 
producing a gradual disintegration of the metal at those 
places where it must be supposed that the orientation 
of the crystal is most disturbed, t.e., at the grain 
boundaries and on the surfaces where slip has already 
occurred, for in no instance have the authors observed 
any signs of further flow in the least-disturbed crystal- 
line parts, i.e., the blocks between the slip planes in 
aggregates at 250 deg. C., the resumption of flow began 
by the separation of the crystals at the boundaries, 
and in single crystals by further shear on previously 
formed slip planes. In no instance were any new slip 
bands observed at this stage, although towards the 
end, when necking and rapid distortion again com- 
menced, some further distortion of the crystalline 
fragments doubtless occurred. When necking begins, 
fracture follows somewhat rapidly, and the phenomena 
associated with the final breaking of the test-pieces are 
rather to be associated with normal rapid fracture 
than with creep. . 

Types of Failure by Creep.—There is also a third 
possible mechanism which the authors have not found 
in aluminium, but which occurs in lead at normal 
temperature. In this metal, as has been described by 
Beckinsale and Waterhouse,* the metal gradually 
extends until it fails with a large elongation and a 
point fracture. This observation has been confirmed. 
The metal in this instance begins to creep by slipping 
within the crystals, but when the amount of strain 
thus produced exceeds a few per cent., recrystallisation 
of the metal occurs and flow again becomes rapid. The 
continuation of this cycle lead to failure with large 
elongations and point fractures. The explanation of the 





correspondingly large ; and the inference seems justified | crystalline failure begins sometime before the end of 








that in those instances in which slip has not been 





this second stage is reached. 


very low creep strength is doubtless that the amount 





* See ENGINEERING, vol. cxxv, page 299 (1928). 
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-of slipping or strain hardening that can be imposed on 
the metal without recrystallisation occurring is very 
small. In further experiments it was found that at 
200 deg. C. lead fails under prolonged stress in quite 
a different manner—by the development of intercrystal- 
line cracks; at still higher temperatures, near their 
melting points, this is, as Rosenhain and Ewen have 
shown, a common type of failure in metals even when 
they are broken relatively rapidly. Thus three distinct 
types of failure in metals may be recognised under 
prolonged loading: (a) Gradual breakdown of the 
crystal boundaries ; (6) gradual breakdown of the slip 
planes; (c) recrystallisation of the metal after some 
primary extension producing continuous flow. 

Changes in Density.—In Table IV are summarised 
the results of density and tensile strength tests on the 
strained portions of a number of specimens of both 
types, broken under various conditions. 'The tensile'tests 
are included mainly to show that creep conditions 


have been realised in the experiments, and that alumin- | 


ium fails under a prolonged load at a stress less than the 
normal tensile strength at all the temperatures used, 
including room temperature. The density tests show 


Taste 1V.—Tensile Strengths and Densities of Various 
Types of Specimens before and after Fracture. 


Tensile 
Type. Density. Strength. 
Tons per sq. in. 
Original Metal : 

Aguregates 2-7091 
Single crystals 2-7087 
Aggregates broken rapidly at 

it SR op os o» 2-7012 4-77 
Aggregates broken slowly at 

og a so oe 2-7059 3°85 

2-7065 
(without neck) 

Aggregates broken rapidly at 

250° C. a ae oe 2-7023 2°35 
Aggregates broken slowly at 

250° C. es os ote 2-68 <i1-4 
Single crystals broken rapidly at 

mo. <. sk ee 2° 2-7082 3-3-3-9 
Single crystals broken slowly at 

i are ue s ae 2-7084 2-75 
Single crystals broken rapidly at 

250° C. ax oe i 2-7078 about 1-82 
Single crystals broken slowly at 

250° C # es a 2-7026 about 1-4 


some interesting features. There is a marked difference 
in behaviour between aggregates and single crystals ; 
whereas the former are all very appreciably less dense 
after straining, the changes in the latter are much 
smaller, and, in fact, so slight in the case of those 
-erystals tested at air temperatures as to be within the 
experimental error. These observations are similar to 
those of Gough, Hanson, and Wright,* who made 
similar experiments using reversed stresses, and found 
no changes of density in single crystals. Gough has 
subsequently found definite alteration in aggregates. 
These experiments were carried out at room tempera- 
ture. At 250 deg. C. appreciable changes in density 
are found, except in the case of single crystals broken 
rapidly. For each type of specimen the reduction in 
density is by far the most pronounced when the metal 
is broken slowly at 250 deg. C. In the case of the aggre- 
gates this is clearly due to cracking at the junctions 
of the grains. In the case of the single crystal it is 
thought the reduction may be due to a similar cause— 
to the formation of small fractures at the junctions of 
the numerous particles of the impurity constituents 
in the metal. Although cracks in these regions have not 
actually been detected (such cracks would necessarily 
be very small) this view receives some support from the 
behaviour of a small crystal enclosed within a large 
-erystal, which separates from the matrix, under pro- 
. longed loading av 250 deg. C. in the manner illustrated 
in Fig. 22, on page 58 ante. The authors are therefore 
inclined to the view that the reductions in density that 
have been observed are most probably due to changes 
- occurring at grain junctions. 








Deer SHAFT OF CANADIAN GOLD Mine.—The shaft 
of the Kirkland Lake Mine, the well-known gold-produc- 
ing mine in Northern Ontario, has now been driven to a 
depth of 4,700 ft. This, we are informed, is the greatest 
depth so far reached by any gold mine in Canada. Only 
two gold mines in the North American Continent have 
deeper shafts, and these are in California. 


AGRICULTURAL HAND IMPLEMENTS IN GUATE MALA.— 
A report on the market for agricultural hand implements 
in Guatemala has recently been issued by the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1. United Kingdom firms who are interested in 
the export of these articles can obtain a copy of the 
report on application to the Department, quoting refer- 
ence No, A.X. 11,014. 


* Gough, Hanson, and Wright, Aeronaut Res. Com- 
. mittee R. and M., No. 1024 (M 40), 1926. 


ANNUALS AND REFERENCE BOOKS. 


The Oil and Petroleum Year Book, 1931.—The world’s 
production of crude petroleum increased steadily from 
112,595,000 metric tons in 1922 to 197,036,000 tons 
in 1929. In 1930, a decline took place; nevertheless 
the total output stood at 188,142,000 tons. The main 
producing countries, in order of importance, are the 
United States, Venezuela, Russia, Persia, Roumania, 
the Dutch East Indies, Mexico, and Colombia. The 
United States is by far the most important producing 
country, its annual output, from 1925 onwards, exceed- 
ing 100,000,000 tons. These figures are taken from 
The Oil and Petroleum Year Book for 1931, which has 
recently been published, price 7s. 6d. net, by Mr. W. E. 
Skinner, the compiler of the work, 15, Dowgate Hill, 
Cannon-street, London, E.C.4. The book, which con- 
tains a great deal of interesting data, is issued annually 
and is now in its 22nd year of publication. It con- 
stitutes a record of information concerning oil and 
petroleum companies, comprising producing, refining 
and carrying concerns, oil dealers and finance com- 
panies in all parts of the world. In each case, the 
' names of the directors of the Company and of its secre- 
| tary, and the address of its registered office, are given. 
Then follow the date of registration, data on the opera- 
tions and activities of the concern, and particulars of its 
financial and economic status. Alphabetical lists of 
| the names of directors, secretaries, consulting engineers, 
|managers and agents, together with their addresses 
| and the names of the oil companies with which they are 
| connected, are also included. Other useful features are 
| a list of trade names and brands of petroleum products, 
|a glossary of terms used in the oil trade, and a list of 
|firms which have been liquidated or dissolved, and 
consequently do not appear in the main body of the 
volume. The book was formerly known as the Oil and 
Petroleum Manual ; it is of handy desk size. 








| Motorships of the World and Motorshipping Register.— 
|The uninterrupted growth in the total motorship 
| tonnage of the world is shown in a table contained in 
| the last annual report of Lloyd’s Register of Shipping. 
| Whereas the aggregate tonnage of vessels fitted with 
| Steam reciprocating engines, as recorded in Lloyd’s 
Register Book, remained more or less stationary at 
about 50,000,000 between 1922 and 1930, that of 
motorships has increased steadily from 1,540,463 tons 
in 1922 to 8,096,337 tons in 1929. The fact that 
motorships are now working on practically all the 
principal world trade routes is shown in a striking 
manner in a map contained in the second edition of 
Motorships of the World and Motorshipping Register. 
published, price 12s. 6d. net, by Messrs. Sampson Low, 
Marston and Company, Limited, 100, Southwark-street, 
London, E.C.1. The volume, which is edited by 
Mr. A. C. Hardy, is an annual reference work of motor- 
ships and of motorships furnished with electric drive. 
The main portion of the work consists of an alphabetical 
list of the motorships of the world. In the case of 
each vessel, particulars are given of the owners, builders, 
size, main engines, and auxiliary engines. As is usual 
with books of this type, the information is given in 
condensed form, and full use is made of a series of 
abbreviations. Separate lists of oil-tank motorships 
and of vessels furnished with electric or with geared 
drive are included at the end of the volume. A brief 
article, entitled ‘‘ Motorshipping in 1930,” by Mr. A. C. 
Hardy, appears at the beginning of the book. In this, 
the author outlines the main lines of progress made, 
during the year under review, in marine-oil engines 
and motorships. 


Naval Architect's, Shipbuilder’s and Marine Engineer's 
Pocket-Book.—The recent work of the International 
Load Line Conference and that for the Safety of Life at 
Sea, is so important that it is fortunate that the demand 
for a new edition of this well-known pocket-book has 
enabled it to be made readily available. This edition 
is the thirteenth, and bears the names of Mr. Clement 
Mackrow and Mr. Lloyd Woollard, R.C.N.C., as authors, 
though many firms and individuals have contributed in 
the supply of the useful information it contains. Mr. 
A. W. Johns’ excellent chapter on Aerodynamics stands 
as originally written, but the revision of the remain- 
ing matter appears to have been very judiciously done, 
and the summaries of the rules of the Board of Trade 
and the several registration societies embody the latest 
requirements, while the tables due to the British Engi- 
neering Standards Association have been extended. 
Amongst the new matter we note a table of consider- 
able length, giving the dimensions of the chief dry docks 
in Great Britain and Ireland. Messrs. Vickers-Arm- 
strongs’ particulars of modern naval ordnance should be 
of use to those concerned with warship design. If there 
is any point which may be criticised in this useful 
book, we should be inclined to say that the references 
to tank experiments with models do not always seem 
as up to date as they might be. The work is published 
by Messrs. Crosby Lockwood and Son, London, at the 
price of 21s. net. 








CATALOGUES. 


Thermostats.—A_ catalogue of temperature-controi 
instruments suitable for electric, gas, oil and steam 
heating, is to hand from Messrs. Robert McLaren ar 4 
Company, Limited, 110, Crawford-street, Glasgow, C.5, 
These instruments are in general use for such widely- 
different purposes as metal heat treatment, sterilisation, 
and incubation. Much useful and interesting informa. 
tion is given in the catalogue. 


Pumps.—Three catalogues of centrifugal pumps are 
to hand from Messrs. Gwynnes Pumps, Limited, Hammer- 
smith, London, W.6. |The pumps include the A series for 
general work, with inlets from 1 in. to 4 in. ; the F series 
for dredging and raising solids or semi-solids, with 3 in. to 
8-in. inlets; and the Utility pump, with a }-in. gas 
screwed inlet. Tables of dimensions, capacities, speeds 
and horse-powers are given, and the pumps are adapted 
for any of the usual drives. 


Electric Wiring Conduit.—We have received a special 
catalogue of conduits and conduit fittings made by Messrs. 
The General Electric Company, Limited, at their Bir- 
mingham works. These include junction and looping 
boxes with all the necessary branching and other detail 
fittings, such as adapters, clips, clamps, bushes, plugs. 
&ec., and also the special tools used in fixing conduit. 
Practically all the items are illustrated, and particulars 
of dimensions and prices are given. 

Power Transmission.—We have received a copy of a 
very compact and useful catalogue of power-transmission 
parts and fittings from Messrs. Williams and Womersley. 
Wakefield. The catalogue covers shafts, collars, coup- 
lings of several types, many varieties of plummer blocks 
and supports, girder clips, wrought and cast pulleys, 
clutches, variable-speed gears, and items such as counter- 
shafts with belt-shifters, tooth gears in housings, friction 
hoists, &c. Prices, dimensions and tables of data are 
also given. 

Pumps.—Messrs. Blackstone and Company, Limited, 
Stamford, have issued a new catalogue with full descrip- 
tions of their unchokeable pumps and the work successfully 
accomplished in dealing with solids, semi-solids, gammy 
and fibrous matter, clays, gravel, ashes, sewage, &c. 
The standard sizes range from 1 in. to 14 in. inlet, and 
are suitable for all the usual forms of drive. One of the 
illustrations shows an 8-in. pump driven by a 160-h.p. 
electric motor dredging and delivering 80 cub. yards 
of sand and gravel per hour. 


Railway Signals.—Messrs. The Westinghouse Brake 
and Saxby Signal Company, Limited, 82, York-road. 
King’s Cross, London, N.1, have sent us a number of 
sectional catalogues, in a spring binder, dealing with 
track-circuiting equipment, such as batteries, resistances, 
insulators, relays, indicators, lever locks, controllers. 
&e.; electric signals and train stops; power operation 
of points and signals from a distance by hand-generated 
current; and wrought-steel vacuum-brake cylinders. 
All these sections are well illustrated, and include ample 
descriptive matter. 


Turbo-Generators, FeedJHeaters and Valves.—Messrs. 
The English Electric Company. Limited, Queen’s House, 
Kingsway, London, W.C.2, have sent us three descrip- 
tive catalogues, of which the first contains a detailed 
description of the 10,000-kw. back-pressure turbo- 
generators constructed by the company for the State 
Electricity Commission of Victoria, reprinted from our 
issues of December 5 and 19 last (vol. cxxx, pages 699 
and 761). The second catalogue describes high-pressure 
feed-water heaters for large steam turbines, the feed 
water being heated to 300 deg. Fahr. for the supply of 
boilers working at 1,000 lb. per square inch. The third 
catalogue describes large streamline cylindrical balanced 
valves for the pipe lines of hydraulic turbines, fitted with 
an automatic emergency closing device. i 


Navigating Instr ts.—The catalogue of navigating 
instruments issued by Messrs. Kelvin, Bottomley and 
Baird, Limited, 18, Cambridge-street, Glasgow, C.2, now 
includes over two hundred marine, submarine and 
aircraft instruments. The sections are headed: com- 
passes and tide-predicting machine ; sound machines : 
gauges ; indicators and alarms for boilers, tanks, draught. 
&e. ; torsionmeters ; and miscellaneous, the latter section 
dealing with instruments for measuring, indicating and 
recording time, temperature, density, and salinity, as 
well as sextants, telescopes, binoculars, rules, signals, 
lamps, &c. Explanatory text is given where necessary. 
with illustrations and dimensions. A separate price 
list has also been issued. It will be seen that the 
scope of the catalogue is wider than is indicated by its 
title. Both navigators and engineers will find it a useful 
handbook on instrument equipment. 





Steam Turbines.—A catalogue of exceptional interest 
is to hand from Messrs. The British Thomson-Houston 
Company, Limited, Rugby, describing their steam tur- 
bines in sizes up to 40,000 kw. at 3,000 r.p.m., and 
100,000 kw. at 1,500 r.p.m. The illustrations, both 
parts and general views, are numerous, and data are given 
in graphical form in many cases. The text deals with 
impulse turbines of combined, compound and simple 
types, with notes on bucket speeds, pressure stages 
and velocity stages. The advantages of automatic nozzle 
control, high pressure, superheat, &c., are next dealt 
with, and a description of parts follows with particulars 
of casings, shafts, valves, nozzles, buckets, governors. 
synchronising gear, gauges instruments and tools. The 
company has under construction, at present, a number 0! 
high-pressure turbines with a total capacity of ove! 
300,000 kw., in sizes ranging from 2,000 kw. to 67.000 
kw. This catalogue may be regarded as a technica 
treatise on the latest developments in steam-turbine 
design and practice. 
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CORPORATION. 
(Continued from page 67.) 


THE CLARENCE DOCK POWER | the top of the main coal conveyor, is given in Fig 25, 
STATION OF THE LIVERPOOL | and its general construction will be clear from 


| Figs. 26 to 29, on page 124, and from Figs. 31 to 
| 36, on page 125. As will be seen from Figs. 25 
to 27 and 31 to 36, one of the longer sides of the 


In the second article of this series on the Clarence | silo is erected against the wall of the original 
Dock power station, which appeared in our | dock, while the other consists of a series of rein- 











Fia. 24. 








StorRaAGE GROUND AND GANTRY. 














Fig. 25. 











Siro FRoM Top or CoNVEYOR. 


issue of July 17, reference was made to a dam ang concrete columns, with bases contained in 
which has been erected to form the southern boun- | 
dary of the coal storage ground which can be flooded. | by concrete slabs, so as to form a vertical struct- 


holes in the floor of the dock, which are connected 


The east end of this dam is connected to the|ure. The end of the silo is closed by a similar 
South end of the coal silo, and, as shown in| vertical wall. 

Fig. 24, also carries the end of the reinforced| The thrust of the western wall of the silo due to 
Concrete gantry from which coal is unloaded into | the water in the coal storage ground is transmitted 
the Storage ground. A view of the silo, taken from |to the dock by counterforts and horizontal beams, 


which are constructed of reinforced concrete. The 
middle points of these beams are supported on a 
central row of reinforced concrete columns, the 
arrangement thus dividing the silo longitudinally 
| into two equal portions, as is perhaps best shown 
jin Fig. 26. These columns also carry inclined 
| transverse walls of triangular section so that a series 
| of 32 hoppers are formed in each half of the silo. 
| This arrangement is modified at the northern end, 
| where, as indicated in Figs. 27 and 31 to 33, the hop- 
| pers are omitted and the silo is divided into two 
| portions by vertical columns, which are joined half- 
way up by cross-beams, thus providing space for the 
| accommodation of the coal conveyors. The silo is 
| divided into 20-ft. bays by the cross beams, except 
at the points where the columns for the coal con- 
veyor gantry are supported. Here, the length of 
the bays is reduced to 10 ft. Expansion joints are 
fitted at two places in the structure, so that the 
latter is virtually in two parts right down to the 
foundation. The weight of the silo is, of course, 
borne by the columns, the feet of which are splayed 
out so as to give a pressure not exceeding the stan- 
dard of 10 tons per square foot. 

As will also be seen in Figs. 26, 27 and 34 to 36, 
the tops of the columns carry a number of eross 
beams. These beams in turn support T-section 
longitudinals, on which the sleepers for carrying 
three lines of rails are mounted, as shown in Fig. 28. 
These rails connect with the Dock Board system, 
thence with the London Midland and Scottish Rail- 
way and, via the Cheshire Lines, with the London and 
North Eastern Railway, over which it is intended 
the coal shall be brought: The silo is drained by 
longitudinal trenches, which connect with a cross 
trench near the south end, so that any seepage or 
surface water is collected in a sump, whence it is 
pumped into the coal-storage ground; a pump and 
two air ejectors are provided. These pumps, which 
are installed, immediately behind the dam, also 
handle the water which has been drained from the 
turbine room, boiler-house and annexe floors, and 
has been collected in the sump mentioned in an 
earlier part of the article. It may be added that 
this system of drainage is mainly precautionary, 
as so far there has been little sign of any water 
seeping through the dock floor. 

The reinforced concrete gantry over the storage 
ground, one end of which, as has already been 
stated, rests on the boiler-house retaining wall is 
approximately 30 ft. high and consists of reinforced 
concrete trestles, spaced at 20-ft. centres. These 
trestles are connected by longitudinal beams, 
which carry the rails. At about the quarter points 
of the gantry’s length, provision for expansion is 
made by the use of double trestles. This gantry is 
designed to carry a single line of rails, which at 
one end is connected to the Dock Board system, 
while at the other it is extended into the boiler-house 
firing aisle, where a runner beam and hatchway 
have been provided, so that material can be taken 
in by this way. 

At the eastern end of the boiler-house the rock is 
excavated to a depth of 23 ft. to form an ash tank, 
the bottom of which is, therefore, 53 ft. below the 
quay wall. The construction of this tank we 
will refer to later, but it may be mentioned 
that to strengthen the quay wall at this point, so 
that the boiler-house and ash bunker stanchions 
could be carried safely, concrete piers, let into the 
face of the quay wall, are taken right down to the 
bottom of the excavations. 

Coal will be delivered to the station over the 
Mersey Docks and Harbour Board system, and a 
double platform 60-ton weighbridge, and will be 
discharged from 20-ton hopper bottom wagons, of 
which the Electricity Department own some 160, 
either into the silo or on to the storage ground. 
Normally, these wagons will be hauled by loco- 
motives belonging to the Mersey Docks and Harbour 
Board, but a Premier petrol-paraffin locomotive will 
also be available for this and other services in and 
about the station. This method of operation forms 
an interesting departure from the usual practice of 
employing wagon tipplers, but Mr. Robinson regards 
it as being both more speedy and more efficient, a 
view which will receive some support when it is 
stated that a train carrying 400 tons can be unloaded 





in less than 10 minutes. Most of the coal will be 
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obtained from the local coalfields, but sea-borne 
coal can be handled from the Carriers Dock by 
rail, Arrangements have also been made, so 
that, if necessary, the conveyor system described 
below can be extended to an adjacent dock and 
colliers lying there discharged direct into the 
bunkers. 

The coal is taken from the silo, which has a 
capacity of 5,500 tons, to the boiler house by an 
extensive conveyor system, which was constructed 
by Messrs. Henry Simon, Limited, Cheadle Heath, 
Stockport. This incorporates four travelling feed 
hoppers the details of the construction of which are 
given in Figs. 40, 44 and 45, on Plate V. These hop- 
pers, one of which is visible in Fig. 37, on page 126, 
are arranged in pairs, two to each of the conveyors 
described below, and run on rails which are carried 
from the conveyor framework, so that they can be 
brought under any of the 64 silo outlets. These 
outlets are closed ky slides, which are designed so 
that they cannot be opened unless a hopper is under- 
neath them, nor can the hopper be removed unless 
they are closed. The interlocking is effected by 
shrouding the racks with which each slide is equip- 
ped, along one side, so that they can only be engaged 
with the corresponding pinion on the hopper through 
an opening in the shroud corresponding to the 
pinion diameter. This engagement can only take 
place when the hopper is directly below the silo 
outlet. In this position, the pinion, which is 
operated through a shaft and hand-wheel, can be 
moved laterally, so that it passes through the 






engagement with the rack. 
At the same time the 
shaft enters a slot in the 
| frame of the slide, so that the hopper is held in 
| position under the latter. The slide can then be 
|drawn back by turning the hand-wheel, and the 
|coal discharged through the hopper, which thus 
| acts as a feed chute to the conveyors. The hopper 
|cannot be moved again until the slide has been 
| closed, and the pinion has been withdrawn through 
the opening in the shroud. 

The hoppers discharge on to one of a pair of belt 
conveyors, which are designated A and B respec- 
tively. Asshown in Figs. 39 to 42, on Plate V, these 
conveyors are installed on the floor of the dock, 
and are each 395 ft. long. For 320 ft. of this length 
they are horizontal, but the last 75 ft. of their run 
is inclined upwards at an angle of 18 deg., so that 
they deliver their contents through a chute to 
another conveyor C, the lower end of which is 
| situated at level — 5 at the far end of the silo from 
the boiler-house, at the position shown in Fig. 30 
on this page. This chute, as shown in Fig. 43, 
has ‘been designed so that an additional branch may 
be added through which coal can be supplied to a 
conveyor D, to be installed later. The belts of 
conveyors A and B, a view of which is given in 
Fig. 37, page 126, are of five-ply rubber and canvas, 
and are 42 in. wide. They are capable of handling 
220 tons of coal per hour, when running at 230 ft. 
per minute, and are driven by 22-h.p., 400-volt 
motors through forged and cast-steel gearing, two 
pairs of wheels with clutches being provided on the 
first-reduction shaft to enable a half-load speed of 
115 ft. per minute to be obtained. The motors are 
installed at the point where the horizontal and in- 
clined sections join, the drive being of the tandem 
type. 

Conveyor C, the arrangement of which is also 
shown in Figs. 39, 41 and 42, is inclined at an angle 
of 18 deg. throughout its length, is 440 ft. long 
and is carried on an inclined gantry, the total vertical 
rise being 134 ft. 6in. It is equipped with a 42-in. 
seven-ply rubber and canvas belt, and is driven 
through tripie-reduction gearing by a 55-h.p., 
400-volt motor, which is installed on the return side 





Fie. 30. JuncTION oF CoNVEYORS IN SILO BASEMENT. 





OF THE LIVERPOOL CORPORATION, 


MR. P. J. ROBINSON, M.I.MECH.E., CITY ELECTRICAL ENGINEER. 











of the belt near the bottom of its run. A two-speed 
change-gear box on this drive enables speeds of 
either 236 ft. or 120 ft. per min. to be obtained. 
This conveyor is also fitted with retaining gear on 
the driving shaft to prevent the belt from running 
back should the power fail. Its driving arrange- 
ments are shown in Fig. 56, on page 138. The 
upper end of conveyor C, a view down which 
appears in Fig. 57 on page 138, is covered by a 
junction-house, which is built above and to one 
side of the boiler-house. At this point the coal is 
delivered through a chute on to a conveyor, designa- 
ted E, which is carried on a second inclined gantry, 
as shown in Figs. 47 and 48, Plate V. This chute is 
also arranged, so that a connection to an additional 
conveyor can be made without dismantling being 
necessary. Conveyor E, a section through which 
is given in Fig. 48, is 75 ft. long, and is equipped 
with a 36-in. belt of four-ply rubber. It is driven 
by a 15-h.p., 400-volt motor through two-speed 
gearing, so that it can be run at either 280 ft. or 
140 ft. per minute. The upper end of this conveyor 
is housed in a second junction-house, and delivers 
the coal on to a conveyor, designated G, which is 
shown in Figs. 46, 49 and 50 through a self-propelled 
tripper. This tripper is at present fixed, but it is 
intended that it shall be movable when, owing to 
the erection of further boiler-houses, extensions to 
conveyor E are necessary. Conveyor G, which is 
also shown in Fig. 38, page 126, is 210 ft. long and 
is of the same general design as conveyor E. It 
runs along the top of the boiler-house bunkers, 
as shown in Fig. 46, the coal being discharged 
from it by an automatic tripper which is driven 
from the conveyor belt through bevel gears and 
a chain, and is equipped with bevel reversing 
gear, which is operated by stops attached to 
the conveyor frame. The tripper, details of which 
appear in Figs. 51 to 55, on Plate V, and i 
Figs. 58 and 59, on page 138, is fitted with the 
operating gear of the usual design, as shown 
the figures, so that it can be moved to, and fixed 
in, any position along its run. = 

All the conveyor belts are carried on roller units, 
each of which consists of five 6-in. diameter cast 
rollers, while the troughing units are fitted with 
Hyatt roller bearings. The lubrication throughout 
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grabs and will discharge their contents into wagons, 
which will then be shunted and unloaded into the 
silo. They will also be used for trimming the 
coal over the storage ground, the present capacity of 
which is 85,000 tons, though this could be increased 
to 120,000 tons by cutting away the wall of the 
dock up to the boundary of the site. 
(To be continued.) 





THE PHYSICAL AND MECHANICAL 
PROPERTIES OF CLAY. 
By H. Berriver, C.1.E., M.Inst.C.E. 

In a previous article* the author drew attention 
to the colloidal nature of clay, and now records 
some further investigations and experiments. 

Calculation of Proportions of Components (Argil 
and Water).—In the above article, the formule given, 
though correct, are not so comprehensive as thoset 
worked out by Dr. Herbert Chatley. The ratio 
volume weer appears to be the most important, 
and was originally denoted by w, by Dr. Chatley, 
who has, however, subsequently adopted «, used by 
Professor Terzaghi in his book,t and series of papers 
published in the Engineering News Record, in 1925. 
The connected formule and the results found by 
applying them to several kinds of clay in the London 
area and elsewhere are given in Tables I and II, on 
the opposite page. 

The author at first thought that the density s 
(Mr. A. B. Searle’s *‘ Volume Weight’) of the clay, 
or mixture would be a sufficiently approximate 
measure of the quantity of water contained, but it 
will be seen that r, the specific gravity of the mineral, 
or argil, varies from 2-55 to 2-74, so that «€ is a 
better index of properties than s. It is to be noted 
that diminishing values of « correspond to greater 
depths, and that drying for two days produces in 
surface clay properties similar to those of London 
clay at 150 ft. deep. 

The author suggests that values of « may serve 
to classify clay for engineering purposes. It will 
be seen that only three weighings are necessary 
to obtain «, &c., from a plastic specimen, viz. 
(a) in air; (b) in kerosene of known specific gravity ; 
and (c) in air after drying to constant weight at 
110 deg. C. From these three values, ¢« and the 
other ratios can be obtained, as shown in Table I. 

Physical Properties of Clay.—Considering these 
first, it appears that the substance may be classed 
among the so-called “disperse systems,”’ the study 
of which is a branch of physical chemistry. Properly 
to appreciate how this subject bears on the behaviour 
of clay, the engineer may, however, be permitted 
to see how the physicist deals with the subject. 

Disperse systems consist of a ‘‘ dispersion medium ” 
(continuous) and a “ disperse phase”’ (discontinuous). 
The ‘‘ components ” may be two or more in number, 
and either elements or compounds in the liquid, 
solid, or gaseous phase (state of aggregation). The 
disperse phase is in the colloidal state, of which 
the dimension lies between 10-° cm. and _ the 
molecular magnitudes, the solids being in the form 
of finely divided particles, and the liquids of drops 
or films of which the form is maintained by surface 
tension, being everywhere convex. 

Omitting gas in gas, there are eight possible 
combinations, Professor E. Hatschek’s list of which 
is given in Table IIT.§ 

The systems which have so far received the 
most attention are those coming into the scope of 
important industries, such as rubber, margarine, 
ceramics, photography, &c., while physiologists have 
devoted much attention to the allied subject of 
osmosis. 4] 

This branch of chem'stry is comparatively new, 
and presents difficulties to which scientists of the 
first rank have devoted much work. Following, 
however, their lead, the author suggests the classi- 
fication of clay shown in Table IV. 





* “The Colloidal Nature and Water Content of 
Clays,”” ENGINEERING, vol. cxxx, pages 7 and 61 (1930). 
aaa Properties of Clay Mud,” Soc. Engrs., 
1922, 

t Erdbaumechanik, Deuticke, Leipzig. 

§ Introduction to Physics and Chemistry of Colloids, 
page 8 (Churchill). 

{ Physical Chemistry ; 
Medicine, by J. C. Philip. 


tts Bearing on Biology and 
(Edward Arnold.) 
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Fig. 37. CoNvEyoRsS IN Sito BASEMENT. 
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Fig. 38. CoNvrEyors OVER BorteR-HovsE BUNKERS. 


In classes 5 and 7, the solid is argil of microscopic 
and sub-microscopic sizes, and the liquid is water. 
In class 6, the solid is the same in a porous state of 
aggregation, and the gas is air and/or water vapour. 

The mineral, or argil, is an alumino-silicic acid 
of variable composition produced by the decay of 
granite,* limestone or voleanic rock (trap), and, 


as regards the last material, has been noted by the | 


author in active formation in the rocks along the 
Gulf of Aden and in the Bombay Deccan. The 
trap is black when newly fractured, but a yellow 
scale soon forms, and, when washed off by rain, 
accumulates at lower levels, leaving the boulders 
in various stages of decomposition, and forms the 
deposit known as “ moorum,” which can be burnt 





* The terrible clay in the Cristina Tunnel, North Italy, 
occurred in limestone. See Zunnelling, by Drinker, 
page 534. 


jinto ‘“surkhi,’ and makes, when ground with 
|lime and sand, the very fine artificial hydraulic 
| mortar largely used in India. The clay resulting 
|from such decomposition is in all stages of sub- 
| division, from the microscopic to the ultra micro- 
| scopic, mixed with fragments of silica and otuer 
| minerals not so finely divided.* 

The results of the author’s investigation into the 
three systems, 5, 6 and 7, are as follows :— 

Class 6.—Solid-gas system (e = 0). The argil 
has a specific gravity, r, of 2-68 to 2-75, and 
the oven-dried solid has a porosity of about 35 per 
cent., s, the density, being 1-80. An air-dried 





* The acid character of clay can be demonstrated by 
making up a cell with lead and iron pipe as elements, 
and wet clay as electrolyte. In clay soil, it may be 
| pointed out, wrought-iron pipes are eaten away 10 ! 
| to five years. 
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sample holds about 10 per cent., by weight, of 
water, which is driven off with loss of weight by 
heating. In the range of temperature between 
15 deg. C. and 130 deg. C., ¢ varies from 0-335 to 
0-020. This is the “white hard” stage to which 
clay is brought in brick, tile and pottery works 
before burning, and then possesses considerable 
mechanical strength (see previous article). 
Evaporation from a clay surface takes place at 
almost the same rate as from water. Fig. 1, page 128, 
shows the total evaporation indoors at temperatures 
60 deg. F. to 72 deg. F. in three similar dishes, 


square yards, and the total rate of evaporation is 
proportionately increased. At some temperature 
between 130 deg. C. and 200 deg. C., the outer 
layers of a sample become darker, and water, 
chemically combined, is driven off, so that the 
substance becomes “irreversible,’? and will not 
again absorb its original amount of water. 

Class 7. Solid-Liquid System.—In this stage, ¢ 
is between 0-335 and 2-70. At the lower figure 
plasticity begins to show, presumably because the 
pores become saturated with water, and a liquid 








film begins to form on the surface of the particles. 


TABLE I.—APPLICATION OF DR. CHATLEY’S FORMULA FOR COMPOSITION OF 


water through road-forming materials placed on it. 
Dr. Chatley states that this is the densest form in 
which material can be handled by a suction dredger, 
but itis really a soft solid and not a liquid, as can be 
easily seen by comparing it with a solution of the 
same density (say, silicate of soda in water). 

The materials described as forming the bed of 
the Hudson River, at the site of the Pennsylvania 
Railroad Tunnel, evidently approximate to this con- 
dition of maximum saturation, and the values of ¢ 
are shown in Table II, as calculated from the data.* 
83 per cent. of it passed a No. 200 sieve, or 13 per 


CLAY AND SATURATED MIXTURES.* 
























































Notation. | Range of Values. Remark. Authorities. 
4 volume of water solidus | 
¢ = Pore coefficient, ratio { ss Se pT \ es 0 to 00 “e¢” is Dr. Terzaghi’s | Examples 1, 3, 8, 11, 17-23 (Table II.) Dr. H. Chatley. 
+ = Density of mineral grains eo a as pe | 2-75 (about) symbol used in the ” , 4, 5, 6, 7, 9, 10, 13, 15, 16 
s = Density of clay or mixture in bul i NN On on CE 1 to 2-75 = sah . — My _ =” —-- ‘Meeeth enttet 
w= = fraction of water in saturated mixture, referred to whole } bi “ - for the = » 14 (Table IL) .. ns LEON ee a 
volume .. es ee es F as i ° oe | Otol 
= i ; ‘ | same ratio in 1922, but The author is indebted to Messrs. Le Grand, Sutcliff, and Gell, Limited, 
bal — - baie en mane nae * — | Otol has since used “ e.”” for samples 4 and 6, of Table II. F 
w2 = Do. Do. referred to weight of mineral 0 to 00 
For Saturated Miztures. To find « and r, using metric weights, grammes and c.c. 
=e | oo @ r—s Weight in air = M) V2 
© Seat Ee eee », in kerosene of known S.G. = Mo oe Vi Wa 
“ ne he | »  inair, after drying 24 hours at 110deg.C.= M; Ms 
are See eee = = a _ = - 
l+e r—1 | : l+e Her | Then original volume, c.c. = a — = V) . Vi — V2 
. eens | = r+2 | S.G. of kerosene M 
y= — — = = = — Mz = V: = 
=> ts" iesh | mGe-iheri rm +i | Volume of water lost c.c. = M; — M3 = V2 8 v1 
ae | 
* See Society Engineers, 1922; Eng. Soc. China, 1923; W.E.C. Tokyo, 1927. 
TABLE II. 
— : : = icin 
| | rte © € € 
| Locality. | Description of Material. l+e| lt+e |] r+e r 
| | € r 8 w w w2 l+e|r+e 
a | 
1) — | Theoretical packing of particles with perfect graduation ea _ 2°75 | 2-75 | | — 1-00 2-75 5 
2} London, Camden Town .. | London clay, oven dried at 110 deg. C., porosity 35 per cent. _ 2°75 | 1-79 —- | — | — 1-00 2-75 2 
3 — | Argillaceous rocks rarely less than “a es ae “a 0-25 | 2-75 | 2-40/] 2-00 | 0-084 | 0-091 1-25 3-00 3 
4 London, Kensington “a “ Reading ” bed 215 ft. deep, red and white mottled, very hard 0-335) 2-74 | 2-30] 0-251 | 0-108 | 0-122 1-835 | 3-075 | 4 
5| London, Hendon ae | Surface clay, air dried 2 days in summer ep o 0-457; 2-68} 2-14] 0-814 | 0-146 0-171 | 1-457 | 3-187) 5 
6| London, Kensington .. | London clay, 195 ft. deep, slatey colour, rather gritty. . a 0-572} 2-73 2-10} 0-361 | 0-173 | 0-210 | 1-572 | 3-302; 6 
7| London, Camden Town .. | London clay, 42 ft. deep, 48 ft. above O.D. at colour... a 0-735} 2-75 | 2-01 0-423 | 0-222 0-267 1-735 | 3-485 | 7 
8) — | General minimum for heavy clay, particles very tightly packed Pe ee 0-750; 2-75 | 2-00 | 0-480 | 0-214 | 0-273 | 1-750 | 3-50 8 
9' London, Hendon .. | Surface clay freshly dug, yellow, plastic, average of three samples .. ce 0-755) 2-69 1:95 | 0-430 0-217 0-281 1-755 3-445 | 9 
10 Sussex, Hoathly .. | Brick earth, tempered for slop moulding, including ashes. we es 0-885) 2-56 | 1-82 | 0-470 | 0-257 | 0-345 | 1-885 | 3-445 | 10 
11 — Equal volumes water and argil, fairly close packing .. aa *e ae 1-00 | 2-75 | 1°875) 0-500 | 0-267 | 0-364 2-00 3°75 | 11 
12} New York .. .. | Pennsylvania Railroad Tunnel. Silt at tunnel face phe a 1-22 2-55 1-7 0-550 0-324 0-479 2-22 8-77 | 12 
13, London, Morden . | Surface clay soaked, just strong enough to cohere ae 1-38 | 2-70 1-46 0-580 | 0-339 0-512 2-38 4:08 /|13 
14, New York... an .. | Pennsylvania Railroad Tunnel. Silt on bed of river .. 1-77 | 2-55 | 1°56; 0-639; 0-410 | 0-695 | 2-77 4-32 | 14 
15) Humber and Severn River .. | Mud .. as x uF ne es ae ee 2-50 | 2-75 | 1-5 0-715 | 0-476 | 0-910; 3-50 5-25 | 15 
16 London, Morden <a | Equal weights of water and argil, soft paste .. pe aa «6 2-70 | 2-70] 1-46| 0-730; 0-500; 1-00 3-70 5-40 | 16 
7 _— | Mineral b yp tee can just pass each other, densest that can be pumped 3-00 2°75 1-44 0-75 0-523 1-09 4-00 5-75 (17 
18 — | Reported density of discharge from “ Fruhling’ dredger .. ea 4-26 2-75] 1-33] 0-812] 0-609; 1-55 5-26 7-01 |18 
19 _ | Limit of density, general pump dredging a p- a 6-00 | 2-75 1-25] 0-857 | 0-686 2-18 7-00 8-75 |19 
20 — | Mixture giving almost perfect freedom to particles .. vee Se 7-00 | 2-75 | 1-22] 0-775 | 0-718 | 2-54 8-00 9-75 | 20 
21 — Material or as free as water, if particles nearly colloidal ee Ke ..| 13-00 2-75 1-125} 0-930 0-826 4°73 14-00 15-75 | 21 
22 — | Effluent from ordinary suction dredgers ; 6 per cent. volume, 12 per cent. weight | 16-5 2-75 | 1-10] 0-944 | 0-857 | 6-00 | 17-5 19-25 | 22 
23 — | Sol of clay showing perceptible stiffness ; 5 per cent. weight as ee .-| 19-0 2-75 1-09 0-95 0-874 6-90 20-00 1-75 | 23 
































7:65 cm. in diameter by 4:3 cm. deep of (a) tap 
water ; (b) saturated clay (e = 2-70); (c) thesame 
clay covered with a layer 1 cm. thick of clinker 
passing a 2-mm. sieve, and retained on a 1 mm. sieve. 
There is about 5 per cent. more evaporation from 
the water. The clinker did not seem to make much 








TasBLe III. 
=) Dispersion Disperse | 
Medium. | Phase. | Example. 

ae ap \ | 

: Gas .. ..| Liquid Fog, mist. 

2. Gas .. ..| Solid Smoke, fine dust. 

3. Liquid cot Ge: ..| Froth, fine foam. 

4. Liquid Liquid .-| Emulsions. 

5. Liquid | Solid ..| Suspensions. 

6. Solid aah “Glee Pumice. 

7. Solid nae Liquid Numerous minerals. 

8. Solid ‘ | Solid ..| Ruby glass. 


| 





difference, so that the benefit of spreading ashes 
on clay to consolidate it arises probably from its 
decreasing the ‘ mobility” and cohesion of the 
surface layer. 

It may also be noted that the surface of a mass 
of clay is largely increased by hand excavation. 
Acubie yard of clay in situ at the surface of an 
excavation, has only one face exposed of 1 square 
yard area, but as a “spit” taken by the grafting 
tool has a volume of, say, } cub. ft., and a surface 
of about 24sq. ft. The surface of a cub. yard exca- 
vated and exposed to the air, must be about 30 





| If the particles were roughly spherical in shape, 
the volume of voids (or W) for tetrahedral (or close) 
|packing would be 25:96 per cent. of the total 
| volume, and e would be 0-351. Bingham considers 
that, at this stage, flow could not take place without 
| rupture of the particles.* 
It is, however, supposed that clay particles are 
|lamellated, and that this enables flow to take 
|place without dilatancy occurring,f i.e., the 
| particles slide on each other, instead of jamming 
leach other and rotating. The pressure on the 
| deep specimens Table II, Nos. 4 and 6, would be, 
|say, 10 tons per square foot at 200 ft., so possibly 
this is the equilibrium pressure for e = 0-335. 
| Above this value of ¢, the plasticity naturally 
increases; the surface clays, « = 0-750, have a 
safe load of, say, 1 ton per square foot, if evapora- 
| tion can be guarded against. When e = 2-70, the 
weight of water is equal to the weight of mineral, 
though, of course, the water volume is, say, 2-7 
|times greater, and this is a second stage of equili- 
| brium where the clay is saturated, and will not 
hold more water; it is a soft, sticky mass, which 
can be found in wet weather in enormous quantities 
on the surface of works in a clay district. Its 
| density, s, is about 1-46; its bearing power is 
| practically nil, and it will find its way almost like 








* Fluidity and Plasticity, page 229. McGraw, Hill 





Book Company. 
+ Edser, General Physics, page 213. Macmillan. 





cent. more than the proportion for American Stan- 
dard Portland cement. Its angle of repose was 3 deg., 
and 8 gallons to 12 gallons per minute would flow 
through a hole 1} in. in diameter in the tunnel lining. 
Considerable difficulty was, however, encountered 
in steering the shields through it, until the expedient 
was adopted of allowing the whole of the tunnel 
excavation to squeeze through the shield doors into 
the tunnel, when progress became rapid and easy. 
To consolidate similar material overlying rock in 


Taste IV, 





System. 
’ Description of 


Values of “‘ «.’ Clay. 





No. | Class. 





5. | Liquid-solid ., — than | Slips and slurries. 
“7 


6. Solid-gas ..| Oto 0-335 ..| Oven to air dried. 
%. Solid-liquid ..| 0-335 to 2-70 ..| Plastic. 











the Hudson River Tunnel, working under 38-lb. 
air pressure. Mr. Charles M. Jacobs, in 1902, 
baked it with kerosene burners. Yangtse mud, 
e = 1-33, and density s = 1-75, has a shearing 
stress of about 3 lb. per square inch, which is also 
about the ultimate skin friction on piles driven into 
it. 





* Hewett and Johannsen, Shield and Compressed-Air 
Tunnelling. McGraw, Hill Book Company. 
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Class 5. Liquid-Solid System.—By forcible ad- 
mixture (blunging) slurries and slips can be formed 
which are practically heavy liquids, but they 
must be kept stirred, or they will settle out. In 
ceramics they are generally described* by their 
density of 25 oz. to 29 oz. per pint ( = 1-26 to 
1-46). 

The properties of such material are of importance 
to the engineer, especially in relation to pump 
dredging operations.t} 

“Soft clay’? or “stiff clay ” are indefinite terms 
which have led to misunderstanding, and may now 
be replaced by terms involving «. To pump freely, 
e should be about 7-0, giving a density s of, say, 
1-22. 

Stability of Solid-gas, Solid-liquid and Liquid- 
solid Systems.—As the equilibrium of clay is depend- 
ent on pressure, concentration or volume, and 
temperature, a large amount of research beyond 
the writer’s scope is needed to elucidate the question 
of physical equilibrium, but the following experi- 
ments and considerations are recorded. 

In the previous article, the results of experi- 
ments (a), (6b) and (c), showing pressures due to 
bringing water into contact with dry clay were 
given, and these are repeated in Fig. 2, together 
with (d), a further experiment in which the first 
applied pressure of 10 tons per square foot was 
increased to 10-75 tons by the swelling of the clay, 
and it may be noted that higher pressures could 
evidently be produced. 

The converse experiment is also shown, in Figs. 
3 to 5, of finding what pressure is produced by 
shrinkage. The method was to allow wet clay, 
€ = 2-7, to shrink on to a cylindrical indiarubber | 
balloon, and on to a spherical balloon. These | 
balloons were hydraulically connected to the 
mercury manometer. The tension on the final 


Fig.2. PRESSURES PRODUCED BY WE TTING, DRY CLAY. 


Intensity of Load Tons,per Sq.Ft. 
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amounts of energy which appear as external work, 
however, are by no means negligible, and the subject 
seems to warrant full research. As the water from 
wet clay evaporates at about the same rate as free 
water, the same difference of temperature may be 
expected as shown by the wet and dry bulb thermo- 
meter. As this is generally only a few degrees, the 
heat efficiency cannot be 
very high. The author 
suggests that the cause 
of swelling and shrink- 
age pressures are as 
follows : Clay molecules 
have a great affinity for 
water*, and the particles 
(composed of these mole- 
cules) are of dimensions, 
say, 10-' cm., and have, 
therefore, between them, 
pores of a diameter not 
greater than this. 

The accepted formula 
for the capillary action 





Total Weight of Water evaporated from Qlay in open dish (gms). 





of water is 
28 
h — 
rpg 
where 

h height of rise in 
capillary (cm.). 

8 surface tension of 
water, 75 dynes 
per cm. 

p = density of fluid 
(water 1). 

r = radius of capillary 
(cm. ). 

g = gravity constant 
(981 cm. per 


second per 


second). 633.0) 


Fig. 3 . PRESSURE DUE TO SHRINKAGE OF CLAY. 
EXPERIMENTS WITH CYLINDERS &SPHERES. 


Filling Orifice; 
Clamped off 
Iman Dia. 
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* 
Thin Indiarubber Balloon \ 
filled with water. Failure by horixontal split. 
; Manometer height 
Sectional Plaster mould,  018cm.Merairv. 
removed on 3™ day. - 
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Total Weight of Water evaporated from open dish (gms) 


The capillary rise in pores of even 10‘ cm. 
diameter would be 1,530 m., and it seems possible, 
therefore, that beds such as the London clay over- 
lying water-bearing strata maintain their moisture 
content from below as well as from rainfall above. 

When brought into contact with dry clay, there- 
fore, water, owing to its surface tension, fills the pores 


Fig. 1. EVAPORATION FROM CLAY SURFACES-INDOORS(TEMP 60°-72°FAHR) 


Dia. 

T65«4- 

163 4-3 
with clinker 7-67* 4-3 
pie diameters) 
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thickness of the clay envelope was about 40 lb. per|and that capillary action takes place in irregular | and interstices, and, in addition, the molecular attrac- 
square inch for the cylinder, and 12 lb. per square | spaces between particles as well as in tubes may be | tion of the clay particles for the molecules of water 
inferred from the author’s experiments shown in | causes water to surround each particle with a film. 
Table V, in which the finest sand used had dimen- | The thickness of this water film, i.e., the distance 


inch for the sphere. 
Water acts on clay very much as heat does oq 


metals, the volume and plasticity varying with the | sions 15 to 20 times that of a clay particle.t 


amount absorbed or lost. A comparison of the | 
initial and final volumes and pressures of the above | 
experiments shows they are connected by some | 
expression like PV = C. 

Experiments by Schroeder{ on cellulose are stated 
to show an efficiency of 95 per cent. when the 
mechanical work against vapour pressure is com- 
pared with that due to the heat change, but this 
seems far from being the case with clay. The total 





* Searle, Chemistry and Physics of Clays, d&c., page 
226. 

+ Dr. H. Chatley, 
Tokyo, 1929. 
Method of Dredging,” &c. 


World Engineering 


} Crocker and Matthews, Theoretical and Experimental | solution of 750 grams per litre. 


Physical Chemistry. Churchill. 


| 28 for kerosene. 








* They have not the same kind of affinity for kerosene, 
which, though it will fill the pores of the dry solid, does 


| apart to which the clay particles will be forced, will 
|be such that equilibrium is attained between the 
attraction of the clay particles for each other plus any 
| external pressure and the attraction of the clay for 


not produce plasticity or swelling. The surface tension | the water molecules. 


of water is 75 dynes per cm., compared with about | 


It is supposed that the radius of molecular attrac- 


Congress, | of 30 atmospheres from the swelling of beans, and the 
Paper No. 1, ‘‘ Relation of Material to} Earl of Berkeley and Mr. Hartley obtained an osmotic 


t Pressure from water-absorption is known to be pro- 
| duced in many porous bodies, both organic and inorganic. 
| The crack in rock at the Arapuni Dam, one mile long by 
| 2 in. to 24 in. wide (see ENGINEERING, November 28, 
| 1930), is considered to have been caused by water 
| penetrating a pumiceous breccia, giving an expansion of 
| 1/2,000th. See also Proceedings, Royal Dublin Society, 
| vol. xiv, 1914. Butler and Sheridan obtained pressures 


133-74 atmospheres from a cane-sugar 


pressure of 
Proc. Roy. Soc., 1906 ; 





Phil. Trans., 1909. 


. ae " > K K 
tion is 5 x 10-* cm.,* and that it varies as = st where 


K is a constant, r the radius of molecular attraction, 
and n is an exponent = 8. At atmospheric pressure, 
the volume of saturated clay (« = 2-70) is three 
times that of clay at maximum density (« = 0-46) 
so that the distance apart of particles in the former 
state is ¢/2-7 = 1-44 times that in the latter. 

* Willows and Hatschek, Surface Tension and Surface 


Energy, page 8. 
+ Edser, General Physics, page 660 et seq. 
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THE PROPERTIES 


OF CLAY. 


TABLE V.—Capimarity or Sanp, &c., Fittep into Guass TusEs 2°3 cm. DIAMETER AND LEFT 
z STANDING FoR 24 Hours. 
































ae | 
Mesh. Diameter. | | 
3.g, | Voids, | Rise, 
Description. of. per | | | | =~ >| cm. a. ee 
Material.) Cent. | pass- | Re- | Pass- | Re- | Pass- | Re- | °°8: Be coe g, (Bmax —Bmin) P9 
‘| ing. | tained. | ing. tained. | ing. | tained. . 
Leighton Buz- | in. | in. | cm. em. | 
zard (stan- | | 
dard sand) 2-68 40 20x20 | 30x30 | 0-0336 | 0-0225 | 0-0854 | 0-0570 | 67-62 3°5 10-6 
Thames sand | 2-63 39 “s+ | xiv | 0-0133 | 0-0069 | 0-0339 | 0-0177 | 65-60 | 18-5 18-9 
glee 2-63 = “ | *4" | 0.0200 | 0-0133 | 0-0508 | 0-0339 | 65-59 | 15-5 18-1 
2-63 ae x | 0-0312 | 0-0200 | 0-0794 | 0-0508 | 66-60 | 11-0 10-7 
* 2-63 = ve ‘| 0-0625 | 0-0312 | 0-159 | 0-079 | 66-62 | 5-0 3-82 
ae: 2-68 | — 3 «~~ | 0-125 | 0-0625 | 0-318 | 0-159 | 66-62 | 2-0 1-92 
No. 5leadshot | (11-4) (48) — | — — 0-300 0-300 66-62 0-5 — 


ae 








Notes :-— 
(a) The Leighton Buzzard sand, probably owing to its greater uniformity, gives much lower results than Thames sand. 


(6) The capillary rise in the Thames sand seems to follow the accepted formula h = ro 


min) the radii of the passing and retained grains. 
(c) In the above formula 

$s = surface tension of water (75 dynes per cm.). 

p = density of water = 1 


aon when for r is substituted (R 


max 


9 = gravity constant = 981. h = height of rise in cm. 


r = Yadius of capillary in cm. 


(d) M.W.B. tap water was used. Wet sand stuck in tube; dry sand above ran out. 


As long as sufficient water remains in contact 
with the clay, the mixture will remain in this swollen 
condition, but when it evaporates, the attraction of 
the clay particles draws them together again. 
Professor Terzaghi,* it would seem, concludes from 
his investigations that all the phenomena are 
entirely due to the surface tension of water. Dr. 
Chatleyt does not, however, concur. 

The surface energy of water, however, seems to 
play an important part in the behaviour of the 
material, as shown by the following considerations : 
—Ostwald{ shows tbat 1 cc. of material of 10-* cm. 
sub-division has a total internal surface of 6 sq. m. 
and, as the surface energy of water is 117-3 ergs 
per square centimetre,§ the film of water 6 sq. m. 
in area must have a potential energy of 7:04 x 10° 
ergs; or, in English measures, 1 cub. yd. of clay 
will possess potential energy to the extent of 
398,000 ft. lb. Fortunately, only a portion of this 
is unbalanced, but the experiments illustrated in 
Figs. 2 and 5, show that such amounts as 150 ft. lb. 
per cubic yard in expansion, and 50 ft. 1b. per cubic 
yard in contraction may easily be met with. It is, 
therefore, no matter for surprise that structures on 
such a foundation are disturbed. 


(To be continued.) 
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Gas Installations and Appliances and their Efficient 
Maintenance. By ALBERT T. GitBERT. London: 
Crosby Lockwood and Son. [Price 8s. 6d. net. ] 

Tuis publication is one of a series of manuals written 

expressly for the self-instruction of workers engaged 

in a variety of industries, and designed to explain 
to the reader the scientific principles upon which his 
trade is based and their manner of application. In 
no branch of the gas industry is such instruction 
more necessary than in that concerned with the 
sale, installation and maintenance of gas appliances. 

The salesman, in recommending the use of any 

appliance, should be able to speak convincingly and 

with authority of its particular suitability for a 

Specific purpose. The satisfactory performance of 

the appliance, however, will depend ultimately 

upon the manner in which it is installed, and upon 
clear instructions given by the fitter to the con- 
sumer with regard to its use. The value of the ser- 
vice thus rests to a large extent upon the exertiuns 
and capabilities of the gas fitter, and as the author 

Says in his preface, the well-informed and tactful 

gas fitter is a great asset to any gas undertaking, 

and a very important unit of the commercial staff. 

This book is, therefore, addressed to both the gas 

salesman and gas fitter. 

The introductory chapter deals with the materials 
employed in gas fitting, the reasons which determine 








* Erdbaumechanik (supra). 
ee Engineering Society of China, vol. xxviii, 1928-9, 
Mud and Similar Granular Mixtures.” 
* Ostwald, Colloid Chemistry. Churchill, 1919. 
§ Edser, General Physics, page 294. 


the size of the pipes for any given installation, the 
employment of governors to regulate the gas pres- 
sure, and gives brief instructions for the testing of 
installations for leakage. Attention is also drawn to 
some common failings of the gas fitter, whilst tabu- 
lated data with regard to the weight of gas tubing 
is included in this chapter. Chapters II and ITI are 
devoted to a short account of the laws governing 
the pressure of gases and to the construction of 
measuring and recording instruments. An explana- 
tion of the principles of combustion and the 
phenomenon of flame, with special reference to the 
burning of gases in burners of the Bunsen type, is 
also given. An interesting historical account of the 
inception and growth of the gas industry forms the 
subject of the next chapter, considerable space being 
devoted to the development of the gas burner, the 
invention of the incandescent mantle and a descrip- 
tion of the manufacture of gas mantles under modern 
conditions. 

Lighting and cooking appliances, chiefly of a 
domestic character, and the installation of gas-heat- 
ing and hot-water systems, are described in some 
detail in subsequent chapters. Minor domestic 


| appliances, such as gas irons, grillers, small geysers, 


gas-heated electric generators for wireless instal- 
lations, refrigerators and towel rails, as well as 
heating systems for small structures such as green- 
houses and garages, receive individual treatment in 
Chapter IX. The final chapter is reserved for a 
general discussion of the efficient maintenance and 
inspection of appliances and installations, together 
with instructions of a general character which 
should be useful to the fitter called to investigate 
the complaints of a gas consumer. A fairly full and 
accurate index completes the book. 

Only a few typographical errors have been noted. 
On page 85 (d) should read (a) ; Berzeliue (page 108) 
Berzelius ; platinum might replace the diminutive 
platina (page 109), and on page 245, Figs. 76 and 77 
should be Figs. 75 and 76; The statement that 
“carbon dioxide is very pungent ” requires correct- 
ion (page 76), and a misconception of the true mean- 
ing of chemical combination may be given by 
describing the atmosphere as “always consisting 
of a perfect chemical combination, since each gas is 


| present in its exact proportion” (page 58). In 


general, the book is clearly and fairly accurately 
printed. The style of the author may, however, 
be criticised. He has realised that, in writing for the 
gas salesman and gas fitter, the matter must be 
presented in an easy and palatable form and, in 
addition, he has arranged for the text to be relieved 
with many well-produced diagrams and illustrations. 
In an effort to make this effective the language is 
occasionally extravagant. Two brief quotations 
will emphasise this point. The author refers to 
Welsbach as “‘ The happy possessor of the precious 
affllatus which recognises no obstacle a7 
(page 107), and one is left wondering exactly what 











the statement “Human nature is the same all 
the world over—only more so in highly civilised 








communities ” is intended to convey. With such 
exceptions the book is very readable. It might 
have been provided with a more substantial but less 
commonplace binding, in view of the price. 





The Law Relating to Industry. By H. Samvusxts, M.A., 
London: Sir Isaac Pitman and Sons, Limited. [Price 
15s. net.] 

THE aim of the author of this work has been to bring 

within a manageable compass those portions of 

English law which concern the relationship between 

employer and employee. “In one respect,” (we 

are quoting from the preface) “‘if in no other, the 
volume may claim to be different from others 
which cover a similar field ; it is, I believe, the only 
volume of a legal nature which provides those 
engaged in personnel management with a know- 
ledge of the obligations involved in many of those 
schemes of co-operation between employer and 
employee which are a not unwelcome feature of 
modern industry.” 

Of the ten chapters to be found in the book, 


; there are but two, Chapter I (which deals with 
| apprenticeship), and Chapter II (which expounds 


the “contract of employment”) which involve a 
discussion of what is known as the common law. 
All the others (with the exception of Chapter IX), 
are mainly devoted to the various statutory enact- 
ments which control the relationship of employer 
and employed. : 

To condense all these statutes and the regulations 
founded thereon so as to be able to include them in 
a small volume is not an easy task. Mr. Samuels 
has made a very creditable attempt to perform it. 
He deals, in Chapter III, with the statute law which 
regulates freedom of contract in relation to the 
quantum of wages, showing how Trade Boards are 
constituted, and explaining their functions. They 
began to exercise their functions some 30 years 
ago. To say whether these bodies have justified 
their existence, or whether the exercise of their 
powers has enured for the benefit of the worker 
is no part of the author’s duty, and he hazards 
no opinion on the point. In his next chapter 
he deals comprehensively with the Factory Acts, 
and the various powers thereunder which may be 
exercised by the Home Secretary. Chapter V is 
devoted to mines. In Chapter VI the law concern- 
ing employers’ liability for accidents at common law, 
under the Act of 1880, and under the Workmen’s 
Compensation Acts is carefully summarised. A 
summary is all that could be attempted, for the 
reported decisions under the Workmen’s Compensa- 
tion Acts alone are to be found in volumes sufficient 
in number to fill a whole shelf in a lawyer’s library. 

The law relating to Trade Unions and Trade 
Associations is to be found in Chapter VII ; Chapter 
VIII is devoted to the National Insurance of Em- 
ployees, while Chapter IX deals with schemes of 
co-operation and voluntary welfare, and Chapter X 
with conciliation and the settlement of disputes. 
With regard to “conciliation,” the point is very 
properly brought out that—with one exception— 
the question of conciliation between employer and 
employed can only be considered by an Industrial 
Court with the consent of the parties; but the 
exception is notable. Questions relating to wages, 
hours, and other conditions of employment may, in 
default of agreement between the railway com- 
panies and the trade unions, be referred to a Central 
Wages Board or on appeal the National Wages 
Board. 

An admirable index concludes a work which 
can be safely recommended to anyone who desires 
to have upon his bookshelf a summary of the 
existing law relating to employment in England. 

A few reflections are induced by the perusal 
of all the mass of legislation which is now in 
force. The first is that none of it is more than 
a hundred years old. A large number of these 
enactments came into being during the present 
century, and, generally speaking, there is evinced 
a desire on the part of the Legislature to inter- 
fere more and more with freedom of contract 
between master and man. Where will it end ? 
Mr. Samuels says in his preface: ‘“‘He would be 
a bold prophet who ventured to predict what 
the content of industrial law will be a century 
and a half hence.” Another reflection is this— 
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How many of those who are and have been 
responsible for this kind of legislation have ever 
known what it is to pay a weekly wages bill? An 
employer, whether trade is good, bad or indifferent, 
must be able to send to the bank on Friday and 
draw a large sum in ready money for distribution 
on the following day. Is this a matter which the 
advocate of industrial legislation always bears in 
mind? And, finally, one finds oneself pondering 
on another matter. Here are Trade Boards, com- 
pensation for injuries sustained during employment, 
Factory Acts (designed to ameliorate the conditions 
of working), regulation of working hours, the statu- 
tory recognition of trade unions, and provisions 
for the settlement of trade disputes. Yet, all these 
advantages notwithstanding, there are nearly three 
million unemployed in the country. Is it a case 
of cause and effect? Is legislative interference 
with working conditions responsible at all, and, if 
so, to what extent, for what has been described as 
the running sore from which the body politic is 
suffering ? These are questions which must one 
day be answered ; and the true answer may not be 
found save as an outcome of the hard and bitter years 
which appear to be in store for the industrial world. 





Vortrdge aus dem Gebiete der Aerodynamik und verwandter 
Gebiete (Aachen 1929). _ Edited by A. Gites, L. Horr 
and TH. von Kirmdn. Berlin: Julius Springer. 
[Price 18-50 marks. ] 

Durinea the years 1927 to 1929, the aerodynamics 

department of the Technical Institute at Aachen 

(Aix-la-Chapelle) was considerably extended, both 

by the provision of new buildings and by additions 

to the equipment fcr aerodynamical and hydro- 
dynamical research. The Director of the Institute 
seized the opportunity of the opening ceremony, 
in June, 1929, to invite well-known workers in 
aerodynamics and kindred subjects to present, by 
short papers, accounts of the researches in which 
they had recently been engaged. Some 60 accept- 
ances, representing all the principal European 
countries, resulted in a congress outstanding alike 
for the distinction of its members and for the 
quality of its transactions. Of the papers read at 
the meeting, 28 are now collected in a fairly small 
volume of 280 pages. They are published in the 
languages of original presentation—a procedure 


which, whilst possibly suggesting that the publisher 
is saving his own time at the expense of the readers’, 
has at least the merit of avoiding errors arising 
from translation. Fortunately, only English, French 
and German are used, and it remains only to regret 
that the excellent example of Dr. Hartmann, of 
Copenhagen, who discussed the air-jet pulsator in 
English, was not more widely followed. 

From a consideration of these collected papers, 
as a whole, it is possible to draw more than one 
rather illuminating conclusion with regard to the 
general trend of aerodynamic research in Europe. 
Of these, perhaps the most important is that, side 
by side with a great volume of ad hoc investigations 
directed to the immediate improvement and 
specific problems of aeronautics, is proceeding a 
determined attack, from more than one angle, on 
the fundamentals of pure aerodynamics and their 
mathematical representation. At the present time, 
a good deal of interest centres round the recent 
theories of the onset, maintenance and stability of 
turbulence in fluid motion. It is significant that at 
least 10 of the papers in the present collection are 
concerned with vorticity from various theoretical 
aspects. As regards practical aerodynamics, the 
rather surprising generalisation appears that the 
applications of existing knowledge to branches of 
engineering are very largely restricted to aero- 
nautics. With papers on pipe flow and centrifugal 
pumps, hydraulics is not, indeed, totally neglected, 
though it cannot be said that in any other direction 
research activity is at all commensurate with the 
importance of fluid motion in engineering. 

The severely theoretical character of most of the 
papers on fluid turbulence is tempered agreeably, 
in the case of Betz’s work on the boundary layer 
in curved channels, by the immediate applicability 
of the experimental results to the design of wind 
tunnels of the return-flow type. Of particular 
interest are the combined effects of velocity and 
curvature on the situation of a “dead water” 
boundary layer, which adheres either to the inner 
or outer side of the curve, according to the magnitude 
of the centrifugal force. The corresponding 
influence on the radial distribution of static pressure 
and total head has enough bearing on many prob- 
lems of ventilation to warrant further develop- 
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of unusual value from the closeness with which his 
mathematical analyses have been confirmed by 
experiment, is Thom’s work on the boundary layer 
of circular cylinders. For many years, Dr. Thom, 
of Glasgow University, has been making an intensive 
study of air flow at low Reynolds’ numbers, with 
special reference to cylinders, and his contribution 
to the Aachen conference summarises a number of 
papers already published in England. Particularly 
notable achievements are his mathematical deter- 
minations of the skin-friction drag of a cylinder, 
and his experimental investigation of the aero- 
dynamics of a rotating cylinder—the basis of the 
Rotor Ship. In the course of measuring the 
pressure distribution round a cylinder, Thom has 
confirmed the most interesting, but little-known 
fact, that at very low values of Reynolds’ number. 
the pressure coefficient per for a “facing hole” 
is considerably in excess of unity. The point has 
no importance in the normal problems of hydraulics. 
but may well be borne in mind when slow flows of 
viscous oils are to be metered. 

The expanding employment of hydraulic power 
on a large scale provides ample scope for research 
on the flow of water in pipes. In addition to data 
on hydraulic resistance, required for design pur- 
poses, the distribution of velocity across the pipe 
section, in relation both to the scale of the flow 
and to the previous history of the water, has great 
importance in connection with the scientific control 
of hydraulic equipment. Two papers which give 
the results of experiments on pipe flow at very 
high Reynolds’ numbers have thus a special appeal 
to engineers. As regards flow resistance, the new 
experiments are an extension of Stanton and 
Pannell’s work to values of Reynolds’ number 
exceeding 3-10°. They show that Professor Lea's 
formula, which fitted the old data as far as 
*4 _ 460,000, yields coefficients in excess of the 
true resistance for higher Reynolds’ numbers. It 
is particularly remarkable to note that, even at 
the largest flows nowstudied, the resistance coefficient 
shows no sign of approaching a final steady value. 
The close relationship between resistance and 
radial velocity distribution is confirmed, both by 4 








ment. Perhaps of less immediate application, but 


marked flattening of the velocity profile as Reynolds’ 
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MECHANICAL TESTING OF INSULATORS. 
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Fig. 6. 


number increases and by a smaller, though con- 
sistent, variation of the resistance coefficient with 
distance along the pipe-line and the shape of the 
inlet. 

Three other papers must be briefly mentioned. 
Dr. Goldstein’s contribution to airscrew theory, 
which has already appeared in the Proceedings of 
the Royal Society, marks a definite advance in the 
mathematical analysis of a most difficult subject. 
Dr. Douglas’s work on airscrews operating at tip 
speeds near that of sound provides a convincing 
experimental explanation of the drop in efficiency 
associated with the onset of compressibility. In 
contrast with these definite aspects of aerodynamic 
propulsion, Professor Roy treats of aircraft propul- 
sion in general, and discusses, in the most enlighten- 
ing fashion, the relative thermal efficiencies of 
engine-driven airscrews, reaction-driven screws, and 
rockets. His view that rocket-propelled aircraft 
must be disregarded as a possibility of the near 
future will no doubt be accepted with widespread 
complacency. 

The scope included nowadays by aerodynamics 
and its associated subjects, is so great as to preclude 
adequate references to the remaining papers of this 
collection. It may safely be affirmed, however, 
that whilst none is without interest to students of 
aerodynamics, most of them will strongly appeal 
to the general reader of scientific or engineering 
attainments. Ample references to original papers 
enable the student to pursue his inquiries into any 
particular subject. For the general reader, the 
papers have, almost without exception, the great 
merit of summarising a considerable volume of 





132-Kv. StRING-TYPE INSULATOR UNDER TENSION TEST. 


previously-published work, with the result that a 
really satisfactory review of modern tendencies in 
aerodynamics is presented in a compact and 
eminently readable form. 





TESTING MACHINE FOR 
INSULATORS 


WueEn describing the high-tension laboratory of 
Messrs. The General Electric Company, Limited, at 
Witton,* a brief reference was made to a testing machine 
which enabled insulators to be subjected to longitudinal 
and transverse stresses while exposed to electrical pres- 
sure. Through the courtesy of the makers of this 
machine, Messrs. W. and T. Avery, Limited, Soho 
Foundry, Birmingham, we are enabled to illustrate it in 
Figs. 1 to 7, on this and the opposite pages, and to give 
the following details. The machine is suitable for test- 
ing insulators of either the post or string types, and can 
be used for tension or torsion tests, or for a combination 
of the two, and also for a combined tension and vibra- 
tory test, up to a maximum load of 24,000 lb. As will 
be clear from Figs. 1, 2, 6 and 7, the main frame of the 
machine is a rectangular structure built up of rolled- 
steel channels with suitable bracing, the overall height 
being 21 ft., and the distance between the side columns 
about 17 ft. The clearance between the arcing horns of 
the insulator and the sides of the frame is suitable for 
the application of a test pressure of 300,000 volts. The 
weighing system is mounted on the two channels form- 
ing the top portion of the frame, and the mechanism for 
applying the vibratory test is carried on the right-hand 
column as seenin Fig. 2. The left-hand column carries 
the gear for the torsion test, and the bottom channels 
provide the anchor for the tension test. 





* ENGINEERING, vol, cxxxi, page 669 (1931). 


Fia. 7. 








VIBRATORY-TEST GEAR. 


The weighing system is of the single-lever type, and 
consists of a cast-iron steelyard mounted on hardened- 
steel knife edges. The poise weighs 1,000 lb., and is 
mounted on ball bearings. It is moved along the 
steelyard by the handwheel near the bottom of the 
right-hand column, visible in Figs. 1, 2 and 6, the 
connection to the poise spindle being made through 
bevel gearing at the two ends of a vertical shaft, as 
is most clearly shown in Fig. 2. An inclined scale is 
attached to the steelyard, graduated in 100-]b. divisions 
up to the full capacity of the machine, and by means 
of a vernier on the poise, differences of 10 lb. can be 
read off. A reduced-scale plate, traversed by a pointer 
synchronised with the movement of the poise, 
is mounted on the column at a convenient height for 
the operator, and enables the latter to read off the 
approximate load during the test. A second pointer, 
which indicates the flotation of the steelyard, is also 
fixed in close proximity to the scale. 

Tensile tests can be carried out on both types of 
insulators up to the full capacity of the machine. When 
tested singly, the insulator is attached to one end of 
the straining screw, shown at the centre of the lower 
beam in Fig. 2, the other end being coupled to the 
steelyard by a connecting bar provided for the pur- 
pose. The load is applied by means of a rachet wheel 
attached to the screwed bush through which the strain- 
ing screw passes, the rachet wheel being turned by a 
pawl which is given the required movement by a 
backward and forward motion of a hand lever on the 
right-hand column. This lever can be seen in Figs. 1, 
2 and 6, and it will be observed that it is connected to 
the pawl by a link sliding through guide brackets. 
Quick adjustment of the straining serew is made by a 
large hand wheel attached directly to the screwed 
bush. Post-type insulators can be tested in pairs 
by employing a distance piece, as shown in Fig. 4, 
and the same procedure can be adopted for string 


















































































































type insulators by using the tension link shown in 
Fig. 5. 

The machine is capable of imposing a torsional load 
on the insulator up to 3,000 lb.-ft. The torque can 
be applied at the point of support of the conductor in 
either direction, the insulator being subjected at the 
same time to a tensile load of 6,000 lb. For this test, 
a double-armed torsion lever, shown in Fig. 3, is 
bolted to the insulator at the point of support. When 
in position in the machine, this lever is horizontal and 
approximately at right angles to the plane of the 
machine. One or other end of the lever, according to 
the direction it is required to apply the torsional load, 
is connected to the straining screw, shown in Fig. 2, 
on the left-hand column. The load is applied by the 
hand wheel shown, and is measured by the spring 
balance interposed in the rod connecting the lever with 
the straining screw. The tensile load is applied at the 
same time in the manner already described. 

The maximum vibrating test load which can be 
applied is 625 lb. This load is imposed at the point of 
support of the conductor at the rate of 150 vibrations 
per minute for a period of 8 hours, the insulator 
being subjected at the same time to a tensile load of 
6,000 lb. The vibratory load is applied by an electric 
motor through a spur-driven cam bearing on the 
lower end of a rocking lever. The motor and spur 
gearing are mounted on the right-hand column, as 
shown in Figs. 1, 2, 6 and 7. The upper end of the 
rocking lever is connected to the insulator by the rod 
shown in Fig. 2, a spring being interposed between the 
rod and the lever. The tension load is applied as 
before. To prevent excessive vibration on the steel- 
yard during this test, adjustable buffers are provided. 
In order to ascertain that the load applied to the 
insulator is actually 625 lb., a spring-balance is coupled 
up to the lever arm on the opposite side of the connect- 
ing rod, and a load is applied to the outer end of this 
balance by a hand-operated straining screw. The 
screw is housed in the horizontal arm projecting from 
the right of the upright as shown in Figs. 2, 6 and 7. 
The hand wheel on the end of this arm is adjusted 
until the balance shows the required load, and the 
cam, which is adjustable, is set to the throw required 
to give that load. The spring balance is then removed, 
the cam setting needed being indicated by a pointer 
attached to the rocking lever, and traversing a fixed 
graduated quadrant. 








THE HUDDERSFIELD REFUSE- 
DISPOSAL PLANT. 


In our issue of October 31, 1930, page 546, we pub- 
lished an illustrated description of a new refuse-disposal 
plant erected for the Huddersfield Corporation by 
Messrs. Woodall-Duckham Vertical Retort and Oven 
Construction Company (1920), Limited. The occasion 
marked by the publication of our article was the 
official inauguration of the installation, and a study 
of the article, coupled with the figures of the guarantee 
test, which we published, made it clear that the 
installation was likely to exhibit a high order of 
technical efficiency in its subsequent commercial 
operation. 

We are now enabled to publish figures, covering 
a period of 12 months, of the working results and 
costs of operation of the installation. These figures 
are published through the courtesy of Mr. H. Neaverson, 
Superintendent of the Transport and Cleansing 
Department. The working results reveal the fact 
that the guarantee test figures have been consistently 
exceeded in normal working, which, apart from any 
question of design, is certainly a tribute to the way 
in which the plant has been operated. The figures 
for the twelve months ending March 31, 1931, are 
as follows :— 


Operating Results. 


26,916 tons. 
116,475,000 Ib. 


Total refuse burnt eae a 
Total steam produced, Bailey meter 
from and at 
150,078,000 Ib. 
17,913 lb. 


212 deg. F. ... =e ais 
Average steam produced per hour 
” 9 = per Ib. of 
refuse burnt, actual ... aa 
Average steam produced per Ib. 
from and at 212 deg. F. ... 
Average throughput per *ell-hour 
Total boiler steaming time “ 
Average superheat temperature ... 
Average feed-water temperature 
Total clinker produced oe 
Total dust produced (dry basis)... 
Percentage of clinker and dust to 
refuse burnt ... 
Total metal separated... se 
Total current consumed, alternat- 
ing current ... ~ ‘is 
Total current consumed, direct 
current ie ie ~— 
Total current consumed, alternat- 
ing current and direct current 


1-913 Ib. 


-508 Ib. 
cwt. 

8,416 hours. 
552 deg. F. 
83-3 deg. F. 
5,683 tons. 
3,270 tons. 


— 1 


33-2 per cent. 
410 tons. 


998,934 units. 
42,187 units. 
1,041,121 units. 


The high temperature of combustion, due to the 
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supply of preheated air at high pressure, accounts to a 
great degree for the high output of steam per pound 
of refuse burnt. During the guarantee test, this 
amounted to 2,463 lb. of steam, from and at 212 deg. F., 
per pound of refuse ofa calorific value of 3,435 B.Th.U. 
per lb. In normal working for twelve months, the 
average has been 2,508 Ib., a figure which included con- 
siderable periods of banking and is calculated from the 
moment the fires are lit (7.e., with cold boilers) and not 
from a flying start as would be the case during the 
test. The fact that this is in excess of the test figure is 
evidence of the simplicity of control of the plant, which 
enables it to be kept working without difficulty at a 
high degree of efficiency on a fuel, the chief character- 
istics of which are the constant and irregular fluctua- 
tions in its composition and calorific value. The 
main factors contributing to this flexibility are the 
design of the charging and discharging arrangements, 
and the easy control of the air supply, which enable 
the throughput to be varied within wide limits to 
meet changes in the character of the refuse. 

The proportion of clinker, which is of value, produced, 
is rather higher than that estimated at the time of 
the inauguration, while the percentage of flue dust 
to be dumped is distinctly lower. The quality of the 
clinker is exceptionally good; its specific gravity is 
very high, and its hardness is comparable to that of 
granite. It thus makes an excellent road material. 
Dust is not separated from the refuse, but it is com- 
pletely sterilised by the high temperatures to which it is 
subjected. It is removed by dust pockets and by dust- 
extracting waste-gas fans. This complete extraction 
of dust and the high temperature at which the refuse 
is incinerated ensure the smoke-free nature of the 
chimney gases, and the acrid smoke which is a defect 
of the incineration at lower temperatures of wet 
refuse is absent. 

Mr. Neaverson’s operating cost figures for 12 months 
are as follows :— 


Costs of Operation. 


s. d. 
Treatment of boiler feed water at 151. 
per month us eas 180 0 0 
Transport costs for metal ... 35 3 0 
ae te clinker... 238 12 10 
ss om dust... oes 241 5 4 
Current 1,041,121 units at 0-46d. per 
unit ae we ats nh. 1,996 8 0 
Labour, operative §,127 14 5& 
repairs 491 12 10 


Total costs £8,310 16 5 

The direct operating cost works out at 6s. 2-ld. 
per ton of refuse burnt. These costs in themselves 
are not high, but when the products derived are 
valued at a reasonable price for sale the economies of 
this system of disposal are clearly illustrated. Thus, 
if a figure of 1s. 2d. per 1,000 1b. of steam sold to an 
electrical generating station or other suitable user; a 
figure of 5s. per ton for the clinker sold (including 
delivery); and a figure of 20s. per ton for the metals 
sold (also delivered) are assumed, on the production 
figures given above, a total revenue from sales of 
8,6251., or 6s. 4-9d. per ton, would be obtained, leaving 
a small credit balance on working of 2-8d. per ton. 
Interest on capital and amortisation have not been 
taken into account. These results and cost figures, 
coupled with the good working conditions on the 
plant and the unusually complete sterilisation of the 
refuse, go some way to justify the belief of the 
Huddersfield Corporation, made public at the time of 
the opening ceremony, that theirs was the most 
efficient steam-raising refuse-incineration plant in 
existence. 








GUILDFORD WATERWORKS 
EXTENSIONS. 


GUILDFORD, in Surrey, is an ancient town, well 
known for many reasons to engineers. Perhaps, 
nevertheless, many are unaware that it has enjoyed 
a public supply of water for some 230 years. Actually, 
powers were granted by the Corporation in 1701 
to William Yarnold to erect a ‘‘ water engine” at 
Millmead, where, until recently, an ample supply of 
pure chalk water was available, and sufficient power 
could be obtained from the river to pump it into 
service reservoirs in the higher parts of the town. 
Even as far back as 1866, however, when the under- 
taking was transferred to the Corporation, the power 
available for pumping was, on occasion, inadequate, 
so that an auxiliary steam-driven pump had to be 
installed, while in 1893 the water-wheels were supple- 
mented by hydraulic turbines. Still later, in 1908, 
a pumping station was erected on an adjacent site. 
This contained a 150-h.p. suction-gas engine, which 
was connected to a set of deep-well pumps installed in 
a 15-in. bore hole, thus enabling 32,000 gallons per 
hour to be extracted from the chalk. These pumps 
delivered into a brick-lined tank, whence water was 
drawn by a set of horizontal three-throw pumps and 








forced to the old reservoir in Semaphore-road. A 
second bore hole, 18 in. in diameter, which was con- 
nected by fissures in the chalk with the first, was not 
developed initially, but was later equipped with an 
electrically-operated centrifugal bore-hole pump with 
an output of 40,000 gallons per hour, a quantity which 
can, in normal circumstances, be lifted to the low- 
level reservoir by river power. This pump is now run 
regularly, the suction-gas plant being used as a stand-by 
only. 

Retracing our steps a little, it may next be mentioned 
that, in 1881, the Corporation was supplying water in 
the parish of Stoke-next-Guildford, which is now 
incorporated in the borough, and were thus, willingly 
or unwillingly, forced to oppose a Bill, which had been 
promoted by the Woking Water and Gas Company 
to obtain powers for the same purpose. This marked 
the beginning of a struggle which continued off and 
on until 1926, and which, without going into details, 
may be said to have ranged round the rights of the 
two bodies to a share of the chalk water. The position 
was complicated by the extension of the Borough, and 
was only resolved by the Corporation taking over one 
of the company’s pumping stations at Deepdene and 
agreeing to supply them with a certain quantity of 
water. 

To implement this agreement, the Corporation, on 
the advice of their consulting engineer, Mr. Percy 
Griffith, decided to erect a new pumping station at 
Josephs-road, which was officially opened by the 
Mayor of Guildford (Councillor C. T. Bateman) on 
Thursday, July 16. This station is built over three 
bore holes, which have been sunk to a depth of 400 ft., 
and from any two of these a supply of 126,000 gallons 
per hour can be obtained. These bore holes were sunk by 
Messrs. Legrand, Sutcliff and Gell, Limited, of Southall, 
and are each equipped with pumps manufactured by 
Messrs. Rees Roturbo Manufacturing Company, 
Limited, Wolverhampton, and driven by a Crompton- 
Parkinson motor. Each of these pumps is divided 
into an upper and lower section, the latter lifting the 
water 90 ft. and the former a further 270 ft., plus a 
friction head of 30 ft. In addition, there are two small 
electrically-operated turbine pumps which boost that 
portion of the water which is supplied to the Woking 
company’s district up to a higher pressure. The 
carrying out of the work we have just described was 
not accomplished without difficulties, the most serious 
of which was that in connection with No. 3 bore hole. 
To avoid expense, no test of this bore hole was made 
until the pumps had been installed, and they were 
then started before a water-level indicator was available. 
The result was that a large quantity of air was forced 
up the rising main, with the result that the latter frac- 
tured, owing to the collapse of an air bubble. The 
difficulties encountered were overcome by driving “ de- 
flected ” borings from inside the bore hole and exploding 
dynamite cartridges therein, so that communication 
could be established with the adjacent fissures. By 
driving two such borings, the bore hole was made to give 
a higher yield, while by carrying out similar operations 
on the other two bore holes, the total yield has been 
increased to such an extent that it is hoped that the 
annual cost of pumping will be less than the estimate 
by about 400/. It was originally intended that a trial 
boring, sunk in 1914, should be used as a third unit in 
the completed scheme, but when the new pump had been 
installed, the hole itself proved to be badly out of 
plumb, while, in addition, it was found that a large 
quantity of sharp sand had penetrated into it and was 
seriously damaging the pump. It was_ therefore 
sealed, and a new bore hole sunk. Finally, it was 
found that a large cavity had been formed under the 
pump-house floor. This, though it extended over the 
width of the site to a depth of 5 ft., proved less serious 
than would otherwise have been the case, owing to 
the whole area having been enclosed in a sheath of 
interlocking steel piles, which were driven to a depth 
of 20 ft. below the surface. 

As the Josephs-road pumping station will provide 
more than 3,000,000 gallons of water a day, it was 
necessary to lay a new 18-in. main to the reservoirs 
on Pewley Hill. At the bridge crossing over the 
Southern Railway at London-road station, this pipe 
had, however, to be divided into four 9-in. pipes, owing 
to there being insufficient cover over the brick arches. 
The divided main is laid under the footpath, and is 
bedded in concrete where it lies nearest to the surface. 
Under Josephs-road, the trench containing the pipe 
entered a bed of running sand, so that the main had 
to be laid nearer the surface than was originally 
intended, and covered with concrete. At Pewley 
Hill itself, two reservoirs, with capacities of 1,000,000 
gallons and 500,000 gallons, respectively, have been 
provided. which are used in conjunction with those 
of older date. 

As has already been stated, the consulting engineer 
for this work was Mr. Percy Griffith, M.Inst.C.E., 
while the Borough Surveyor and Water Engineer 1s 
Mr. J. W. Hipwood. 
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LABOUR NOTES. 


As was mentioned in last week’s issue, the employers’ 
proposals, relating to working conditions and wages, 
were further discussed by representatives of the 
Shipbuilding Employers’ Federation and representa- 
tives of the shipyard trade unions at a conference 
in Carlisle on Thursday. A joint official communica- 
tion, issued at the close, stated that the meeting had 
considered the results of the local conferences that 
had taken place since the national conference on the 
question of district excesses over the national uniform 
time rates, and also the result of the deliberations 
of the National Joint Committee which had con- 
sidered the detailed application of the employers’ 
proposals in regard to the position of men other than 
plain time workers. The union representatives inti- 
mated that the men’s side of the conference were 
unanimously of the opinion that they could not accept 
reductions of wages. The conference adjourned, 
and, on its resumption, the employers stated that, in 
view of the failure to reach a settlement, their original 
proposals must stand, and would be applied as from 
the first full pay in September. The union representa- 
tives replied that they would report the employers’ 
intimation to their respective executives in accordance 
with the recognised joint wages procedure, where the 
parties have failed to reach a settlement. The con- 
ference adjourned, and arrangements were made to 
meet again on August 20. A meeting on the following 
day of the Central Board of the Shipbuilding Employers’ 
Federation confirmed the intimation given by their 
negotiating committee to the unions. 


In the report of the Royal Commission on the Civil 
Service, a majority of the members recommend that 
the cost-of-living bonus should forthwith be consolidated 
with basic salary, and that the bonus should meantime 
be continued at the present rate. The existing 
standard of remuneration in the Service is deemed to be 
reasonable in the light of the wage levels now prevailing, 
and, in the opinion of the Commission, calls for no 
substantial revision. Some adjustments are, however, 
stated to be desirable, and the proposals in regard to 
consolidation and future scales are framed with a view 
to effecting these adjustments. 





An agreement entered into by the Italian National 
Fascist Confederation of Sea and Air Transport and 
the National Fascist Confederation of Seamen and 
Airmen, fixes, amongst other things, the earnings of 
pilots. The provision is in two parts. There is a 
fixed monthly salary of 2,000 lire for first pilots and 
1,600 lire for second pilots; in addition, pilots who 
have carried out their duties satisfactorily will be 
entitled, every three years, to an increment of 7 per 
cent., estimated on the hasis of the fixed salary of the 
previous year; there may not, however, be more than 
four successive increments. The other part of the 
earnings consists of a flying bonus, the rate of which, on 
subsidised lines, is 0-22 lira per kilometre for first 
pilots and 0-15 lira per kilometre for second pilots, a 
monthly minimum of 5,000 kilometres being guaranteed. 
Pilots will not ordinarily have to do more than 30 
hours’ flying a week, with a maximum of 36 hours a 
week, if necessary. They will be entitled to one day’s 
rest in the week. Holidays with pay will amount to 30 
days in the year for first pilots, and 20 days for second 
pilots who have completed one year’s uninterrupted 
service, 





The writer of an editorial note in the Journal of the 
International Association of Machinists claims that 
while all the present unemployment in America is 
not ‘‘ technological,” a large percentage of it is. 
“There is no industry that we know of,” he says, 
‘where automatic machinery has not thrown men and 
women out of work. Since 1910, agricultural output 
has increased 28 per cent., with labour force reduced 
6 per cent. An automobile plant in a middle western 


State turns out automobile frames almost untouched 
by human hands. In 1900, 200 unskilled labourers 
found work on a job now done in less time by a gigantic 


steam shovel. One hundred mechanics have replaced 
25,000 men in the shoe industry. A dough-mixing 
machine does what 20 men used to do. One man now 
turns out 32,000 razor blades in the time required by 
000 men in 1913. Seven men replace 60 in casting pig 
iron. Two men replace 128 in loading pig iron. Rail- 
roads now handle more freight than ever before with 
250,000 less men.” The writer’s cure for the trouble 
1s shorter hours with higher wages all round. 





The Monte Video correspondent of T'he Times states 
that Dr. Brum, the President of the Uruguay National 
Council, recently proposed that in all future construc- 
tion work undertaken for the Government, the com- 
panies sending in tenders should contract to employ 








men in place of machinery, wherever possible. As an 
example of what could be done, Dr. Brum said that 
there were any number of light lorries whose drivers, 
in many cases their owners, were unable to find work. 
He suggested that these be used in road construction 
in place of the light railways which move earth and 
stone, and that they be loaded by hand labour instead 
of machine-driven shovels and excavators. Dr. Brum 
pointed out that his proposal would not only provide 
more employment, but would also curtail the import 
of machinery and petrol from abroad, thus helping 
the exchange to recover. The Government decided 
that Dr. Brum’s proposal be given a trial, and that the 
next contract for public construction work be given 
to the company which intended to employ the most 
labour, having, of course, due regard to the cost and 
date of completion. 





The ‘‘ Mart’ shipyard at Leningrad, having failed 
to reach the degree of productivity estimated for it 
under the Five Years’ Plan, a ‘‘ progressive premium 
system” of paying the workers has been adopted. 
Under it, if the workmen exceed the planned output 
by 10 per cent., they will receive as a premium 50 per 
cent. of the pay for the time saved. If the increase is 
between 10 and 15 per cent., the premium will be 
65 per cent., and if it is more than 15 per cent., the 
premium will be 75 per cent. According to Soviet 
newspapers, the change has resulted in a greatly 
improved efficiency. One “‘ brigade”? of Young Com- 
munists has, since the beginning of June, exceeded its 
planned output by 47 per cent., and ‘‘ many” other 
** shock”? brigades have obtained similar results. 





The June issue of the Bulletin of the Industrial 
Commissioner of New York State states that referees 
and others who have to do with the adjudication of 
claims under the Workmen’s Compensation Act meet 
with many strange cases. On a recent calendar in the 
Albany District, there was the case of a handyman 
employed in connection with a summer hotel in 
Sullivan County, who said in his claim that he had 
been “‘ bitten by a chicken.” ‘‘ Details of just how 
the accident happened,” continues the Bulletin, “‘ were 
not definite, but the record indicated that the claimant 
had sustained an injury to an index finger, and that 
following it there had been an infection that had 
caused some loss of time and some medical bills. The 
carrier controverted the case upon the ground that 
there was no accident, and its representative said 
that he had no knowledge of a chicken having teeth. 
Another male claimant had occasion to go into the 
cellar of his employer’s place, and in doing so was 
bitten by a dog with subsequent loss of time.” ‘‘ Dog 
bites, however,” it is added, ‘“‘are not so rare as 
chicken bites.” 

The makers of ‘“Niphan’’ couplings, Messrs. 
Simmonds and Stokes, Limited, have set up a con- 
tributory pension and benefit scheme for their workers. 
Under the scheme, the benefits obtainable by the 
employee, without medical examination, include 
cash payments on attainment of a certain age or before 
then in the event of death, total and permanent 
disablement benefit, and double benefit in the event 
of death by accident. Savings effected by the auto- 
matic collection of premiums form the nucleus of a 
welfare fund out of which, within limits, premiums 
can be paid during illness or the hospital treatment of 
an employee. Liberal arrangements are also made for 
employees who leave the service of Messrs. Simmonds 
and Stokes. The Colonial Mutual Life Assurance 
Society, Limited (of Australia), are operating the 
scheme for the firm, in consultation with a Group 
Insurance Adviser. 

A plenary sitting at Geneva of the Unemployment 
Committee of the International Labour Organisation 
adopted an interesting draft resolution submitted by 
the Sub-Committee on Placing Work. In view of the 
necessity of favouring such international migration of 
workers as was capable of balancing, within Europe, 
as exactly and rapidly as possible the supply of, and 
demand for, labour, in so far as that could not be 
done within the countries concerned, it recommended 
the development of the policy of bilateral agreements 
already adopted by several countries of Europe for 
the purpose of organising the migration of workers, 
and, in particular, the recruiting of workers in one 
country for employment in another, and also of 
ensuring to the workers thus recruited, equality of 
treatment with nationals, together with suitable 
employment and living conditions. 





The Committee further decided to request the 
Commission of Enquiry for European Union to submit 
to the Council of the League of Nations the following 
proposals: (1) That a technical placing conference 





should be convened by the International Labour 
Office in the near future. (2) That Governments 
should be asked to send experts on placing as delegates 
to the conference. (3) That as the object of the 
conference will be to investigate the means of co- 
ordinating the national placing services on a European 
scale, its agenda should include (a) the organisation 
of a permanent exchange of information on the state 
of the labour market and the creation of the necessary 
international bodies; (b) the means of facilitating 
bilateral relations between the various national placing 
systems for the actual transference of labour from one 
country to another; (c) a comparison of the methods 
of placing in force in the various countries. (4) That 
a temporary Secretariat should be set up at the Interna- 
tional Labour Office to prepare for the conference. 





The New York correspondent of the Daily Telegraph 
states that the United States Steel Corporation, ‘‘ which 
declared in November, 1929, at President Hoover’s 
Conference of Big Business, that wages could not be 
cut during the present crisis,” has now decided that 
the time has arrived to make a moderate reduction. 
The decision affects 200,000 men, and it will, it is 
feared, be followed by other great corporations. 
Asked by Mr. Condon, the member for Rhode Island, 
in the House of Representatives, to intervene to 
prevent wage cuts, the Secretary for Commerce, 
Mr. Lamont, said that industrial leaders generally had 
acted marvellouvsly in maintaining wage levels. But 
many corporations to-day were either obliged to reduce 
pay or shut down. In such matters, added Mr. 
Lamont, the Washington Government was practically 
helpless. 





According to Mr. William Green, the president of 
the American Federation of Labour, productivity 
increased in the United States by 48-5 per cent., 
while real wages increased by only 24-3 per cent. 
during the ten-year period ending in 1929. Between 
1899 and 1929, the index number of yearly earnings 
in manufacturing industries increased from 100 to 
306-6, the cost of living from 100 to 247-5, and real 
wages from 100 to 123-9. Productivity per head, 
however, increased in the same period from 100 to 
165-4. In January, 1931, the real wage income of all 
workers in manufacturing industries, including the 
unemployed, was 29-4 per cent. lower than in 1929, 
and that of all employed work: ts in these industries 
6-6 per cent. lower. 


On July 20, 1931, the numbers of persons on the 
registers of Employment Exchanges in Great Britain 
were 1,866,770 wholly unemployed, 681,912 temporarily 
stopped, and 112,051 normally in casual employment, 
making a total of 2,660,733. This was 18,044 more 
than a week before, and 688,003 more than a year 
before. Of the total number, 1,960,483 were men, 
65,001 boys, 584,263 women, and 50,986 girls. 


The special joint committee, appointed by the 
National Joint Industrial Council for the Electricity 
Industry, to consider the rates of wages which should 
rule after the termination of the sliding-scale agree- 
ment, met in Manchester on Tuesday. It was stated 
at the close that the employers had withdrawn their 
claims for a reduction during the time the question of 
stabilisation is under consideration, and that it had 
been decided to continue the status quo until the end of 
August. 





Commenting upon criticisms of the Anomalies Bill, 
Man and Metal, the journal of the Iron and Steel 
Trades Confederation, claims that in introducing it, 
the Government’s policy was to preserve the Unemploy- 
ment Fund against abuses, in the hope of providing 
money for genuine workmen when they become 
unemployed. ‘‘It was never intended,” the writer 
says, “‘that men and women who are earning more 
than a full week’s normal wage should also be entitled 
to unemployment pay. It was never intended that 
women who get married should be entitled to unemploy- 
ment pay for the rest of their lives, whether they 
intend to go back to industry or not. It was never 
intended that men or women who work at a seasonal 
trade, lasting two or three months, and who never did 
work at any other trade, should draw unemployment 
pay during the nine months of idleness. These are 
what might be called exceptional cases, and, in future, 
this type of case will go before a Committee and, if 
they can justify their demand for unemployment pay, 
they will get it, but not otherwise.” 





ADELAIDE WATER Suppty.—The South Australian 
Parliamentary Standing Committee has reported in 
favour of the construction of a new storage reservoir 
of a capacity of 6,500 million gallons, at an estimated 
cost of 337,000/. The site proposed is at Mount Bold, 
three miles north of the Clarendon Weir, 
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LANDIS ROLL, GRINDING MACHINE. 


An important application of finishing machined 
parts by grinding is in the formation of those large 
rolls for plates and sheets for which modern practice 
demands a slightly curved surface. We have, in 
recent years described machines for this purpose 
constructed by British and Belgian engineers respec- 
tively, and in Fig. 1 on this page and Figs. 2 to 5 on 
page 135, we illustrate an American example. This is 
a grinding machine for either straight, concaved or 
crowned rolls, and is manufactured by Messrs. Landis 
Tool Company, Inc., Waynesboro, Pennsylvania, a 
firm for which Messrs. Burton, Griffiths and Company, 
Limited, Montgomery-street, Sparkbrook, Birmingham, 
are the British agents. Not the least interesting feature 
of the machine is the simple crowning and concaving 
mechanism, which differs from that on the examples 
above referred to. It may be noted that the machine 
is self-contained, the whole of the six motors necessary 
to operate it being mounted on the structure itself. 
Other points are: the use of a comparatively hard 
grinding wheel, 36 in. in diameter, for which a fine 
finish and great wheel economies are claimed; a 
live spindle headstock ; forced lubrication of the wheel 
carriage guides, the traversing mechanism, the wheel 
spindle bearings and the headstock spindle bearings ; 
and a centralised control from the operator’s platform, 
from which a clear view is obtained at all stages of 
the work of the point of contact of the wheel and the 
roll. 

The machine is made in different sizes, viz., to deal 
with rolls 36 in., 48 in., or 60 in., in diameter, and from 
10 ft. to 24 ft. in length by increments of 2 in. An 
intermediate size is shown in Fig. 1. This is capable 
of dealing with rolls 48 in. in diameter by 168 in. 
long. It is, of course, electrically operated, direct 
current being used, and the six motors comprising, one 
of 40 h.p. for the wheel drive, one of 40 h.p. for the 
headstock, one of 5 h.p. for the carriage traverse, one 
of 2 h.p. for the water pump, one of 2 h.p. for the 
rapid wheel transverse movement, and one of $ h.p. for 
the forced lubrication. In addition, if a centre grind- 
ing attachment, which does rot form part of the normal 
equipment, is required, a 2-h.p. motor will be needed 
for it. 

The bed is made in two portions longitudinally, which 
are accurately machined and securely bolted together, 
a tongued and grooved joint being provided to secure 
exact alignment. The front portion, as will be seen in 
Fig. 1, is formed with a broad flat slide and an inverted 
V slide, both of which are chilled. These carry the 
headstock and tailstock, and the roll supports. The 
V slide is provided with a traversing rack. The 
back portion has also a flat and an inverted V slide, 
which are protected from grit, &c., as shown, by 











































Fie. 1. 48-In. X 168-IN. ROLL GRINDER. 


sheet metal covers. The belt seen between the 
guides has its ends attached to each end of the carriage, 
and is continued through the bedplate underneath the 
oil reservoir it covers. This reservoir, which runs the 
full length of the rear portion, contains oil for the 
slides, and for the traversing mechanism lubricating 
system. The rear slides carry the grinding wheel 
carriage, upon which are mounted the grinding wheel 
head, the contouring mechanism, the traversing 
and reverse gear, the operator’s platform and the 
water pump. Both parts of the bed are of well-ribbed 
box section. 

The method of driving the rolls is shown in Fig. 2. 
The headstock at the left of the figure is fixed. The 
spindle, of 74 in. in diameter, is driven by means of 
double helical back gears with two speed ranges. 
The motor is of the variable-speed type running at 
from 400 r.p.m. to 1,600 r.p.m. The spindle may be 
run at speeds varying from 7 r.p.m. to 100 r.p.m. The 
face plate carries a pair of brackets diametrically 
opposite one another, on which a cast-steel yoke is 
mounted on trunnions. The actual driving is done by 
two adjustable roller studs, which fit into a T slot in the 
yoke. These studs engage a driving dog, which fits on 
the wabbler end of the roll or may simply engage the 
end itself. The tailstock, seen at the right of Fig. 2, 
is adjustable along the entire length of the bed by 
means of a worm meshing with the rack already 
referred to. It is adjustable transversely by the 
lever handle shown in Fig. 2. The spindle, which is 
6} in. in diameter, is traversed longitudinally by the 
large handwheel prominent in Fig. 1, which operates 
through a pair of completely enclosed reduction gears. 
|A lever is provided for locking it in position. The 
roll supports are of two types, the two-bearing type 
being shown in Fig. 2. The bearings are made of 
| cast i 
The bracket seen on top of the supports carries a 
| hardened grease block, which is swung into contact 
| with the roll neck during grinding. The roll necks 
|are ground when the roll is carried between the 

headstock and tailstock centres, and, after this is 
done the bearings are brought into use, so that the 
| weight of the roll is taken by them, and the centres 
| merely prevent endways movement. The second type 
of support is seen in Fig. 4. This has three bearings, 
|and is used when the rolls to be ground are light in 
| weight, the opposed side bearings giving additional 
security against possible transverse movement. 

| The contouring mechanism may now be described. 
|The saddle base carrying the wheel head is hinged 
along an axis some distance below the wheel spindle, 
and is extended backwards from the wheel to the 
contouring mechanism, which tilts that extension up 
or down as required. The vertical tilting has its 
counterpart in the horizontal advance or retreat of 











ron, and are adjusted by means of handwheels. | 





the grinding wheel in approximately a straight line, 
the arc described by the centre of the wheel being 
very small. The movement of the saddle base and 
wheel head is, in fact, that of a bell-crank lever. 
The problem of crowning a roll, i.e., giving it a convex 
surface is that of gradually withdrawing the grinding 
wheel from it, as the latter traverses from one end of 
the roll to its centre, and then advancing the wheel at. 
the same rate as it traverses the other half of the roll 
from the centre to the end. Concave grinding is 
effected by the converse of these movements. The 
means adopted in solving the problem are shown in 
Fig. 3. In the upper part of the figure is seen the 
back of the saddle base, with a projecting bracket, 
and below it a part of the carriage. Attached to the 
latter is a disc, which is rotated through a compara- 
tively small are by a worm on the shaft at the right 
hand. This shaft derives its motion from the traversing 
gear through change-gears situated on the operating 
platform, and, in consequence, the disc is rotated first 
one way and then the other, as the carriage is traversed 
backwards and forwards along the bed. 

The disc is furnished with a slide along which a 
roller may be adjusted. When the roller is on the 
centre of the disc, the oscillating movement of the 
slide caused by the partial rotation of the disc does not 
alter the vertical position of its centre. When, how- 
ever, the centre of the roller is below the centre of the 
| dise, the oscillation of the slide causes a vertical 
| movement of the roller in proportion to the are the 
roller centre describes, this arc being concave relative 
to the saddle base. Similarly, when the roller centre 
is above the disc centre a convex arc, relative to the 
saddle base, is described. This vertical motion 
transferred to the saddle base by the vertical plunger 
| seen resting upon the roller, i.e., the saddle base is 
tilted. The plunger is kept in contact with the roller 
| by the weight of the saddle, only a portion of which is 
taken by the axial shaft which acts as a fulerum. The 
top of the plunger is in contact with an adjusting screw 
| in the projecting arm of the saddle base. The weight 
| of the base may be taken off the roller when altering 
the adjusting screw by turning the square-headed 
| shaft shown projecting horizontally at the left of the 
| plunger casing. 

The curve ground on the roll is naturally ‘a true arc, 
| but of very large radius, the actual maximum con- 
|cavity or convexity possible being 0-25 in. The 
|radius is altered by the change-gears already men- 

tioned, three pairs of which will handle all the work 
| within the range of the machine. A chart is supplied 
to guide the operator in the selection of suitable gears. 
| This gives the necessary setting off centre of the roller. 
| which is effected by means of a scale on the slide. The 
| pointer at the base of the slide traverses a curved 
‘scale, which is used as a check to determine whether 
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the movement is approximately the same distance on 
either side of the centre. Another scale, not visible 
in the figure, is also used for checking purposes. This 
shows when the wheel spindle is on its vertical centre 
line at the correct time, and whether the tilting move- 
ment causes approximately equal angles to be described 
by the wheel spindle on each side of that centre. 
Straight rolls are ground with the roller centre coinci- 
dent with the disc centre, when no tilting movement 
occurs. A diamond pointed wheel dressing device 
forms part of the normal equipment of the machine, 
and is mounted at the back of the tailstock. The 
wheel face is dressed square for grinding straight rolls 
or journal necks, and slightly convex for grinding 
those with concave or crowned surfaces. 

In addition to the automatic advance and with- 
drawal of the wheel, there is, of course, a transverse feed 
motion. Thisis effected by moving the saddle carrying 
the wheel on the saddle base, which is furnished for 
this purpose with a flat and a V slide, as shown 
at the top of Fig. 3, which also shows the end of the 
traversing screw. The feed motion is provided by the 
large handwheel shown in Fig. 5. This wheel has a 
graduated disc enabling the work to be reduced in 
steps of 0-001 in. on the diameter. The wheel is 
moved up to its work by power at the rate of 24 in. 
per minute, the small motor seen coupled up to the 
handwheel pedestal being provided for this purpose. 
The coupling mechanism is controlled by the lever 
underneath the wheel. The motor has a reversing 
drum-controller and a dynamic braking device, while 
a safety arrangement prevents overrunning of the 
saddle by cutting it out. The method of mounting 
and driving the wheel spindle is also shown in Fig. 5. 
The spindle, which is 5 in. in diameter, and of heat- 
treated alloy steel, is carried in two bearings, each 
14 in. long, lubricated by a geared pump between 
them, and situated close up to the wheel and driven 
pulley respectively. The latter is of the multiple 
type, and carries twelve }-in. belts. The motor is 
mounted on a base having T slots and clamping 
bolts, so that it may be adjusted to give suitable belt- 
tension. The drive is completely cased in, as shown 
in Fig. 1. The grinding wheel, as already stated, is 
36 in. in diameter. It is 4 in. in width across the 
face, and is shielded as shown in the figure, the water 
distributing nozzle gear being attached to it. The 
water pump is of the impeller type, and is driven 
direct by a vertical motor. It is attached to the rear 
of the carriage, and draws from a concrete reservoir 
formed in the foundation. 

The carriage is traversed at speeds ranging from 
2 in. to 65 in. per minute, by means of shafts and gears 
driving a worm engaging with a rack on the bed 
between the slides. The motor is of the variable-speed 
type running at from 450 r.p.m. to 1,800 r.p.m. The 
traversing mechanism is regulated almost entirely by 
means of a field rheostat, and a control quadrant is 
provided to give either a high-speed range or a low- 
speed one, which, while in its central position com- 
pletely disengages the mechanism. The carriage is 
reversed at any position by means of a spiral wheel, 
fitted with adjustable stops. When one of these 
comes into contact with the stop lever, a reversing 
controller operates. The carriage may also be traversed 
by the large handwheel shown to the right of the oper- 
ator in Fig. 4, which is automatically disengaged when 
the power traverse is put on. The lever held by the 
operator is used for reversing the carriage by hand. 
The automatic starters for the headstock, wheel 
drive, and traversing motors are arranged for a momen- 
tary overload of 200 per cent., and include an auto- 
matic overload relay. All the motors are controlled 
by push-button conveniently situated near the opera- 
tor. The whole of the gears in the traversing mech- 
anism are made of hardened steel, and are lubricated by 
the forced lubrication system, which is used for the 
carriage slides. This is supplied by a small gear pump 
having its own motor, which draws oil from the 
reservoir in the bed already referred to, whatever 
position the carriage may be in. An oil filter is 
embodied in the pipe line, and a pressure gauge is 
provided to enable the operator to know how the system 
is functioning. The oil is distributed under the 
carriage to the slides from the ends of which it finds 
its way back to the reservoir. The centre grinding 
attachment referred to in the early part of this account, 
while not forming part of the normal equipment, is 
often supplied. It consists of a base, with a swivelling 
head, which is clamped to the front slides of the bed. 
The centre is inserted in the head, which is set so that 
the wheel may grind to any angle desired, and is rotated 
by a constant-speed motor through worm gearing. 








Pic-IRoN PRopucTIon.—As compared with a year 
before, the production of pig iron was less in May this 
year by no less than 43-6 per cent. in the case of the 
United Kingdom, 38-3 per cent. for the United States, 
35-5 per cent. for Germany, 25:9 per cent. for the 
Saar district, 19-5 per cent. for France, and 9-5 per 
cent, for Belgium. 


TENDER. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of a tender invited for carbide of calcium of which 
further details may be obtained on application to the 
Department at the above address, the reference number 
given being quoted. 

Carbide of Calcium.—The supply of approximately 
216,400 lb. of carbide of calcium. The South African 
Railways and Harbour Administration. September 21. 
(Ref. No. F.X.1209.) 








CONTRACTS. 


Messrs. ASEA ELectRIC, LIMITED, 5, Chancery-lane, 
London, W.C.2, have secured the contract, of the 
approximate value of 100,000/., for the whole of the 
auxiliary motor equipment for the rolling mill plant 
recently ordered by the South African Iron and Steel 
Industrial Corporation, the main contractors for the 
work being Messrs. Dorman Long and Company, 
Limited. 

Messrs. J. W. BROOKE AND COMPANY, LIMITED, Adrian 
Works, Lowestoft, have recently received orders for a 
15-ft. 6-in. general utility launch from Major J. E. D. 
Shaw, Welburn Hall, Kirkbymoorside, and for a 19-ft. 
“* Seacar,”’ from Mr. M. T. Tudsbury, of the British Broad- 
casting Corporation. 

Messrs, MERRYWEATHER AND Sons, LIMITED, Green- 
wich-road, S8.E.10, have secured a repeat order from the 
London Fire Brigade for nine fire engines, and the 
Dublin Fire Brigade has ordered one of the firm’s motor 
turntable fire ladders. Other work includes orders from 
Brigg, Wood Green, Consett, &c. 

Messrs. THE STURTEVANT ENGINEERING COMPANY, 
Liu1TeED, of London and Manchester, have been awarded 
the contract by the Mersey Tunnel Joint Committee 
(Consulting engineers, Sir Basil Mott and Mr. J. A. 
Brodie, MM.Inst.C.E.) for the fans for three of the six 
ventilating stations of the new Mersey vehicular tunnel. 
The fans will be of the Sturtevant Engineering Company’s 
special high-speed, high-efficiency type, on which a test 
was recently carried out by the Tunnel Authorities. 

Messrs. SuLZER BROTHERS, LIMITED, Winterthur, 
have received an order from the St. Gallen-Appenzell 
Power Company for three Diesel engines of 7,400 b.h.p. 
each, at 187 r.p.m. They will be of the two-cycle 
double-acting type and will be direct-coupled to Oerlikon 
generators, the sets serving as stand-by plant for hydro- 
electric installations. 

Messrs, CLARKE, CHAPMAN AND CoMPANY, LIMITED, 
Gateshead-on-Tyne, have received an order for a pul- 
veriser plant consisting of three Resolutor pulverisers, 
each capable of dealing with 15 cwt. of coal per hour, 
for a Japanese cargo and passenger vessel. The order 
is from the Harima Dockyard. Woodeson turbulent 
flame burners and the firm’s ring main system of dis- 
tribution are features of the installation. 








BOOKS RECEIVED. 


The Vulcan Locomotive Works, 1830-1930. London: 
The Locomotive Publishing Company, Limited. 

The Modern Soap and Detergent Industry. Vol. I. Theory 
and Practice of Soap Making. Vol. II. The Manufac- 
ture of Special Soaps and Detergent Compositions. 
By Grorrrey Martin. Second edition, revised and 
enlarged. London: Crosby Lockwood and Son. 
[Price 36s. net each vol.] 

Department of Scientific and Industrial Research. Fuel 
Research. Physical and Chemical Survey of the National 
Coal Resources. No. 18. The Yorkshire, Nottingham- 
shire and Derbyshire Coalfield, South Yorkshire Area. 
The Barnsley Seam. London: His Majesty’s Sta- 
tionery Office. [Price 2s. net.] 


Recent Advances in Analytical Chemistry. Vol. IT. 
Inorganic Chemistry. Edited by C. AINsworTH 
MircuHett, London: J. and A. Churchill. [Price 
15s. net. ] 


Safety in Mines Research Board. 
Paper No. 67. The Pressures Produced on Blowing 
Electric Fuse Links: The Effect of the Surrounding 
Atmosphere. By G. Attsop and P. B. Smrru. London : 
His Majesty’s Stationery Office. [Price 6d. net.] 

Heavy-Oil Engines of Akroyd Type. By WutLtam 
ROBINSON. London: Blackie and Son, Limited. 
[Price 7s. 6d. net. ] 

Madras Presidency. Public Works Department. Ad- 
ministration Report for the Year 1929—1930. Part IT. 
Irrigation. Madras: The Superintendent, Government 
Press. [Price 2 rupees. ] 

The Principles and Practice of Geophysical Prospecting. 
Report of the Imperial Geophysical Experimental 
Survey. Edited by A. BrovuGHTon EpGe and 
T. H. Lasy. Cambridge: University Press. [Price 
15s. net. } 

Proceedings of the Institution of Railway Signal Engineers, 
1930—1931. Part IT. October, 1930, to January, 
1931. Reading: Offices of the Institution. [Price 
7s. 6d. to non-members. ] 

Hydro-Electric Development 

By Joxun E. Rossrns. 

Company of Canada, Limited. 

F.B.I. Register of British Manufacturers, 

Edited by Ernest A. Nasx. London: 

of British Industries. 

Fiinfundzwanzigste Berichtfolge des Kohlenstaubausschusses 

des Reichskohlenrates. Berlin: V.D.I. Verlag G.m.b.H. 


Mines Department. 


in the British Empire. 
Toronto: The Macmillan 
[Price 1 dol. 25 cents.] 
1931—32. 
Federation 


PERSONAL. 


Messrs. NEwTon BroruHers (DERBY), LIMITED, of 
Alfreton-road, Derby, inform us that they have taken 
over the business of Messrs. Priestley Patents, Limited, 
Leeds, manufacturers of electric resistance welding 
equipment and rivet and other heating machines. Mr. W. 
C. Priestley has joined the staff of Messrs. Newton 
Brothers. 

THE Coventry CHAIN CoMPANyY, LIMITED, state that 
Brampton and Coventry Chains, which have been inter- 
changeable for some time, will, in future, be manufac- 
tured under the Coventry mark only. Brampton fittings, 
pedals, nuts, &c., will continue to be manufactured 
under the Brampton mark. The sale and supply of 
all Brampton products will be undertaken by the 
Coventry Chain Company, Limited, Spon End Works, 
Coventry. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Restricted output of Cleve- 
land pig continues rather more than ample for current 
requirements, but additions to stocks are not sufficient 
to cause uneasiness. Makers continue, but with little 
success, to endeavour to re-gain trade with Scotland by 
offering iron to firms there at specially low rates, but are 
still substantially undersold by dealers in iron from the 
Continent and from India. Merchants have little oppor- 
tunity to put through business, as makers are supplying 
direct the needs of principal home consumers, export 
demand is still light, and buying of Midland iron for use 
here appears to have ceased. Steady deliveries from the 
Midlands continue, however, in fulfilment of running 
contracts. For home business No. 1 Cleveland pig is 
6ls.; No. 3 g.m.b., 58s. 6d.; No. 4 foundry, 57s. 6d. ; 
and No. 4 forge, 57s. 

Hematite.—East-Coast hematite is comparatively 
cheap, but consumers are still buying very sparingly. 
Ordinary qualities are now no more than 61s. 6d., or 
3s. above the market quotation for No. 3 Cleveland, 
whereas the normal pre-war difference was 8s. to 10s. 
Makers are doing a small trade with the Sheffield district 
and with the Midlands, and by severe price-cutting 
second hands manage to sell occasional small parcels for 
shipment to Continental customers. 

Foreign Ore.—Consumers of foreign ore have consider- 
able stocks, and heavy contracts arranged. They are 
consequently virtually off the market, and business is 
confined to transactions in spot lots. As low as [4s. 6d. 
c.i.f. Tees is named for best rubio. 

Blast-Furnace Coke.—Durham blastfurnace coke con- 
tinues plentiful, and good medium qualities remain at 
15s. for early supply to local users, but some sellers will 
not accept that figure, and have closed their books. 

Manufactured Iron and Steel.—Little new of moment 
is ascertainable concerning the various branches of 
manufactured iron and steel. Orders for nearly all 
descriptions of material are scarce, and producers of 
some commodities are much in need of work, but quota- 
tions are maintained. Constructional steel departments 
keep busy. Principal market quotations stand :—Com- 
mon iron bars, 10l.; best bars, 10/. 10s.; double best 
bars, 11l.; treble best bars, 11/7. 10s.; iron and steel 
rivets, 111. 5s. ; packing (parallel), 82. ; packing (tapered), 
107. ; steel billets (soft), 52. 15s. ; steel billets (medium), 
61. 12s. 6d.; steel billets (hard), 7J. 2s. 6d.; steel ship 
plates, 8/. 15s.; steel angles, 8/. 7s. 6d.; steel joists, 
8l. 15s.; heavy sections of steel rails, 87. 10s. for parcels 
of 500 tons and over, and 9/. for smaller lots ; fish plates, 
127. 10s.; black sheets (No. 24 gauge), 8/.; and galvan- 
ised corrugated sheets (No. 24 gauge), 9/. 15s. 
Scrap.—Heavy steel scrap is selling at 38s. 6d. 
kinds of scrap are in little demand. 








Other 








CoMMERCIAL METHODS IN THE DutcH East INDIES.-— 
A confidential memorandum on the methods of trading 
and the terms of payment in the Netherlands East 
Indies has recently been issued by the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1. 
British firms desiring a copy of this publication should 
apply to the Department, quoting reference No. C.X. 
3,581. 





CuHARING Cross BripGe.—Last week we recorded the 
decision of the London County Council with regard to 
Charing Cross Bridge. On Wednesday it was announced 
that the Government had decided not to renew their 
offer of 75 per cent. of the cost of the scheme formerly 
brought forward, so that presumably the whole subject 
will now have to be re-opened from some other aspect. 
Needless to say, if the Government had announced its 
decision when the recent advisory committee approached 
it, valuable time would have been saved. 





Wreck Statistics FoR 1930.—The statistical sum- 
mary of ships totally lost, broken up, condemned, «c., 
just published by Lloyd’s Register of Shipping, shows 
that, during 1930, the gross reduction in the mercantile 
marine of the world amounted to 668 ships, making 
1,313,284 tons, excluding all ships of less than 100 tons. 
Of this total, 561 ships, making 1,232,521 tons, were 
steamers or motorships, and 107, making 80,763 tons, 
were sailing vessels. Compared with those for 192%, 
the figures show a reduction of 226,144 tons in the case 
of steamers and motorships, and of 4,174 tons in the 
case of sailing ships. The tonnage of ships owned in 
Great Britain and Ireland, which were broken up, dis- 





[Price 2 marks. ] 











mantled, &c., during 1930, was 270,191. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Little sign of change has been brought 
to light by inquiry at representative works. There con- 
tinues to be a large surplus of idle capacity. Order books 
show no material change, and, with the approach of 
the holiday, no development of serious moment is ex- 
pected during the next few weeks. Having regard to 
the prevailing slackness and apparent lack of confidence 
amongst buyers, the holiday stoppage may be somewhat 
longer than usual. Though economy schemes have 
been applied rigorously, with resultant dislocation 
among high-salaried ofticials as well as the earners of 
modest wages, it is feared that more cuts will be made 
both in earnings and personnel. Many staff men have 
already submitted to substantial reductions in remunera- 
tion, rather than run the risk of early discharge. In many 
quarters the outcome of the next few months’ trading 
is awaited with intense interest and some anxiety. 
Quiet conditions prevail in every branch of the raw and 
semi-finished material trades. Supplies of all kinds are 
in excess of requirements, both on home and overseas 
accounts—a state of affairs which appears to be common 
to other countries. Scrap is difficult to sell at recently- 
reduced prices. Buyers are in a strong position, and 
there is talk of further concessions on special sales. 
Consumption of steel alloys is at an exceptionally low 
level, but distributors feel that under present conditions 
no good purpose would be served by lowering rates. 
Business in wrought-iron has been depressed for a con- 
siderable period. Bars have eased 5s. a ton. Though 
outputs of open-hearth steel have been restricted, diffi- 
culty is experienced in preventing the accumulation of 
stocks. Quotations: Siemens’ acid billets, 97. 2s. 6d. ; 
hard basic billets, 7/7. 2s. 6d. to 87. 12s. 6d.; soft basic 
billets, 6/.; Derbyshire foundry pig-iron, 63s. 6d. ; 
Derbyshire forge iron, 60s.; crown iron bars, 91. 15s. ; 
iron hoops, 12/.; steel hoops, 9/. 10s.; soft wire rods, 
7/. 10s. Finished steel shows improvements in some 
instances and setbacks in others; on balance, the 
position has undergone little change. Producers are, 
however, keeping abreast of manufacturing develop- 
ments, and are doing their utmost to induce a brighter 
state of affairs. Shipbuilding requirements are well 
below capacity, though local firms and their associated 
concerns are securing a fair share of such orders as are 
circulating. Agricultural needs are moderate. Pur- 
chases on home account are restricted by the depression 
among farmers, while export sales are subject to keen 
competition. The automobile industry is still providing 
Sheffield with a lot of work. Local makers are taking 
a prominent part in supplying the newer needs of the 
chemical, aircraft, and electrical trades, there being a 
closer liason than at any preceding period between re- 
search staffs and manufacturing departments. Expan- | 
sion in the application of stainless steel is unchecked. | 
Fresh uses for materials of this class are found almost | 
every week. Competition from other parts of this | 
country, as well as from abroad is reacting upon Sheffield’s 
export trade in special steels. Moderate business is 
being done in edge tools, files, saws, and engineers’ 
small tools. 





_ South Yorkshire Coal Trade.—The present restriction 
in housecoal sales is customary at this time of the year. 
Current needs are few, and there is little demand for 
stocking purposes. Such business as is passing is 
mainly in the best grades, in which prices are fairly 
firm. Steam coal is a disappointing market. The opera- 
tion of the quota prevents the accumulation of surpluses 
at the pits, production largely being restricted to contract 
needs. Inland sales are fairly well stabilised at a com- 
paratively low level, owing to the slackness in the heavy 
trades, and recent values are maintained. Shipments 
are moderate, also at firm prices. Weakness is apparent 
in both washed and dry smalls. Supplies are much in 
excess of requirements, and sales are being effected at 
minimum prices. No improvement is shown in either 
furnace or foundry coke, though a fair business is being 
done in gas cokes at recent rates. Quotations: Best 
branch hand picked, 24s. 6d. to 25s. 6d.; Derbyshire 
bright house, 19s. to 20s.; best housecoal, 18s. 6d. to 
20s. ; sereened housecoal, 17s. to 18s.; screened house 
nuts, 14s. 6d. to 15s.; Yorkshire hards, 15s. to 16s. 6d. ; 
Derbyshire hards, 15s. to 16s. 6d.; rough slacks, 8s. 6d. 
to ~ 6d,; nutty slacks, 6s. to 7s. 6d.; smalls, 4s. to 
5s. 6d. 








SHIPMENT OF Heavy Loaps at LiverRpPooL.—-By a 
mutual arrangement between the Mersey Docks and 
Harbour Board, the London, Midland and Scottish 
Railway, and the Bootle Corporation, it is now possible 
for out-of-gauge railway traffic to be conveyed direct 
to the East Quay of the Langton Dock, for shipment in 
any dock at Liverpool or Birkenhead, by means of one 
of the floating cranes belonging to the Dock and Harbour 
Board. This has been made possible by a direct new 
rail connection from the Alexandra Dock station, across 
Regents-road, Bootle, to the Langton Dock. 


HEAvy Rarts on CANADIAN RartLways.—The Cana- 
dian Pacific Railway is shortly to replace 100-lb. rails 
by new 130-lb. rails between Revelstoke and Field, B.C., 
a distance of 150 miles. This has followed upon the 
production of the new No. 8,000 locomotive of which we 
gave brief particulars in our issue of June 12 (page 780). 
These rails have been ordered from the Algoma Steel 
Corporation at Sault Ste. Marie, Ont., where a new mill 
is being installed for the purpose. The Canadian 
National Railways already have 130-lb. rails in service. 
In this case they were furnished by the Dominion Steel 





and Coal Corporation, 


NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 


General Contracts.—Leading manufacturers of elec- 
trical plant and equipment in the North-Western area 
are at present perhaps even more favourably placed 
than they have been for several months, a steady accumu- 
lation of orders ensuring that most works will be engaged 
almost fully till at any rate the end of the year. Some 
firms have work in hand already which will carry them 
well into 1932, and are hopeful in the next few months 
of securing further remunerative work in connection 
with Grid developments at home, and also from foreign 
clients. The contract obtained by Messrs. The English 
Electric Company, Limited, of Stafford, from the South 
African Iron and Steel Industrial Corporation, Limited, 
was referred to in our columns last week. Motor manufac- 
turers are also securing useful new orders, one of the latest 
being by Messrs. Leyland Motors, Limited, of Leyland 
(Lanes), for a fleet of Lioness motor omnibuses for the 
Montreal Tramways Company. Messrs. W. Moss and 
Son, Limited, of Liverpool, have succeeded in securing 
the contract for the superstructure of the new Man- 
chester Reference Library. 


Directors and Their Fees.—The directors of Messrs. 
tdward Wood and Company, Limited, structural 
engineers, of the Ocean Ironworks, Trafford Park, 
Manchester, who, while recommending a final dividend 
of 24 per cent. on the firm’s preference shares (making 
5 per cent. for the year), are unable to recommend any 
dividend on the ordinary shares, propose that an 
alteration should be made in directors’ fees. For some 
time, it is stated. the directors have felt that the pro- 
visions as to their remuneration, under which they 
have received one half of the surplus profits after a 
dividend of 6 per cent. on the ordinary shares has been 
provided for, were not in accordance with modern 
conditions. They have therefore agreed to relinquish 
that right and to leave their fees to be settled at a general 
meeting of the shareholders. 


Anxiety in North-West Coast Trade.—Now that lead- 
ing steelworks in the Workington district are nearing 
completion of orders on hand with only moderate antici- 
pation of further contracts to tide them over the next 
month or two, the outlook in the North-West Coast 
hematite pig iron industry is very discouraging. For 
some time past the bulk of the make has been absorbed 
by the steelworks, and unless fairly extensive new orders 
for rails and sleepers are to hand in the near future, a 
curtailment of output with the closing down of plant is 
probable. Blastfurnacemen’s wages for the North-West, 
under the May and June ascertainments, have been 
reduced by 1} per cent. for the current two months. 








NOTES FROM THE SOUTH-WEST. 


CarpDIFF, Wednesday. 


The Coal Trade.—Owing to the nearness of the holi- 
days, and the desire of shippers to get ships away before 
the end of the month, the loading position at the Welsh 
docks was more favourable this week. Individual 
collieries were benefited by the improvement, but the 
general volume of trade continued small, with the out- 
look discouraging. Supplies of all classes of coal both 
large and small were plentiful and readily obtainable 
at the scale of schedule prices. Smalls in particular were | 
in abundance and colliery owners were caused much 
concern by the. diminishing space adjacent to the pits 
for banking. In fact, collieries have been compelled to 
take fields for the purpose some distance from the pits, 
and space is also being sought near the docks, which of 
course means the payment of railway rates on coal | 
which has to be dumped, and may not be picked up again | 
for many months. The difficulties of colliery owners | 
and exporters have been further aggravated by the | 
operation of the French limitation of imports scheme, | 
as in several cases shipments have had to be postponed 
pending the granting of licences on the other side. 
It is, however, felt that some concessions should be made 
in respect to existing contracts arranged before the 
scheme was announced, particular consideration being 
given to cases where deliveries on account of old con- 
tracts were voluntarily suspended by exporters to meet 
the convenience of French importers who now say that 
they cannot receive without licences. Meanwhile the 
continuous decline in shipments has caused the Great 
Western Railway Company, the owners of the docks, 
to dismiss some 50 tippers employed at the Cardiff, 
Barry and Penarth Docks. 





Iron and Steel.—Exports of iron and steel in the past 
week were only 8,031 tons, or nearly 1,000 tons less than 
in the preceding six days. Shipments of tinplates and 
terneplates decreased from 4,582 tons to 4,122 tons, of 
blackplates and sheets from 849 tons to 683 tons, and of 
other iron and steel goods from 3,178 tons to 393 tons ; 
but of galvanised sheets increased from 396 tons to 
2,833 tons. The tinplate market remained very quiet, 
with sellers asking 13s. 9d. per box, and buyers offering 
138. 3d. to 13s. 6d. 








Rar Morors IN QUEENSLAND.—~The Queensland 
Railways are adding to the number of their rail motors, 
two further units which will be constructed at the Ipswich 
shops. At the same time the coal-mining industry has 
approached the Minister of Railways, pointing out that 
while some economy may accrue to the railways from 
the use of internal-combustion engines, the employment 
of steam rail cars would prove equally suitable and more 
beneficial to the community as a whole, the experience 


NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel and Iron Trades.—Operations in the steel 
and iron works in the West of Scotland have not yet 
been resumed, but by the beginning of next week a 
restart is likely to be made at a number of the works. 
Little business is reported since closing down for the 
holidays, and as the general trade depression still con- 
tinues, it is not anticipated that there will be a heavy 
accumulation of specifications when the works re-open. 
A fair number of inquiries have been in the market 
recently, and it is hoped that business will result. On 
the whole, makers are not very sanguine of the imme- 
diate future as world conditions are still in so unsettled 
a state. Local shipbuilders have not been booking any 
new tonnage of importance of late, and the demand for 
that class of steel is very poor, while engineering concerns 
all round are so quiet that orders for either iron or steel 
material are very small. Producers of black and gal- 
vanised sheets have not a very large amount of work on 
their books but are looking forward to a better demand 
during the autumn months. Competition for all classes 
of business is very keen and especially so in re-rolled 
steel bars, the prices for which are weak. The following 
may be taken as the current market quotations :— 
Boiler plates, 107. 10s. per ton; ship plates, 8/. 15s. per 
ton; sections, 8/. 7s. 6d. per ton; black steel sheets, 
4 in., 7. 10s. per ton; galvanised corrugated sheets 
(No. 24 gauge), 11/. 7s. 6d. per ton; all delivered at 
Hasgow stations; ‘‘ Crown” bars, 101. 5s. per ton for 
home delivery, and 9/. 15s. per ton for export; and re- 
rolled steel bars, 6/. 5s. per ton for home delivery, and 
61. 2s. 6d. per ton for export. 

Scottish Pig-Iron Trade.—The current demand for 
Scottish pig-iron is very small, and stocks on hand are 
ample to meet all calls. Inquiries since the holidays 
began are of little importance. Prices are as follows: 
Hematite, 70s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 73s. 6d. per ton; and No. 3, 71s. 
per ton, both on trucks at makers’ yards. 

Scottish Iron Trade Wages Increase.—Sir John M. 
MacLeod, Bart, C.A., Glasgow, has made the following 
intimation to Messrs. Thomas Petrie and John Brown, 
joint secretaries of the Scottish Manufactured Iron 
Trade Conciliation and Arbitration Board :—‘‘ In terms 
of the remit, I have examined the employers’ books for 
May and June, 1931, and I certify that the average net 
selling price brought out is 101. 8s. 11-2d.’’ This means 
that there will be an increase of 24 per cent. on the basis 
rates in the wages of the workmen. 

Railway Wagon Contract.—A large order for mineral 
waggons for a leading colliery company has just been 
secured by Messrs. R. Y. Pickering and Company, 
Limited, Wishaw. This order will help to keep all 
departments well employed for a considerable time. 








Tue British ELectrRicAL AND ALLIED MANUFAC- 
TURERS’ ASSOCIATION.—It has been decided, owing to 
the financial and industrial situation, that the usual 
Dinner of the British Electrical and Allied Manufacturers’ 
Association shall not be held this year. 





PotisHine WHEELS.—On July 23, under Section 2 of 
the Merchandise Marks Act (1926), an order was made 
requiring imported polishing wheels or discs, made wholly 
or mainly of felt and 3 in. or more in diameter, to have 
an indication of origin, on sale in the United Kingdom. 
The order will come into force on October 23. Copies 
of the order will be obtainable in due course from H.M. 
Stationery Office and usual agents. 


Firry YEARS oF SraHt uND Ersen.—Though 50 
years is but an infinitesimal period in the life of a star, 
and a very short time in the history of a country, it is 
not an inconsiderable measure in the existence of a 


| 
| journal. Indeed there are many among those examples 


of human activity which do not even attain that span. 
Congratulations are therefore due to our contemporary, 
Stahl und LEisen, which first made its appearance in 
July 1881, not only because it has been regularly published 
for half a century, but because the very fact of its publica- 
tion during that period shows that it has accurately 
reflected and even inspired the progress of a great German 
industry. In a dedication in the jubilee number, 
which was published on July 2 last, Herr Albert Vogler 
mentions that some 40,000 persons may be considered 
as having contributed to its pages during that time, and 
rightly calls attention to the unremitting care and labour 
which has been expended by these workers and by those 
who have been more particularly concerned with the con- 
duct of the journal in the cause of progress. _Itisinterest- 
ing to hear that the foundation of Stahl und Eisen 
almost coincided with the starting up of the first Thomas 
plant in Germany, and arose from the need for a systema- 
tised publication of the proceedings of the Technische 
Verein fiir LHisenhiittenwesen. At first it appeared 
monthly under the editorship of Friederick Osann, 
who three years later was succeeded by Emil Schrédter. 


| The latter ably conducted the journal until 1911, during 


which time it was changed from a monthly to a weekly 
publication, and gradually enlarged its scope as the indus- 
try with which it was connected developed. Schrédter 
received great assistance from a number of well-known 
figures in the field of ferrous metallurgy, including 
Bueck, Beumer, Castner, Kiesselbach, Ledebur, Martens 
and Wedding, and when he retired our contemporary 
was firmly established. At present Dr.-Ing. O. Petersen 
is responsible for its conduct, and we may express the 
hope that it will prove to be in every way as successful 





of the London and North Eastern Railway being quoted. 


in the future as it has been in the past. 
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ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the faet that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


TretzcraPHic f{‘‘ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TsLEPHONE NumMBER—TEMPLE BAR 3663 
(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six or 
three months, pro rata), payable in advance :— 

For the United Kingdom £3 5 0 

For Canada— 











Thin paper copies 6 

Thick paper copies 0 
For all other places abroad :— 

Thin paper copies..................000 £3 3 0 

Thick paper copies....................... £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 
Advertisements intended for insertion in the 














current week’s issue must be delivered not later | — 


than First Post on Thursday. 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of Publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney: 
Brisbane, Perth. Angus and Robertson, Limited, Sydney: 
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Queensiand. W. C. Rigby, Adelaide, South Australia ; 
Melville and Mullen, Melbourne, Victoria. 
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EDINBURGH: John Menzies and Company, Limited, Rose-street. 
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GERMANY: Hermann J. Fromm, Prinzregentenstrasse, 89, Berlin, 
Wilmersdorf. 

GLascow: William Love, 221, Argyle-street. John Menzies 
and Company, Limited, West Nile-street. 

HOLLAND: Henry F. Tiedeman, 44, Rozengracht, Amsterdam. 

Inp1A, Calcutta: Thacker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

ITALY: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, Limited, 143, Deansgate. 

New ZEALAND: Gordon and Gotch, Limited, Wellington, 
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4lJand 43. 
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STATE-AIDED INDUSTRIES. 


Tae structure of British industry has been built 
up by the enterprise and skill of those who con- 
duct it, and to contemplate transferring the re- 
sponsibility for its maintenance to any body 
with a less direct interest in its prosperity and a 
less intimate acquaintance with its processes would 
be a gamble, were it not for the fact that on all 
past experience it would be a predestined failure. 
In all matters with which an industry can deal for 
itself it has provided its own most effective assistance, 
and it would lose its most effective driving force 
if it had to look for such help elsewhere. Admittedly, 
however, there are matters in which the State can 
supply assistance, which for one reason or another, 
an industry cannot give itself. In recent years, 
the State’s interest in, and co-operation with, 
industries, has been recognised in this country 
more clearly than before, but this recognition will 
have to lead to more extensive practical measures 
before it equals what is found in competing 
countries. The institution of the Department of 
Scientific and Industrial Research, with its budget 
of some 500,000/. a year for the whole work 
of the sciences and arts, and the scale of the 
operations associated with the Department of 
Overseas Trade, are instances in point. At the 
present time, however, the chief burden of the 
State on behalf of industry lies in its contribution 
to the 100,000,000/. a year that is being spent on 
unemployment pay. While as an insurance scheme 
this provision is bankrupt, without doubt, part of 
it goes to mitigate the hardships of those without 
other resource. There is, however, ground for 
fearing that a not inconsiderable part is offering 
those who are not anxious for work the means of 
avoiding it. Though, however, the number of 
those who are turning the dole to a purpose for 


siderable, it can be very far indeed from amounting 
to a majority of those who seek its relief. On 
the contrary, it may be believed reasonably that 
the large majority, especially among skilled men, 
draughtsmen, foremen and the like, would whole- 
heartedly prefer to be in employment, and it is 
precisely these valuable classes of men who suffer 
most from being out of it. At the present time 
about a fifth of all insured workpeople in the coun- 
try are unemployed, and it is inevitable that no 
question should be asked with greater insistence 
than whether the enormous sum that is being spent 
on this non-productive, and to some extent mis- 
chievous, provision could not be employed in the 


»|interests of industry and the State to better 


advantage. 
This question has been raised very forcibly in a 


3} pamphlet by Mr. J. B. McGillivray, printed at the 


University Press, Glasgow, in which he outlines a 
Scheme for Creating Efficiency in Industry and 
Reducing Unemployment. His purpose is to find 
some means of at least alleviating the distress of 
unemployment by diverting into measures of 
reconstruction energies and resources that at present 
are going to waste. The measures that he has 
primarily in mind, to the discussion of which half 
the pamphlet is devoted, are those relating to 
economy in the use of coal. During the war, coal 
was cheap in this country relatively to its price 
elsewhere. In Sweden, for example, it is said to 
have reached as much as 12/. perton. The attention 
of British manufacturers, moreover, had to be 
concentrated on quantity of production and not on 
efficiency, while other countries less strenuously 
occupied were free to perfect the economy of their 
processes, and often, by reason of the high cost of 
fuel, were compelled to do so. At the present time, 
public measures are being taken in this country with 
the object of providing cheap power for the industries 
in which electrical energy alone is required. These 
measures, however, cannot provide the most 
economical sources of power for a large proportion 
of industries, which in addition to electrical energy, 
require large quantities of steam for heating and 
general technical purposes, and by adopting modern 
methods of back-pressure working, accumulators 
and the like, can obtain electrical energy cheaper 
than it can be supplied from any super-power 
station. The combination of opportunity and 
necessity has led works in other countries to equip 
themselves with plant for obtaining this much 
cheaper power, which many British manufacturers 
have been prevented from adopting by the difficulty 
for the time being of obtaining capital. 

A similar situation exists in regard to elements of 
production other than power. Improvements have 
been made, for instance, in iron founding, steel 
making and machine tools, whereby very great 
economies in manufacture can be effected, and other 
countries are enjoying the benefit of them and to 
that extent are able to produce at a lower cost. 
Here, again, it is urged, the difficulty of obtaining 
capital is preventing many British manufacturers 
from taking advantage of these improvements, and 
is handicapping them gravely in international 
competition. Mr. McGillivray has no difficulty 
in giving examples to show that the extent of this 
handicap is great, and that in many instances the 
savings to be effected by re-equipment would repay 
its cost in a short term of years. He quotes, for 
instance, figures to show that by merely bringing 
existing boiler plants up to a proper state of 
efficiency a saving of about 10,000,000 tons of coal 
per annum could be made, at the same time as the 
capacity of factories using process steam could be 
increased by from 10 per cent. to 30 per cent. The 
capital cost involved in this measure, which is rela- 
tively small compared to that of supplying com- 
pletely new plant, would be recovered, according 
to his figures, in a few years. The more costly 
but still more effective measure of removing the 
old plant and substituting entirely new prime 
movers would again effect a saving of from 40 per 
cent. to 50 per cent., also enabling the cost to be re- 
covered relatively soon. Examples of a similar order 
of magnitude are given in regard to the saving to be 
effected by the improvement of other elements of 
plant. While a large number of British manufac- 





which it was never intended, may not be incon- 





turers have thus to manufacture with old plant 











































































































































at uneconomical costs, some other manufacturing 
countries by reason of their recent reconstruction 
have the benefits of modern economy. To the 
number of existing competitors, moreover, there 
is the prospect that Russia will be added, which, 
if its Five Years’ Plan matures according to 
programme, will have its vast territory and resources 
laid out as a single unit, with industries established 
in the areas in which the relevant resources are 
situated, and equipped under skilful foreign expert 
advice with completely modern plant. 

Up till now the opportunities in this country for 
obtaining the credit by which British works could 
introduce economies in production do not seem to 
have met the needs of the situation. The guarantees 
offered under the Trade Facilities Act were coupled 
with conditions for minimising the risk to the 
Special Commissioners, which made it impossible 
for them to be granted to those who most needed 
them. An actual organisation, indeed, exists for 
supplying manufacturers with some classes of 
equipment under an instalment system, whereby 
payment would be made over a satisfactory term of 
years, but generally speaking it is thought that 
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would have not only to look to the soundness of 
the propositions submitted to it, but also to incur 
the risk of making invidious decisions, in which 
' the interest of one firm might appear to be preferred 
'to those of others in the same industry. A more 
/serious objection to the scheme as a remedy for 
assisting unemployment is that it gives no direct 
assurance of employing any more than those 
|engaged in manufacturing the plant, which, on 
the hypothetical figures suggested, form something 
‘under 2 per cent. of the total unemployed. The 
ultimate purpose of the re-equipment is doubtless 
by means of reduced costs to procure increased 
|export trade, and thereby to extend employment 
in the much larger customer industries. The 
/experience of many thoroughly well-equipped 
| British firms shows, however, that efficient produc- 
|tion is not sufficient by itself to assure export 
|trade. It depends also not only on the state of 
| the market, but also on the efficiency of the market- 
‘ing and service arrangements for promoting and 
| safeguarding the intended business, which it would 
| be difficult for the proposed board to assess. Both 


| these circumstances seem to suggest that it would 








Bohemia on business, and being entertained with 
the hospitality characteristic of the nation, to have 
their work held up for a few hours while the host 
was destroying compromising papers in the expecta- 
tion of a visit from the police. 
present republic appears to have settled these 
troubles once and for all, and it has introduced 
into the industrial concert of Europe a nation that 
has come by its own, and brought its national 
character intact with it. 

In a recent report to the Department of Overseas 
Trade, Mr. H. Kershaw, Commercial Secretary to 
His Majesty’s Legation at Prague, discusses 
‘* Economic Conditions in Czechoslovakia, March, 
1931” (H.M. Stationery Office, ls. 6d. net.) The 
particulars he gives deserve attention not only as 
affording a general picture of the condition of the 
country, but also as furnishing some interesting con- 
clusions in regard to possible British trade. Finan- 
cially; the position of Czechoslovakia appears to be 
sound. It balances its budget, and the notes of its 
national bank have a gold cover of nearly 50 per 
cent. In the year under review it has suffered like 


‘other countries from general depression of trade. 


purchasers of equipment on a large scale do not be of advantage in the administration of the scheme | Roth its imports and its exports, as well as its traffic 


care to deal with financial intermediaries. 
McGillivray therefore suggests that a central board 
should be appointed immediately, for providing 
the necessary facilities on a somewhat less cautious 
basis than had to be adopted by the Commis- 
sioners under the Trade Facilities Act. The board 
might consist of 12 members, representing, respec- 
tively, the Government, the employers of labour, 
the trade unions, banking interests, insurance 
interests and accounting interests, and would have 
an executive consisting of technical and commercial 
experts and staff. Branch boards and committees 
of smaller size might be formed throughout the 
country to report to the central authority, and 


schemes would be submitted weekly for the approval | 


of the board according to the ordinary practice of 
life assurance societies. The proposals would 
provide for acquiring plant for payment over a 
period of, say, three to five years, but would not be 
entertained unless the purchaser of the plant paid 
initially a definite part of the contract price, say 
20 per cent., or such other proportion as the board 
might decide. The payment of the balance would 
be guaranteed as to 60 per cent. of the full contract 
price by the Government, perhaps 20 per cent. by 
an insurance company, and 10 per cent. by the 
manufacturer. The rates, which would have to 
cover the board’s working expenses, would be 
graded perhaps into two categories, according 
to the risk, and would be adjusted from time to time 
in accordance with experience. It is believed that 
powerful manufacturing concerns in the engineering 
industries would co-operate in the scheme, which 
would contemplate primarily the work of engineers 
and boiler makers, including all other trades 
usually employed in shipbuilding and __ allied 
industries. The actual figures involved would, 
naturally, have to be defined. If the scheme were 
to run for 10 years with guarantees of 10,000,0001. 
a year, it is estimated that employment would be 
given to about 40,000 men for that period, and a 
reducing number during the few succeeding years. 

It is to be hoped that this scheme, coming as 
it does from a manufacturer of well-known experi- 
ence, will receive the consideration it deserves. The 
underlying principle that under satisfactory condi- 
tions the State may properly undertake such 
measures, especially in the present emergency, 
appears to be unquestionable. It has, moreover, 
the advantage of not involving any change in the 
British banking system, in which banks can under- 
take no business which »y its speculative character 
may prejudice the security they offer to their 
customers. Mr. McGillivray has made out an 
ample case for some scheme by which the energies 
of the State could be applied, by aid of industry, 
to productive instead of non-productive and partially 
mischievous measures, and has done well to put 
forward concrete proposals. Without derogation 
from the public service he has thus rendered it 
may be questioned, however, whether the lines 
of his schemes will not have to be altered if they 


are to fulfil his purpose. A great public body! 


established to make grants to individual works 


| the industry to which they belong. These associa- 
tions would or should have the required knowledge 
|of local conditions, and in practice it would not 
| be found easy to get them to put forward such appli- 
cations unless the industry had evolved concrete 
|arrangements for co-operative working on the 
| marketing side, such as of late have been recom- 
| mended repeatedly by special missions, as well as in 
official reports. Such industrial associations could 
put themselves in a position to ascertain or estimate, 
more readily than any heterogeneous board, the 
economical as well as the technical circumstances 
of a proposition. The prospect of the board’s 
| help, on the other hand, might be a decisive factor 
|in leading the several interests within the industry 
into the conjoint measures which seem to be needed 
in most export markets for promoting British trade. 








CZECHOSLOVAKIAN TRADE. 


ArTeR the war, political leaders proposed 
many problems for immediate solution, and 
some have turned out to be more difficult than 
had been expected. Satisfactory agreement has 
not yet been reached as to the best manner in which 
the world may be made safe for democracy. The 
process of defining the democracy to be safeguarded 
has proved in some instances to be more formid- 
able than was imagined. Some countries are pay- 
ing for the privilege by the sacrifice of a large part 
of their prosperity, and one is seeking to attain 
this sacred purpose by repudiating the laws of 
humanity on a scale without precedent in the history 
of the world. For one class of problem, however, it 
was possible to find what for the time-being was a 
definite solution. The politicians had decided that 
with the arrival of peace, nationalities of different 
races should enjoy the blessings of self-determination. 
In some instances, indeed, there was a little difficulty 
in defining the self that was to be determined, but 
| circumstances allowed the politicians, with a little 
help from the methods of Procrustes, to make decis- 
ions which, if sometimes arbitrary, were at least 
definite. There is reason to suspect that the selves 
of some countries have not emerged in forms corres- 
ponding to their national aspirations, and it is grati- 
fying therefore to observe at least one in which the 
change seems to have realised hopes that the inhabit- 
ants of the country had cherished for centuries past. 
The separation of the Czech nation of Bohemia, with 
the Slovaks allied to them in blood and the German 
who had become Bohemian, into the separate repub- 
lic of Czechoslovakia has responded with singular 
aptness to the desires of the population. For three 
centuries and more they had been under the strenuous 
rule of the Austro-Hungarian majority. They had 
pursued their industries vigorously and not without 
success, but in spite of all their other activities they 
had preserved pertinaciously the hope of some day 
becoming their own masters again. It was not 
unknown 50 years ago for Englishmen going to 








Mr, | that at least preference should be given to propo- | returns, have fallen, and its unemployment has 
|sitions put forward, not by individual firms, but | 
l'on their behalf by representative associations of 


increased, but several reasons appear to have 
operated to make these effects less severe than they 
have been in most other industrial countries. For 
one thing, the general standard of living is lower, 
and the cheaper classes of goods, which low wages 
enable the manufacturers to produce, continue to 
find a sale more readily than more costly goods. 
It is, moreover, a primary object of the Government 
to make the country as far as possible independent 
or self-contained as regards the supply of most 
staple commodities. The customs tariff, though 
apparently imposed partly for revenue, is on some 
imports so heavy as to be practically prohibitive. 
Tenders for supplies required by Government and 
public works departments may not be considered 
from foreign firms unless the lowest tender of a local 
firm is more than 20 per cent. higher than the foreign 
tender without counting duties, and the foreign 
tender including duty is not higher than the local 
tender. Even then local tenderers are given the 
opportunity of submitting revised quotations 
before a foreign tender is accepted. If the example, 
too, of the great Skoda works may be accepted as 
typical, manufacturers do not seem to rely mainly 
on Government protection, but undertake vigorous 
and systematic means of reducing costs for them- 
selves by measures of rationalisation. In the year 
under notice these works have so improved their 
organisation that, while reducing the total number 
of their workmen by about a fourth, they have been 
enabled both to lower their prices and to increase 
their turnover, and their orders in hand, largely for 
the export market, are sufficient to ensure work 
on the present scale until 1932. 

It is certain, therefore, that the industries of the 
country, supported by their Government, will make 
every effort to foster their internal production. 
Duties, moreover, may be retained on imported 
products, which nevertheless do not appear to be 
made within the country, for the sake apparently of 
revenue. This is seen, for example, in the instance 
of motor cycles, which, although they do not seem 
to be made locally and are badly wanted, pay 4 
duty of over 1d. a lb., which is retarding the rate of 
their introduction. In spite, however, of all 
measures tending to depress their amount, the 
imports of the country are not inconsiderable. The 
population is of the order of 15 millions, and the 
imports last year were not much short of 
100,000,0007. A law, moreover, has just been 
renewed whereby rates of duty for machinery of 
certain types which are not made in Czechoslovakia 
are to be reduced for a further period of three years. 
The home engineering industries are well+esta blished, 
employing normally some 280,000 work-people. 
Nevertheless, the imports of metals and metal 
manufactures of all kinds were last year of the 
value of just on 10,000,000/. Of these, however, 
the British share only approached 700,000/., and 
the report draws attention to what is believed to 
be a considerable opportunity, which al] classes of 
British manufacturers are losing in this market. 
Taking imports of all kinds, the proportion coming 
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from Great Britain is only about 34 per cent. of the 
total, and although the figures quoted above show 
that the proportion is somewhat greater in the metal 
trades, it is still only a very small part of the total. 

The grounds on which Mr. Kershaw bases his 
recommendation that British manufacturers should 
show greater energy and enterprise in cultivating 
this market are well worth attention. In his view 
they often overlook the fact that Great Britain still 
enjoys a unique reputation on the Continent for 
commercial probity and for the excellence of its 
manufactures. In the commercial vocabulary of 
shop-keepers, the word for English is used widely 
to convey the ideas of quality, attractiveness and 
durability, to the almost entire exclusion of other 
foreign geographical names for the same purpose. 
This is a valuable asset, of which nevertheless, 
British exporters make sparing use. Those who 
attended last year’s Meeting of the British Iron and 
Steel Institute at Prague know with how hearty a 
welcome they were received. It is not more likely, 
indeed, than with our own Dominions or other 
countries, that the industrial policy of Czechoslovakia 
will facilitate the imports of any country in sub- 
stitution for what it can manufacture to advantage 
for itself. Experience in all markets, however, 
has shown that there are always branches of work 
in which one country is better placed than another, 
and the interests of both lie in mutual trade rather 
than in exclusion. In the Czechoslovakian market 
it is thought that, with a gradual industrial revival 
and an increasing desire for articles of medium and 
superior quality, British goods would certainly 
come more and more into favour if they were 
adequately introduced. Careful inquiries, stated 
to have been carried out over a considerable area 
in the country and among different interests, have 
elicited the opinion that, with zeal and initiative, 
British trade in this country might be developed 
or increased at equal prices to those of competitors. 
Among the articles in which this development is 
regarded as particularly likely are motor vehicles, 
motor cycles and accessories and electrical cables, 
apparatus and other electro-technical material. 
The prospects of motor vehicles seem particularly 
attractive, because up tillnow the equipment of the 
country in motor vehicles of all kinds is much below 
its needs, to say nothing of the practice of the other 
countries. In round figures, there is only one 
motor vehicle for every 150 inhabitants, and between 
that proportion and the ratio of one in five found 
in the United States there is a sufficient margin to 
justify the expectation of expanded demand for 
many years to come, apart altogether from the 
circumstance that the provision of railways is 
relatively small. Doubtless, care will have to be 
exercised in selecting articles for exploitation which 
supplement and do not overlap those that are pro- 
duced in the country. This however is no more 
than in these days has to be done in regard to trade 
with any manufacturing country. The proposition 
must doubtless be considered on its merits. It 
would, however, be regrettable if the reputation of 
British manufacturers, to which this report bears 
authoritative testimony, should be left out of 
account in considering those merits. 








INTERNATIONAL CONFERENCE ON 
PUBLIC CLEANSING. 


AN ambitious and varied programme has charac- 
terised the First International Conference on 
Public Cleansing, held in London this week. The 
conference began on Monday, when Lord Wakefield, 
in the absence of Sir Phené Neal, Lord Mayor of 
London, weleomed delegates from 17 countries at 
the opening meeting in the Guildhall. Mr. J. C. 
Dawes, Inspector of Public Cleansing, of the Ministry 


of Health, was installed as president. Mr. Green- 
wood, Minister of Health, officially welcomed 
the delegates on behalf of the British Government, 


and Mr. Dawes, in the course of his presidential 
address, paid a tribute to the practical contribution 
of public health and cleansing officers and civil 
engineers to the vastly improved state of public 
hygic ne. He referred also to the development of 
Scientific and mechanical means and methods for the 
Sanitary disposal of domestic and street refuse. The 
subsequent days’ work of the conference has 


taken place at Olympia, where the proceedings 
have taken the form of a series of meetings for the 
reading and discussion of papers on various topics 
concerning the scientific treatment of and the use of 
town refuse, non-mechanical means of refuse 
disposal, methods of street cleansing in Paris and 
Germany, and other matters. The floor of the 
National Hall, Olympia, has been occupied by a 
representative and varied range of public-health 
vehicles as used for cleansing, a term which comprises 
representative steam, electric, and oil-engined 
vehicles and, in many cases, interchangeable or 
convertible bodies, and, for the most part, power 
control of their various functions. On Thursday, 
there was a demonstration of vehicles and plant in 
the main hall, to which reference will be made 
subsequently. A further section of the proceedings 
was a series of visits to large garages and works in 
the neighbourhood, and to the Ford Works at 
present under construction at Dagenham, Essex. 
Visitors to these works had an opportunity of seeing 
the very interesting plant being installed there 
for the conversion of refuse into fuel and for other 
industrial applications. The event closes to-day 
with an International Committee Meeting at 
Olympia. 

The exhibits, as a whole, were mainly standard 
and well-tried products in their several types. 
Novelty was not, however, wanting, but it pointed 
to the developments which probably emphasise the 
economical trend of modern plant for common 
purposes. One of the aspects referred to is the 
increasing number of small and medium-sized units, 
in many cases with, or designed for, interchangeable 
bodies, so as to increase the operative scope of the 
vehicle. Another aspect of the same trend is the 
standardisation of some makers’ products, such as 
watering bodies, gulley and cesspool emptying 
tanks, and dustless refuse-collecting receptacles, 
for use on standard makes and sizes of chassis. 
Owing to this repetitive feature, the number of 
exhibits appeared to be somewhat larger than would 
have been the case otherwise, but it was helpful 
and interesting to engineers and prospective buyers, 
since standardisation along these lines is likely to 
appeal strongly where vehicles of standard types 
are already in use and are worth converting and 
modernising. The second trend noted has reference 
to the needs and limitations of small areas, where 
conditions require refuse collectors and gully 
emptiers, road sprinklers and brushes, with about 
half the capacity of the makers’ older and larger 
vehicles. It will suffice, on this point, to mention 
the Karrier “ Colt,’ which is a simple, light three- 
wheel sweeper with a 6-ft. brush and a 200-gallon 
water tank, driven by a 7-h.p. two-cylinder engine. 
This handy vehicle can be turned on a 21-ft. circle. 

Probably most interest from the public-health 


rapid, collection and handling of house refuse. It is 
in this connection that engineers seem to find their 
present chief incentive, and reference will be made 
later to some more or less typical examples of this 
class. In general terms, the self-closing and self- 
sealing mechanism is under hand or treadle control, 
and improvement has been made in the form of 
aperture in the sides of the bodies with which the 
special refuse drum or receptacle registers and 
automatically gives access for the discharge of the 
contents. At one extreme of the standardised 
domestic refuse collector is an elaborate trailer 
drawn by a tractor along which are arranged tiers of 
standard buckets. A rotating mechanism raises and 
lowers these rows of buckets, maintaining them al- 
ways in the vertical position. Space is provided 
for 88 buckets. The other extreme is represented by 
a non-mechanical system which employs and 
retains the present normal form of house-refuse 
receptacle and renders it hygienic and dustless 





by lining the interior with a paper-bag. The bag 
material is bitumen-treated Kraft paper, and 
is of sufficient length to be folded over the mouth. 
The scavengers, when collecting the receptacles, 
merely fold over the mouth of the bag and cap the 
receptacle with another. It is then inverted, 
and the bag with its contents remains in the collect- 
ing vessel, which is promptly discharged into the 





normal or old form of open-collecting body. A 
fresh paper bag is next inserted in the domestic 








receptacle, which is then ready for further service. 
At the present rate of production and demand, the 
Kraft bags cost about ld. each, but will become 
cheaper with increased demand. A trial of this 
system is being made among some 6,000 houses 
in a South London area. Disinfecting refuse-collect- 
ing buckets is mostly effected by the scavenging 
staff spraying them when returning the emptied 
vessel. One exhibitor has applied a simple, almost 
automatic, system for this purpose. It consists of 
a vessel filled with a deodorant liquid which stands 
conveniently by the front opening in the body 
through which the buckets are emptied. The 
scavenger merely inverts the empty bucket over 
the cleansing tank, and rests it on a grid platform 
through the centre of which projects a self-closing 
sprayer; the valve is thus opened and a jet of de- 
odorant is discharged into the bucket automatically. 
What appears to be a novelty, illustrating the 
scope of rubber as a rival of the rotary road- 
sweeping brush, is a multi-bladed rubber squeegee, 
some 7 ft. long by 18 in. to 20 in. in diameter. 
The spiral rubber lamine project some 4 in. from 
the wood drum to which they are fastened, and 
a square-ended driving shaft runs axially through 
the drum. A double-curved rotary brush on the 
same stand suggested a competitive trial from 
the point of view of design and material. 
Electric-battery vehicles with front and rear 
drive, and with one or two motors, were exhibited 
in several varieties, but not of as many makers. 
One exhibitor stated that the lead traction batteries 
used by him are now guaranteed for three years, 
and nickel-iron batteries for seven and more 
years. Oil engines of the self-ignition type are 
now stock types by two if not more exhibitors, one 
being a British engine and the other by a German 
firm. Opinion as to the future, at least within a reason- 
able date, of this class of engine, is not unanimous, 
so that, for the present, makers who are will- 
ing to fit both types seem to be acting wisely, 
apart from the considerable margin of price in 
favour of the petrol type. It is worth noting that 
one of the cheapest in the range of general-utility 
models, up to 2 tons load capacity, has a six- 
cylinder engine. The low-load chassis is con- 
spicuous at an exhibition of this character, but as 
the trend is towards using pneumatic tyres on all 
public-service vehicles when possible, it has 
affected the load line of a few makes which em- 
ployed specially small diameter solid-tyred wheels. 
The six-wheel chassis layout and the forward 
drive position are popular for the larger vehicles 
since they give increased body space without 





increase of overhang, and a better disposition of 


| weight. This point becomes important in the case 


aspect centres in the dustless, even more than the | 


of a rear-tipping body, and this seems to be the 
prevalent form of tipping adopted for cleansing 
vehicles. To what extent the six-wheel axle layout 
is likely to be permanent for the moderate tare 
vehicles remains to be seen. 

Visitors to the Royal Agricultural and similar 
shows, and to field trials of agricultural machinery, 
are familiar with light-cultivation power plant on 
modified motor-cycle lines. At this exhibition 
there is a development on such lines in the form 
of a rear-controlled combined sweeper and collector. 
It has a turning radius of 57 in., weighs 15} cwt., 
and is driven by a 7-h.p. motor through a clutch 
and spur and worm-gearing. The sprinkler tank 
holds 11 gallons, and is fitted with a pump and 
spray nozzle. The main brush is 51 in. long and 
21 in. diameter, and the side brush is 20 in. long 
by 124 in. diameter. 

(T'o be continued.) 








SwepisH Ratway MaArTerRIAL FOR PERSIA.—The 
Persian Government has commenced the construction 
of a railway line between the Caspian Sea and the Gulf 
of Persia, crossing the whole country and passing through 
Teheran. About one-fifth of the total length has been 
constructed by German and American firms, but the 
Government wishes to complete the work itself, and 
has made arrangements with a number of Swedish firms, 
including Messrs. Nydqvist and Holm, of Trollhattan, 
for the supply of the necessary materials over a period 
of five or seven years. Mutual credit accounts will be 
opened in the two countries, and a clearing company 
will be formed in Sweden to take Persian goods in 
exchange for the goods and materials supplied to Persia. 
This method of transacting business is rendered necessary 
by the existence of a law prohibiting the export of capital 
from Persia. 
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(Continued from page 100.) 
AERODYNAMICS DEPARTMENT. 


Wind Tunnel Design.—A great deal of interest, by 
no means restricted to visitors to the Laboratory, 
centres just now round the compressed air tunnel. 
Whilst not yet in commission, the tunnel is complete 
as regards all major items and only the aerodynamic 
balances remain to be installed. As is well known, 
the main structure was built by Messrs. John 
Brown and Company, Limited, at their Sheffield 
works, and a photograph of the outer shell, taken 
after assembly for works tests, illustrates a brief 
description of the tunnel in ENGINEERING, vol. cxxix, 
1930, page 808. In April, 1931, an account of the 
construction was given by Mr. A. J. Grant, in a 
paper to the Junior Institution of Engineers. A 
detailed description of the tunnel, from the aerody- 
namical standpoint, will be given in a paper to be 
read at the forthcoming centenary meeting of the 
British Associdtion by Mr. E. F. Relf, the Super- 
intendent of the Aerodynamics Department, who 
is responsible for the general design and equipment 
of the tunnel. 

The tunnel shell, 50 ft. long overall, is in the form 
of a circular cylinder 17 ft. internal diameter, 
with hemispherical ends. Apart from cusp-shaped 
fairings at the ends, it constitutes the outer boundary 
of the annular return flow duct. The working 
section of the tunnel is an open jet 6 ft. in diameter, 
and 7 ft. 8 in. long, co-axial with the shell. Circu- 
" lation of the air is produced by a two-bladed Duralu- 
min fan of airscrew type mounted on a shaft 
which passes through labyrinth packing at one of the 
hemispherical ends of the shell. The screw is 
driven by a 400-h.p. (overload 500-h.p. for 1 hour) 
direct current motor mounted on a pedestal just 
outside the tunnel. The maximum power is ex- 
pected to give an airspeed of 90 ft. per second at 
full pressure. Access to the working section for 
the manipulation of models, is provided by a 
hinged circular door at the end of the shell remote 
from the fan. 

The air-compressor equipment, which is designed 
to raise the pressure in the tunnel to 25 atmospheres 
in 80 minutes, is housed in an adjacent room. It 
comprises three identical three-stage units with 
inter-stage cooling. Each set is driven at 300 r.p.m. 
by a 400-h.p. auto-synchronous motor operating 
on 3,000 volts. The electrical arrangements are 
such that the nine cranks of the complete plant 
can be synchronised 40 deg. out of phase so as to 
minimise, during the operation of the compressors, 
vibrations which disturb delicate apparatus in 
other parts of the laboratory. The auxiliary elec- 
trical plant includes a motor generator to provide 
direct current for the tunnel fan, a storage battery 
to supply steady current to the solenoids of the 
aerodynamic balances, and a small step-down trans- 
former for lighting and various general purposes. 

A somewhat notable feature of the wind tunnel 
is the exclusion from the interior of all combustible 
material. The importance of this precaution 
becomes at once apparent when the concentration 
of oxygen, due to the compressed air in the tunnel, 
is realised. In this aspect of the design advantage 
has been taken of unfortunate experiences with the 
American variable density tunnel, at the Langley 
Memorial Aeronautical Laboratory, which in its 
original form was damaged by fire. 

The aerodynamic design of the compressed air 
tunnel has been based, to a great extent, on the 
results obtained with a small-scale wooden model 
operating at atmospheric pressure. Experimental 
modifications of shape, intended to improve the 
characteristics of the working section, can, in this 
way, be tried out with a rapidity and economy 
impossible with the metal prototype. The same 
procedure is now being followed in the case of the 
first of two 8-ft. open-jet atmospheric pressure 
tunnels which are projected to replace the present 
7-ft. No. 1 enclosed tunnel. Sanction has now 
been obtained for the first of these 8-ft. jets which 
is at present in the drawing office stage, experiments 
with the small-scale model having been brought to a 
successful conclusion. From the indications of the 
latter, it appears that the maximum speed obtain- 
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able with the consumption of 300 h.p. will be about 
190 ft. per second. <A novel feature of the design, 
so far as British practice goes, is a double return 
flow, with one duct above and one below the open 
jet—a type of construction admirably suited to 
the accommodation available in the existing 7-ft. 
No. 1 tunnel room. For the second 8-ft. open jet. 
which will be housed in the same building, a less 
powerful fan to absorb 100 h.p., and a maximum 
wind speed of 125 ft. per second, are contemplated. 

Aircraft Accidents.—Even with this additional 
equipment in commission, there appears little 
prospect of the Department’s ability to keep pace 
with the rapid growth of aerodynamic research 
programmes. During the past twelve months the 
normal course of research has been appreciably 
augmented by investigations arising out of the 
disasters to the airship R 101, and to the Junkers 
monoplane which crashed at Meopham in July, 
1930.* With regard to the former, a series of 
tests on a model of the airship in its modified form, 
i.e., after the addition of a bay to provide increased 
lift, was carried out at the urgent request of the Court 
of Inquiry, and the conclusions. drawn from the 
subsequent analysis of the results by Dr. R. Jones 
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tions, to types of machine which are not among 
the popular productions of British aircraft 
designers. In view, however, of its manifest impor- 
tance, a general research into the subject has been 
inaugurated. ° 
The urgency of the information required for the 
Meopham accident inquiry has interrupted the 
normal programme of flutter research, which has 
reached a fairly conclusive stage with regard to 
the wings and tail units of aircraft, but calls for 
further theoretical and experimental work in 
connection with the flutter of airscrews. Collected 
papers dealing with the earlier work have now been 
published in monograph form,* and introduced for 
the benefit of the general reader by a discussion of 
flutter in simple non-mathematical language. With 
regard to the somewhat recently completed work on 
tail units, it is of interest to record the occurrence 
of two distinct types of tail flutter. In the sym- 
metrical type, the port and starboard tailplanes, 
with their elevators, move equally and in phase, 
attaining, for example, their extreme upward dis- 
placements simultaneously. No torsion of the 
fuselage takes place, the rudder remains undisplaced, 
and the elevators are subject to no elastic constraint 
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and Messrs. D. Williams and A. R. Collar, are 
incorporated in the Report of the inquiry. In 
connection with the inquiry into the Meopham 
disaster, which was undertaken by the Aeronautical 
Research Committee, an analogous procedure was 
adopted with somewhat unexpected results. Wind 
tunnel experiments on a model of the Junkers 
machine were made by Mr. R. A. Frazer and Dr. 
W. J. Duncan with a view to ascertaining the extent 
to which flutter of some part of the structure might 
have been a possible cause of the accident. So far 
as concerned the primary object of the experiment, 
only negative results were achieved. It was ob- 
served, however. that under certain conditions of 
incidence the tail of the machine was subject to 
violent buffeting from the turbulent air comprising 
the wake from the wings. Further investigation 
revealed that the consequent distortion of the tail 
components might assume extremely dangerous 
proportions capable of producing fracture in the 
case of a full scale machine. This phenomenon, 
for which the suggested term ‘ succussion ’’ has 
now been definitely discarded in favour of the more 
familiar ‘ buffeting,” has hitherto been largely 
unrecognised as a possible factor contributing to 
aircraft accidents. It appears, indeed, to be mainly 
restricted, at all events in its dangerous manifesta- 








* See ENGINEERING, Vol, cxxxi, pages 146 and 487, 1931. 


WAKE OF A CrrcuLaR Disc. 


other than that transmitted by the control cables. 
The most important preventive measures are 
dynamical balance of the elevators and the provi- 
sion of adequate stiffness in the tailplane structure. 
In the asymmetrical type of tail flutter, which may 
occur with a rigid tailplane, the important motions 
are a rolling of the whole tail unit (due to torsion of 
the fuselage), swinging of the rudder on its hinges, 
and opposed movements of the elevators resisted 
by the torsional stiffness of the elevator inter- 
connection. The most important preventive 
measures recommended for this condition are 
dynamica] balance of the rudder and elevators, 
and the provision of a very stiff elevator inter- 
connection. 

Fluid Motion.—In continuation of his researches 
into questions of fluid friction, Mr. A. Fage has 
recently completed, in collaboration with Mr. V. M. 
Falkner, a determination of the distribution of skin 
friction over the surface of an aerofoil., The expe!!- 
mental method, based on an established relation 
between the intensity of friction and the velocity 
gradient close to the surface, consists in measuring 
the air velocity, at distances ranging from 0-002 in. 
to 0-003 in. from the surface of a large metal 





* Reports and Memoranda of the Aeronautical Research 
Committee. No. 1155, ‘The Flutter of Aeroplane 
Wings”; No. 1255, ‘“‘The Flutter of Monoplanes- 
Biplanes and Tail Units,” 
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aerofoil mounted in a wind tunnel, by means of 
minute open-ended tubes set in position by the aid 
of a microscope. Typical curves showing the varia- 
tion of skin friction over the upper surface of the 
aerofoil at a slight incidence are plotted, in Fig. 14, 
against distance from the leading edge expressed as 
a fraction of the chord (39-7 in.). A small scale 
effect is observable between the friction coefficients 
for tunnel speeds of 60 ft. and 80 ft. per second, but 
the most important characteristic is the occurrence 
of two maxima, the trough between them being 
associated with the transition from laminar to 
turbulent flow in the boundary layer. With 
increase of incidence from 0 deg. to 6 deg. these 
maxima increase in value and, as regards the upper 
surface of the aerofoil, move towards the leading 
edge. The frictional intensity over the under- 
surface also exhibits two maximum values. These 
are smaller, however, than for the upper surface, 
and move towards the trailing edge with increase 
of incidence. 

The curves of Fig. 14, whilst confirming com- 
monly accepted ideas of the relation between fric- 
tional intensity and boundary layer turbulence, 
raise the question as to how far the condition of 
the boundary layer, as regards turbulence, is con- 
trolled by the surface under consideration. Some 
light on this point has been provided by experiments 
to ascertain whether the average rate of heat trans- 
mission, from a flat plate maintained at a constant 
temperature elevation in an air stream, is influenced 
by the degree of turbulence present in the stream. 
Tests made with a small, electrically-heated platinum 
plate, mounted in four air-streams which differed 
appreciably in the character of the turbulence 
present, have shown that the heat dissipation is 
unaffected by turbulence, and is proportional to 
vy’ in every case. It is concluded, from this 
result, that the damping effect of the plate is such 
that the flow near it is very closely laminar; and, 
further, that unless the boundary layer on a body 
of this type is near its critical state, the body itself 
will determine the character of the boundary layer 
irrespective of the turbulence in the external 
stream. 

A method of revealing steady flow round bodies 
exposed to an air current, developed by Mr. H.C. H. 
Townend, consists in sketching the shadows of the 
wakes of a series of electrically-heated platinum 
wires arranged normal to the direction of flow. 
A more general means of rendering air-flow visible, 
applicable to both laminar and turbulent régimes, 
is provided by the use of titanium tetrachloride, a 
liquid which emits, in contact with ordinary air 
containing a smal] proportion of moisture, opaque 
white fumes which may be readily photographed. 
Mr. L. F. G. Simmons has devised a low-speed wind 
tunnel with glass walls by the aid of which magnified 
shadowgraphs of the flow pattern round small 
bodies may be projected from a lantern on to a 
screen, or photographed under the illumination of 
an electric spark. The former arrangement is 
admirably adapted for the lecture room. An 
example of spark photography is reproduced in 
Fig. 15 which shows the air-flow round a circular 
dise (supported at the end of a thin rod) rendered 
visible by a small quantity of titanium tetrachloride 
smeared on the upstream face of the disc. The 
direction of the wind is from left to right. The 
disc was 06 in. in diameter and the speed of 
the wind 1-25 ft. per sec. A particular interest 
attaches to the comparison between the present 
photograph of air flow and that, taken by Sir 
Thomas Stanton and Miss D. Marshall, of the 
flow past a circular disc in a water channel.* Fig. 15 
shows a permanent ring vortex immediately down- 
stream of the disc, and the genesis of a train of 
looped vortices which constitutes the wake of the 
disc. It may be recalled that the earlier inter- 
pretation of the visual observations of Miss Marshall’s 
experiment was that the wake of the disc consisted 
of « spiral vortex. More recently, however, inves- 
tigations of the water-flow experiment, by means of 
simultaneous photographs of the wake in two planes 
at right angles, have demonstrated with reasonable 
certainty that the periodic discharge from the disc 
consists of a series of rings of vorticity. This con- 
clusion confirms the case of the flow through a 





* ENGINEERING, vol. cxxvii, page 795 (1929). 
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circular orifice illustrated in last year’s report,* 
in that both are at variance with the hypothetical 
case of a spiral vortex wake investigated by Professor 
Levy and Dr. Forsdyke.t An account of the water- 
channel experiments embodying the observations 
which led to the revision of Miss Marshall’s earlier 
view has been published in the Proceedings of the 
Royal Society. 
(To be continued.) 








THE LATE MR. ARTHUR WRIGHT. 


Mr. ARTHUR WRIGHT, who died on Sunday, 
July 26, at the age of 73, will probably be best 
known to all electrical engineers, and certainly to 








those of the older generation, as the inventor of 
an ingenious system of metering electricity supply, 
by the use of which, it was hoped, the amount that 
had actually to be paid by the consumer could be 
related more closely to the cost to the undertaking 
of supplying the energy consumed, than was possible | 
with a flat rate. In his Presidential Address to the | 
Junior Institution of Engineers in 1892 John Hop. | 
kinson argued that the cost of supplying electricity | 
depended mainly on the rate at which it was| 
supplied, and could be divided into two parts, | 
one of which did and the other which did not | 
depend on the hours of supply. Mr. Arthur Wright, | 
who was then the electrical engineer at Brighton, | 
attempted to translate these ideas into practice | 
and, as a result devised a system which, though 
fundamentally sound, was not altogether easy to 
explain, either to the technically or the non-tech- 
nically minded. The result was that by a process | 
of onomatopeia not unfamiliar in the English| 
language, it was soon known by a term which ex- 
pressed both the theory on which it was based 
and the difficulty of understanding it. The Wright 
system would now of course be termed a two part 
tariff, the fixed charge in which was determined 
by making the consumer pay at a high rate per 
unit for the first 365 hours’ use per annum of his 
demand, while the running charge was based on | 
some lower rate per unit. At Brighton, for instance, | 
the two rates were respectively 7d. and 3d. per 
unit, the maximum demand being measured by a} 
special meter, which registered the maximum | 
current taken at any time during any one month. 
The consumer’s demand -being determined in this | 
way, if his daily average use at that rate was under 
one hour he was charged at the higher rate, while 
if it was over that amount any excess was charged 
at the lower rate. The system was perhaps a little 
too complicated for ordinary use and in addition 
had the disadvantage of requiring the employment 
of two meters. It is not, therefore, surprising that 
in later years Arthur Wright himself was inclined 
to favour the system associated more closely with 
the name of Hopkinson. 

Mr. Wright was born in London and his education 
was directed with the idea that he should adopt the 
medical profession. He soon, however, forsook 
this pursuit for electrical engineering and at an 
early age, was appointed electrical engineer to the 
Brighton Electric Light Company, when that 
concern was founded by Mr. Robert Hammond to 
develop electricity supply in that town. This 
development at first mainly took the form of 
erecting arc lamps for street lighting, but as early 
as 1883, sets of Lane-Fox incandescent lamps with 
cut-out devices were being installed in series with 
arc lamps on certain premises, the circuit being 
supplied at 1,800 volts through paraffin covered 
twin and triple wires. This somewhat elementary 
type of cable gave no serious trouble in spite of the 
fact that it was only stapled on to the walls. 

During this time the company had been operating 
without a Provisional Order, and when application 
was made for one in 1888, the opposition of the 
Corporation was aroused, with the result that the 
undertaking was bought out. For a time after this 
transfer of ownership had taken place, Mr. Wright 
was a member of Ferranti’s staff in London and 
assisted in developing the alternating current 
meters and transformers used on the Deptford 
system, but subsequently he returned to Brighton 














* ENGINEERING, vol. exxx, page 168, Fig. 12 (1930). 
+ Proc. Roy. Soc., A, vol. exx, page 670 (1928). 





{ Proc. Roy. Soc., A, vol. exxx, page 295 (1931). 


as borough electrical engineer and in that position 
designed the generating station at Portslade. He 
resigned this position in 1905, though he continued 
to act in an advisory capacity for another five 
years, and was then for many years in practice 
as a consulting engineer in London. After retiring 
for a time, he was again drawn back into active 
occupation, and until two or three years ago, visited 
the United States at regular intervals on behalf of 
the Boston and Chicago Edison Companies. 

Mr. Wright devoted a good deal of his time to the 
development of electrical calculating machines 
and to the examination of possible methods of 
applying electricity to the needs of industry, though 
he made few public appearances, and had ceased to 
be greatly in the public eye. He was elected an 
associate of the Institution of Electrical Engineers 
in 1882 and a full member in 1902 and served for 
a time on the Council. He was the first president of 
the Incorporated Municipal Electrical Association, 
and was afterwards elected an honorary member of 
that body. 








STEAM RESEARCH IN EUROPE AND 
IN AMERICA.* 


By Proressor Dr. Inc. Max JaxKos. 


LECTURE I. 
A.— INTRODUCTION. 


I wisn to begin with thanks for the great honour 
which the Senate of the University of London has 
shown to me by the invitation to deliver these lectures, 
and with an apology that, in spite of quite an insufficient _ 
knowledge of the English languxge, I have ventured to 
accept this invitation. I can only say, as my excuse, 
that I was so much attracted by the opportunity to 
lecture on the development and the position of steam 
research before this University, since it was in this 
city that Professor Callendar carried on his excellent 
work. 

I cannot begin these lectures without giving 
expression to the admiration with which the engineers 
and physicists of the whole world have followed the 
experimental and theoretical work of this scientist in 
connection with steam research. On the occasion of 
the First International Steam Table Conference, held in 
London, in July, 1929, I had the good fortune to make 
the acquaintance of Professor Callendar six months 
before his death, to hear his expositions, and to visit 
him in his laboratory. I took the opportunity of 
expressing, on behalf of the German Delegation, the high 
esteem in which his work was held in Germany, and 
particularly by the members of the Physikalisch-Tech- 
nische Reichsanstalt (that is the German State Institute 
for Technical Physics), which, especially in the research 
on steam, found the methods of electrical thermometry 
and calorimetry suggested by Professor Callendar 
extremely useful. You will also see, in the course of 
these lectures, that, in fact, nobody in the world has 
comprehended and mastered the whole science of 
thermodynamics of water and steam so fully as 
Callendar. From him originated the only theory of steam 
which was reasonably consistent over a wide range with 
the results of experiments, and he was the only experi- 
menter who investigated the whole field of steam 
research, as far as it is important for engineering. 
Physicist and engineer, like Regnault, his famous 
French predecessor, he was one of the few men who, 
at an early date, attempted to keep pace in steam 
research with the accelerated development of steam 
technology. 

Although, from the time of Watt until to-day, 
steam has been the dominant medium of power, its 
properties, until recent years, were only incompletely 
investigated. Steam engineering was far ahead of steam 
physics, advancing in leaps and bounds to ever higher 
pressures, exceeding even the critical pressure of 225 
atmospheres and, in connection with this, progress to 
temperatures of nearly 500 deg. C. Physical science 
followed only hesitatingly and slowly. The chief 
reason was that, to most physicists, this field seemed 
insufficiently fruitful in its theoretical aspect, so that 
they confined their activity in thermodynamics to 
simple gases and to low pressures. Steam is a very 
complex substance and is technically interesting, 
particularly at higher pressures. 

Further, the investigation of highly compressed and, 
at the same time, superheated steam was only possible 
with the aid of apparatus, the construction and 
manipulation of which was not familiar to physicists. 
Finally, these investigations probably demanded more 
time and trouble than any other research in the whole 
of physics. The best example of this is provided by 
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* First of a course of four lectures delivered in May, 
1931, before the University of London. 




























































































144 


ENGINEERING. 





[JULY 31, 1931. 














Prof. Callendar’s life’s work. Moreover, I would like to 
cite a personal instance. In 1902, as the first student 





engines ; and (2) the total heat, for evaluating the heat- 
balance of the same engines. This can be effected by 


of the new subject of technical physics at the Technical | direct measurements, or by indirect methods, namely, 
High School of Munich, Professor Knoblauch put me | by using molecular or thermodynamic relations, leading 


on experiments dealing with the wetness of steam. I 
hoped, incidentally, to obtain at the same time the 
specific heat of superheated steam. I dried and 
superheated a quantity of steam, flowing at nearly 
constant pressure, with the aid of several heating 
coils connected in _ series. 


from the volume to the total heat, and vice versa. 

I think that nearly all possible paths to this end 
have been traversed. This will be shown in the first 
three lectures of this course. In dealing with the 
thermodynamical properties of water and steam I 


It was obvious that by| shall proceed in the order just mentioned. In the 


measuring the heat energies of two heating elements | first lecture, I shall treat of the mechanical and 


and the increase of temperature effected by each one, 


thermometric direct measurements of pressure, tempe- 


not only the original wetness, but also the superheat | rature, and volume ; in the second lecture, I shall deal 


energy could be calculated. These measurements, by | 


which, indeed, I obtained some values of the specific 
heat of steam, were continued by Professor Knoblauch, 


with several co-workers, and now this work has been | 


in progress in his laboratory for 29 years. They have 
attained by this time 240 atmospheres. 





with the calorimetric, direct measurements of sensible 
and latent heat contents: in the third lecture, optical 
measurements (spectroscopic measurements) will be 
considered by which recent attempts have been made 
to determine the specific heat at high temperature, the 


| thermodynamic theories (particularly Callendar’s 
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saturation line of steam was measured by Holborn 
and Henning, and at higher pressures, up-to the critical 
point, by Holborn and Baumann. The latter found 
the critical values of 225 kg. per square centimetre 
and 374 deg. C. The new American measurements of 
Keyes and Smith gave nearly the same values, namely, 
225-8 atmospheres and 374-1 deg. C. Above 100 
kg. per square centimetre, however, Keyes found higher 
saturation pressures than Holborn, the difference 
reaching nearly 0-5 kg. per square centimetre at 220 kg, 
per square centimetre. In England, Egerton and 
Callendar, Jun., quite recently checked these results 
against their own measurements and obtained close 
agreement with the German observations. According 
to the measurements and theoretical considerations 
of the late Professor Callendar, there should exist, 
above 225 kg. per square centimetre and 374 deg. C., 
an unstable region, in which water and steam form 
mixtures, and only above 257 kg. per square centimetre 
and 380-5 deg. C. is a uniform 
state to be found. This will be 
referred to later. 

All these investigators used 
platinum-resistance thermome- 
ters in their work, and, in ‘the 
region of high pressure, dead- 
weight gauges. Such a gauge, 
made and applied in the Reich- 
sanstalt, is shown in Fig. 1. It 
consists of a small steel cylinder, 
in which an accurately fitting 
plunger can move up and down. 
The plunger supports a frame 
with weights. The pressure to 
be measured is transmitted from 
the bottom of the cylinder 
through a thick oil, which lubri- 
cates the plunger at the same 
time. By means of a small 
electric motor, the plunger is 
kept in an oscillating rotating 
movement for the purpose of 
eliminating stationary friction. 
g The pressure tends to raise the 

1 i the weights to 
plunger and the weig 
lower it. In the measure- 
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A third instance, is the investigation of the thermo- 
dynamic properties of saturated steam by Osborne 
and his co-workers in America, the first stage of which 
(reaching to 270 deg. C.) was finished in 1930, after 
nine years of work. It is obvious that investigations 
demanding such lengths of time can be carried on 
only at few places, and involve great expense. Thus, 
the work in each of the countries taking part in this 
activity has been restricted to a few research labora- 
tories, and has only been made possible by special 
financial support. 

In Czechoslovakia, to begin in alphabetical order, 
the Masaryk Academy of Work, founded, six years 
ago, a research laboratory in the Witkowitz Coal Mines 
at Moravian Ostrava, which has already produced 
remarkable results. In England, the work has been 
carried on in London, mainly in the Imperial College 
of Science and Technology, and, since the war, with 
the aid of the British Electrical and Allied Industries 
Research Association. In Germany, the work has been 
done in the Laboratory of Technical Physics of the 
Technical High School of Munich and the Physikalisch- 
Technische Reichsanstalt, the chief promoters of the 
work being the Verein deutscher Ingenieure and the 
Notgemeinschaft der deutschen Wissenschaft (that is, 
the Association for the Sup9ort of Science in Germany.) 
In the United States, the American Society of 
Mechanical Engineers has unified and financed the 
work in this field at three institutes, namely, the 
Bureau of Standards, Harvard University, and the 
Massachusetts Institute of Technology. The results 
of experimental work were evaluated by the General 
Electric Company; lately, the Stevens Institute of 
Technology has taken part in this evaluation. 

All these investigations are undertaken for the 
purpose of determining for water and steam, at all 
possible pressures and temperatures: (1) The specific | 
volume, for calculation of the dimensions of steam | 
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theory), the development of the steam tables in the 
different countries, and the calculation of the volume 
from the measured quantities of total heat and vice 
versa, including a comparison between the observed 
and the calculated values. At the conclusion of the third 
lecture I shall give a short report concerning the inter- 
national co-operation suggested by the British Elec- 
trical and Allied Industries Research Association, a 
co-operation which in the short time of two years has 
already produced excellent results. Finally, the fourth 
lecture will be devoted to a survey of some special 
problems of steam research, which may be designated 
in a wider sense as ‘‘ dynamical problems”’; for instance, 


evaporation, condensation, heat transfer, and heat | 


radiation. These processes, though long known and 
important, have been until now less studied than the 
thermodynamic properties, and include a number of 
mysterious laws, some of which are slowly beginning to 
be revealed. 


Before entering into the details of the lectures, I | 


wish to make some remarks regarding the system of 


units and the symbols to be used. In 1929, the Inter- | 


national Steam Tables Conference in London accepted 
the metric system for use in their publications and 
tables. This system will be used in these lectures. 


B.—Tue FunpAMENTAL THERMODYNAMICAL PRO- 
PERTIES OF WATER AND STEAM. 

I. Direct Measurement of the Characteristic Values p, 
v,and T. (Mechanical and Thermometric Measurements.) 
—Table I gives a synopsis of the different measurements 
of the characteristic values p, v, and T. The names 
of the investigators are followed by the names of the 
countries in which the research was carried out. 


1. The Saturation Line of Steam.—In Germany, the 
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|ments, the plunger is always adjusted to the same 
height. The pressure gauge is calibrated by a step 
by step method and by using a mercury-manometer 
and a second gauge. 


TABLE I. 
Holborn, Henning and Baumann 

(Germany). 
Keyes and Smith (America). 
Callendar (Great Britain). 
Keyes and Smith (America). 
Trautz and Steyer (Germany). 
Knoblauch, Linde and _ Klebe 
of | as 

(Germany). 

|) Keyes and Smith (America). 

\ catlondar (Great Britain). 
4, Joule - Thomson Davis and Kleinseckinidt (Ameri- 


1, Saturation line, 
Ps = f(Ts) 


. Specific volume f 
of water v’ 


bo 


aw 


. Specific volume 
superheated 
steam v 


effect (s* ) ca). 
Opli 
PP 
fot { cattendar (Great Britain). 
(=), e er (Czechoslovakia). 
p=! 


2. The Specific Volume of Water.—A particular 
lack of knowledge existed until recently regarding the 
specific volume of water. On this point information was 
restricted to the observations of Ramsay and Young 
in 1892. This deficiency has now been made good by 
newer experiments in three countries, viz., America, 
England and Germany. Callendar’s measurements at 
high pressure will be treated in connection with his 
measurements of the specific volume of steam, but I 
will now describe the German and American methods. 

In Germany quite recently, in the Oppau Chemical 
Works of the I. G. Farbenindustrie, Trautz and Steyer, 
of the Institute of Physical Chemistry of the University 
of Heidelberg, made experiments with water up to the 
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critical temperature and to the pressure of 300 kg. per 
square centimetre, and published* them in February, 
1931. In the same month appeared in America the 
report of the work which Keyes and Smith had 
carried out, over many years, in the Massachusetts 
Institute of Technology. Trautz and Steyer used a 
method of constant pressure, constant volume, rising 
temperature and decreasing quantity. Freshly-distilled 
cold water, free from air, is put into a vessel of known 
volume and then compressed to the experimental 
pressure by means of a pump. After this, the water is 
electrically heated and rise of pressure is prevented 
by allowing a corresponding quantity of water to escape. 
The volume of the vessel divided by the weight of the 
water filled in originally, less the quantity taken off, 
gives the required specific volume. 

Fig. 2 shows the apparatus of Trautz and Steyer. 
The vessel a, made of a special steel, is made tight in an 
original manner by a conical lid c held in place by a 
cap-nut d and pressure screws e. The electrical heater 
his placed ina shell 6. The temperature is measured 
by the thermo-couples 1 to 9, especially by the cou- 
ples 2 and 3, which are placed in tubes surrounded 
by the water. 

The temperatures of the different points 4 to 8 of the 
surface of the vessel differed by 6 deg. C; but, as the 


TABLE II.—Errect oF EvAPoraTIon oF 1 Gr. 


to be 600. The area of the surface which delivers the heat 
is 0-0207 sq. m. Therefore, 260=600 x 0-0207 Aty, from 
which it follows that At, = 21 deg. C. The inner 
surface of a, being about three times the outer surface 
of 6, the difference in temperature Atg on the former 
will be about 7 deg. C. Thus, the differences between 
the temperatures of the walls and the water can 
increase to such an amount. 

Therefore, apparently , there is the danger, firstly, that 
in the estimations of the authors, errors in the tempera- 
ture of considerably more than 0-5 deg. C. take place, 
and, secondly, that the hot wall produces partial eva- 
poration even before the main body of the water reaches 
the saturation temperature. In consequence of this, the 
coefficient of heat transmission in some parts of the 
wall would rise from about 600 to about 5,000 kcal. per 
square metre per hour per deg. C., and, at the same time, 
the difference of temperature at these points would 
decrease. But this would be connected, as can be 
easily calculated, with a very great axial fall of tem- 
perature in the wall, and, on the other hand, such a 
fall would produce high temperatures at other parts 
of the wall, and cause evaporation of the water at these 
points. 

However, evaporation is to be expected in some parts 
of the wall. What does such an evaporation signify 





oF WATER IN TRAUTZ AND STEYER’S EXPERIMENTS. 


























Pp | t v v” ae | — Wuhan — | Volume em. Filled by Water. 
Ks. | °c, em.3 as ; * | 
em.2 |} grm. | grm. a Seems tobe: | Is really : Seems to be : | Is really : 
aS : Ln = 
100 | 300 1-40 18-15 12 | 1,001 — 12 =989| 1.001 — - 1,401 1,401 — v” 
| = 988 = 1,383 
200 | 350 | 1-67 6-14 2-7 | 838 —2-7 oe | 1,401 | 1,401 — v° 
| = 835-3 v = 1,395 
| | = 834-3 | 





TABLE III.—Spreciric VoLuME oF WATER (cm.3/grm.) 


MEASURED BY KEYEs AND SmrtH (K. Sm.) AND BY TRAUTZ 


AND STEYER (TR. StT.). 





















































‘ t = 150 deg. C. t = 250 deg. C. | = 350 deg. ©. 
kg. per |-— —— Se ee ee Ss a nen 
gs Sh | K. Sm. | Tr. St. K. Sm. Tr. St. | K. Sm. | Tr. St. 
50 | 1-087 1-087 | 1-250 1-257 | — | ~ 
100 | 1-084 | 1-083 | 1-241 | 1-245 | — | — 
150 | 1-081 | 1-078 | 1-233 1-233 | -- | 
200 | 1-078 1-073 | 1-226 | 1-221 1-671 1-72 
250 | 1-075 1-069 1-219 1-208 1-604 | 1-64 
300 | 1-072 1-064 | 1-212 1-196 1-560 | 1-57 
150 | | t = 310 deg. C. t = 330 deg. C. 
| 1-422 | 1-44 1-542 | 1-57 
ae t = 360 deg. C. 
| 1-706 | 1-77 





writers state, their mean value was equal to that of the 
points 2 and 3. The heat insulation, consisting of an 
insulating mass with an air space between f and g, at 
first sight, appears satisfactory, but the remark that 
the energy of electrical heating was 250 to 400 watts 
shows that the insulation was insufficient and might 
cause considerable errors in the measurements. I should 
like to explain this in greater detail, because it is quite 
instructive from the standpoint of calorimetry, and in 
particular illustrates some points which should not be 
disregarded in such an investigation. 

Only quite a small part of the heating energy in the 
apparatus of Trautz and Steyer serves for the heating 
of the water. The duration of an experiment was 
between 11 and 20 hours. In heating gradually to the 
highest temperature, the increase was about 30 deg. C. 


per hour, requiring only a tenth of the consumed energy 
of 400 watts or 344 kcal. per hour, namely, 34 kcal. per 
hour. The remaining heat quantity of about 310 kcal. 


per hour must be transferred from the surface of the 
vessel a through the insulation to the outside. As- 
suming equal heat transfer per unit surface, it must be 
noted, firstly, that about 50 keal. per hour will be trans- 
mitted immediately from the heating element to the 
bottom of the ‘vessel and from this to the insulation, 
as shown in Fig. 3. The rest, consisting of about 
260 kcal. per hour, must pass through the wall of the 
shell 6 to the water, from this to the wall a and the lid 
c of the vessel, and from there to the insulation. For 
the transmission of this quantity of heat from the shell 
b to the water, a difference of temperature At, is neces- 
sary. The coefficient q% of heat transmission between 
the wall and the water lies between 200 and 1,000 kcal. 
per square metre per hour per deg. C.; we will assume it 





* M. Trautz and H. Steyer, Forschung auf dem Gebiete 
des Ingenieurswesens. Tome 2( 1930), page 45. 


for the results of an experiment ? This is shown in 
Table II. At 300deg.C. and 100 kg. per square centi- 
metre, the vessel contains 1,001 grm. of water. As v = 
1-40 cub. cm. per gramme and v” = 18-15 cub. cm. per 
gramme, the evaporation of 1 grm. has the effect that 


this gramme will take the “> (= 13) fold volume; in 


consequence, 13 — 1 = 12 grm. more of water must be 
withdrawn from the vessel than would be the case 
without any evaporation. Therefore, in this case, the 
observer would erroneously suppose that the whole 
volume of the vessel (1,401 cub. cm.) was filled by 
1,001 — 12 = 989 grm. of water, whereas really 
18-15 cub. cm. of the volume would be taken up by 
steam, and therefore only a volume of 1,401 — 18 = 
1,383 grm. by 988 grm. of water. So the investigator 
would obtain a value for the specific volume of water 
which is 1-2 per cent. too high. The evaporation of 
1 grm. of water would only require 0-32 kcal., a very 
small amount in comparison with the total heat energy. 

At 350 deg. C. and 200 kg. per square centimetre, a 
water quantity of 838 grm. would be in the vessel. 

ee 
1-67 si 
3-7 grm. water must be drawn off ; so that the weight 
of the water in the container would erroneously be 
calculated as = 838 — 2-7 = 835-3 grm. In this 
case the error would be 0-3 per cent. per gramme of 
water evaporated, and the consumption of energy for 
evaporation would even be as low as 0-1 kcal. per 
gramme. 

Therefore the arrangement of the apparatus used 
by Trautz and Steyer certainly suffered from the 
fact that the insulation was not good enough. It is 
not impossible that, near saturation, the specific 
volume will be measured several per cent. too high, 
and that, in the region where no evaporation is to be 


5 vw” 
If, again, 1 grm. evaporates, aan 





expected, the great differences in temperatures may 
cause sensible faults in the determination of the tempe- 
rature of the water. If these investigators had applied 
a protective envelope heated electrically, they would 
have diminished the difference of temperature between 
the wall of 6 and the water to a minimum amount, and, 
therefore, in the determination of the temperature, 
they would have avoided the error which I think has 
been made. 

Before dealing with the results of these measure- 
ments, I should like to describe the method of Keyes 
and Smith, whose experiments extend to 338 atmo- 
spheres and 330 deg. C. These investigators also used 
a method of constant volume and variable mass. Their 
apparatus is shown in Fig. 4, on page 146. The bomb g, 
containing a weighed quantity of water, hangs in a 
control bath with a thermo-regulator h. The tempera- 
tures of the cylinders e,c and d are kept at 30 deg. C. ; 
e and ¢ contain mercury, while d contains mercury in the 
lower part and water in the upper part. Both control 
baths are at first regulated to 30 deg. C.; then by 
means of a spindle with a micrometer gear a plunger 
is screwed into e, until the mercury in ¢ touches an 
electrical contact. By this means, from the known 
volumes of the three vessels, and the masses of the 
water and the mercury, and by means of the pressure 
gauge, the compressibility of water at 30 deg. C. is 
first of all obtained. The bath containing the bomb 
g can be heated to any required temperature, and 
as the quantity of water in d is known, it is possible 
to calculate, for every state, how much water is in g. 
At first the bomb g was of nickel, but later it was 
superseded by a chrome-vanadium steel bomb. Special 
difficulties were encountered in the purification of the 
water and in keeping it pure, and from the formation 
of hydrogen at the higher temperatures. This hydrogen 
diffused through the wall of the nickel bomb. In the 
steel bomb an oxide film was formed, protecting it from 
further decomposition, but in evacuating the steel 
container, during which it was heated to a rather high 
temperature, the oxygen was also removed, and a very 
active film of reduced iron remained. In later experi- 
ments, the dissociation of the protective film was avoided 
by heating the container to a somewhat lesser degree, 
but, in the course of the experiments, new difficulties 
arose owing to an oxidation, although only a slow one, 
of the steel, connected with a diffusion through the steel 
wall of the hydrogen formed. 

Finally, it was decided to use Nirosta-steel, a 
stainless steel with 18 per cent. Cr and 8 per cent. Ni. 
Two hemispheres of this steel were welded together 
by means of atomic hydrogen in the shops of the 
General Electric Company. The difficulties are now 
said to be overcome, and the range of temperature 
between 400 and 460 deg. C. can be investigated. 

The principal difference between the two methods 
described consists in the measurement of the mass of 
water in the bomb. Trautz and Steyer frequently 
drew off water in small quantities during the course 
of each experiment. In contrast to this, in the 
apparatus of Keyes and Smith, the water remains in 
the vessels during a whole series of experiments. They, 
moreover, attached the greatest importance to the 
purification of the water before filling and to the 
procedure of filling. The method of Trautz and 
Steyer is simpler, but also more primitive. 

Some observed values of the specific volume are 
reproduced in Table III and indicated with the initials 
of the authors’ names. The values up to 300 deg. C. 
and 250 kg. per square centimetre agree with one another 
within 0 to 0-9 per cent. ; those up to 320 deg. C. and 
300 kg. per square centimetre within 1-3 per cent. ; 
near saturation above 320 deg. C. the values of Trautz 
and Steyer, probably in consequence of the reason 
given, are too high by a maximum of 3-7 per cent. 

3. The Specific Volume of Superheated Steam.—The 
specific volume of steam up to 10 atmospheres was 
determined more than twenty-five years ago by 
Knoblauch, Linde and Klebe, of Munich. To-day, the 
results of the measurements of Keyes and Smith, 
just dealt with, are also available. These experiments 
cover specific volumes from 5 to 150 cub. cm. per 
gramme, a pressure range from 1 to 183 (partially even 
to 246) kg. per square centimetre, and temperatures 
from 200 to 460 deg. C. Professor Callendar, however, 
has proceeded the farthest, namely, even beyond the 
critical point. 

More than thirty years ago, Callendar established, 
by measurements in a steam engine and by other 
experiments, the following equations referring to the 
adiabatic change of state of superheated steam :— 

pv = const. ) 

10 = - = {F) 

vuT;: = const. f 
in which v is the specific volume, if the correction for 
covolume, as the specific volume of the molecules 
themselves has been named by van der Waals, is 
neglected. Moreover, Callendar, even before 1910, 
carried out measurements of the specific volume near 
the critical point—measurements which led to such 
curious results that he did not dare to publish them 
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until about twenty years later, when he thought he had | 
found further experimental confirmations of these | 
results. Various weighed quantities of pure water 
were introduced into small quartz-glass tubes with 
pointed ends, and then the ends were fused together. 
These tubes, being heated in a small electrical heater 
(consisting of a silver tube in a copper tube), the 
temperature was fixed at which the water exactly filled 
the tube. In this way he obtained the specific volume 
of the water. For a certain quantity of water the 
meniscus vanishes, thus giving the critical volume. By | 
using very small quantities of water the temperature 
at which the last trace of water is vaporised can 
be observed, and in this way the specific volume of 
the saturated steam obtained. In these experiments, 
Callendar found that at 374 deg. C. the densities of the 
liquid and the vapour were not equal, as demanded by 
the theory of van der Waals and as observed by earlier 
investigators. Contrary to this, as can be seen from 
Vig. 5, the density of water was found to be about 
0-435, while that of steam was about 0-26 grm. per 
cubic centimetre. Only at 380-5 deg. C. (corresponding 
to 257 instead of 225 technical atmospheres) do the 
values coincide at the density of 0-375. The upper 
curve (for water) is observed, and the lower curve is 
interpolated. According to this, Professor Callendar 
supposed that, above 374 deg. C., there exists an 
unstable region in which water and steam are mixed 
intimately. In this region, instead of a meniscus, 
there is to be seen a demarcation line, as is the case in 
layers of two liquids having nearly the same density. 
To maintain this appearance, absolutely pure steam is 
essential ; Professor Callendar stated that the air 
contained in his steam was only one 10°th part of the 
total weight. With the least impurity of the steam, 
mist is formed, and the line separating the two 
substances vanishes. To what extent Fig. 5 is con- 
firmed by measurements of the total heat, and by 
theoretical calculations, will be dealt with in the third 
lecture. In the same lecture I shall be able, by means 
of a graph, to compare Callendar’s values with those 
of the American workers. 

4. The Specific Volume of Saturated Steam.—Since 
excellent new observations of the specific volume are 
now available in the region of liquid water, as well as in 
that of superheated steam, these observations being 
near the saturation line, it is possible to obtain this 
line itself by an extrapolation from both sides, which 
might almost be regarded as an interpolation. This 
curve will also be shown in the third lecture, and will 
he discussed with reference to Callendar’s, Keyes’ 
and Smith’s, and our own observations. 

5. Measurements of the Thomson—Joule Effect.—As 
the last of the non-calorim+tric methods, I should like to 
refer to the measurement of the Thomson—Joule effect 
—that is, the change of temperature during adiabatic 
drop of pressure, based on the internal work of the 
molecules. This method has been applied most success- 
fully, especially in steam research. In particular, H. N. 
Davis and R. V. Kleinschmidt, of Harvard University, 
carried out very painstaking measurements of the 
differential Thomson-Joule effect, extending from 
125 deg. to 347 deg. C. and from 1 kg. to 40 kg. per 
square centimetre. The dried and superheated steam 
was throttled by 1 or 1} atmospheres in an alundum 
plug, then re-heated, cooled, and finally expanded and 
somewhat superheated in a second alundum plug. 
This was done to free the steam from the last traces | 
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of wetness. We shali return to this point in connec- 
tion with Callendar’s results. The evaluation of these 
experiments will also be treated later. 

The integral Thomson—Joule effect was measured by 
Callendar in England, and by Havlitek in Czecho- 
slovakia. As a modern example, I show, in Fig. 6, a 
sketch of Havlitek’s apparatus. The steam is produced 
in steel tubes, arranged as the secondary coil of an elec- 
trical transformer a, is then throttled by the cone of 
a valve 6 with labyrinth-grooves, and afterwards passes 
into a condenser c, in which, at the same time, its 
total heat can be determined calorimetrically by the rise 
in temperature of the cooling water. The condensate 
is drawn off at g, and weighed on a balance. This 
procedure, however, really concerns the programme for 
the next lecture. Whilst in the present lecture we have 
dealt with the most important experimental investiga- 
tions in which pressure, volume and temperature were 
measured directly, in the next lecture we shall deal 
with the calorimetric methods, which, of course, are 
dominant in steam research. 








THe Witsur Wricut Memoriat LectuRE.—The 
Wilbur Wright Memorial Lecture will be delivered by 
Mr. G. L. Martin on September 16, at 9.15 p.m. at the 
Science Museum, South Kensington. The subject will 
be ‘*The Development of Aircraft Manufacturing.” 
On the evening of the lecture, the Royal Aeronautical 
Society will hold a conversazione in the Aeronautical 
Section of the Museum, at which the reception, by Mr. 
C. R. Fairey. president, will commence at 8.30. 

RoApb-REPAIRING EQuUIPMENT.—It is reported that 
the Country Roads Board of Victoria is experimenting 
with equipment for repairing bituminous-bound mac- 
adam surfaces which have heaved up in blisters. The 
appliance provides for making a hole through the 
“lifted *? surface and forcing beneath it a bitumen 
mixture, after which the spot is treated by rolling. The 
bitumen mixture, acting as an adhesive, holds 
surface down while the wearing face of the latter is 
not destroyed. 
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| ENGINEERING TRAINING AND 


EDUCATION. 


| The Michigan College of M ining and Technology.— 
| An issue of the quarterly Bulletin of this college. 
| giving general information for the year 1931-1932, 
| has recently come to hand. The college is situated at 
| Houghton, Michigan, and provides courses of instruc- 
|} tion in mechanical, electrical and civil engineering, 
|mining engineering, metallurgy and ore dressing, 
| mineralogy, geology. as well as in mathematics, 
| physies, chemistry, &c. The entrance examinations 
|commence on September 25, and the regular courses 
| begin on September 29. Full particulars with regard 
to admission are given in the Bulletin. 

The South Wales and Monmouthshire School of Mines, 
Treforest.—This school was established in 1913 by the 
principal coalowners in the South Wales and Monmouth- 
shire coalfield, for the purpose of improving the tech- 
| nological instruction in all branches of coal mining. 
| It was maintained by the coalowners until 1928, when 
| it was transferred to the Glamorgan Education Autho- 
rity. The school provides an advanced course of 
tuition in fundamental scientific principles, and their 
practical application to mining engineering problems, 
and is also a centre for research work into the causes 
of accidents and their prevention, as well as a testing 
station for the coalfield. The calendar for the 1931- 
1932 session, which has recently come to hand, gives 
particulars of courses in building, chemical engineering, 
colliery engineering, economics, electrical engineering. 
mechanical engineering, surveying, &c., full-time, 
part-time and evening courses being provided in most 
subjects. Particulars of admission requirements for 
the various courses, as well as much information on 
the school and its work, are included in the Calendar. 
The evening classes commence on September 21, and the 
day courses on September 22. 


| 
| 
| 
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| 
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MARKETS FOR PNEUMATIC TooLS AND SMALL AIR 
Compressors In SoutH AFrica.—Firms interested in 
the export of pneumatic tools and air compressors of 
British manufacture, who are desirous of receiving & 
copy of a report, prepared by His Majesty’s Trade Com- 
missioner at Johannesburg, should communicate with the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, quoting Reference No. A.X. 10997. 





| ‘TRAIN-ARRESTING DeEvIcE AT MILAN STATION.—-Acci- 
| dents due to trains overrunning the buffers at terminal 
| stations have occurred from time to time in all countries. 
| and to overcome this danger we learn from L’Industria 
of June 30, that the Italian State Railways have recent!) 
completed the installation of special buffers at the new 
Milan Station. The buffer stop is very strongly built, 
and is mounted on a raft, constructed of wood and steel, 
sliding on a concrete base. The leading axle of the 
locomotive passes over the raft before the buffers come 
into contact with the stop, so that the weight on the lead- 
ing wheels increases the pressure between the raft and 
the base. The resistance to movement of the butlers, 
due to the friction, is stated to be sufficient to bring a 
train weighing some 400 tons, and moving at 20 km. 
per hour, to rest in a space of about 34 ft., the retardation 
being sufficiently smooth to avoid any serious damage. 
Subsidiary rafts are provided, coupled to the main 
raft by articulated arms, and these are brought into 
| action successively to increase the retarding force gradu- 
ally. The installation has been carried out by the 
Officine Moncenisio gié An. Bauchiero di Torino, under 
} licence from Messrs. A. Rawie, of Osnabriick, Germany. 
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Fie. 2. FRAMING IN 


7,600-B.H.P. DOUBLE-ACTING TWO- 
CYCLE MARINE DIESEL ENGINE. 


Messrs. Suntzer Broruers, Winterthiir, have re- 
cently introduced a double-acting two-stroke marine 
engine which incorporates the results of extensive tests, 
spread over several years, on double-acting types, of 
medium and large cylinder outputs, as well as the 
lirm’s extensive experience with single-acting engines 

f the two-stroke type. The increasing demand for 
power in marine installations has undoubtedly a 
tendency to compel more attention being paid to 
double-acting types of heavy oil engine, and it is 
interesting to note the position this first unit will occupy 
in service. The engine, which has a normal service 
rating of 7,600 brake horse-power, is of the eight- 
cylinder type and runs at 106 r.p.m. It will be in- 











COURSE OF ERECTION. 


stalled in the single-screw motor-ship Tanjandoen, 





Our account is illustrated by Figs. 1 to 4 on this and 
the following page, and by Figs. 5 and 6 on page 149. 
From the general drawing given in Fig. 1, which has 
been shortened from considerations of space, it will 
be seen that the eight cylinders are arranged in two 
groups of four, with symmetrical bedplates, exhaust 
manifolds and casings. An extension of the bedplates 
aft carries the thrust block and turning gear, while on 
a larger extension forward is situated a pair of direct 
driven scavenge pumps arranged in tandem, and a pair 
of air-compressors. The fuel pumps are driven from the 
compressor crossheads and have a separate plunger for 
each cylinder. The control gear is situated at this end 
of the engine. A good idea of the general structure of 
the engine will be gained from Fig. 2, which shows well- 
ribbed transverse frames carrying the cylinders and 
crosshead slides. The crank chambers are enclosed and 
provided with large inspection doors, but the spaces 
between the frames above the middle platform in the 
figure are open, thus giving ready access to the bottom 
valve gear, &c. The relation of the cylinders to the 
frames is evident from Fig. 3, page 148. The cylinder 
casing is rectangular in cross section at its centre, but 
the ends are circular, the bottom end entering between 
the frames. The rectangular part is bolted to the top 
of the frames, and each cylinder is in this region also 
bolted to its neighbour. A distance piece is inserted 
between the two cylinder groups and the resulting 
structure resembles a rigid beam which is not only 
stable under vibration and the normal working stresses, 
but makes a particularly stiff engine relative to 
external forces such as those arising from the move- 
ment of the hull. 

The design of the bedplate is also clear from Fig. 3. 
|The side walls are splayed to follow the lines of the 
| transverse frames and are integral with deep webs 
forming part of the bottom, the centre of which is, how- 





belonging to Messrs. Stoomvaart Maatschappij Neder- | ever, closed in by a light casing forming the oil sump. 
land. This company has, since 1925, put into service | The main bearings are recessed into the transverse walls 


16 passenger and cargo vessels, all equipped with single- 
acting Sulzer two-stroke Diesel engines, nine of which are 
of 7,000 brake horse-power. As the Tanjandoen is of the 
same class and size as five of the ships of the latter 
power, there will not only be opportunities of making 
performance comparisons on service under almost 
identical conditions, between the double-acting and 
single-acting Sulzer engines, but the vessel will provide 
excellent facilities for training the engineering per- 
sonnel of the company in running the double-acting 
engine. It may be noted that a fully illustrated 
account of one of the 7,000 B.H.P. single-acting 


of the bed plate. These walls are, in consequence, 
unusually deep. Each bearing cap is held down by 
four long bolts through the vertical walls, which are 
strongly ribbed in the vicinity of the bolts. The method 
of attachment of the frames to the bedplate is shown 
in the figure. Referring to the upper part of the figure 
it will be seen that the cylinder, which is 700 mm. 
(27-59 in.) in diameter by 1,200 mm. (47-24 in.) 
stroke, has its liner in practically symmetrical halves 
with sufficient space in the spigot joint between them to 
allow for expansion. The halves are inserted, respec- 
tively, from the top and bottom, and are held in place by 


engines was given in ENGINEERING, vol. cxxv, page| the covers. The line of junction is sinuous and slightly 


412, (1928). 


| bevelled, so that there is a gradual transition from one 
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port becomes uncovered. On the 
ee, downward stroke, the central and 





exhaust ports close first in the 
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liner to the other as the piston passes over the joint. 
On the right hand of the figure are seen the deep exhaust 
ports for both ends separated by a water-cooled division 
and opening directly into a common manifold. There 
are, however, three rows of scavenging ports, as shown 
on the left-hand side. The centre one of these admits 
the scavenging air alternately to the top and bottom of 
the cylinders, while the two rows flanking it admit 
scavenging and charging air to the respective ends. 
The latter ports are connected with the scavenging 
air receiver through the automatic valves shown on 
the pocket surrounding them. These consist of a 
series of thin discs which open and admit air to the 
cylinder from the receiver when the exhaust gas 
pressure has fallen below the scavenge air pressure. 
Taking the upstroke, which is shown completed in the 
figure, it will be seen that the lowest port is uncovered 


first as the piston travels upward, but even when | 


this has occurred the exhaust pressure keeps the 
automatic valves closed. The exhaust port is then 
uncovered by further upward movement of the 
piston, with consequent reduction of pressure, and 
the valves open and admit some scavenge air, which 
is reinforced by the main stream as the central 





order given, but a supercharge 
of air is introduced by the lower 
port, which remains uncovered, 
with its valves open, for an appre- 
ciable time after the exhaust port 
closes. This device is employed 
successfully on the Sulzer single- 
acting engines, and is very effec- 
tive in ensuring thorough scaven- 
ging, while the functioning of the 
valve-controlled ports with their 
inward flow of air renders it im- 
possible for any fluctuation in 
pressure in the exhaust pipe to 
affect the charging process. Con- 
trary to what'might have been expected, the trials 
of the engine have shown that the presence of the 
piston rod in the lower half of the cylinder does not 
interfere with the effectiveness of this method of 
scavenging. 

The piston is in two halves, the lower half bearing 
upon a collar formed on the rod. Both halves are free 
| to expand in an axial direction. The upper half is 
| generally similar to that adopted in the single-acting 
/engine. The cooling device is broadly on the same 
principle as in that engine, but a pipe is led through the 
centre of the piston rod. The internal pipe and the 
annulus round it forming together inlet and outlet 
passages are forked at the crosshead, from which 
branches are connected to the inlet and outlet tele- 
scopic pipes. These slide in casings parallel with the 
| cylinder axis, the whole forming a U-shaped arrange- 
ment, as shown in Fig. 3. The inlet sliding pipe is 
fitted with an internal directing tube, so that the jet 
is directed straight into it and the gland is not sub- 
jected to direct pressure. The outlet pipe allows a 
natural flow of the water without pressure. The pipe 
casings, with their inspection windows through which 
the water-flow can be observed, may be seen in Fig. 5, 
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4. CROSSHEAD AND SLIDES. 


from which figure it will be evident that they are 
accessibly and conveniently situated between the crank 
chambers and the bottoms of the cylinders. The 
sliding pipes and their connection to the crosshead are 
seen in Fig. 4. The pipe stuffing-boxes are situated 
on the crank-chamber top and so are well out of the 
way of oil splashes. The pistons are arranged for 
fresh-water cooling, but salt water can be used alter- 
natively for the cylinder cover circulation. The piston 
gland, being sunk in the lower cover, is effectively 
cooled. 

The piston rod is secured to the crosshead above'and 
below by the serrated nuts seen in Fig. 4. As there 
is thus no cone or other stop, the length of the rod, and 
therefore the amount of compression space, can be 
adjusted. The crosshead is of the same type as that 
fitted to the single-acting Sulzer engine. There is a 
double slipper on each side running on water-cooled 
slides on the transverse frames, equal bearing surface 
being provided for both ahead and astern running. 
The symmetry of the arrangement obviates forces 
tending to tilt the slipper and keeps the rod in accurate 
alignment. The slides are lubricated from the con- 
necting rod from the general forced-lubrication system, 
and, as there are doors on both sides of the crank 
chamber casing they are all accessible, as will be clear 
from Fig. 4. One of the bottom covers with its valve 
gear, &c., is illustrated in Fig. 6. There are two fuel 
valves on the longitudinal centre line of the engine, and 
a starting and a relief valve, the latter having a decom- 
pression device. All the fuel valves can be dismantled 
without disturbing the actuating levers. The top cover 
has a single fuel valve in the centre. Both covers are 
held in place by loose rings, in order to relieve the 
covers themselves of any local stresses which may be 
caused by tightening up the securing bolts. The cam- 
shaft, as shown in Fig. 3, is situated about the level of 
the bottom of the cylinders and is driven from the 
centre of the engine. It is sufficiently like that of the 
single-acting engine to require no further comment. 

Maneeuvring is effected by admitting the starting 
air to the lower sides of the pistons only, while fuel is 
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delivered to the upper sides. 
When firing has taken place on 
the top, the fuel is also turned 
on to the bottom. This cycle 
is conducive to prompt start- 
ing as the upper parts of the 
cylinders are not cooled by the 
starting air. The starting and 
reversing mechanism is opera- 
ted by servomotors ineachcase. 
Care has been taken in design- 
ing the control gear to make it, 
as far as possible, similar to 
that of the well-known single- 
acting engine, so that engi- 
neers making a change-over 
to the new engine will already 
be generally familiar with its 
operation. The shop tests so 
far carried out with the 
double-acting engine would 
seem to indicate that at sea 
there is a possibility of its 
fuel consumption being even 
lower than that of the normal 
single-acting two-stroke en- 
gine. Performance results on 
this point will, therefore, be 
looked forward to with interest, 
and if the,makers’ expecta- 
tion are realised a distinct 
advance in marine Diesel en- 
gine practice will have been 
attained. The tests also 
showed a gratifying smooth- 
ness of running. 

In conclusion, it may be 
mentioned that, as the auxili- 
aries ‘of the Tanjandoen are 
electrically operated, Messrs. 
Sulzer Brothers have _ re- 
modelled one of their smaller 
land engines to suit marine 
practice for generating pur- 
poses. This has resulted in 
what is virtually a new design. 
On the ship there are two six- 
cylinder single-acting four- 
cycle engines, each develop- 


300 r.p.m., as well as a three-cylinder engine of the 
same type developing 200 brake horse-power. These 
are airless-injection engines having the cylinders cast 
in blocks, and are of neat and compact appearance. 








THE FOOD INVESTIGATION 
BOARD. 


In most branches of industrial research it is found 
that the amount of available knowledge is not suffi- 
cient to enable scientific methods to be substituted 
for empirical, and often the gaps in knowledge are 
so wide and profound as to require foundations to 
be laid by research in pure science without regard for 
the moment to practical applications. This is pecu- 
liarly the case in matters relating to food. Chemistry, 
biology, physics and the several combinations of these 
sciences, including also mycology and bacteriology, 
have all to be invoked to throw light on the number- 
less problems that arise in connection with food, 
and in particular with its growth and preservation. 
Apart, however, from such subjects for laboratory 
investigation, the problems of storage and transport 
have to be considered on a scale much greater than 
that of the laboratory, and special observations are 
required before academic results can be applied in 
the conditions of practice. The investigation of food 
was among the subjects regarded as fundamental 
when the Department of Scientific and Industrial 
Research was planned, and the Food Investigation 
Board which it established has given continuous 
attention to both aspects of the subject. Considering 
the existing state of knowledge, it had to begin by 
giving very much more attention to purely scientific 
research than to studying methods of application, 
and by a fortunate accident some of its earliest studies 
in the pathology of fruit provided a basis for dealing 
with a problem in the transport of apples from Australia 
to this country, by the solution of which very great 
economical savings were effected. At the time that 
it was planned the research in question had no practical 
objective, and as much may be said of a very large 
part of the work that is now going on. The circum- 
stance, however, that a practical application of high 
importance came running so quickly after the scientific 





discoveries should not be forgotten, because it seems to 
be an encouragement to hope that the work still in 
progress and likely to be required may have an equally 


ing 400 brake horse-power at | fortunate practical outcome. 
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The annual report of the Board for 1930,* exhibits 
continued and extended activity in both branches 
of its work. Apart, moreover, from the Board’s own 
internal operations, the report gives evidence of 
increasing co-operation with other parts of the Empire, 
and a growing esteem of foreign countries for its 
activities. Its staff of assessors now includes representa- 
tives not only of the Colonial Office, the Empire 
Marketing Board, and Northern Ireland, but also of 
Canada, Australia, New Zealand, South Africa, the 
Irish Free State, and India, and the meeting of the 
Imperial Conference was the means of placing the 
Director and his staff in personal touch with repre- 
sentatives of the Dominions and other constituent 
parts of the Empire. 

A notable investigation, which illustrates the co- 
operative activities of the Board, was completed during 
the year under review in the comprehensive survey 
made by a party under the leadership of Dr. Ezer 
Griffiths, of the trade in New Zealand frozen lamb. 
The survey was addressed primarily to measuring the 
temperature, relative humidity, and movement of 
air surrounding the carcases, as well as the temperature 
of the carcases themselves, at all stages of storage and 
transport from the freezing works in New Zealand to 
Smithfield. Special attention was given to the pro- 
blem of distorted carcases, and ascertaining at what 
points in transit the temperatures had risen so as 
to permit of the distortion. The stages through which 
the carcases pass began with their preliminary inspec- 
tion and hanging on the cooling floor for a few hours 
until they were sufficiently near the temperature of 
the external atmosphere. They were then frozen in 
chambers, and when they had attained the tempera- 
ture of the chamber, were stacked in large stores, 
refrigerated by the direct-expansion system. There 
they remained for anything from a week to four months 
until they were shipped, the wagon or lighter in 
which they were carried to the port being insulated. 
On arrival at London, they were usually stored for 
periods up to two months in cold stores before being 
sent to Smithfield. Seven representative freezing 
works in the North and South Islands were thoroughly 
investigated, observations being made on some twelve 
hundred carcases, with the object of correlating 
relevant circumstances in the conditions under which 
they were produced with their appearance and quality. 
The same material suitably grouped served for the 
study of the conditions of transport by rail and lighter 
to the overseas boats, and, by the systematic distribu- 
tion of comparable groups of carcases in the ’tween 
decks and lower holds of three boats, one refrigerated 
by the dry-battery air circulation method, and the 
others by the circulation of brine through grids of 
pipes, observations were made on the conditions of 
loading and of ocean transport. In Great Britain the 
observations covered transport by barge, road vans 
and railway wagons, and storage in five cold stores. 
In this way a very full collection of data was obtained, 
from which practical results may be hoped to result. It 
is estimated, for instance, that a saving of 1 per cent. 
in the total loss of weight of an average season’s 
exports from New Zealand would result in a gain of 
some 100,0001. to the industry. 

Among the inquiries with immediate practical 
applications made in regard to fruit, were some experi- 
ments intended to ascertain whether the period of 
several weeks now taken for conditioning some varieties 
of South African pears after discharge from the ship 
could not be reduced to a few days by using higher 
temperatures. The results was to show that with 
several varieties a temperature of 72 deg. F. both 
reduced the ripening time by about 70 per cent., and 
in two of them avoided the abnormal ripening that 
sometimes appeared at the normal temperature of 
50 deg. F. With one variety, on the other hand, the 
quality of the fruit ripened at the higher temperature 
was inferior and slightly abnormal. In the preserva- 


tion of peas by freezing, again, it was found that | 


autolytic changes occurred, giving rise to objectionable 
flavours. Experiments showed that this could be 
avoided by cooking the peas for a few minutes before 
freezing. Peas so treated at 0 deg. F., at which tem- 
perature at least some of the change had occurred in 
the uncooked peas, had been preserved without change 
for four months. If the observation is confirmed for 
peas frozen at a higher an! more convenient tempera- 
ture, it is thought likely to have considerable practical 
importance. 

An important extension has been made at the Ditton 
laboratory of the East Malling Station by the construc- 
tion of a large experimental store, in which problems of 
storage can be studied on a scale intermediate between 
that of a small constant-temperature room and a ship’s 
hold. This store was designed primarily for the study 
of problems of control in the storage of fruit, in which 
scale exercises a very great influence. Fruit in store 
generates heat from within itself, evaporates water, 





* His Majesty's Stationery Office. [Price 3s. net.] 








consumes oxygen, and evolves carbon dioxide, but while 
these processes take place within the body of the 
material, the heat, water vapour and gases they produce 
have finally to be removed from the surface of the stack. 
The ratio of volume to surface has therefore a paramount 
effect on the ease with which a uniform atmosphere can 
be maintained and gradients avoided. The chamber 
itself measures 30 ft. 6 in. by 34 ft. 6 in. by 15 ft. inside 
diameter, with a capacity, irrespective of air ducts, of 
about 15,000 cubic feet, and holds about 120 tons of 
fruit. Both the chamber, the coolers outside it, and the 
connecting ducts are built of steel plates, riveted and 
electrically welded, so as to be as nearly gas tight as 
possible. The chamber can be refrigerated either by 
means of grids on the roof and sides, or by the circulation 
of air over a cooler outside but near the store. The roof 
grid consists of four independent circuits, each about 
470 feet long, arranged concentrically round a central 
hatchway. The side grids are arranged in four circuits, 
one below the other, each about 5 ft. 6 in. long and 
running along all four walls of the chamber, the lowest 
of them being about 5 ft. from the floor. On these 
dimensions the store can be refrigerated sufficiently 
by either the roof grids alone or the side grids. In 
the external cooler system there are two independent 
circuits, each containing 2,220 linear ft. of 14 in. piping. 
Each of these is so arranged that when, as is usual, only 
one cooler is employed while the other is being thawed 
off, either the whole or only half of the available piping 
can be used, and brine of different temperatures can be 
circulated in the halves. When, however, a very large 
surface of piping is needed, both coolers can be used at 
once. By means of three air ducts and three 3 ft. 
propeller fans, reversible and adjustable in speed, air 
can be circulated over the coolers and through the 
chambers in a variety of ways. Usually only one fan 
is at work at any time, and at its maximum speed, 
taking 6 h.p., it will provide 40 changes of air per hour 
in the empty chamber. Two alternative systems are 
provided for regulating the humidity of the circulating 
air. Inonearain of brine of definite density is delivered 
from a series of sparge pipes over the coils of the cooler, 
dripping from them into a receiving tank, and being 
withdrawn from it by special circulating pipes. Means 
are provided for reading the density of the brine at 
any time, and for concentrating it or any part of it, as 
well as for removing any traces of brine carried over by 
the air. In the other system the humidity of the circu- 
lating air is reduced by super-cooling in the cooler, and 
electric heaters near each fan, partly hand operated and 
partly thermostatically controlled, impart to the air 
stream sufficient heat to raise the temperature to that 
corresponding to the desired humidity. Any amount of 
heat up to the equivalent of about 10 kw. can be added, 
and the thermostatic device keeps the temperature of 
the air accurately constant. When necessary, moreover, 
the humidity can be increased by injecting steam. 
Finally, the chamber is surrounded on all six sides by 
an air space, which can be maintained at any desired 
|temperature between 30 deg. and 100 deg. F. Four 
| 24-in. fans, each taking 1-2 h.p., circulate the air of this 
| space from the top, down vertical ducts in the four cor- 





| ners, to a point near the centre of the bottom of the } 


| space, from which it finds its own way up along the four 
|sides. The cooling of the air is effected by refrigerating 
| pipes on the roof and sides, and the heating by four 
| electric heaters in front of the fans, each of which will 
| supply heat up to a maximum of about 4 kw. The 
|chamber is loaded through a hatchway 4 ft. by 3 ft. 
|in the roof, and three doors each 4 ft. by 3 ft. afford 
| access to the three fans and ducts. These are the only 
| openings in the steel structure, and are closed by means 
| of insulated steel doors, with special fittings to minimise 
| air leakage. 

| At the same time elaborate arrangements are provided 
| for mapping out the temperature within the fruit stack 
} and throughout the chamber. In addition to a 200- 
| point resistance thermometer outfit for taking tempera- 
| tures within the stack, the inlet and outlet temperatures 
of the brine circuit are taken by means of mercury 
| thermometers, and the differences between them can 
| also be ascertained independently by resistance thermo- 
meters and a differential indicator. The heat extracted 
by each surface can be obtained when desired by divert- 
ing the flow for a known time into a measuring tank 
poised on a direct reading scale. Flexible metallic 
sampling tubes, placed among the boxes of fruit during 
loading, enable the concentration of oxygen and carbon 
dioxide at various points in the stack to be determined 
as required. Humidity is measured either in the air 
ducts, or by withdrawing samples of air from the 
spaces between the boxes, and is read on distant- 
reading apparatus in a measuring room near the chamber 
itself. 

When the construction of small cold stores near the 
orchards of individual growers is considered, the cost 
of installation becomes a serious matter, and a second 
chamber has therefore been constructed of 13}-inch 
brick walls without insulation, sunk underground about 
3 feet, with a roof of 2-inch loose cork slabs, replaceable 








by other materials if desired, and an insulated door 
6 ft. by 3 ft.6in. An automatic ammonia plant, thermo- 
statically controlled, serves to refrigerate the store, the 
expansion pipes being placed inside 14 brine drums on 
the ceiling, each 18 ft. long by 8 in. in diameter. Any 
moisture collected from them runs away from drip 
trays to a measuring tank outside the store. Having 
regard to the fact that to cool the fruit quickly enough 
in the initial stages, an insulated store requires a very 
much larger plant than is required to make good the 
leakage of heat through the insulation, and that the 
extra cost of a larger compressor is usually much less 
than proportionate to the increase in refrigerating 
power, it is thought possible that it might be of com- 
mercial advantage to reduce or even altogether 
abandon the use of insulation, and during the current 
season observations are to be made on ten tons of apples 
in this chamber. Humidity and gas concentration are 
observed in the ordinary way. The thermostat which 
operates the compressor is placed in the middle of the 
store, and the fluctuations of temperature inside the 
stacks of fruit are recorded by distant-reading thermo- 
meters connected to a thread recorder. These chambers 
provide the means of studying both overall and local 
variations in temperature and humidity, and for 
obtaining results which ultimately must be necessary 
for improving the design and operation of stores. 

As in previous years, the Board’s work called for the 
design of a number of special instruments for various 
purposes, and the report gives an account of the 
researches for this purpose conducted by Dr. Griffiths 
and Mr. J. H. Awbery at the National Physical Labora- 
tory. One original and promising design is that of a 
dew-point hygrometer for temperatures below 0 deg. C. 
at which it is sometimes difficult to detect the appear- 
ance and disappearance of the dew visually. In this 
instrument the detection is made through a telephone 
by the operation of a photo-electric cell. A potential 
is applied to a circuit containing this cell with a 
condenser in parallel, which so long as the dew-point is 
not reached it charges through a high resistance in 
series, and discharges periodically when the breakdown 
voltage of the cell has been reached, producing a single 
click in the telephone. A source of light is arranged so 
as to be reflected specularly from a cooled surface, but 
on the deposition of dew it is scattered and falls on the 
photo-electric cell. The resistance of the cell then 
falls off, and the frequency of the click decreases to 
zero, so that the instant of appearance and disappear- 
ance of the dew is marked sharply by the cessation and 
recurrence of the clicks in the telephone. 








Satt PRopvuocTion In CanapAa.—In 1930, Canada 
produced 268,851 tons of salt, as compared with 330,264 
tons in 1929, the main source of production being southern 
Ontario and Malagash, Nova Scotia. Most of the salt 
produced was sold within the country to the dairy, 
meat-curing, fisheries and chemical industries, as well 
as for domestic use. An increasing demand for salt 
for the chemical industry is anticipated, since, at present, 
all the soda products used in Canada, with the exception 
of caustic soda, soda ash, sodium sulphate and sodium- 
acid sulphate, are imported. 





New Wirine REGuLAtTION.—The Institution of Elec- 
trical Engineers have approved an additional clause to 
paragraph 69 of their Regulations for the Electrical 
Equipment of Buildings. This states that, where a 
distribution board is combined with a main switch, no 
main fuses will be necessary, provided that the connected 
lighting load does not exceed 5 amps. and the total 
connected load is not more than 30 amps. The dis- 
tribution board, however, must not comprise more than 
three double-pole fuse-ways each rated at not more than 
15 amps., and must be enclosed in a case of metal 
or non-conducting, non-ignitable, and non-hygroscopic 
material. The latter is only to be used when the case 
is not liable to mechanical damage. It must also be 
possible to operate the switch from outside the case. 
The system now authorised is that which has long been 
known as the ‘splitter’? switch, and it would be 
interesting to learn why it has not been permitted before 
and why its use is still limited to comparatively small 
currents. 





FLoatinG Dock FoR NEw ZEALAND.—Messrs. Swan, 
Hunter and Wigham Richardson, Limited, Wallsend-on- 
Tyne, have recently completed a floating dock for the 
Harbour Board of Wellington, New Zealand. This is 
double-sided and of the sectional-box, self-docking type. 
the lifting capacity being 17,000 tons. Its overall length is 
584 ft. and its width 117 ft. 6 in., while the height of the 
walls above the bottom of the dock is 49 ft. The dock was 
launched in three portions during May and June and 
was then assembled at Wallsend, so that it could be 
towed in one piece to its destination. This operation 
will be undertaken by Messrs. L. Smit and Company s 
International Tug Company, of Rotterdam, who will 
employ two of their tugs, the Zwarte Zee and the Witte 
Zee, for this purpose. A crew will also be housed on the 
dock itself to attend to the towage gear and other 
appliances. The route taken will be via Gibraltar. the 
Suez Canal, Indian Ocean, Malacca Strait, the Dutch 
East Indies, and the Torres Strait. In the last-named 
channel the tidal current is so strong that it will probably 
be necessary to anchor the dock every six hours. 
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NOTES ON NEW BOOKS. 


Tue intituling of a book is a matter of some 
interest, since it is not unreasonable that the pro- 
spective purchaser should expect the title to give 
a fairly correct indication as to the subject matter. A 
book which has recently come before our notice is 
rather interesting in this connection. It is entitled 
Cost Finding for Engineers, by Charles Reitell, Ph.D. 
and Clarence Van Sickle, M.A. (McGraw-Hill Publishing 
Company, Aldwych House, London, W.C.2, price 25s. 
net.) While there is probably much useful information 
in it, we question whether any engineer would feel 
the book was a useful purchase. It has been written 
primarily for the use of engineering students, the aim 
having been to “ set forth those elementary principles 
of accounting upon which accurate cost findings are 
based.” For such students, starting off without know- 
ledge, the book can have value, but it seems to us that 
it is more an introduction to accounting than to cost 
finding, as the term “ cost-finding’’ is understood by 
engineers to-day. It is written in five parts and covers 
most of the functions of accounting from the receipt 
of orders to the consideration of balance sheets. Engin- 
eers, however, will get little, if any, help on the ques- 
tions of the moment, such as “‘ overhead ” and ‘ depre- 
ciation’ while, generally, as would be expected in a 
book written for the use of students, the matter is 


- descriptive rather than advisory. Of its 518 pages, 128 


are devoted to ‘‘ problems” while some hundreds of 
questions are set at the ends of the different chapters. 





To any student interested in building construction 
who may need an elementary introduction to the study, 
The Mechanics of Building, by Mr. A. D. Turner, 
issued by Sir Isaac Pitman and Sons, Limited, London, 
at 5s. net, and containing about 150 pages, should be 
useful. Opening with definitions of the terms used in 
design, the joints used in structural members are consi- 
dered, and frames of various kinds, including roofs, the 
writer then proceeding to the theory of bending, and of 
columns. There are many worked examples of ordinary 
structures and details commonly used, a simple treat- 
ment of the solid arch being included. The fundamental 
principles of reinforced concrete are also dealt with. 
An appendix gives several useful tables. The explana- 
tory matter is not always clear, much is compressed 
into small compass, and there are instances in which 
the text, although not incorrect, is, however, only 
likely to be understood by those who already know 
the subject. Much may be learnt from this little 
book, but most students would need some extraneous 
assistance to profit by it. That the reader is called 
upon to do some close thinking on his own part is 
not, perhaps, a serious disadvantage. There are many 
explanatory diagrams. 





Engineers are indebted to the British Electrical 
and Allied Trades Research Association for organising 
and financing many most valuable and elaborate 
investigations into matters of great professional interest. 
The debt has now been still further increased by the 
publication of The Revised Heat Drop Tables, 1931, 
just issued by Messrs. Edward Arnold and Company, 
at the price of 12s. 6d. net. The tables have been 
computed by Dr. Herbert Moss, of the Imperial College 
of Science and Technology, from the latest data and 
formule of the late Professor Callendar. There are 
two principal tables. In that for high-pressure 
turbines the range is from 3,200 lb. per square inch 
to 100 lb. per square inch (gauge). This covers tem- 
peratures up to 1,000° F. The tabulation of super- 
heats has been abandoned, as these no longer serve 
any useful purpose, since it is the total temperature 
and not the superheat which appears in modern specifi- 
cations. The vacuum range covered is from 27 in. to 
29-5 in. In order that the whole of the entries relating 
to any particular vacuum shall be available at one 
opening of the volume, a page measuring 11 in. by 7 in. 
has been adopted. This has made it possible to use 
relatively large type for the entries. Reliable values 
of the heat drop for pressures and temperatures other 
than those tabulated, can be obtained by linear inter- 
polation, but some special methods are described in 
Dr. Moss’s lucidly written preface, where also will be 
found a statement of the value of the standard atmo- 
sphere and of the British Thermal Unit, which have 
been used as the basis of the computations. Included 
in the volume are a number of useful auxiliary tables, 
some of which are intended to facilitate conversions 
between British and Continental units. Whilst the 
absolute values adopted for total heats and saturation 
temperatures may, perhaps, require slight corrections 
as the result of experimental work now in progress, 
they will probably have little effect on the heat drops 
tabulated, since these depend on the differences between 
absolute values and thus any systematic errors will 
nearly cancel out. Hence the present compilation 
should serve for many years to come, and will no doubt 
be widely adopted as the basis for acceptance tests. 





An advantage claimed for thermodynamic theory is 
that it often provides the means of deducing results 
without necessitating the devising of any mental 
picture of the mechanism at work. Indeed, at the 
end of the nineteenth century, there was, both in 
France and Germany, an energetic school of physical 
chemists who advocated the abandonment of the 
atomic hypothesis as neither necessary nor helpful, 
claiming that all the useful conclusions reached by it 
could be established more logically and with greater 
precision by purely thermodynamic considerations. 
This somewhat extreme contention has had to be 
abandoned in the light of subsequent research, but 
there are, nevertheless, wide fields of inquiry where 
thermodynamic principles provide the only safe 
guide. The problems in question are mainly either 
physical and chemical, which is fortunate for the 
engineer whose thermodynamic requirements are re- 
latively simple. A most useful summary of the whole 
theory, covering all three fields of research, will be 
found in Thermodynamics, one of the series of mono- 
graphs on physical subjects now being published 
by Messrs. Methuen and Company, Limited. The 
author is Professor A. W. Porter, F.R.S., and the price 
of issue is 2s. 6d. net. The subject is, to some extent, 
treated historically, and it is interesting to note that 
Lord Bacon, Hooke, and Locke all came near to the 
views as to the nature of heat which were only finally 
established by Joule in the middle of last century. 
Professor Porter establishes lucidly the fundamental 
thermodynamic equations, and later on gives a valuable 
and interesting criticism of the various equations of 
state which have been proposed from time to time. 


The final chapter of the work, ‘On Equilibrium,” | 
should prove of especial value to the industrial | 
| special reference to leaf and helical springs. 
| illustrative examples are numerous, and are worked out 


chemist. 





Under the title of Elementary Hyperbolics, Messrs. 
Crosby Lockwood and Sons have published, in two 
volumes, a treatise on the hyperbolic functions, the 
author being Mr. M. E. J. Gheury de Bray. Each 
volume is priced at 7s. 6d. net. The first volume is 
devoted largely to geometric considerations. It opens 
with an elementary discussion of the nature of and 
the need for the mathematical imaginary. This is 
followed by a demonstration of the analogies which 
exist between the circular and the hyperbolic functions. 
The analytical relationships are next considered, and 
a little later the Gudermannian is introduced, which 
is followed by a consideration of hyperbolic functions 
with complex arguments. Tables of circular, exponen- 
tial, and hyperbolic functions conclude the volume. In 
the case of the circular functions, the argument is 
expressed in radians instead of in angles. In the 
second volume, applications of the functions to various 
problems are dealt with, mainly those that arise in 
alternating-current work. Throughout, the author’s 
demonstrations are always clear and detailed, and 
in both volumes exercises are provided by which the 
student can test his progress. 





There must be few engaged on building construction, 
even though possessed of much experience, but will 
find the book of some two hundred and forty pages 
entitled Builders’ Materials, by Mr. R. F. B. Grundy, of 
considerable service. It isissued by Messrs. Longmans 
Green and Company, London, at 5s. net. The usual 
materials, such as timber, stone, brick, and others, 
are treated, as well as many which are less ioften 
required. In each section, the particulars given of the 





over weirs, and in open channels. The treatment is of 
the simplest character ; no advanced mathematics are 
used, and while this renders some of the methods unduly 
cumbersome, it has the advantage of making the book 
more accessible to the engineer whose schooldays are in 
the remote past. Many tables are also given to facilitate 
or to reduce the necessity for calculation, and generally 
the treatise bears the impress of the author’s practical 
experience as a hydraulic engineer. In the present 
edition, the author has made some references to 
recent experimental work, but in this respect the 
treatment of the various sections is unequal. It is not 
quite the book to be recommended for the use of a 
student, but to the practising engineer who requires 
sound information, concisely put, it should prove of 
real value. The type and general arrangement is 
good, but the price appears somewhat high for a book 
of this size and kind. 





The fact that the treatise entitled Elastic Energy 
Theory, by Professor J. A. van den Broek, Ph.D., of 
the University of Michigan, has been based on the 
author’s lectures to college students and evening 
classes is, perhaps, its best recommendation. Tastes 
differ, and methods of presentation that seem the 
clearest and most lucid to some men may appear cum- 
brous and difficult to others. The basis of the author’s 
method is the equation of the work done by the 
external forces to the elastic energy stored in the 
structure. The ground covered includes redundant 
frames, beams, and arches. Included amongst the 
practical problems discussed are the fuselage of an 
aeroplane, the Vierendeel truss, the stresses in a circular 
ring and in a submarine hull. There are chapters on 
combined bending and torsion, and on resilience, with 
The 


in full detail with the aid of well-chosen diagrams. 
A special chapter is devoted to a criticism of Castig- 
liano’s method of least work, and the claim is made that 
it is inferior to that advocated by the author. This, 
of course, will be a matter of opinion, but the author 
goes on to deny that Castigiliano’s is a general theory. 
Here we think the author is mistaken. The principle 
of least work is simply one variant’ of the general 
theory that the potential energy of any system in 
stable equilibrium is the minimum possible. Hence, 
in any structure whatever, the sum of the elastic and 
gravitational potentials will be a minimum. In most 
structures the possible changes in the gravitational 
potential are negligible, and Castigliano’s theorem, 
assuming this, makes the elastic potential a minimum. 
In the case of suspension bridges, the neglect of the 
gravitational term may become important. The pub- 
lishers of Professor Broek’s treatise are Messrs, John 
Wiley|& Sons, Inc., New York, and Messrs. Chapman & 
Hall, Ltd., London. The price is 22s. 6d. net. 





Prior to the invention of logarithms, the progress 
of astronomical research was being hindered and 
delayed by the formidable character of the arithmetical 
calculations involved. It is true that tables of the 
various trigonometric ratios existed, but these fell 
almost into disuse when Vlacq published his logarithmic 
tables of these functions. With the arithmometer, 
certain calculations can now be made more easily than 
by the logarithmic method, and this has given rise to a 
renewed demand for tables of the natural trigonometric 
functions. To meet this requirement, Messrs. John 
Wiley and Sons, of New York, and Messrs. Chapman and 


origin, nature, preparation, and use, of the materials | Hall, Limited, of London, have just published, under the 
considered are of the kind most likely to be appreciated. | title of Natural Trigonometric Functions, a seven-figure 


The descriptions of practical operations are also clear 
and informing, and trade usages in matters of measure- 
ment are dealt with. An excellent discretion has 
evidently been exercised as to what to include and what 
to omit, with the result that the book is filled with 
really useful matter. As a well balanced survey of 
building materials, this book should prove useful, 
whether to the student or to those well past the initial 
stages of acquaintance with work. The endeavour to 
give the reader any useful idea of materials is rendered 
less easy by the difficulty oficonveying any correct sense 
of appearances, of texture and of structure by descrip- 
tive matter, even though aided by good illustrations ; 
particularly is this so in the case of the timbers, which 
vary so greatly. What can be done in this way is 
achieved by the author with a fair measure of success, 
but actual contact with materials will alone make the 
book of complete value. It is well illustrated, and has 
sundry tables which will be found useful. 





The fact that Mr. E. 8. Bellasis’ treatise on ‘‘ Hydrau- 
lics with Working Tables,” published by Messrs. E. & F. 
N. Spon, Limited, London, at 18s. net, has reached its 
fifth edition is evidence that it has satisfied a real want 
among practising hydraulic engineers, and the present 
edition should be no less useful to the practitioner than 
its predecessors have been. The book covers in some 
detail the questions of flow in pipes, through orifices, 





table extending to every 10 seconds of arc. The price 
of issue is 45s. net, and Mr. H. C. Ives, C.E., has been 
responsible for the compilation. Special care has, it is 


| stated, been taken to ensure accuracy. Not only was the 


manuscript twice checked, but the proofs were read 
four times by three different persons. The printing, 
moreover, is excellent, but apparently American 
publishers do not favour the old English figures with 
tails and heads which many claim to be rather more 
legible than the more common form. In the present 
instance, however, a bold face type of good size has been 
used, and the effect is exceedingly good. Included in 
the volume are some supplementary tables of special 
interest to railway and road surveyors, and intended to 
facilitate the setting out of curves. 








BeEteian Arr Lines.—In 1930, the Belgian Air Lines, 
operating with Fokker three-engined machines, carried 
9,445 passengers and 520,964 lb. of freight. The total 
distance covered was 711,196 miles, with a regularity of 
98-1 per cent. 





PanaMaA CaNnaL TRaF¥Fic.—During May, 1931, the 
cargo carried through the Panama Canal from the 
Pacific to the Atlantic amounted to 1,405,608 long tons, 
while the amount carried in the opposite direction was 
519,844 long tons. Both figures show a reduction in 
comparison with those for the same month of 1930, the 
former of 11-1 per cent., and the latter of 23-7 per cent. 
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THE PTERODACTYL AEROPLANE. 


DEPARTURES from the conventional form in aircraft- 
design are so uncommon that considerable interest 
will be felt in the Westland Hill Pterodactyl Mark IV 
aeroplane, of which a photograph showing a front 
view is reproduced on this page. The machine is a 
tailless monoplane provided with a three-seater cabin, 
and the power plant consists of a De Havilland Gipsy 
III engine, driving a pusher airscrew. The object of 
the design is to obtain a higher degree of safety, comfort 
and performance than is possible with aircraft of the 
normal form, and the features relied upon to secure 
the first desideratum are the shape of the wings, the 
arrangement of the control surfaces and the clear view 
forward, rendered possible by the employment of a 
pusher airscrew. 

With regard to the shape of the wings it may be 
pointed out that they are swept back in plan, some- 
what in the form of a broad arrow, are washed out 
in incidence towards the tips, and are set at a small 
negative dihedral angle. It should be mentioned, 
however, that the extent to which the wings are swept 
back can be adjusted on the ground or in flight, for 
the purpose of trimming the machine for different 
loads and speeds. Both fore and aft and lateral 
control is obtained by surfaces mounted on the 
wings tips, and capable of being moved to large negative 
angles, while steering is effected by means of single- 
acting vertical wing-tip rudders used separately ; both 
rudders can, however, be used simultaneously in land- 
ing, to act as an air brake. It is claimed that stalling 
and spinning are avoided by the high degree of lateral 
stability at low speeds inherent in the shape of the 
wings, together with effective controls in all three direc- 
tions, and that the possibility of collision is rendered 
negligible by providing the pilot with a clear view 
over a wide angle. Another advantage claimed for the 
pusher airscrew is that the noise in the cabin is reduced. 
The engine, it may be mentioned, is completely cowled 
in, the necessary cooling air being drawn in through a 
duct by the airscrew working close to the outlet end. 

The undercarriage is of the tandem-wheel type, the 
two wheels being mounted on a rocking frame to 
give easy running over rough ground, but a check is 
fitted to limit the rocking motion, and thus prevent the 
machine from overturning in the event of the wheels 
sinking into soft ground. Steering on the ground is 
effected by turning the front wheel after the manner 
of a bicycle, and a brake is fitted on the rear wheel 
only, also to obviate any danger of overturning. 
As shown in the illustration, the whole undercarriage 
is faired with a streamline casing, and should therefore 
have a low air resistance. It is claimed that the 
arrangement is but little inferior to a retractable 
undercarriage from the point of view of performance, 
while avoiding the mechanical complications of the 
latter. As the machine illustrated has been con- 
structed to the special requirements of the Air 
Ministry, data as to its performance are not available 
for publication at this stage. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 1882, 
and 1890, inquiries have been conducted by Board of 
Trade officials into a number of explosions. Reports of 
the investigations have been published recently, and 
of some of these we give brief summaries below. 


Explosion of a Steam-Jacketed Cast-Iron Pan. 
Report No. 3132 deals with a Formal Investigation 
held at the Town Hall, Stroud, on March 18-19, 1931, 
to inquire into the explosion, on January 12, 1931, of 
a steam-jacketed cast-iron pan at the saw mills of 
Messrs. H. Workman, Limited, Woodchester, Glouces- 
tershire, an explosion which resulted in the death of 
a fitter, E. V. Baker. The pan which burst was 
fifteen years old. It consisted of two separate castings, 
24} in. diameter and 204 in. diameter, respectively, each 
being about 20 in. deep. The thickness of the outer 
pan was } in. to }j in., and the thickness of the inner 
pan ~ in. The two castings were bolted together at 
the top by flanges, while in the centre of the bottom of 
each pan was a spigot through which passed a tubular 
steel stay, which served the double purpose of holding 
the two pans rigidly together, and of allowing the 
inner pan to bedrained. The pan was used for heating 
water for the employees, and for this purpose steam 
was admitted to the jacket formed by the annular 
space between the two pans. The steam pressure in 
the boilers from which the steam was taken was 
100 Ib. per square inch, and there was no reducing 
valve. The result of the inquiry was to show that 
there had been leakage around the tubular steel 
stay, and that Baker, on his own initiative, had 
removed the stay, and had fitted two blank flanges, 
one inside the inner pan and one outside the lower 
pan, in its place. The tubular stay previously used 
had a fiange inside and a nut outside, and this held 
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With the blank 
flanges the pans were no longer supported in this way, 


the two pans together rigidly. 
and the accident was attributed to this. Among the 
questions submitted by the Board of Trade was one as 
to the competence of the fitters in charge of the steam 
pan, and to this the answer was that the fitters were 
not competent to take complete charge of any steam 
plant. Baker apparently thought the alteration he 
was making was a suitable one, but it was found that 
such alteration was not within the scope of his duties, 
and that he ought to have sought expert guidance or 
obtained authority to carry out the alteration. Appar- 
ently the Board of Trade did not ask for a report as 
to whether the original design was a satisfactory one, 
and we think it desirable to call attention to the dimen- 
sions of the outer pan. This casting, as mentioned 
above, had a cylinder 24} in. external diam., $ in. to 
17 in. thick. A formula for determining the thickness 
of such a cast-iron cylinder is given in Low and Bevis’ 
Manual of Machine Drawing and Design, 1925. It is 

“ 
he 
the pressure in lb. per sq. in., D the diameter in inches, 
k for cast-iron is 4,000 and C is 0-3. According to this 
formula, the thickness of a cast-iron cylinder, 23}-in. 
inside diameter for 100 lb. pressure, should be 0-88 in., 
whereas the actual thickness was only 0-5 in. A 
glance at the sectional drawing of the pan is sufficient 
to raise a doubt as to the suitability of such a casting 
for so high a pressure as 100 lb. per square inch, and 
we think it rather remarkable that no trouble had been 
experienced before. Another matter which might 
well have been inquired into was whether the pan had 
ever been tested by hydraulic pressure. 


+. C, where t = the thickness in inches, P is 


Explosion of a Marine Boiler.—Electrical welding is 
very extensively used for the repair of marine boilers, 
and when properly carried out proves quite satis- 
factory. Excessive thickening of plates exposed to 
the fire, however, should be avoided, as otherwise 
undesirable stresses may be set up. In the steam 
trawler Ordie, an accident in which is the subject of 
Report No. 3,117, the boiler, of the ordinary return- 
tube type, had had both combustion chambers re- 
paired by welding. The bottom parts of the back 
plates had been renewed, and the new plates had been 
joined to the old plates by a horizontal welded joint 
between two rows of stays. In addition, six elliptical 
pads larger than a man’s hand, and about 1 in. thick 
in the middle, had been welded across the joint. The 
total thickness through pad and plate thus became 
about 1} in. and was right opposite the furnace mouth. 
One day, while the boat was employed in fishing, the 
engine-man noticed steam coming from the back of 
one of the combustion chambers, and it was eventu- 
ally found that the horizontal welded joint had given 
way for a length of 14 in., while the welding of the 
pads had broken. The fitting of such pads was quite 
unnecessary. Being in the direct path of the flame, 
they would lead to unequal expansion between the 
pads and the plate, thus causing very high stresses 
in the welded joint. 


Explosion of a Cast-Iron Steam Pipe.—It has long 
been recognised that lack of provision for the expansion 
and contraction in steam pipes is a source of danger, 
especially when the pipes are of cast iron. Such pipes 
have been very extensively used, and when the steam 
pressures are low and the lay-out satisfactory they 
have served their purpose well. Copper, wrought iron 
and steel are certainly better materials for steam 
pipes, but accidents to cast-iron pipes are, as a rule, 
readily accounted for. Such appears to be the case 
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with the fracture of a cast-iron steam pipe at the 
Horwich Works of the London, Midland and Scottish 
Railway Company, which occurred on January 13, 
1931, and which is the subject of Report No. 3131. 
The steam pipe which burst was 12-in. internal dia- 
meter, and was one in a range over a group of Lanca- 
shire boilers. A previous accident had occurred in 
the same range of steam pipes in May, 1930, and it 
was then decided to look into the question of replacing 
the cast-iron pipes with others of wrought material 
and at the same time to secure greater flexibility. 
Unhappily, the matter was delayed, and the accident in 
January led to the death of two men, and to injuries 
to three others. There were no signs of deterioration 
in the material of the pipe, nor any evidence of water 
hammer, and the accident was therefore attributed 


| to the stresses set up by the expansion and contrac- 


tion. Since the accident of January the remaining 
cast-iron pipes have been removed from above the 
boilers, and have been replaced by steel pipes, while 
improvements have been made in the layout. The 
steam pressure at the time of the accident was 77 lb. 
per square inch. 


Explosion from a Flexible Steam Pipe.—Report 
No. 3,114 refers to the failure of a flexible pipe made 
of copper-bronze strip coiled in the form of a spiral, 
the edges of the strip being turned over so as to inter- 
lock with the adjacent coils. The pipe in question 
was 20 ft. long, of 5 in. internal diameter, and had been 
inserted in a long steam-pipe range conveying steam at 
150 lb. per square inch at the works of the United 
Strip and Bar Mills, Templeborough, Sheffield. The 
reason for the use of the flexible pipe was that trouble 
had been experienced with leaky joints, and it was 
considered that, by the insertion of a 20-ft. length of 
flexible pipe in place of a length of 19 ft. 6 in. of plain 
pipe, this trouble might be avoided. The pipe was 
fitted on October 4, 1930, and on November 24, 1930, 
it burst without any warning, the metal giving way 
circumferentially at the knuckle of the strip, allowing 
the pipe to break right across. To support the pipe, 
horizontal bearers were used at intervals of about 
2 ft. 9 in., and it was stated that whereas the deflection 
of the pipe from a straight line at mid-length was 9 in. 
when pressure was off, it was 21 in. under working 
conditions. This method of allowing for expansion 
and contraction does not appear to be a very satis- 
factory one, for, as the Engineer Surveyor-in-Chief re- 
marks: ‘‘The expansion would result in a thrust 
in the ends of the flexible pipe which would then be 
in the position of a perfectly straight strut. Having 
regard to its weight and position, considerable force 
would be required to cause the movement described 
between the cold, with steam off, and the hot, with 
steam on, conditions,” and ‘it is evident that the 
use of this kind of piping should be restricted to positions 
where excessive straining of the nature described can- 
not occur, and a very high factor of safety appears 
necessary in all cases.” 








Ramway ContTRoL In AusTRALIA.—A plan has been 
put forward by Mr. G. Gahan, Commonwealth Railway 
Commissioner, for the unification of the various railway 
systems in Australia, or at least closer co-operation 
between them. Mr. Gahan actually proposes the amalga- 
mation of all the systems, which would seem to be the 
only way to bring about the ultimate simplification o! 
the gauge question, and standardisation. The opinion 
of Commissioners of other States appears to favour 4 
conference on the subject, since it is imperative that the 
most economical methods should be introduced to con- 
tend with competing services. 
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THE SOCIETY OF GLASS 
TECHNOLOGY. 


Tue last meeting of the Society of Glass Technology 
for the session 1930-1931, was held in Sheffield, on 
Wednesday, June 17, 1931, the President, Edward 
Meigh, M.B.E., M.Sc., being in the chair. The following 
papers were read :— 

**A Comparison between the ordinary Thermo- 
Couple and Suction Pyrometers for the Measurement 
of the Temperature of Flowing Gases in Glass Furnaces, 
by M. Parkin, M.Se., and F. Winks, M.Sc.Tech.—The 
authors stated that an ordinary thermocouple placed 
in a current of gas did not indicate the true tempera- 
ture of the gas whenever there was a substantial 
difference in temperature between the gas and the 
confining walls, or any solids in the path of the gas. 
Screening the thermocouple had not proved satisfactory 
as a means of eliminating the fault, and the use, 
suggested by Kreisinger and Barkley, of a very thin 
wire was not practicable on account of the fragility of 
the instrument. A more satisfactory method was to 
employ a form of pyrometer in which the couple was 
sheathed, the gas being drawn past the junction at a 
high velocity. Another form of instrument ‘was 
described, consisting of an electrically-heated wire 
loop to the centre of which was attached a thermo- 
couple junction, shielded by a tube on the outside, 
and fitted with an inner tube through which the gas 
was drawn rapidly. By a method of trial and error, 
the current through the loop was controlled so that 
the temperature reading was not altered at all when the 
gas was sucked past the junction. 

On the suggestion of Professor Turner, the authors 
constructed simple forms of these two suction pyro- 
meters. These, together with two thermocouples, one 
of platinum-platinum-rhodium wire, the other a base 
metal couple of a well-known type, were placed at 
various points in a glass works furnace system. When 
making tests in an air regenerator, the suction pyro- 
meters agreed well, the temperatures recorded being 
higher than those indicated by the ordinary thermo- 
couple when waste gas was passing. When air was 
passing, the heated wire pyrometer did not function, 
but the simple suction instrument gave readings 
differing considerably from those of the usual couple. 
Other readings were taken in the air valve, gas valve, 
and stack flue, and the differences in temperatures 
shown on the suction and ordinary pyrometers were 
definite, but not as great as in the regenerator. Further 
measurements were made in a gas-fired furnace in 
the Department of Glass Technology at Sheffield, the 
diameters of the wires of the ordinary couples 
being varied. The temperature was caused to fluc- 
tuate, and the suction applied to the gas was 
varied. Curves illustrating the variation of the read- 
ings with the velocity of the gas were shown, the 
minimum suction for accurate temperature readings 
being stated as 18 m. to 24 m. per record at 0 deg. C. 
and 760-mm. pressure, this value being fairly near to 
that previously given by H. Maurach. It was evident, 
from the results obtained, that the new pyrometers 
did give a more accurate reading of the gas temperature 
than was formerly possible. 

‘Note on the Measurement of Temperatures of 
Gases in a Glass-Melting Furnace,” by J. H. Partridge, 
B.Se., Ph.D., and A. C. Jeffkins (communication from 
the Staff of the Research Laboratories of the General 
Electric Company, Limited, Wembley).—In the 
experiments described, the temperature readings of a 
simple form of suction pyrometer and of an ordinary 
thermocouple were compared when the instruments 
were placed at the base of, and immediately above, the 
checker work of the regenerator. The authors con- 
cluded that the suction pyrometer gave more accurate 
readings than the ordinary type at the base of the 
regenerator, but that there was little difference in 
efficiency of the two instruments at lower temperatures, 
such as those of the waste gases entering the gas 
regenerator. Chromel-eureka couples gave better 
service than chromel-alumel wire couples. 

“An Investigation of the Flow of Glass in Tank 
Furnaces by the Use of Barium Oxide,” by E. J. C. 
Bowmaker, B.Sc., and J. D. Cauwood, M.Sc.—In view 
of the disadvantages attaching to the use of any deep 
blue colouration, or black specks, in the investigation 
of the flow of glass through a tank furnace, the authors 
decided to employ barium carbonate as the substance 
to be fed into the tank and traced through to the 
machines. The barium carbonate was introduced into 
the batch, so that 0-5 per cent. BaO should replace 
0-5 per cent. CaO in the glass of the approximate per- 
centage composition Si0,, 74: CaO, 9; R,O,, 0-6; 
B,03, 0-4; Na,O, 16. The batch containing barium 
carbonate was fed into the No. 3 Canning Town 
(London) furnace (containing 210 tons of glass), every 
10 minutes, from 9 a.m. on December 15, 1930, until 
10 a.m. the following day, the tank being 19 weeks old. 
The furnace was operated normally, being producer 
gas fired, and six automatic bottle machines were in 


operation around the working end. No effect of the 
barium oxide upon the working of the glass was noticed, 
and no trace of cordy metal was produced. Hourly 
samples of glass were collected from each machine until 
December 24. The barium oxide contents of the 
samples were determined by careful analysis, and the 
results obtained were shown in tables and also in 
graphical form. From these results the following 
conclusions were drawn :— 

(1) Spectrographic analysis was to be preferred to 
ordinary gravimetric methods for the determination 
of the first appearance of barium at the machines. 
(2) The initial appearance of barium at the machines 
occurred between 9 hours to 10 hours after first filling 
on, and the maximum BaO content was only 20 per 
cent. of the theoretical. 

Thus the existence of a fast-moving current, and also 
of powerful mixing currents were indicated. (3) The 
method employed indicated the happenings subsequent 
to the arrival of the particular batch at the machines, 
the results thus being complementary to those obtained 
with blue glass or black specks. (4) The position of 
a machine was a more important factor than its ** pull,” 
in determining the time taken for a maximum change 
in composition to reach this machine. Position in 
relation to the furnace centre line was the important 
factor. (5) The evidence obtained suggested that wide 
differences between the aggregate pulls of the machines 
on either side of the furnace centre line might affect 
the glass flow. 








ALKALI WORKS. 


In our issue of June 19, we dealt with some of the 
information concerning fume and grit emission from 
furnaces which is contained in the sixty-seventh 
Annual Report on Alkali, &c., Works (H.M. Stationery 
Office, 9d. net). The Report, however, covers also much 
other material, to some of which reference may be made. 
Reviewing the general trade conditions throughout the 
year 1930, reference is made to the state of depression 
which prevailed during the whole of the twelve months, 
there being a general decline which was accentuated 
towards the end of the year. The chemical trade, 
although it has suffered to a lesser extent than other 
industries, has found it necessary to curtail output 
due to the consuming trades having experienced such 
a severe slump. In spite of the current state of trade 
conditions, it is of interest to find that many manu- 
facturers are actively pursuing the policy of recon- 
struction of their plant, in order to enable them the 
more readily to compete with Continental and other 
producers in due course. In the Scottish area, the com- 
petition of synthetised ammonia has been most severely 
felt by all works recovering ammonia as a by-product 
from coal and shale, and indirectly the makers of acids 
have suffered, there being no necessity for the acid 
required to fix this ammonia. 

In dealing with sulphuric acid works, it is estimated 
that during the year under review the production fell 
below that of the previous year by at least 100,000 tons, 
which is attributed to the fall in production of artificial 
silk and of by-product sulphate of ammonia. It is 
estimated that one-half of the chamber sets in England 
and Wales are now equipped with ammonia oxidation 
units for the supply of nitrous oxide to the chamber 
sulphuric acid plants. A number of new Mills-Packard 
chambers have also been erected. The question of the 
presence and influence of pyridine in the ammonia 
liquor used in the process has received attention. 
Although the use of catalysts consisting of 90 per cent. 
platinum and 10 per cent. rhodium possess certain 
advantages for consistent high temperature work, in 
the case of chamber plants, where there is a varying 
output, it is questionable whether such an alloy pos- 
sesses any advantages over pure platinum. It is 
anticipated that many of the South Wales chamber 
plants will cease to operate, due to the large output of 
relatively pure sulphuric acid made from zinc blende at 
the Swansea and Avonmouth Factories of the National 
Smelting Company. Vanadium catalysts are finding 
more general application, although at the current low 
price of platinum their employment would not involve 
any material economic advantage. As to the technical 
advantages claimed for vanadium catalysts, sufficient 
experience has not been gained or sufficient time elapsed 
to form any definite conclusions. 

New plants for the production of caustic soda and 
chlorine by the electrolysis of brine have been installed 
at Staveley and Billingham ; these are now in commission 
and operating with excellent results. The rationalising 
of the tar distilling activities continues, chiefly owing 
to the difficulties experienced by the smaller works 
in marketing their products. The corrosion of tar 
stills has been studied, this phenomenon being most 
acute where it has been necessary to employ higher 
temperatures for the production of more viscid tars. 
Considerable work has been carried out on the subject 
by Dr. J. S. Carter, the Assistant to the Chief Inspector, 





an account of which is given in an appendix to the 





Report, as stated below. Electrical precipitation methods 
are now in general use for the removal of tar from coke- 
oven gases, and an investigation into their application 
for ordinary town’s gas purification has been carried 
out at the Hinckley gasworks, under the auspices of the 
Institution of Gas Engineers. 

In an appendix, what are modestly termed “ notes ”’ 
are given on “ The Oxidation of Ferrous Sulphate,” 
and the ‘ Corrosion of Tar Stills.” In the former, the 
results are given of a chemical and technical investiga- 
tion which has entailed a considerable amount of 
chemical work. Dr. Carter has studied the oxidation 
of ferrous sulphate into ferric sulphate by means of 
nitric acid, and in view of the marked dependence of 
the nature of the reduction products of nitric acid on the 
conditions of the operation, it was deemed advisable 
to investigate the nature and the mode of emission of 
the nitrogen oxides resulting when conditions were 
approximately the same as those on a large scale. 
The contribution includes a study of the reactions con- 
cerned and the absorption of nitrogen oxides in water, 
sulphuric acid and solutions of copperas respectively. 
In the second “ note,” dealing with the corrosion of 
tar stills, an attempt is made to correlate the observed 
corrosion effects with the presence of ammonium 
salts, phenols, &c., in the tar used. The results show 
that the observed corrosion of the tar stills is mainly 
due to the presence of ammonium chloride, and that the 
corrosive action is much reduced after extracting the 
tar with water, thereby eliminating the ammonium 
salts. 








CATALOGUES. 


Varnish.—A pamphlet to hand from Messrs. Bakelite, 
Limited, 68, Victoria-street, London, 8.W.1, contains a 
description of the properties and uses of Bakelite varnish 
and the methods of applying it generally, and especially to 
electric coils, windings, armatures, and to metal surfaces, 
&e. 

Substations.—Messrs. The Metropolitan-Vickers Elec- 
trical Company, Limited, Trafford-park, Manchester, 
have sent us a catalogue of kiosk or outdoor substations 
for electrical distribution with illustrated particulars 
of outside form and equipment and also illustrations 
of such installations in London, Dublin and various other 
places. 

Thermostats.—A catalogue of thermostats received 
from Messrs. The Rheostatic Company, Limited, Slough, 
describes several types of instrument for space heating, 
and immersion heating. The immersion types are for 
controlling temperature in boilers, calorifiers, oil- 
preheaters, &c., and there is a special type for small 
water heaters. 


Granaries.—Messrs. Henry Simon, Limited, Cheadle 
Heath, Stockport, have sent us a copy of the new edition 
of their catalogue of granaries and plant for granaries. 
Examples are shown of large granaries constructed by 
the company at home and abroad, and pneumatic and 
mechanical conveying equipment are similarly illustrated. 
A series of machines are shown for weighing, separating, 
dust collecting, sack conveying, sack cleaning, &c. 


Instruments.—Messrs. Drayton Regulator and Instru- 
ment Company, Limited, West Drayton, Middlesex, 
have sent us a further batch of leaf catalogues dealing 
with gas regulators, volume meters, and thermostatic- 
switch, temperature and pressure recorder-regulators, 
and small electrically-driven air compressors for operating 
3to16instruments. These catalogues are well illustrated 
and give sufficient descriptive matter; prices are stated 
when practicable. 


Machine Shovel—We have received a catalogue of a 
mechanical excavator of $4 cub. yard capacity, adapted 
for shovelling, digging, trenching, dragging, lifting and 
other work. The makers are Messrs. Ransomes and 
Rapier, Limited, Ipswich. The machine travels on 
crawlers, the jib swings the full circle, and the motor 
unit is petrol-paraffin oil or electric, as required. In 
addition to the description of parts, there are a number 
of line illustrations with dimensions of the limits of motion 
for different work. 


Electric Welding.—Messrs. The Metropolitan-Vickers 
Electrical Company, Limited, Trafford-park, Manchester, 
have issued three new catalogues dealing with electric 
arc welding: one of equipment for hand welding with 
hydrogen by continuous independent arc, and another 
with automatic-feed mechanical equipment for welding 
range boilers, transformer tanks, storage tanks, &c. 
The third catalogue illustrates examples of heavy welded 
work carried out by the company, such as bedplates, 
frames, stators and other parts for large electrical 
machinery, and. tanks, pipe-branches, surface condensers, 
motor bodies, &c. There are also some excellent descrip- 
tive notes. 


Steel.—Messrs. The United Steel Companies, Limited, 
Sheffield, have sent us two new catalogues, one of which 
deals with wrought-steel solid wheels for railways, 
tramways and other rail operation, and gives tables of 
stock sizes with full particulars of strength, hardness, 
&c. These wheels are made by the Steel Peech Tozer 
branch. The second catalogue describes a steel named 
‘*Dureheat’”’ made by the Messrs. Samuel Fox and 
Company, Limited, branch for work under high steam 
pressures and temperatures. This steel is said to main- 
tain its physical properties and not to creep, or flow, 
when sabdesten to these conditions for long periods. 





In both catalogues, particulars of tests are given. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 


Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may ined at the Patent Office Sales 

nch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “Sealed” is — 

— may, at any time within two months from date of 

advertisement of the acceplance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





ELECTRICAL APPARATUS. 


342,684. Ronald Grierson, of London and Grier- 
son, Limited, of London. Heating Panel. (2 Figs.) 
October 30, 1929.—The invention consists of an electrical 
heating panel in which the resistance is enclosed in a metal 
container with insulating material interposed between 
the resistance, and the container and insulating and heat 
resisting material between the resistance and the lid or 
cover. A is the metal tray, a! the lid, 6! micanite 
arranged in the bottom of the container, B the resistance 
net, 6? the micanite arranged on the top of the resistance, 
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and D aslab of heat resisting material. a? is an opening 
through which air is exhausted and the opening then 
sealed, thus hermetically closing the container. The 
slab of heat resisting material D may be arranged on the 
top of the lid or cover a!, being interposed between the 
container and the surface to which the panel is fixed. 
All heat generated by the resistance B, by reason of the 
slab of cork D, passes downwards to the lower surface a* 
of the container A, from which the warmth radiates, 


(Sealed. ) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


341,174. A. Steinmetz, of West Didsbury, and 
Associated Electrical Industries, Limited, of 
Westminster. Bearings. (6 Figs.) November 9, 
1929.—The invention relates to ball or roller bearings 
which are lubricated with grease. 1 is a shaft journalled 
in a roller bearing consisting of an outer race 2, an inner 
race 3, and rollers 4. The outer race 2 is carried in the 
bearing housing 5, an end cap 6 being fixed by studs 
to the bearing housing and forming an enclosed space 7, 
in which grease is stored. An annular portion 8 of the 


if 
\ 











inner face of the bearing cap 6 has an inclined surface, 
as shown by the dotted lines 9, which approaches the 
gap between the outer race 2 and the inner race 3 of the 
bearing at the point 10, and forms a deflecting surface 
for the grease. In the developed plan of the deflector 
(Fig. 2), the slope of the inclined portion 11 to 12 is 
shown as uniform, but this portion may have any curved 
shape. The shaft 1 rotates and the grease in the space 7 
is rolled along the sloping portion 11, 12, a slight degree 
of turbulence being introduced by this action. The 
grease is thus rendered semi-liquid without any appreci- 
able accompanying rise of temperature as it advances 
up the inclined portion, which allows it to be carried 
off from the edge of the slope and taken up by the 
bearing. (Sealed.) 


MINING, METALLURGY, &c. 


341,161. H. B. Sheppard, of Derby. Pit Tubs. 
(6 Figs.) November 2, 1929.—The invention relates to 
agente for automatically retarding the speed of pit 
tubs and automatically releasing them. @ is an air 
cylinder arranged in the rail track and in which a piston 
is normally disposed in a retracted position. On the end 
of the piston rod is a cross-head c, which slides in guides 
c! of a base c? and carries a four-armed star wheel d on one 
face, of whichis a two-slot ratchet e. A spring-restrained 
pawl f pivoted at g in the cross-head co-acts with the face 
of the cam e and the slots h therein. The lower end of the 
pawl f has an extension j, to whichi « pivoted a pawl k, 
which engages a rack m below the cross-headc. The pawl 
k has a free upward movement at n when riding idly 





over the rack, a spring o pressing the pawl on to the rack. 
The pawl is also restrained when acted upon by the rack 
m by a tension spring p anchored to the cross-head. 
q is the first axle of a passing vehicle and s, t, u, v are the 
four arms of the star wheel. As the first axle g engages 
the arm s the star wheel is partly rotated and the arm ¢ 
takes up a position in front of the second axle to be 
engaged by it, and as the arm ¢ reaches its highest point 
in its rotation the pawl f springs into the approaching 
slot h, thereby arresting further rotation of the star wheel. 
The vehicle then takes along with it the now rigid star 
wheel, causing the piston to advance against compression 
in the front end of the cylinder, thus retarding the vehicle. 
At the end of the forward stroke of the piston there is a 
rebound action caused by the combined air resistance 
at the front, and the vacuum at the rear of the piston, 
and during this rebound the pawl k comes into active 
engagement with the rack m and is thereby tilted to raise 














the pawl f from engagement with the slot h. The star 
wheel d is now free to rotate again, and as the vehicle 
travels forward the axle moves the arm ¢, and further 
rotation of the wheel brings the arm wu to the set position 
for the next vehicle. The pawl f having moved along 
the face of the cam e and become tilted thereby, the pawl 
k is raised clear of the rack m and withdrawn by the 
spring p. The piston b is then free to retract the star 
wheel, and the device resumes the normal set position 
for the next tub. (Sealed.) 


PUMPS. 


343,344. David Brown & Sons (Huddersfield), 
Limited, of Huddersfield, and H. E. Merritt, of 
Huddersfield. Rotary Gear Pump. (1 Fig.) March 
12, 1930.—The invention relates to rotary gear pumps 
of the Roots’ blower type, as used in connection with 
the supercharging of internal-combustion engines and in 
which the rotors, having each two or three blades, are 
connected by external gearing. a, a represent the 
rotors, b, b, their shafts, and c, c, the connecting gears. 
The gears c have helical teeth, having a small spiral 
angle, and each gear is mounted on its shaft by longi- 
tudinal splines such as 6! for permitting axial adjust- 
ment of the position of the gears. The axial position of 
the gears is determined by means of shims or washers d 











held in position by nuts e screwed on to threaded end 
portions of the respective shafts. The result of axial 
movement of either gear along its axis is to give it a 
small angular displacement relative to the rotor con- 
cerned, the latter being as usual anchored against any 
longitudinal movement. In the case of the connected 
helical gears, with their teeth in correct meshing rela- 
tion, axial movement of either gear causes a partial 
rotation to be given to its axis, and thus effects an 
angular adjustment of the rotor fast on the axis. (Ac- 
cepted February 25, 1931.) 


STEAM ENGINES, BOILERS, &c. 


342,571. James Howden & Company, Limited, 
of Glasgow, and H. Howden, of Glasgow. Furnace 
Front. (6 Figs.) March 8, 1930.—The invention relates 
to furnace fronts for furnaces burning pulverised fuel. 
The furnace front has the usual hinged slag pit door 1 
and in addition a hinged baffle door 2 between the 
door 1 and the mouth of the furnace to protect the slag 
pit door 1 from intense heat. Formed in the top inner 





edge of the door 2 are air inlet passages 3 through which 
part of a subsidiary air supply is delivered to the slag 
pit to support the combustion of gases and powdered fuel 
eddying into the slag pit from the furnace. The lower 
half of the furnace front casing 4 is separated from the 
upper half by a partition 5, having two pairs of ports 6. 
through which the subsidiary air supply is admitted 
into the space 7 between the doors 1, 2. This air passes 
into the furnace by the air inlet passages 3, a sight 
opening 7! in the door 2, and a gap 7* beneath the 
door 2. Each pair of ports 6 is controlled by a slide valve 
8 operated by a lever 9 secured to aspindle 10; the latter 
is carried in a bracket 11 on the front plate 12 of the furnace 
front. Each spindle 10 carries an arm 13 provided with 
a handle 14 which is connected to the handle of the other 
valve 8. Integral with the link 15, at one end thereof, 


Fig.l 
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is a depending bar 16 which forms an interfering device 
to permit opening of the door 1 only when the ports 6 
are covered to cut off the subsidiary air supply. The 
lower end of the bar 16 is formed with a toe 17 which, 
when the valves 8 are open, obstructs the opening move- 
ment of the door 1. One arm 13 is provided with a grub 
screw 18 which enables the valves 8 to be locked in any 
position of adjustment. Attached to the door 1 is a nut 
engaged by a screw 21 whose inner end engages the 
door 2 to effect complete closure after the door 1 is 
closed. The door 2 is hinged at 23 to a bracket attached 
to a plate 24 fitted within the furnace front and having 
an opening 25 surrounding the slag pit opening 26. The 
sight hole 7! in the door 2 registers with a sight hole 27 
in the door 1. (Sealed.) 


341,622. H. E. Gresham, of Salford, and J N. 
Gresham, of Salford. Feed Water Heater. (8 
Figs.) November 16, 1929. The invention consists of 
injector type of apparatus for raising the temperature of 
feed water delivered by pumps or injectors above the 
normal delivery temperature. ais the steam inlet branch 
of a combined injector and feed super-heater, b the water 
inlet branch of the injector and c the overflow branch of 
the injector. d is the injector steam nozzle and e the 
combining nozzle which has a sliding part f to control the 
overflow. g is the injector delivery nozzle. The 
delivery feed water passes to the nozzle h of the heater 
which has steam inlets at ¢ andj at the opposite ends of a 
steam cone k, and a convergent divergent delivery nozzle 
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m with a non-return del: ry valve at n. The delivery 
branch is at 0. When thei. ‘°tor portion of the combined 
unit is in operation and vducing a delivery pressure 
of the feed water suffic -nt to effect delivery into the 
boiler being fed, the press re of the feed water acts upon 
the piston p which is co. rected to the steam valve g so 
as to open such valve and allow steam to pass from the 
inlet branch a to the chamber r and so to the inlets ¢ andj 
at the ends of the cone k. Such additional steam mixing 
with the feed water further raises its temperature and 
superheats it. The non-return valve n is placed as close 
as possible to the nozzle m so that when the feed supply is 
discontinued, a minimum amount of feed water is present 
on the heater side of such valve, as such water will 
evaporate when the pressure in the heater falls. (Sealed.) 


341,923. The Late Sir C. A. Parsons, of New- 
castle-on-Tyne, C. D. Gibb, of Newcastle-on-Tyne, 
and H. M. Duncan of Newcastle-on-Tyne. Nuts 
and Bolts. October 23, 1929.—To prevent adhesion 
between the screw threads of a nut and bolt due to use in 
high temperatures such as are common in superheated 
steam installations, the thread of the nut or of the bolt is 
coated with a metal which does not adhere to the comple- 
mentary thread at the maximum working temperature. 
Nickel is mentioned in the specification as a suitable 
coating material, but other metals or alloys may be used. 
(Accepted February 4, 1931.) 
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GERMAN AGRICULTURAL 
MACHINERY. 


By R. BorLasE MATTHEWS, A.M. Inst.C.E.,§M.1.E.E, 


As in England, farming is in a difficult position | 
in Central Europe. Producers are getting less than 


the cost of their crops, although, as is the case at | 


home, the retail purchaser is paying high prices. 
The German farmer is attempting to solve his 
difficulties by adhering to the ploughing and culti- 
vating of his land instead of laying it down to 
grass, and at the same time employing more 
machinery. Rotations of crops are being altered, 
and casual instead of regular labour is being utilised. 
At the National Agricultural Exhibition, which has 
just been held at Hanover, there were over 5,500 
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Fig.7. 





able Drum 








| motor gave them a new lease of life. However, 
| they are now rapidly being displaced by pneumatic 
| transmission. Admittedly, this is not one of the 
| most efficient methods of transport, but, in practice, 
as the conveying tubes are light, they can easily 
be placed in fresh positions and hence can deliver 
precisely at the point required, which was not 
| always the case with the usual chain conveyors. To 
| avoid choking, there has been a tendency to increase 
the diameter of the conveying tubes to about 20 in. 
This has meant an increase in the horse-power of the 
electric motors employed to drive the fans up to 
|15-h.p. or 20-h.p. The greater power is also | 
required since, generally, the material itself is 


not passed through the fan blades; this avoids | 


damaging it, but also consumes more power. The 





























Rud Sack, which is designed so that as the mole 
is drawn along it takes with it a tube, formed as it 
is pulled along. This tube is made of a 6} in. wide 
strip of galvanised or’ painted sheet steel carried 
on a reel on a stationary frame forming part of the 
equipment. With a machine of this type, mole 
draining can be carried out in any kind of land, 
however soft. Further, as the tube has a smooth 
interior, its efficiency is as great as a clay-tile pipe 
of nearly twice the sectional area. Fig. 3 illustrates 
the cross-section of a mole drain with a formed 
| sheet-metal tube laid in it. The latter is usually 
about 2 in. in diameter. Fig. 1 shows the general 
| arrangement of the new machine, part of which is 
also illustrated in Fig. 2. The portion on the left, in 





Fig. 1, which carries the cable reel, the sheet-metal 
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machinery exhibits, of which 19U;were new designs ; 
both, it will be noted, are big figures when compared | 
with those of an English show. Examples of all the 
hew machines were staged together as a separate ex- 
hibit, which added greatly to the convenience of those 
who wanted to see what was new. This idea has been 
Sugvested for British agricultural exhibitions, where 
undoubtedly it would be very helpful to the buyer. 
With so many new designs, it is impossible to refer 
to all, and to give an idea of the material shown, it | 
will be convenient to refer in general terms to some | 
of the more striking and useful appliances. 
Beginning with questions of transport, it may be | 
said that wages are to-day far too high to permit | 
of a farm labourer carrying trusses of hay about on 
his shoulders. Mechanical chain conveyors have | 
long been used on Continental farms, but their | 
inflexibility and high cost of installation militated | 
against their use, though the coming of the electric | 





| quickly put together and taken apart. 
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principal improvements noted were the introduc- 
tion of alternative Venturi tubes at the feeding | 
point, so that the velocity of the air might be in- 
creased where there was any danger of choking | 
the tubes through feeding too rapidly. Then there | 
were a number of detailed improvements in the | 
joints of the tubes, so that they could be more | 
A test of a 
good type of blower gave t the following results :— 


eee Power Required. 


Distance of Transport. 


10 m. 6-5 
20 m. 7°74 
30 m. 9- 
40 m. 1 
50 m. | 11- 
60 m. 1 





A very important development of the mole- | 
| draining ‘and cable- laying type of machine is the! 





[| 
| | 


| Mole Plough 
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| reel and the tube-forming mechanism, remains sta- 
| | tionary, while the right-hand or mole- forming portion 
is drawn forward. By means of an ingenious spot- 
light optical device, a man seated on the mole car- 
riage can ascertain when it is necessary to raise or 
lower the mole, so as to maintain the drain on a dead 
straight line, regardless of the variations in the surface 
over which the carriage is travelling. Normally, a 
mole drain does not exceed 150 yards in length. The 
sheet-metal drum carries strips of about 2,000 ft. to 
2,500 ft. in length. When employed for electric cable 
laying, the cable is drawn in at the same time as the 
sheet steel tube is formed, as this method is found 
more satisfactory in practice. Itis anticipated that 
| this machine will be of considerable value for army 
| purposes, as nowadays it is most important that tele- 
| phone and signal wires should be laid underground 
so as to avoid the possibility of breakages and the 
consequent interruptions to communications. 

| Mowing machines have not made a great deal 
of progress during the past forty years, but a 
| radical improvement in detail design has been 

| made lately, in that the gears are being constructed 
|so as to operate in oil baths. In one type of 
'machine every gear is so incorporated, following in 
| principle the lines of motor-car design. This should 
certainly be a great improvement. Another mower 
| showed a very radical change in design, in that both 
‘ends of the cutter bar were supported on a frame. 

| The cutter bar was operated by a motor-cycle type 
|of petrol engine, and the whole machine. was guided 
'by a man either seated on it or walking directly 
‘behind the cutter bar, which is a most sensible 
position. A striking detail novelty for attachment 
to harvesting machines was the incorporation of 
mechanically-driven guiding cylinders on each side 
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of the apron behind the cutter bar. These cylinders 
were fitted with helical fins which guided the corn 
on to the apron. It is claimed that this device 
is especially efficacious for crops laid down by 
storms. In the case of another harvesting machine, 
the same result was obtained by the aid of curious 
sickle-like collectors, which were operated by a most 
ingenious mechanism, so as to encircle and draw 
the crop on to the apron. 

The heavy oil engined tractor is slowly but surely 
establishing its merits, and several improved types 
of this class of machine were on view. Incidentally, 
the use of heavy oil eliminates a lot of petty pilfer- 
ing which so often takes place when paraffin is used. 
A new form of radially-adjusted detachable rubber- 
tyre rim and spuds was included among the new 
implements. It certainly seemed more likely to 
withstand the ravages of dirt and abuse than many 
of its predecessors. 

Referring to some of the pump exhibits, it is of 
interest to note that the one-time disagreeable task | 
of handling liquid manure is nowadays carried out 
largely by electrically-driven pumps. Not only is the 
urine drained from the byres into central tanks, but 
also well-rotted manure and water is added and 
stirred into the mixture by means of electrically- 
driven agitators. In the latest designs of pump, 
which are of the simple submerged centrifugal type, 
as illustrated in Fig. 4, the impeller is used first for 
mixing the fluid and then for pumping it. This is 
effected by altering the position of the delivery outlet 
of the pump, by rotating a vertical tubular control, 
which also acts as a shield for the motor-driven 
shaft contained within it. That the design of these 
pumps is treated seriously, is evidenced by the fact 
that careful scientifically-conducted tests are made 
of them by independent authorities. The efficiency 
of a good pump is about 80 per cent., and requires 
about 1}-h.p. to lift 500 litres per minute through 
a height of 3 metres. 

A remarkable novelty was the so-called “ swim- 
ming” pump. An electric motor with a vertical | 
spindle was mounted in a cylindrical sheet-metal | 
vessel of sufficient volume to float the motor and 
the centrifugal pump placed outside below the | 
motor. This arrangement has the advantage that 
it is easily transportable and requires no fixing, | 
as it has merely to be dropped into a pool of water 
and is ready to work as soon as the flexible cable 
is connected up. Further, the pump is not only | 
always submerged to a sufficient depth, but as the | 
depth does not vary, it works with a minimum lift | 
and with a uniformly high efficiency. | 

The development first of liquid manuring, then 
of watering market gardens, has now reached the | 
point at which it is becoming common practice to | 
water farm fields and particularly pastures, a thing | 
that some years ago would have been deemed to | 
have been impracticable. These farm installations | 
generally require 30-h.p. motors direct coupled to | 
multi-stage centrifugal pumps, and are, therefore, | 
a matter of serious engineering interest. One might | 
be inclined to think that in England they were not | 
necessary, but even here there are periods wg 
watering would be very useful. In other words, | 
a farm equipped with a watering plant can pro- | 
vide for the crops a little more than the average | 
rainfall, and, furtaer, ensure that this supply is | 
given at the time when the plants need it most. | 
The difficulty in ordinary watering systems is that 
the drops of water are rather apt to fall on the same | 
place and so puddle or cake the surface. To over- | 
come this and at the same time obtain a finer spray, | 
the so-called “rain-cannon” has developed. In | 
the larger examples, the water pressure has to be 
increased to about 7 to 9 atmospheres. Each jet 
is mounted on a cylindrical vessel, containing air 
in the upper portion. As the water enters the | 
vessel, it gradually compresses the air within it 
until a valve is released. when the compressed air 
ejects the water in a powerful jet, throwing it, in 
the case of the larger machines, to a distance of 
100 yards. As the jet is expelled, the inclined 
nozzle is turned slightly so that the succeeding jet | 
falls on a different portion of the field. In this way 
the jet covers a large circular area. A novelty of 
the Exhibition was the introduction of a small 
“rain cannon” only requiring a pressure of two to 
three atmospheres and, of course, giving a corre: | 


| 
| 
| 
| 














spondingly smaller radius of throw. The distribu- 
tion of this jet seemed to result in a much finer 
spray. 

As the farmstead equipment is of considerable 
importance from the electricity supply point of 
| view, a number of household appliances were dis- 
played. A very ingenious electric coffee grinder was 
exhibited, which only cost 29s., due largely to the 
ingenious design of the electric motor which was 
of the vibrating-armature type. It can, only be 
used on a 50-cycle circuit. The vibrations of the 
armature, which correspond to the periodicity, 
operate a ratchet mechanism which produces the 
required slow motion for the mill. Another im- 
proved domestic appliance was a vacuum carpet 
cleaner of the portable-cylinder type, upon which 
a great deal of research work had been expended to 
reduce the usually objectionable noise in operation. 
It was certainly very difficult to know whether it 
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was running or not, owing to the absence of noise. 
Also, there was a very neat electrically-driven 
centrifuge for getting the water out of washed 
clothes. 

A noteworthy feature of the Show was the very 
complete system of overhead electricity distribu- 
tion, which passed unnoticed by nearly all the 
visitors. This meant that innumerable electric 
motors were to be seen in use. A very striking 
feature of the Show shedding was the extensive 
employment of triangulated members. These gave 
the required stability, strength and ample head 
room, without the aid of stays. Similar methods are 
employed for Dutch barn construction, resulting 
in a lighter and stronger building at a lower cost. 








INCORPORATED MUNICIPAL ELECTRICAL ASSOCIATION. 
—The thirty-seventh annual convention of the Incor- 
porated Municipal Electrical Association will be held 
during the week beginning June 13, 1932, under the 
presidency of Mr. C. G. Morley New, City Electrical 
Engineer, Cardiff. The town in which the Convention 
will be held has not yet been decided. 
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Materials and Structures. Vol. I. The Elasticity and 
Strength of Materials, By E. H. Satmon D.Sc., 
M.Inst.C.E. London: Longmans, Green & Co. [Price 
15s. net. ] 

Up till recent years, English textbooks, both on 

technology and science, might, for the most part, 

be divided into classics such as Rayleighs Sound, 

Love’s Mathematical Theory of Elasticity, and 

Lamb’s Hydrodynamics, and into trivial elementary 

treatises, legion in number and differing amongst 

themselves mainly in binding and typography. 

There is still a large output of these undistin- 

guished volumes, but, of late, there have been some 

excellent examples of an intermediate type for the 
production of which Germany early acquired an 
enviable reputation. In times past, the British 
market for the higher class of textbook was re- 
stricted by the inadequate mathematical knowledge 

of prospective readers. There has been a great im- 

provement in this regard during the past 20 years, 

and elementary integrations and differentiations 
are no longer considered out of place in works 
intended for the use of the practician. 

Dr. Salmon’s textbook is entitled to a high place 
in this intermediate section of engineers’ aid books. 
On the theoretical side of his subject matter but 
little advance has been made of late years, since 
most of the problems in elasticity which have 
solutions sufficiently simple to be of utilitarian 
value were worked out long since. Of others, 
slightly more complex, the solutions are often to 
be found only in scattered papers, and are thus 
but little known, with the result that they are 
rediscovered afresh every few years by independent 
research. A notable example of this is afforded 
by the theory of the strength of curved beams, allied 
to crane hooks, and in this connection the suggestion 
might perhaps be made that British textbooks 
should cease to reproduce the complicated and 
fundamentally incorrect formula of Andrews and 
Pearson. This suggested solution violates one of 
the basic maxims of tke theory of elasticity, that, 
in generalised plane stress, the stresses are indepen- 
dent of the elastic constants of the material, pro- 
vided that the structure in question is of the type 
known as “ simply connected,” which, for practical 
purposes, may be taken as implying that there are 
no holes in it. 

The opening chapters of Dr. Salmon’s treatise 
are devoted to a clear discussion of elementary 
principles, illustrated by well chosen examples. 
These include the strength of riveted joints, 
which, mathematically considered, may be regarded 
as practically intractable to analysis, and are 
accordingly always designed on rough and ready 
assumptions, controlled by the results of practical 
experience. Another problem discussed in this 
opening chapter is the strength of a thin shell. 
Here again the elementary theory suffices so long 
as the pressure is internal, but is quite inadequate 
for the discussion of cases of collapse. For these 
the practitioner long relied wholly upon empirical 
formule, and even after Professor Unwin had pointed 
out the analogy between the collapse of a flue and 
the crippling of a colum®, the old rules still main- 
tained their place in Our reference books. They 
were, no doubt, reasonably satisfactory so long as 
there was no wide departure from familiar condi- 
tions. Disaster resulted, however, when some 
18 years’ back they were used to proportion a 
cylinder 4-5 m. in diameter and exposed to an 
external pressure of 6 m. of water. The thickness 
adopted for the shell was 6 mm., and collapse 
occurred immediately on the imposition of the load. 
Much has been learnt since then, and Dr. Salmon 
quotes both Southwell’s theoretical formula and the 
experimental results of Carman and Stewart. 

In a later discussion of the thick cylinder, Dr. 
Salmon gives the usual theory and extends it to 
cover built up and wire-wound guns. Perhaps 
mention might well have been made here of Bridge- 
man’s method of preparing the cylinders used in 
his experiments with intense hydraulic pressures. 
These cylinders were given an initial strain far 
beyond the elastic limit of the material, and Messrs. 
Parsons have long used a corresponding method 
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of securing the safety of turbine discs and alternator 
rotors. Some disastrous explosions of the latter 
have occurred on the Continent, where designers 
are apt to attach more importance to calculated 
stresses than to observation of the actual behaviour 
of materials in service. 

The simple theory of bending is clearly dealt 
with, and the proper treatment of unsymmetrical 
sections such as angle bars is correctly discussed. 
In most steel makers’ catalogues, the section 
modulus assigned to angles is exactly the same as 
for similar Tees. This fundamental error gave 
rise, before the war, to a good deal of discussion in 
connection with the L.C.C. rules for reinforced 
concrete, there being, in some cases, a difference of 
30 per cent. in the resistance as calculated correctly 
and as computed by the above plausible but wholly 
erroneous procedure. 

The ordinary theory of beams is developed in 
detail, and, in particular, that of the continuous 
girder, which, of late years, has become of greatly 
increased interest owing to the steadily extending 
use of reinforced-concrete constructions. Some of 
these are, however, so multiply indeterminate that 
stress calculations become almost impracticable at 
any reasonable cost. Indeed, an American computer 
has suggested that it will be necessary to use arith- 
mometers giving results to ten significant figures, 
since the calculations often involve the difference 
between two large, but nearly equal, figures. There 
has thus, of late, been a tendency to replace calcula- 
tion by measurement of the strains in a scale model. 
This procedure was advocated in our columns some 
sixty years ago by Sir Benjamin Baker. There is, 
however, the difficulty that if precision is aimed 
at the model must not be sensibly distorted by the 
straining actions. This condition is not satisfied 
by some of the methods which have been proposed. 
Messrs. Wilson and Gore, in their classical experi- 
ments on the stresses in dams, got round this diffi- 
culty by shaping their model so that it was of the 
correct shape when loaded, whilst Professor Beggs 
has adopted the plan of using very small distortions 
and measuring them by a micrometer. Of course, in 
all cases the question arises as to how far either 
measured or calculated stresses really represent the 
safety of the structure. Possibly they are more 
closely correlated to this in the case of reinforced 
concrete than in steel structures. A continuous 
girder of steel may be little endangered by the 
settlement of a pier, which, in fact would not affect 
the range of stress on the metal. With reinforced 
concrete, on the other hand, the alteration in the 
stress distribution, due to such a settlement might 
develop tensions in places where the reinforcement 
was either missing or inadequate. 

In Dr. Salmon’s discussion of column formule, 
attention is drawn to the fact that theory assumes 
that the material is homogeneous, and the column 
axis initially straight. Mr. James Christie found 
that this condition was not satisfied even in columns 
cut from solid bars, the geometric axes of which 
seldom or never coincided with the axes of elasticity. 
Such defects, as the author points out, are still 
worse in built-up columns, which generally include 
cold-straightened material. Hence a large empirical 
element is necessarily involved in the proportioning 
of struts, which makes it a matter of some doubt 
whether any benefit is likely to result from the 
practice, now becoming popular, of giving trusses 
initia] distortions intended to eliminate the secon- 
dary stresses developed under load. In the case 
of tension members, it seems certain that no 
advantage can result, and it is obviously possible 
that, in the case of struts, such initial distortions 
might actually aggravate the initial lack of coinci- 
dence between the geometric axis of the strut and 
its axis of elasticity. 

The aeroplane has made it necessary to develop 
a theory of struts subject to transverse loads as 
well as to thrust. One difficulty which arises in 
this case is that proportionality no longer exists 
between load and deflection. During the war, 
& complete solution of this problem was worked 
out, and a table of the Berry functions involved 
computed and distributed as a confidential paper 
‘o those interested. The comprehensive character 





inclusion of an adequate discussion of this problem. | Kesselbetrieb. Sammlung von Betriebserfahrungen. Issued 
In the chapter on torsion, the differential equa- by the Vereinigung der Grosskesselbesitzer. Second 


F - ; t Edition. Berlin: Julius Springer. [Price, 18 marks. 
tions are established. A fair number of solutions | T reer nian 9 P f “ rit =i é 
of these, in special cases, have been worked out, | *#!S 900K on the working of steam boilers bee 


but, in general, they are too complicated for practical | prepared ay bang hes pe. gt 
use, and for really complicated cross sections |M@MCes OF the German Association © reget 


, Large Boilers, under the chairmanship of Chief 
recourse must be had to Prandtl’s soap-film analogy, 8 fe 2 biper 
of which the author gives a clear explanation. Engineer Quack, of Bitterfeld. In how erect 

Uilicniiens sidheditineh casahetieentieetiieiiial! deals with those factors which affect the continuity 
pers XI , as See J /and safety of boiler operation, only more or less 


Problems of this kind are daily | : : . 
becoming both of increasing importance and of | pessing reference being made to fuels, combustion 


groster complination, sad ponte lane che taney and heat transmission. The latter are introduced 
- ’ lee . incipally f. th int vi uipment, 
ultimately prove advisable to have recourse to pemcipally: treun the point of view of cum 


binge e ; operation and maintenance, as, for instance, in 
models. To a limited extent, these are already being |regard to grates and stokers and the dimensions 


used by some builders of turbo-generators, but little | of combustion chambers. It is stated that only 
seems, so far, to have been published on this | .4.h appliances and types of construction are 
head. ; ; ; mentioned as have been approved in actual working. 
An introduction to the general mathematical |The book is of a thoroughly practical nature, being 
theory of elasticity follows in Chapter XII, where | intended for those directly engaged in the operation 
the equations are established from first principles, of boiler plants, and theoretical treatment is 
and those who have mastered this chapter will | conspicuous by iis alana, 
be able to understand and follow the advanced| Th different subjects are dealt with in an excep- 
treatises on this subject. Amongst the problems | ti nally comprehensive and concise manner, full 
discussed by Dr. Salmon is that of the stresses in | |, being made of the rules and standard specifica- 
flat plates, and note is taken of the recent work °D | tions for boiler construction, materials and details 
this problem. From the practical standpoint, | o¢ manufacture, issued by the various authorities 
however, all these theoretical solutions are unsatis- | ;, Germany. These are not reproduced, but are 
factory, plates carrying with safety : loads much | brought to the notice of the reader where applicable 
heavier than the theory would indicate as _per- Ito a specific point, thus making the book a most 
missible. : P | useful guide in respect to them. The value of the 
The second section of the volume, comprising over | work is enhanced by the criticism of these standard 
200 pages, is a really excellent and comprehensive ré- | specifications where the experience of members of 
sumé of the properties of materials, and of methods of | the committee has shown that care has to be 
testing. To have compressed into so small a space exercised in adopting them, as, for instance, in 
such a variety of instructive and interesting matter | connection with pipe flanges. 
is a feat on which the author may be highly congratu-| The book deals with the specification and erection 
lated. The possible defects due to manufacturing | of new boilers and chimneys, with instructions for 
processes from the molten metal up to the finished | heating up, setting to work and shutting down, and in- 
product are described, and the importance of what | cludes detailed information regarding the procedure 
Sir Frederick Bramwell called “the next to to follow under exceptional circumstances, such as 
nothings,” is emphasised. Theories of resistance form the failure of parts and risk of explosion. This is 
the subject matter of Chapter XVI, and attention | aj] very sound, and if applied will limit the damage 
is drawn to the inadequacy of each, save in special | arising from different defects. Boiler cleaning, 
conditions. feed-water treatment, and the prevention of scaling 
Bridgeman’s results are quoted as showing | and corrosion are followed by sections giving expe- 
the failure of the theory of thick cylinders to | rience with superheaters, economisers, air heaters, 
comply with the results of calculation, but the | feed pumps, piping, and the instruments and 
author claims that the maximum-stress theory can ! apparatus required for boiler control. The con- 
be applied with safety to the design of shafting. This , cluding sections are devoted to refractories, insula- 
is no doubt true, but the theory in question fails to | tion of boilers and pipe ranges, and the control of 
explain the fact that cracked shafts have run for | Spare parts. There are a number of appendices, 
years without rupture. We are inclined to suggest | one dealing at considerable length with the methods 
that writers on the strength of materials should | of examination of feed water, giving particulars of 
make more use of the experience of insurance com- the different reagents and instructions for the 
panies, but there is certainly a difficulty here, in| preparation of those which cannot be readily 
that we are still lacking any satisfactory rationalisa- | purchased. 
tion of this experience, so that observations remain 
isolated and are not coupled up into any satisfac- 











: aes? ‘ | Modern Brickmaking. By Autrrep B. SEARLE, Third 
tory generalisation. Indeed, even experienced sur- Edition, revised and enlarged. London: Ernest 


veyors seem to feel happier in basing their require-| Benn, Limited. [Price 63s. net.] 

ments on theoretical considerations, even whilst! Oy all artificial building materials, clay, in the 
admitting that these are at variance with the form of bricks, is, perhaps, the most durable. From 
actual behaviour of materials in service. One im-|¢he most ancient times they have been used and 
portant insurance corporation, nevertheless, has | are still held in high esteem. Beginning with the 
had the courage to keep in service a number of | earliest sun-dried bricks, until one hundred years 
cracked dished ends. The security of these is perhaps | ago the methods of production were no doubt 
connected with what is the very general rule that simple in the extreme, what differences there were 
stresses due to displacements are much less dan- | consisting largely in methods of burning. The 
gerous than those due to loads. In dished ends, the | art is now, however, far advanced, as will be evident 
heaviest stresses are those due to the fact that the | from a study of the book of five hundred and fifty 
end must fit the shell to which it is united. Ina pages to be reviewed. This work, first issued twenty 
sphere, the maximum ring stress is just one-half of years ago, is again presented as a third edition, 
the stress in a thin cylinder of equal diameter and | having been brought up to date by the inclusion 
thickness, and indefinite length. Hence if a hemi-| of more recent information which has accumulated 
spherical end fits a cy lindrical shell without distor- during the lapse of years. The author’s well-known 
tion when cold, it will no longer do so when the activity with respect to all matters relating to clays 





two are under steam pressure. 

A notable and excellent feature of Dr. Salmon’s 
treatise is the comprehensive references to original 
sources which are appended to each chapter. These 
make the work of special value to the practitioner, 
although his treatise is, we learn from the preface, 
primarily intended for students preparing for degrees 


and allied materials enables him to write with 
intimate knowledge and authority. 

The book opens with an account of the nature of 
clays and shales, followed by comments on getting 
the raw material and dealing with it, and on the 
selection of processes, while characteristics of plant 
for making brick-kilns and kiln construction, also 





in engineering. These will find of great service the | receive attention with other relevant matter. 
excellent and numerous examples which the author | There are over three hundred and seventy illustra- 
has given at the end of most of the chapters. Many | tions, the greater part of which show various 
of these examples are taken from examination | machines and appliances of makers specialising in 





of Dr. Salmon’s treatise is exemplified by the 
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In dealing with the different varieties of clays, 
about twenty are particularised, and about as many 
different kinds of bricks are described. The 
qualities and strengths of bricks are also dealt 
with. The getting of the raw material is treated at 


(2SSi£) 


length, whether by manual labour or by mechani- | 
cal excavation, with useful remarks on the opera- | 


tion of the various machines. Transporting of the 
material is also discussed, with its treatment in 
pug-mills or other plant in the process of prepara- 
tion for moulding. 
suited to the different grades of clay treated, and 
types of brick, are described, with an account of 
the auxiliary plant in common use. The section 
relating to the plastic clay process, filling one hundred 
and thirty pages, is very complete. The stiff-plastic 
process is also described at some length, with 
detailed particulars of grinding mills, elevators, 
screens, mixers and brick-making machines suited 
to the method. The semi-dry, and the dry pro- 
cesses are also enlarged upon with descriptions of 
necessary plant. It should be noted that the 
different processes are each treate 1 so as to form des- 
criptions complete in themselves. About one hundred 
pages are devoted to kilns. The use of chimneys or 
fans to promote draught, where this is essential, 
is discussed. Construction of the kilns claims 
considerable space, devoted to questions of practical 
importance in relation to drainage of the site, heat 
losses and heat insulation, economy in working 
being much influenced by these considerations. 
Placing bricks in a kiln, or “ setting,’ which varies 
with different types of kilns, also has attention. 
Some ninety pages are given to the treatment of 
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| various kinds of special bricks, whether porous, 
| vitrified, blue brick, fire-brick, or ornamental 
|shapes. Bricks made of materials other than clay 
|are dealt with, there being also concluding chapters 
on sundry matters which, though not concerned 
with the making of bricks, will be of interest to the 
brick maker. 

| There is much in this book which should be of 
; value to those engaged in the industry, and inci- 
|dentally to those who use bricks in enabling the 


Machines for making bricks | nature of the product to be better understood. The | 


| great number of illustrations of machines made by 
| various firms give it somewhat the appearance of a 
| trade catalogue, but as informing comments on 
{the working of these machines are given, this is 
|of little consequence. Scattered throughout the 
| book there is much directly practical information 
}as to the manipulation of clays and clay pastes 
to render them workable, on the proportions of 
dies and mouthpieces for extrusion presses, on 
| power consumption and other results to be acquired 
‘only by long experience. The book is well indexed. 
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be 125,000 motor lorries in use in Australia, of which | 


more than 100,000 are said to be operating directly or 
| indirectly as feeders for the railways. 
of registered motor vehicles in the Commonwealth is 
650,000. Road transport provides employment for 
| 197,000 persons, compared with 110,000 employed by 
the railways. Motor-lorry drivers number about 125,000, 


The total number | 


and garage employees about 40,000. Motor-fuel companies | 
employ another 10,000 men, body builders 7,000, and ; 


{tyre manufacturers 6,000. Some 4,500 hands are em- 
ployed on assembling and testing, 2,500 on manufactur- 
ing replacements, &c., and about 2,000 on spring work 
and electrical equipment. 
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NEW YORK ELECTRIC SUBWAY 
CONSTRUCTION METHODS—V. 
By Frank W. Skinner, M. Am.Soc.C.E. 


Underpinning Buildings Adjacent to Subway 
Works.—Many miles of the subway trenches were 
excavated in the Boroughs of Manhattan and 
Brooklyn through fill, gravel, earth and quicksand, 
often to a depth of many feet below ground water 
level and immediately adjacent to the foundations 
of buildings. Sometimes the old foundations ex- 
tended to, or even beyond, the neat line of 
excavation. Unless they had pile or caisson foot- 
ings, which was rarely the case, except for a few 
of the tallest buildings, chiefly in the financial 
district, the old foundations were above subgrade 
of the subway, often to the extent of many feet. 
If a line drawn from the nearest and lowest part 
of the footings, parallel with the natural slope of 
the material on which the footings rested, inter- 
sected the subway excavation, the foundation was 
protected or underpinned before trench excavation 
was carried below the level on which it stood. 
Several million dollars have been expended in this 
way on underpinning, or similar work, for the pro- 
tection of existing structures jeopardised by the 
construction of the subway. 

In many cases, the old foundations, consisting 
of brick, rubble, or concrete masonry, had been 
poorly built or subsequently damaged, so that 
when the subway work was undertaken they were 
in bad condition, and not in a state to resist 
impact or vibration of the soil, or any increase oT 
disturbance of stresses arising from underpinning 
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operations. It was thus necessary to reinforce or 


strengthen, or to extend the foundations before 
underpinning them. This work proved to be of a 
very delicate nature, requiring great skill and 
experience as well as patience ; further it was often 
very costly. Carried out over a period of nearly 
thirty; years, these operations were naturally subject 
to improvement, new elements and methods were 
introduced, while old ones were modified and per- 
fected. The result has been that the present 
system now follows several well-established types 
and methods of work, so carefully perfected that 
they may in general be considered to be standardised. 
To a considerable extent, these jobs have been 
executed by a few well-equipped specialists, the 
practice being for most of this important work to be 
done by such firms acting as sub-contractors 
under the general contractors. 

Where old footings in sand were only a little 
above subgrade, or above the natural slope of the 
sand, bleeding and undermining was prevented 
by constructing a permanent concrete retaining 
wall parallel with the subway excavation, and 
extending from the top of the old footings to a point 
below subgrade of the subway. Generally, excava- 
tion was carried down to the bottom of the old 
footings, and a row of small pits was sunk, 3 ft. 
or 4 ft. square, sheeted down to the required depth 
with horizontal boards or vertical piles, and con- 
creted. The spaces between these piers, which 
were usually equal to the width of the piers, were 
then excavated between sheeting boards supported 
on the adjacent piers. These spaces were then 
concreted, a continuous wall being thus formed, 
which prevented any displacement of the earth or 
sand behind it. When old wall footings were in bad 
condition, they were sometimes enclosed within 
frameworks of horizontal I-beams and channels, 
beams or rods being sometimes passed through them ; 
the entire mass was then enclosed in concrete, binding 
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the whole together, and preventing displacement 
under any increase in stress. Frequently, a number 
of successive footings for wall columns in the front 
of such buildings were connected by double lines 
of horizontal I-beams or channels in an excavation 
made down to the bottom of the footings. The 
I-beams or channels were connected by cross 
beams, and frequently by ties or clamps, the spaces 
between, around and over them and the old footings 
being concreted in, transforming the originally 
separate footings into a long continuous foundation. 
This greatly extended the bearing surface, besides 
stiffening and strengthening the footings themselves. 
In some cases, the beams and channels were replaced 
by longitudinal reinforcement bars, and these were 
generally arranged parallel with the subway. This 
transformed pier footings into reinforced concrete 
girders, capable of distributing the loads from the 
superstructures. Sometimes these reinforced foot- 
ings sufficed to carry the loads without farther 
support, but in other cases they themselves were 
underpinned to carry the loads to firm stratum and 
greater depth. 

Where it was necessary to carry the footings down 
to only a moderately greater depth in dry soil, or 
where the ground water was not too troublesome, 
the end was often attained by means of small 
concrete piers built in open pits under the old 
foundations. For this work an entrance pit, usually 
about 4 ft. square, was excavated to a depth of 
about 6 ft., as shown in Fig. 46, page 158, and a drift 
run under the old foundation. This was then carried 
down to the necessary depth and filled with concrete, 
wedged and grouted to bearing against the bottom 
of the old, reinforced, or new footings, as the case 
happened to be. Ifthe load on the foundation made 
more than one pit of convenient size necessary, 
another was excavated adjacent to it after the 
concrete in the first pit had set, and was similarly 
concreted, and so on, the work being extended 
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from one or both sides of the original pit until 
sufficient had been excavated and concreted. The 
method described, of connecting old footings and 
making them continuous, permitted these pits to be 
sunk wherever convenient in alternate positions, 
without jeopardising the old structure or reducing 
its support below the original area. The spaces 
between piers were subsequently closed, when the 
piers and connecting walls of concrete served as 
protecting walls, preventing any possible bleeding 
in the ground, or undermining of basement floor 
or interior foundations. 

Where it was necessary to carry support to a 
great depth, or far below ground-water level, the 
old foundations were often underpinned with 
steel-concrete piles, singly or in groups symetrically 
arranged. In this case, an entrance pit and excava- 
tion under the centre of the pier was usually sheeted 
down to a depth of about 6 ft. or 7 ft. under the pier 
foundation, as indicated in Fig. 47. In this pit, a 
short section of steel pipe was set up, usually of 
12 in., 14 in., or 16 in. in diameter. On this a 
50-ton or 100-ton hydraulic jack was placed, reacting 
against the bottom of the existing old foundation 
and its load. By working this jack, the steel pipe 
was forced down until there was sufficient clearance 
to permit of the removal of the jack, and the inser- 
tion of a second section of the pipe which was 
coupled to the top of the first section. The jack 
was then replaced, and the two sections were 
driven deep enough to permit of the addition of a 
third section, and so on. The pipe sections were 
about 4 ft. or 6 ft. in length, and were often of 
heavy welded pipe, } in. or more in thickness. 
They were connected by well-fitted inside sleeves, 
the pipe ends being faced to exact bearing with each 
other, or on the sleeves. Sometimes, however, thin 
sheet metal tubes were used, and these were found 
to develop a surprising degree of stiffness, standing 
up to jacking pressures of 50 tons or 100 tons. 
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As the pipes were driven, the interior was excavated 
continuously by means of an hydraulic jet, the 
overflow of which was discharged through a flexible 
pipe into the sewer. In other cases, at intervals, 
compressed-air blow-outs were employed, other 
conditions being met by earth augers, scoops, or 
by very small hand-operated orange-pee] buckets, 
the latter being able to remove stone and pieces 
of timber having a diameter little less than that of 
the pipe. 

Usually, these pipes were tested by a pressure 
50 per cent. or more above their required loading, 
and after being cleaned, and concreted the tops 
were either embedded in a massive concrete pier 
built up to the old foundation, or after being 
capped with heavy horizontal plates, were finished 
with short sections of vertical I-beams, which 
extended nearly up to the under surface of the 
foundations, where they supported a pair of steel 
plates. Between the latter folding steel wedges 
were driven to take up the loads as the jacks were 
released and removed. Sometimes the upper 
wedging plate was embedded in special quick-setting 
cement mortar developing a safe working strength 
in 24 hours. The space between the pile tops 
and the foundation was filled solid with concrete 
and thoroughly grouted, and in this way, the 
underpinning was accomplished with little or no 
perceptible settlement of the building. 

The method of underpinning a building with 
piles jacked down against the weight of the super- 
structure was developed about the time of the 
construction of the first subway, and was exten- 
sively used by the inventor, Mr. Jules Breuchaud. 
It made it possible to carry out the work, in 
many cases, without entering the buildings to be 
underpinned, or disturbing its tenants, and also 
with a minimum of obstruction on adjacent sites. 

In such work, it was usual to cut a vertical 


recess large enough to receive the underpinning | 


pipe or cylinder, and the hydraulic jack was cut 
in the face of the outer wall of the building through 
the old foundation down to the ground. Usually 
a transverse recess was cut in the masonry at the 
top of this vertical recess, and horizontal reaction 


beams were set in this to distribute the force | 


exerted by the jack. The pile section and hydraulic 
jack were then assembled in the recess, and the 
pipe was driven, concreted and wedged to bearing, 
as already described. 

This method is particularly applicable to footings 
extending down nearly to ground-water level, 
where excavation beneath them may be difficult. 
It can be applied also to very difficult and unstable 
foundations, the original bearing capacity being 
scarcely diminished during the process by the 
small amount of cutting out required for the instal- 
lation of the piles. It also has the advantage of 
placing on the piles a very heavy preliminary 
overload which eliminates the possibility of settle- 
ment after they are brought actually into service. 
In several cases piles have been driven by this 
method as much as 48 in. in diameter, so as to 
permit a man to work inside them excavating the 
core. Where the ground water has proved trouble- 
some, they have been provided with an air lock, 
usually consisting of a special section of the pipe 
with diaphrams and lock doors, enabling the lower 
part of the pipe to be maintained under pneumatic 
pressure after the manner of a pneumatic caisson. 

It is now proposed to describe actual works, on 
which some of the foregoing methods or modifica- 
tions thereof were employed, undertaken in connec- 
tion with recent subway construction contracts. 
The foundations of the 120-ft. long front wall of 
the Church of the Holy Trinity, at Central Park 
West, New York, was located in earth and sand 
about 30 ft. from the subway trench, and about 
25 ft. above its subgrade. To protect it, a trench, 
12 ft. wide, and about 8 ft. deep was sheeted down 
parallel to the line of the subway excavation, 
extending the full length of the church wall. In 
this, twelve 6 ft. by 4}-ft. pits, 30 ft. deep, about 
4 ft. apart, were sunk, and these were sheeted down 
to rock about 20 ft. below ground-water level with 
steel sheet piles driven by air hammers. After 
excavation, these pits were concreted up to the 
bottom of the trench. Next, the 4-ft. spaces 
between the pits were excavated between lines of 


steel sheet piles driven 2 ft. apart, and these spaces 
were concreted. A continuous retaining wall was 
thus formed to hold back the earth between the 
subway excavation and the church foundation. 
This piece of work is illustrated by Figs. 48 and 49, 
on page 158, the sheet pile pit being shown in plan 
in Fig. 50. 

The treatment of a building adjacent to the 
subway where brick piers with masonry footings 
stood in sand and earth above ground-water line 
is illustrated by Figs. 51 to 53, on page 158. The 
piers carrying loads of 40 tons were not considered 
sufficient to resist irregular stresses that might result 
from the construction of the subway. They were 
therefore reinforced by continuous pairs of I-beams 
connecting adjacent piers, these I-beams being 
set on the top of the 
old footings, and 
connected at each 
side of each pier 
by a pair of short 
transverse _ joists, 
with their ends en- 
gaging the webs of 
the longitudinal I- 
beams. Horizontal 
holes were drilled 
in all faces of the 
piers, and in these, 
short steel dowels 
were grouted just 
above the top 
flanges of the rein- 
forcing beams. Ex- 
cavation was next 
carried down to the 
level of the bottom 
of the old footings, 
and in this trench, 
a mass of concrete, 
|about 2 ft. wider 
than the original 
footings, was 
placed. This en- 
tirely enclosed the 
old footings and 
\the I-beams and 
dowels. Large holes 
cut through the 
webs of the I-beams 
permitted the con- 
crete on both sides 
to form a solid mass, 
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and the dowels 
served to anchor 
the whole to the 








piers, and greatly 
increased the resist- 
ance to shear. The 
whole mass formed a wide, continuous footing 
under the entire face of the building, possessing 
ample resistance to displacement, settlement or 
fracture, and this provision was effected without 
at any time weakening or impairing the effective- 
ness of the old foundations. 

The 60-ft. front of the American Building, 
adjacent to the Subway in Central Park West, 
had a continuous masonry footing 2 ft. wide, 
resting on earth about 33 ft. above Subway sub- 
grade. In this case, the footing was exposed and 
reinforced by a 24-in. continuous lattice girder 
secured to it by steel dowels, 13 in. long and 12 in. 
apart. The whole was enclosed in a mass of 
concrete, which strengthened the old footing and 
extended its width by about 2 ft. Underneath 
this new footing, pits 6 ft. deep were excavated 
and sheeted, and in these sectional 12-in. steel 
pipes were driven to rock by 50-ton hydraulic jacks. 
The interior cores weré removed from the pipes by 
hand and by an earth auger; the pipes were filled 
with concrete reinforced with 1-in. vertical rods. 
The pits in which they had been driven were con- 
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surface of the footings. 

In the same neighbourhood, four cast-iron 
columns, 12 ft. apart, carrying loads of 40 tons each 
were underpinned. Operations were commenced 
on this job by connecting their footings by means 
of a trench 2 ft. wide and 2 ft. deep. In this, a pair 











creted, and wedged and grouted against the under | 





of continuous girders, 24 in. deep, was set. These 
carried on their top flanges 12-in. transverse I-beams 
recessed into the footings of the old columns, 
These beams and girders were then encased in a 
solid mass ot concrete, filling the trench, and making ° 
with the old footings a continuous foundation for 
the entire set of columns. Under this new founda- 
tion, small pits were carried down about 6 ft. to 
the steeply-inclined surface of the underlying rock, 
Holes were then drilled in the rock perpendicular 
to the surface to receive about 120 1}-in. steel rods, 
8 ft. long and 5 ft. apart, to serve as anchors to 
prevent the foundation slipping on the inclined sur- 
face, the pits being subsequently filled with concrete. 

While not connected with Subway work in New 
York, another method adopted successfully in 
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Philadelphia may be briefly referred to. A large 
number of buildings with footings on dry earth had 
column piers adjacent to the Subway trench under- 
pinned by concrete piers built in trenches carried 
down to below subgrade. In many cases, as illus- 
trated in Fig. 54, page 158, the tops of the piers were 
finished to serve as skewbacks for concrete jack 
arches connecting the piers and supporting the 
vault or cellar walls between them. The earth 
between the piers was carefully excavated to the 
bottom of these skewbacks, the upper surface being 
accurately trimmed to the soffit of the required 
arch. This excavation was made in short sections 
underneath the old walls, and reinforcement bars 
of the length of two sections were placed in it. 
The ends of the bars were bent at right angles to 
enable them to be placed in the short excavation. 
As each section of the arch was concreted, thus 
forming successive arch voussoirs, the earth of 
the next section was excavated. The reinforcement 
bars were then bent down to the proper position, 
and the section was concreted, the work being 
continued until the concrete had progressed from 
one pier to the other, and the arch was complete. 

The construction of section No. 5 of Subway 
route No. 101, involved the underpinning of 3,00! 
linear feet of four-storey brick dwellings provided 
with masonry footings just above ground-water 
level. This work was accomplished by six 8-men 
gangs, driving sectional steel piles with air hammers. 
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35-KNOT TORPEDO BOAT DESTROYERS FOR THE 


CANADIAN NAVY. 


CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND COMPANY, LIMITED, ENGINEERS AND SHIPBUILDERS, SOUTHAMPTON. 








Fig. 


About 8 linear ft. of 12-in. steel piles were required | 


per foot of building front. In one building, 15-in. 
steel piles were used, and in another building 16| 
columns were underpinned with steel cylinders | 
4 ft. in diameter, permitting men to work inside | 
excavating the core, as previously described. 
These cylinders were sunk below ground-water | 
level; they were fitted with air locks, and the 
men worked under pressure. 

Adjacent to the Fourteenth Street Subway, 
78 buildings, some of them 16 storeys in height 
were underpinned with from 12 in. to 16-in. | 
sectional steel piles, driven by 60-ton hydraulic | 
jacks operated by hand pumps. In this case the | 
earth inside the piles was excavated by small | 
orange-peel buckets, and the piles were tested to 
loads 60 per cent. in excess of their working load. 
On section 1-A, of Subway route No. 8, more than | 
5,000 linear feet of 12 in. or 15-in. sectional steel | 
piles were driven to a penetration of from 24 ft. to | 
34 ft. in seven months, the working force averaging 
SO men. 

Some of the heaviest and most difficult under- | 
pinning has been required for the buildings ad- 
jacent to Subway trenches in William-street and | 
Nassau-street, in the financial district down town in | 
Manhattan. Here the bed rock is overlaid by 
many feet of fill, hardpan, earth and quicksand, | 
and the Subway trench was excavated from 30 ft. to | 
60 ft. below the surface and from 20 ft. to 30 ft. | 
below ground water level. Many of the buildings | 
are 15 storeys or more in height, and although some 
of them have pile and caisson foundations carried | 
down to hard stratum, many of them have spread 
footings or inferior foundations in the earth and 
sand above subgrade. Most of those requiring | 
underpinning have been supported on sectional | 
steel piles. Five columns in the wall of the Kuhn- | 
Loeb building, adjacent to the William-street 
Subway, carry loads up to 509 tons each. They 
are supported on double-tier I-beam grillages with 
concrete footings in fine dry sand, 17 ft. below street | 
level, and 3 ft. above ground water level. Although | 
the support was ample for the conditions under | 
Which the building was constructed, during the | 
subway work it became necessary to carry the| 
column loads to underlying bed rock, since the sub- 
way trench excavation overlapped the grillages and | 
their footings by some 4 ft. or 5 ft., which necessi- 
tated the removal of about a third of the original | 
foundations. The work involved is illustrated in 
Figs. 55 to 58, page 159. It was accomplished by 
first stripping the concrete from the grillage beams, 
after which the upper and lower tiers of the beams | 
under adjacent piers were connected by carefully | 
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fitted joists, and by deformed reinforcement bars 
held in position by dowels. Diagonal reinforcement 
bars were also run from near the feet of the columns, 
to the centres of the new grillage beams, and all 
was enclosed in a solid mass of concrete enveloping 
the old and new grillages. This made a continuous 
reinforced concrete girder footing across the front 
of the building. 

Seventeen 14-in. sectional steel-concrete piles 
were then jacked down under the portion of the 
old and new footings that projected beyond the 
subway excavation line to afford temporary support 
to the columns, as shown in Figs. 56 and 58, and to 
permit excavation under the remainder of the 
footings for the purpose of driving 92 steel-concrete 
piles, set as close together as possible in three rows 
underneath the continuous footings. These pro- 
vided sufficient support for the columns, and 
permitted the removal of the temporary piles, and 
the overhanging portion of the old footings, the 
part which was removed being clearly shown in 
Fig. 58, on page 159. 

In the same area the front wall of No. 145 William- 


|street, a five-storey building, was found to be 


supported on brick piers carrying loads up to 150 
tons each, and resting on small, detached, rect- 
angular concrete bases in the dry sand. As will be 
seen from Fig. 59, page 160, these brick piers pro- 
jected about 8in. beyond the subway trench line. Jt 
was necessary, therefore, to carry their underpinning 
down about 25 ft., to a level below subgrade of the 
Subway. A pair of continuous 18-in. I-beams were 
seated on the old footings, as shown, close up to the 
front and rear faces of the brick piers. Directly 
above these the sides of the piers were recessed to 
receive short transverse joists, seated on the flanges 
of the 18-in. beams. The whole was then enclosed 


in a solid mass of concrete extending to the bottom | 


of the old footings and making a continuous base 
from pier to pier. 

Underneath each pier three small pits were succes- 
sively excavated to the required depth, as indicated 
in Fig. 60, the centre pit being taken out last, and 
these were concreted as finished, and wedged and 
grouted against the continuous footings. The faces 
of these underpinning piers were, as indicated in 
Fig. 59, in the plane of the neat line of trench 
excavation, except at the bottom where a toe 
extended from each pier some 18 in. in the subway. 
These projections formed eccentric footings 18 in. 
thick, helping to distribute the pressure on the 
sand, so as to limit it to about 8,000 lb. per square 
foot, and providing leverage tending to resist 
overturning. 


(To be continued). 





CANADIAN TORPEDO-BOAT DES- 
TROYERS ‘““SAGUENAY” AND 
‘“*SKEENA ”’ 


Owrne largely to the changed conditions following 
on the European War, the construction in British 
shipyards of warships for the British and foreign 
Navies, which in pre-war days was an important 
source of revenue to the industry, has diminished 
almost to the vanishing point. It will be evident, 
however, from the account we give below of the two 


| fine destroyers Saguenay and Skeena, that the art of 


designing and building effective fighting ships is not 
yet lost. These vessels were ordered by the Canadian 
Government, after a number of competitive tenders 
had been examined, from Messrs. John I. Thornycroft 
and Company, Limited, Woolston Works, Southampton, 
and both vessels sailed for Canada last month. Our 
account is illustrated by Figs. 1 to 12 on this page, on 
Plate VI, and on pages 162 and 163, but before dealing 
with specific points it is necessary to comment on the 
conditions of service obtaining in Canada, as these had 
some effect on the design when contrasted with standard 
British construction. In the first place, the climatic 
changes in which the vessels will operate are extreme, 
viz., from the sub-zero of the Arctic regions to the sub- 
tropical temperatures of the West Indies. 

The first-mentioned condition implies accumulation 
of ice, not only in the water in which the vessel is 
floating, but on her upper decks, bridges, rigging, &c., 
and this, in turn, involves both heavier scantlings and 
an increased degree of stability. The extreme cold 
also, bearing in mind the arrangement of the accommo- 
dation of a destroyer, has necessitated the provision 
of a somewhat elaborate heating system. On the 
other hand, periods of service in a hot climate have 
made imperative an equally complete ventilating 
system, ice-cupboards, shower baths, &c. Such pro- 
visions, though they have had some effect on the 
structure and machinery lay-out, have had yet more 
on the living accommodation. This, moreover, is 
extraordinarily spacious and well-found, the officers’ 
cabins, for example, being not far behind those of a 
modern liner, while the crew is excellently berthed in 
distinct rooms, according to rating, and, in addition, a 
recreation room is provided. The departure from recent 
Admiralty design on the part of the technical officers 
of the Canadian Naval Service to meet their particular 
requirements, has necessitated modifications of standard 
practice which Messrs. Thornycroft have skillfully 
developed, and the results show an advanced type of 
ship which is not only capable of service as an independ- 
ent vessel, but is also suitable of operating with 
destroyers of the Royal Navy. 

The type of destroyer selected as the basis for the 
Saguenay and Skeena were those of the Acasta class, 
and the British Admiralty assisted in ensuring that 
there wassufficient practical correspondence between the 
two types by the examination of all designs, and the 
supervision, in conjunction with the Canadian officials, 
of the material and building of the ships. The vessels, 
then, are very similar in dimensions, speed and armament 
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to the British destroyers, as the following figures | 


will show :— | 


Standard British | 
vessels ** Acasta”’ 





H.M.C.S.S. Saguenay 
and Skeena. 


class. 
Length between 
perpendiculars .. 309 ft 312 ft. | 
Length over all .. 321 ft 323 ft | 
Breadth .. Ss 32 ft. 6 in 32 ft. 3 in. | 
Displacement... 1,320 tons 1,330 tons | 
Designed speed .. 35 knots 35 knots 


————__- + i 


The main armament, in both cases, includes four 
4-7 in, guns, and eight 21 in. torpedo tubes. The 
general appearance of the Saguenay is well shown in 
Fig. 1, page 161, though a certain foreshortening | 
rather exaggerates the forward superstructure. The 
bridge is accessible both by means of the usual external 
ladders from the decks and also by internal ladders 
communicating with the accommodation. There are 
two funnels and two masts, the main mast being | 
unusually tall. This is to comply with the new Inter- 
national rules which lay down that a second steaming 
light has to be carried at a height of 15 feet above the 
forward light. The masts are of the steel-pole type, 
which have proved very successful on the six Chilian 
destroyers recently built by Messrs. Thornycrofts. 
Steel masts are, as a matter of fact, becoming almost 
imperative as the weight of wireless gear, signalling 
lamps and yards increases. 

The propelling machinery consists of two independent 
turbines arranged in a common engine room, of which 
the roomy starting platform is shown in Fig. 8, above. 
Steam is supplied by three water-tube boilers of the 
Thornycroft type arranged in two boiler rooms as shown 
in Figs. 2 and 3, Plate VI. The engine-room lay-out is 
shown on the same Plate in Figs. 4 and 5, with cross sec- 
tions in Figs. 6 and 7. Commencing with the boiler 
rooms, reference to the cross section given in Fig. 9, on 
this page, will show that the boilers are of the three- 
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8. STARTING PLATFORM IN ENGINE Room. 
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drum pattern. They are fitted with 10 oil burners in two | decided that saturated steam together with cruising 
tiers, the burners being of the latest Admiralty pattern. | turbines was the most satisfactory arrangement for 
The total heating surface of the three boilers is 25,600! the conditions of service. The forward boiler is 
sq. ft., and the working pressure is 300 lb. per square | situated in a boiler room extending aft from frame 
inch, There are no superheaters, it having been |58 to frame 71, the uptake being carried above th¢ 
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main deck to clear the bulkhead between the two 
rooms, the after one of which, extending from frame 
71 to frame 94, houses two boilers. Boilers Nos. 1 and 2 
share the forward funnel. 

It will be clear from the several figures that the 
closed-stokehold system of forced draught is used, 
there being six turbo-fans set at an angle as shown in 
Fig. 9, and driven by geared turbines. Other auxiliaries 
situated in the boiler rooms include six main feed pumps, 
four auxiliary feed pumps, and three oil-fuel pumps, 
all supplied by Messrs. G. & J. Weir, Limited, Glasgow. 
There are three main feed heaters which are capable 
of dealing with the whole of the auxiliary exhaust 
at all powers, and a drain cooler for taking the drain 
from the heaters or for use as an auxiliary condenser 
when the ship is in harbour. A small steam-driven 
centrifugal pump supplies circulating water to the 
drain cooler. The auxiliary boiler made by Messrs. 
Thornycroft and provided for steam heating the vessel 
when the climatic conditions are severe, is fitted in the 
starboard wing of the forward boiler room, as will be 
clear from Fig. 10 on this page. 


a good circulation. 








| Some other auxiliaries, not already mentioned, such 





pressure 
Whilst under way, | low-pressure turbine, both these turbines driving 
heating steam is supplied from the main boilers. The | pinions on opposite sides of the shaft gear wheel. The 
heating bo ler is fired with crude oil by special burners, | gear is single reduction with double-helical teeth. 
and has also a vacuum and circulating pump toensure| At full power the high-pressure turbine runs at 
Automatic devices are fitted for | 3,100 
regulating the temperature and oil and water supplies. | 2,100 r.p.m., the propeller shaft running at 375 r.p.m. 
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as the oil-fuel heaters, hand pump for lighting-up, 
&ec., can be made out in this and other figures. 

The main turbines, as already stated, consist of two 
independent units. The total horse-power developed 
on the official trials of the Skeena was about 34,500, 
but at this power the vessel was exceeding the guaran- 
teed speed; thus, on the measured mile a little over 
36 knots was reached, with 354 knots as the average of 
a six hours’ trial. As the machinery was not forced 
in any way, and it is stated that these results can be 
readily repeated on service, it may be taken that 
34,500 h.p. is the full power output. At this load the 
air pressure in the boiler rooms was 3 in. of water, and 
the fuel-oil consumption worked out to 0-85 lb. per 
shaft horse-power hour. The latter, considering the 
high rate of working and the fact that no superheat is 
employed, may be considered good. Each turbine, 
as will be seen from Fig. 5, consists of a high-pressure 
cruising turbine geared to the shaft of the main high- 
turbine, which is arranged parallel to the 


and the low-pressure turbine at 


The cruising turbines, which have two impulse wheels, 
can be disconnected when not required, and are 
designed to produce up to about 4,000 shaft horse- 
power each. They may, however, if inadvertently left 
in gear when the main turbines are running, be safely 
run at the full-power speed. The high-pressure 
turbines consist of two impulse wheels followed by 
three reaction stages. The low-pressure ahead turbine 
is of the Parsons double-flow reaction type. The astern 
turbine is incorporated in the low-pressure casing, 
and is of the impulse-reaction type. 

The condensers, as will be seen in Figs. 4 and 6, are 
underslung from the low-pressure turbine casing; the 
tubes, which are of cupro-nickel, can be withdrawn in 
the space under the starting platform. The total cool- 
ing surface of both condensers is 12,000 sq. ft. The 
inlet and outlet connections with the hull are, as will 
be clear from Fig. 4, to some extent streamlined, and 
the outlets are situated near the centre line of the 
vessel in the positions shown in Fig. 7, while the inlets 
are more in the wings, as shown in Fig. 11. This 
arrangement has rather a remarkable effect on the 
water circulation, since the full vacuum can be main- 
tained by means of the natural flow of water as the 
vessel moves, without using the circulating pumps at all. 
This effect can be obtained with all powers up to 20,000 
shaft horse-power, i.e., for nearly 60 per cent. of the full 
power. The vacuum at full power is 28} in. of water 
and is easily maintained. The circulating pumps are 
of the turbo type driven by geared turbines. They, 
and also the boiler-room fans and the two 40-kw. turbo- 
electric generating sets in the wings at the after part of 
the engine-room, were supplied by Messrs. W. H. Allen, 
Sons and Company, Limited, Bedford. The air pumps, 
two in number, are situated in the centre of the ship, 
immediately aft of the circulating-water outlet. They 
are of the Paragon type, supplied by Messrs. G. and J. 
Weir, Limited, who are also responsible for the three 
lubricating-oil pumps seen near the forward engine- 
room bulkhead. 

Other important auxiliaries in the engine-room 
include a 40-ton evaporating plant by Messrs. Caird 
and Rayner, 777, Commercial-road, London, E.14. 
This is situated on the forward side of the aft engine- 
room bulkhead, and is seen, in part, in Fig. 12 and also 
in Fig. 5, Plate VI. There is also a fire and bilge pump, 
by Messrs. A. G. Mumford, Limited, Colchester, an 
electro-hydraulic steering-gear plant by Messrs. Brown 
Brothers and Company, Limited, Edinburgh, and two 
air-compressor sets by Messrs. Brotherhood. 

Electric current for harbour use is supplied from two 
20-kw. petrol-driven generating sets by Messrs. Parsons 
Oil Engine Company, Limited, Southampton. Other 
auxiliaries can be. identified in the several figures of 
the engine and boiler rooms. It may be said that the 
engine-room is not only well arranged, so that the 
whole of the machinery is very accessible, but is also 
well lighted naturally by side-lights. The first of 
these two points also applies to the boiler rooms, the 
whole of the propelling machinery forming an excellent 
example of modern warship layout. In conclusion, 
we would express the opinion that, in the Saguenay and 
the Skeena, the Canadian Government has been supplied 
by Messrs. Thornycroft with two outstanding craft, 
and both it and the builders are to be congratulated on 
the results attained. 





LAUNCHES AND TRIAL TRIPS. 

‘* Hitary ”’ Single-Screw passenger and cargo steamer. 
Triple-expansion engines with Bauer-Wach turbine. 
Trial trip recently. Main dimensions: 420 ft. long, 
by 56 ft. broad, by 37 ft. deep. Built by Messrs. 
Cammell, Laird and Company, Limited, Birkenhead, 
for the Booth Steamship Company, Liverpool. 

Steet Harsour Licuter. Launch, July 31. Main 
dimensions: 75 ft. by 20 ft. by 9 ft. 6in. Constructed 
by Messrs. Richard Dunston, Limited, Thorne, Yorkshire, 
for Hull owners. 








Horwicu Rarway Mecuanics’ Instirute.—One of 
the two Whitworth Senior Scholarships has been won by 
Mr. J. L. Thomson, B.Sc. (Hons,), the Science Master at 
the Horwich Railway Mechanics’ Institute Technical 
College and Junior Technical School. 

British STANDARD SPECIFICATION FOR MAINS SuPPLY 
Apparatus. A specification of interest to manufacturers 
and users of battery eliminators, trickle chargers, mains 
operated wireless sets and radio gramophones has 
recently been issued by the British Engineering Standards 
Association. This specification, No. 415-1931, applies 
to devices intended for supplying current at pressures not 
exceeding 500 volts to apparatus employing thermionic 
valves for wireless or acoustic reproduction, &c., where 
the energy is derived from alternating current mains. 
The specification, after explaining its scope, gives defini- 
tions and deals with electrical characteristics, marking, 
design and construction, flexible cords and cables, the 
measurement of “hum” and the definition of quality. 
The question of voltage regulation is also dealt with. 
Copies of the specification can be obtained from the 
Publications Department of the British Engineering 
Standards Association, 28, Victoria-street, London, 





r.p.m., 


S.W.1, price 2s, 2d., post free. 
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METRE - GAUGE RAIL COACH 
CHASSIS FOR*, THE ARGENTINE 
TRANSANDINE RAILWAY. 


Tue Argentine Transandine Railway runs from 
Mendoza, where connection is made with the system 
of the Buenos Aires and Pacific Railway, through the 
foot hills of the Andes and thence under Aconagua to 
the Chilean frontier. The dividing line between the 
two countries is actually crossed in a tunnel, 3,165 m. 
long, of which 1,782 m. are on the Argentine side. 
Parts of this line are worked on the rack principle, and 
the international traffic is naturally small, but at certain 
times of the year there is some movement of tourists 
from Mendoza into the mountains and back. To deal 
with this conveniently, the railway company are propos- 
ing to employ two rail coaches, each of which will have 
a seating accommodation for 26 passengers, and will also 
be provided with a driver’s compartment at both 
ends and a luggage locker at one end. The chassis of 
these vehicles have been built by Messrs. Hardy 
Motors Limited, Slough, and they are equipped with 
petrol engines manufactured by Messrs. Associated 
Equipment Company, Limited, Southall. The bodies, 
however, will be added in South America. 

The arrangement of these chassis, which will be used 
on a metre-gauge railway, will be clear from the plan 
given in Fig. 2, while their general appearance will 
be gathered from Fig. 1. The frame, which is 31 ft. 
9 in. long, with a wheelbase of 14 ft. 6 in., is made of 
carbon steel, of uniform depth to give the required 
degree of rigidity. The cross-members of this frame 
are 12 in. deep by 3 in. wide, and are riveted to the 
longitudinal members, the latter being of channel 
section with closed box ends. The end cross members 
carry the buffer beams which are attached by gussets, 
and to them automatic couplers of the Henricot type 
are fixed. The frame as a whole is carried on four 





springs which are 5 ft. long by 3}in. wide. The engine, 
which is mounted at one end of the chassis, as shown in | 
Fig 2, is of the six-cylinder type and is capable of | 
developing 56 brake horse-power and 110 brake horse- | 
power when running at speeds of 1,000 r.p.m. and 2,500 | 
r.p.m., respectively. The cylinder bore is 110 mm., | 
and the stroke 130 mm., and the crankshaft is carried | 
in seven 2}-in. bearings. The fuel is supplied through | 


a Solex carburettor from a 45-gallon tank, the supply | 
being on the Autovac system ; all the main and big-end 
bearings are forced lubricated. The air passes through | diameter on the tread, are also pressed on to the axle. | 
a suitable filter, and the fan is positively driven by 
Cooling is effected by two Still tube radiators 


chain. 
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which are mounted one at each end of the chassis! ratio is 5-3 to 1, giving overall ratios of 23-6 to 1, 


and through which the water is forced in series by a 
centrifugal pump. The connections between the 
radiators and the engine are made by 2-in. pipes, and a 
reserve supply is available from a 45-gallon tank 
which is carried on one side near the centre of the 
chassis, and is fitted with a three-way cock, so that the 
water may be by-passed through it when desired. To 
assist in cooling, scoops are mounted below the frame 
to deflect air up to the radiators, behind which suitable 
cowls are fitted. 


14-4 to 1, 8-5 to 1 and 5:3 to 1 on first, second, third 
/and fourth speed, respectively. The propeller shafts 
are of the Hardy-Spicer type, and are fitted with fully 
| enclosed joints. 
| As will already have been gathered, all the controls 
| are duplicated, and, as will be seen from the illustra- 
| tions, symmetrical sets of equipment are mounted at 
/each end of the vehicle. At the end of the vehicle 
|at which the engine is mounted, the gear changing is 
effected by a lever which is connected to the change 


The power from the engine is transmitted through a | speed-box. This shaft is extended through the gear-box 


clutch and gear-box forming a unit with the engine. | to the other end of the vehicle. 


The connection is 


The clutch itself is 16 in. in diameter and has a total | made by large-diameter light-gauge piping, which is 
wearing surface of 380 sq. in., while the gear-box is of the | fitted with universal joints at appropriate points. 
four-speed type, and is equipped with ground gears and | Reversal can also be effected from both ends by levers, 


shafts. 


wheels have been made exceptionally wide, while the | in the centre of the vehicle. 
The gear ratios obtainable | 


shafts are of large diameter. 
from this box are 4:37 to 1, 2:69 to 1, 1-59 to 1, and 
direct on first, second, third and fourth speeds, 
respectively. As will be clear from Fig. 2, the drive is 


taken from this gear-box to a second box, which is | 


mounted in the centre of the chassis and then in both 
directions to the two axles. In the subsidiary box, 


power is transmitted from the driving to the driven | 


shaft either through a pair of gears or through a train 
of three gears, depending on whether it is desired to run 
the coach in one direction or the other. To ensure 


silent operation all the gears in this box are 3} in. | 
| this column, the sanding gear being of the Westinghouse 


wide, and are mounted on ball or roller bearings. It 


may be pointed out that this gearbox is of the constant- | 


mesh type, ‘engagement being effected by means of a 


sliding dog. The box is connected to each axle through | 


a shaft and a pair of spiral bevels, the latter being, in 
turn, connected to a countershaft which drives the 
main axle through double-helical gearing. This 
arrangement has been adopted so that any wearing 
parts can easily be replaced without removing the 
wheels. The bevel gears and countershaft are carried 
on adjustable ball and roller bearings in a cast-steel 


To increase reliability in operation, the gear| which are connected by rods to the subsidiary box 


The clutch and engine 
controls follow the usual practice, the controls being 
| brought to both driving platforms. 

All the wheels are braked by cast-iron shoes, which 
are operated by compressed air by a 6-in. by 8-in. 
brake cylinder. The compressed air for this purpose is 
| obtained from a compressor which is driven direct 
| from the engine and supplies two 12-in. by 47-in. air 
reservoirs. The brakes can also be operated by hand 
from a screw-down wheel at each end of the vehicle, 
| the column of which carries a valve for controlling the 
|air supply for braking. The whistle and handle for 
controlling the sanding valves are also mounted on 


type and controlling the supply from sand boxes to 
all four wheels. The electrical equipment includes a 
dynamo, which is driven directly from the engine and 
provides current for lighting, and also a self-starter. 








WELDING AND CUTTING ON RAILWAYS AND TRAMWAYS. 
—Owing to the success which attended a competition 
for welders promoted by the Institution of Welding 


| Engineers last year, the Institution has decided to ofier 


casing, which is mounted on the axle by large diameter | 


roller bearings. The torque between this casing and 
the frame is taken up by ball-jointed tubular torque 
rods. The final double-helical gear is pressed and 
keyed on to the axle, the maximum diameter of which 
is 63 in. The rail wheels, which have cast-steel 


| centres and rolled-steel tyres, and are 2 ft. 6 in. in| 


The axle-boxes, which are outside the wheels, are fitted 
with Timken roller bearings. The final transmission 


a gold medal and a prize of ten guineas in a second 
competition for the best paper by a working welder 
on the subject of ‘‘ Welding and Cutting on Railways 
and Tramways.” The competition is open to operative 
welders, whether members of the Institution or not, 


| resident in the British Empire, and all entries must be 


| 
| 





received at the office of the Institution not later than 
October 31, 1931. Further particulars can be obtained 
from the Secretary, The Institution of Welding Engineers, 
30, Red Lion-square, London, W.C.1, from whom 
bound copies of the 1930 competition papers which 
received awards or honourable mention can also be 
obtained, price 3s. 9d., post free. 
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LABOUR NOTES. 


Unper an award of a National Conciliation Board, 
new wage rates and working conditions affecting nearly 
100 co-operative retail societies in the north-eastern 
area came into force on Monday. The wages of 
adult general workers are reduced by 24 per cent., 
and those of junior workers by 5 per cent. Dairy 
workers are given established rates, which are con- 
siderably higher than Trade Board rates, and two days 
additional holidays with pay are conceded to the 
workers generally. 





It is stated that a deputation representing the 
workers in Woolwich Arsenal and the Government 
arms factory at Enfield is to visit the War Office on 
August 17, for the purpose of protesting against 
proposed changes in wage rates affecting over 6,000 men. 
The proposals to which exception is taken appear to 
be those embodied in the agreement recently arrived 
at by the Engineering and Allied Employers’ National 
Federation and the engineering trade unions, and the 
claim of those who are organising the deputation is 
understood to be that they ought not to be extended 
to Government factories. It will not be easy to 
convince the War Office that its ordnance factories 
ought to bear higher labour costs than private engineer- 
ing establishments, especially in view of the Economy 
Committee’s recommendations. 





A settlement has been reached on the matters regard- 
ing wagesin dispute between the National Light Castings 
Ironfounders’ Federation and the trade unions having 
members employed in the industry. Under the agree- 
ment, the bonus of pieceworkers is reduced by 2s. 6d. 
per week, the bonus of time-workers other than 
labourers by 1s. 6d. per week, and the bonus of labourers 
by ls. per week. Proportionate reductions are made 
in the bonus of youths under 21 years of age. About 
12,000 workers are covered by the new agreement, 
which is to come into force on August 31. 





The Cotton Spinners and Manufacturers’ Association 
have invited the Weavers’ Amalgamation to meet them 
in joint conference at an early date for the purpose of 
considering anew the more-looms-per-weaver question. 
The employers’ recommendations include, it is under- 
stood, a minimum wage for weavers based on four- 
loom figures, the adoption of mechanical attachments 
where necessary, the provision of extra labour for 
cleaning and carrying, and a slowing down of looms. 
It is assumed in Manchester that at its meeting to- 
morrow the general council of the Weavers’ Amalgama- 
tion will give its central committee power to re-open 
negotiations with the employers. 





The International Management Institute, at its 
annual conference in Geneva, last month, appears to 
have gone exhaustively into the question of rationalisa- 
tion. According to one of its conclusions, rationalisa- 
tion is both a working tool and a method. In so far 
as it is a working tool it can be abused, by its use in 
the control of undertakings, without consideration of 
the justice of the measures taken or of the human re- 
actions to which they give rise, or by developments 
governed by impulse rather than by reason. But 
rationalisation, it is declared, cannot be held responsible 
for mistakes made in its application. In so far as it 
is a method it forces those who wish to employ it to 
study the facts objectively and seriously ; it shows them 
the necessity of collaboration, a collaboration which 
can only be realised through precise information and 
loyal action. In the long run its influence on the 
spirit of the undertakings to which it is applied must 
necessarily be beneficial. All who seek for a rational 
organisation of their own businesses should pay, as did 
Taylor himself, the closest attention to the social conse- 
quences of the measures which they adopt, with par- 
ticular reference to the moral and physical conditions 
of their factories, fair treatment of their workers, the 
prosperity of those who are dependent on them, and 
provision for and use of leisure. 





The conference recommended that international 
agreements, “* which are the ultimate form of rationalisa- 
on,” either within trades or between nations, should 
make provision for the maintenance under a system of 
quotas or licences, which are less objectionable than the 
constant increase of customs duties, of elements in pro- 
duction regarded as indispensable to national economic 
balance, even in cases where they may not be organised 
to the maximum efficiency. Here, too, it was added, 
Tationalisation, by indicating the most varied and the 
Most elastic forms for the organisation of interests, 
should provide its own remedy for the inconveniences to 
Which it gives rise, and offer most fruitful means of 
defence, collaboration and development. 


The resolution adopted by the conference was in 
the following terms :—-‘‘ Re-affirming the definition 
of rationalisation given by the World Economic 
Conference in 1927, declaring that rationalisation 
cannot of itself work miracles and is of value only in 
proportion to the quality and judgment of those who 
seek to apply it, and recognising that rationalisation is 
not an invention or a new device which can be adopted 
or neglected at choice, but is the formulation in logical 
terms of a natural tendency towards progress as 
ancient and imperishable as human economy itself, 
this conference declares that it is wholly incorrect to 
impute to rationalisation a situation arising, either 
from faults in its application, or from failure to apply 
it, or finally, from causes which have nothing to do 
with its conceptions at all, emphasises that in the most 
varied aspects of economic and social life it has resulted 
in remarkable progress, and directs the International 
Management Institute at Geneva to continue with the 
utmost energy its efforts to popularise a better under- 
standing and a more effective application of rationalisa- 
tion principles, and to encourage the organisation of 
groups for research in business problems and for the 
exchange of experience.” 


At a recent congress in Rome of the Italian National 
Fascist Union of Engineers, the Council proposed that 
the Union should become an organ of the State, and 
comprise all Italian engineers, including those in the 
civil or military service of the State, so as to do away 
with the water-tight compartments which at present 
made it difficult to maintain contact between the 
various branches, thus hampering technical progress 
and leading to a waste of labour. The Union should 
be divided into three sections, namely, a trade union 
section, a technical section and a scientific section. These 
sections should comprise all the members registered, 
since every member should be actively interested in 
one or other of these questions. Only persons whose 
names were entered in the professional register should 
be authorised to practise the profession. Engineers 
should be allowed to take part, in accordance with their 
qualifications, in the work of technical bodies of a 
semi-official or public nature. They should be pro- 
tected in the same way as manual workers by giving 
to professional rates of pay approved by the Ministries 
of Justice and of Public Works the validity of a collec- 
tive contract of employment, covering, among other 
things, the making of surveys arising out of litigation. 
Finally, provident funds should be established for 
registered members of the Union corresponding with 
those for notaries and journalists. 





The Council further considered that the scale of 
court dues no longer corresponded with the present 
purchasing power of the lira, and therefore proposed 
not only that the national scale at present under 
consideration should be applied to the making of sur- 
veys for the courts, but also that the procedure applied 
to barristers, in regard to the levying of percentages, 
should be extended to engineers. On the question 
of technical education, they urged that curricula should 
be adjusted to practical needs and the requirements of 
modern economic and administrative practice. Resolu- 
tions embodying these proposals were adopted for 
submission to the Head of the Government. 





Mr.-W. L. Hichens, the chairman of Messrs. Cammell 
Laird and Company, Limited, contributes an interest- 
ing article on ‘“‘ The British Readjustment Problem ” 
to the Monthly Review of Lloyd’s Bank. In the course 
of it he says that to choose deflation instead of inflation, 
as a way out, as Britain had done, was doubtless the 
most honourable and the most statesmanlike course to 
follow, provided the policy was carried out consistently. 
But it was not enough merely to restore the gold stan- 
dard. In order that deflation should be a reality, 
two other things were necessary. One was to secure a 
drastic reduction of the National Debt and of public 
expenditure; the other to bring down industrial 
costs to a level which was competitive with that of our 
inflationist rivals. These two essential points, however, 
have been consistently ignored by successive Govern- 
ments who have done nothing to restore the real 
solvency of the country. In Mr. Hichen’s opinion, the 
time has come when we must either face the painful 
realities of deflation or abandon ourselves to the 
tempestuous seas of inflation. Equilibrium must 
somehow be restored, and if it is not achieved by the 
former method, the latter becomes inevitable. 





Whatever sacrifice is called for should, Mr. Hichens 
proceeds, press equally on all sections of the community. 
It is both unjust and useless to suggest a reduction in 
the wages and salaries of the big exporting industries, 
because wages there are already low in comparison 
with the public services and the sheltered industries, 








and because the cumulative effect of an all-round 


reduction, which should be of the order of 10 per cent., is 
necessary if our export industries are to compete 
successfully against their Continental rivals. More- 
over, it is reasonable that some part of the burden 
involved in deflation should be borne by those who 
enjoy an income from investments. Another feature of 
the programme must be that both the national expen- 
diture and that of local authorities shall be drastically 
curtailed. Finally, the reorganisation or rationalisation 
of our great basic industries must be regarded as an 
essential part of any economic reconstruction pro- 
gramme. 





According to news from Moscow, 270 new industrial 
units were to have been completed and ready for 
operation by the middle of July. The Supreme Council 
of National Economy announce that 183 have actually 
been completed, including 12 iron and steel plants, 
nine electrical plants, six non-ferrous metal plants, 
and five coal mines. 





The French Chamber of Deputies has passed a Bill 
establishing a statutory annual holiday with pay 
for workers. In view of this, Industrial and Labour 
Information deems it desirable to indicate in its latest 
issue where the International Labour Organisation 
stands in relation to the question. The right of all 
workers, or of certain classes of workers, to holidays, 
without loss of wages, has been widely recognised in 
recent years, it states, both by national legislation and 
by collective agreements, thanks mainly to the increas- 
ing realisation that the strain imposed on the worker 
by modern methods of production necessitates a 
periodical release from labour during a week or more for 
purposes of rest and recuperation. Two examples may 
be mentioned. In Italy, the right to holidays is 
guaranteed by a special clause in the Labour Charter ; 
in Germany, according to official statistics, nearly 98 
per cent. of the 12,000,000 workers covered by collec- 
tive agreements are entitled to holidays. The right, 
however, is not yet general in all countries, nor is its 
exercise governed by uniform or even equivalent 
conditions. As a result, demands are repeatedly made 
by organisations of workers, manual and non-manual, 
that an effort should be made to deal with the question 
on an international scale, and these demands have 
received the support of a number of governments. 





The subject was brought to the attention of the 
International Labour Conference so long ago as the 
First Session, in Washington in 1919, when a resolution 
was submitted by the Swedish Government in favour 
of the consideration of the matter by the next session, 
in view of the fact that it was “essential, for the 
physical as well as for the psychical health of employees, 
that they should enjoy, each year, a certain period of 
absolute rest.”” The question was raised in the Govern- 
ing Body of the Office ia 1920, in 1923 and in 1924. It 
was provisionally selected for the agenda of the Con- 
ference in 1927, but gave place later to other questions. 
In 1929 it was once more taken up in the Governing 
Body, and in the following year the Conference adopted 
by 84 votes to 21 a resolution presented by the Polish 
Governmert in which the Governing Body was re- 
quested to consider the possibility of placing the ques- 
tion on the agenda of an early session of the Conference. 





In accordance with this decision, the Governing Body 
instructed the Office last October to draw up a report 
on the existing law and practice with regard to annual 
holidays, with a view to the possible inclusion of the 
subject in the agenda of the Conference for 1932. In 
January last, however, the Governing Body decided 
to give priority to another item, namely, invalidity, 
old-age and widows’ and orphans’ insurance, and the 
question of holidays was therefore once more deferred. 
In view of the spread of the practice of granting paid 
holidays, the subject may, nevertheless, be expected to 
receive further consideration in the near future. 


By a majority of over 13,000 votes, the Scottish 
miners have accepted the new terms negotiated by 
their representatives with the Scottish coal-owners. 
Under agreement, the present minimum wage of 
8s. 43d. will be reduced by 43d. for a working shift of 
74 hours in conformity with the Coal Mines Act. The 
new scale represents 100 per cent. over the 1888 basis, 
making the standard minimum rates in Scotland 83s. 
for a 74 hours day shift. Under the former agreement 
the rate was 110 per cent. over the 1888 basis, repre- 
senting 8s. 43d. for a working shift of eight hours. 








SHEFFIELD UNIVERSITY.—The Council of the University 
of Sheffield have decided to appoint a Professor of 
Electrical Engineering. It is hoped to make the appoint- 
ment in time for the Professor to take up his duties in 
the early part of 1932. 




















































































































































166 


ENGINEERING. 





[AUG. 7, 1931. 











SHUTTER-WEIR 


MESSRS. 


CONSTRUCTED BY 





SEINE 





ON THE UPPER 








MASCHINENFABRIK AUGSBURG-NURNBERG A-G., 














(2668.4) a 


SHUTTER-WEIR ON THE UPPER 
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EXTENSIVE river-regulation works are now in pro- 
gress on the Upper Seine between Paris and Montereau. 
Included amongst these has been the replacement of an 
existing needle weir at Vives-Eaux by a shutter weir 
of an improved type, due to M. Aubert, Ingénieur des 
Ponts et Chaussées, Paris. Shutter weirs seem to 
have originated in the United States, but during the 
nineteenth century were extensively used on French 
rivers. As there built, the type suffered from the 
drawback that adjustment was slow, and owing to the 
fact that a crew of from 8 to 12 were required, was some- 
what costly, and at times not without danger. These 
objections no longer apply to the new type adopted 
at Vives-Eaux. The shutters here are manipulated 


wholly by power, and only one attendant is required. | 
The new weir, of which an elevation is given in| 
Fig. 1, is divided into two parts, one of which, having | 


a total width of 46-5 m., serves as the navigable pass, 
whilst the other, to be used as a simple overfall weir, 
is 64-5 m. in width. The discharge over this can be 
varied by adjusting the shutters, thus providing the 
means for regulating the up-stream water level. 

There is also, as shown in Fig. 1, a lock situated on 
the right-hand side of the navigable pass. This lock 


is used in times of low water, both by up-stream and | 
down-stream traffic, but in times of flood the shutters | 


in the navigable pass are laid flat on small oak-capped 


pedestals erected on a sill constructed across the river 
bed, and can then be passed over freely by the down- | 


stream traffic. The shutters, shown in Fig. 2, and in 
Fig. 5, on page 170, are each 5-20 m. high by 1-50 m. 
wide. They are built up of steel plates and sections, 
and are pivoted at mid-height to a stiff steel strut, the 
foot of which can engage with any one of three notches 
in asteel casting, which is secured firmly to the concrete 
of the sill. By shifting the foot of the strut from one 
to the other of the three notches, the effective height of 
the weir can be varied, as will be clear from Fig. 4, 
on the opposite page. 
shutter with its supporting strut being above the centre 
of water pressure, there is always a definite force pres- 


sing the lower edge of the shutter against a cylindrical | 


stop bar secured to the sill, with which it makes a 
nearly tight joint. On the other hand, the shutter is 
free to rotate in the other direction under the pressure 
of an ice floe or of any heavy wreckage carried down 
by a flood. 
the weir was charged by a heavy barge, and suffered 
no injury, the gates simply tilting out of the way. 
The vertical joint between successive shutters is made 
good by a flexible metal flap. 

The handling gear is illustrated in Figs. 2 and 3, 
on this and the oppostie page. It consists essentially 
of a couple of jointed levers, much resembling a human 
arm. The hand of the latter is replaced by a hook, 


which engages with a round bar provided for this | 
purpose at the top of each shutter. In Fig. 2, this hook | 
is shown thus engaged with a shutter, which is lying | 


flat on the sill at the bottom of the navigable pass. 
By hauling in the chain shown, the shutter can be lifted 
up until the foot of its strut engages with one or 
other of the notches on the bottom casting. 

To lower the shutter, the procedure consists in first 
raising it still more, until the foot of the strut comes 
clear of the notch bar. If the shutter is now lowered 
the foot of this strut is guided by a suitable chamfer 
into the side groove. This is, perhaps, best shown in 


The point of engagement of the | 


In fact, during the progress of the works | 
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Fig. 4, which is reproduced from the photograph of a 
|model. Along this side groove. the foot is guided clear 
‘of the notch bar, and the shutter can thus be lowered 
| flat, as shown by the dotted lines in Fig. 5, on page 170. 
On again raising the shutter, the strut is guided so as 

to straddle the notch bar anew. A view of the weir 
| taken from the up-stream side is reproduced in Fig. 6, 
on page 170, and one from the down-stream side in 
| Fig. 7. In this, the pedestals on which the shutters 
| rest when laid flat are clearly visible. 
As shown in Figs. 3 and 8, a bridge has been con- 
| structed across the whole width of the river to support 
| the runways for the operating cabins. The two main 
| girders are spaced 10-3 m. apart and are braced 
| together at the top. There are two spans of 68-64 m. 
and 51-76 m., respectively, and, as shown in Fig. 8, a 
| footway is bracketed out on the down-stream side of 
| the bridge. Timber false-work was used to support 
the metal during erection. The piers are constructed 
|so that the cabins can pass through them. 

There are’ two of these operating cabins. Each is 
| equipped with a 5-ton and a 3-ton motor-driven winch 
jand with tackle for manipulating the hoisting arm, and 
| for lifting and transporting the gates when repairs are 
required. To facilitate these, a permanent cofferdam 
is provided, which is long enough to cover four or five 
shutters. This can be lifted into place by the winches 
| so that it abuts at each end on the weir. This done, the 
| intermediate shutters can be laid dry and, if necessary, 
| raised and transported to a barge in the lock, being 
| then replaced by spare gates, of which a number are 
| held in reserve. The traversing of the cabins is under 
| the direct control of the operator, and guide marks 
| are provided to enable him to stop in the exact positions 
| required, whilst to facilitate night work the cabin is 

equipped with a searchlight. 
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The foundations were put in by means of, steel pile 
cofferdams, the work being carried out in two sec- 
tions. Good limestone rock was found at no great 
depth. The regulating weir and the adjacent land pier 
were first built. When these were completed, the 
shutters for the regulating weir were laid flat on the 
sill, and the cofferdam being removed, they were 
submerged by the water retained by the existing 
needle weir down stream. The work on the navigable 
pass was then proceeded with, and when this was 
finished it was found that the shutters of the regulating 
weir were covered to a depth of more than half a 
metre by mud. No difficulty was, however, found in 
raising them, and, thanks to the flexible flaps between 
adjacent shutters, little or no deposit had got through on 
to the sill. 

Work is now in progress at Surésnes on a still larger 
weir of the same type. This will provide a navigable 
pass 72-42 m. wide in the clear. The shutters will be 
7:20 m. high and 2-13 m. wide. In this case, it has 
been found possible to replace by structural iron work 
many of the parts for which steel castings were used 
at Vives-Eaux. The system is claimed to be of special 
value in cases where the width of the channel is great, 
but only a comparatively low dam is required, a con- 
dition of frequent occurrence in canalisation schemes. 
The limit of height now considered practicable is 
between 8 metres and 9 metres. With such a height, 
however, the width of weir should not be less than 
120 metres, in order that the plant may be an econo- 
mical proposition, in view of the cost of the cabins. 

The contract for the works at Vives-Eaux was let 
to Messrs. Maschinenfabrik Augsburg-Nurnberg AG., 
to whose London agents, Messrs. John le Boutillier, 
Limited, 13, Rood-lane, E.C.3, we are indebted for 
the information on which our description is based. 
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TRIALS OF THE EXHAUST STEAM 
TURBINE OF THE S.S. ‘*KINGS- 
WOOD.” 


In our issue of February 6 last, on page 171, we 
described the exhaust steam turbine fitted to the S.S. 
Kingswood by Messrs. The Parsons Marine Steam Tur- 
bine Company, Limited, Turbinia Works, Wallsend-on- 
Tyne. This boat, which is owned and operated by 
Messrs. The Joseph Constantine Steamship Line, 
Limited, of Middlesbrough, has now been in service 


TRIALS OF THE S.S. KINGSWOOD, WITH AND 


TRAVELLING HANDLING GEAR. 


Fia. 4. 


sumption the power would be increased by at least 
20 per cent., or from the original 1,750 to 2,100 
ih.p. Very careful and exhaustive trials have now 
been made, with the result that this guarantee has 
been very materially improved upon. 

The figures recorded in these trials are tabulated 
below. 

It will thus be seen that in the light draught trials 
Nos. 1 and 2 the gain in shaft horse-power was 30-16 
per cent., the corresponding figure for the loaded trials 
Nos. 3 and 4 being 26-07 per cent. 





WITHOUT ExHaAuST STEAM TURBINE IN USE. 





Trial No. a aw Fe iu we ae nal 1 


2 | 3 | 4 





Date .. 


| 
=i 
Condition of Turbine Me a a ne ° | 





April 22, 1931 


- ssnidpsibieliaas = —- 
April 23, 1931 June 16-17, 1931 | May 6, 1931 























| 





Nature of trial Progressive | — Progressive Voyage Montreal- | Progressive trial 
Oran off Swansea. 
Disconnected | In use Before addition In use. 
| of turbine 
Draug . | Forward 8 ft. 2in. | ) ~— ‘ . 
aught of ship = Se “ia ee ne { |" Aft, 16ft. 5in. | f Loaded Loaded 
Speed of crankshaft ere ee r.p.m. | 66-27 72-55 62-6 67-40 
Shaft horse-power developed 1,598 | 2,080 1,603 2,021 
Water consumption— *y | i a cmt 
Main engines Ib. per hour) 20,820 20,400 | 20,250 19,590 
Auxiliaries See 1,860 | 2,280 | 1,610 2,270 
Total | 22,680 22,680 | 21,860 | 21,860 
Water-rate per shaft horse-power hour— | 
lk. | a. i re Ib.| 13-028 9-807 | 12-624 | . 9-698 
Auxiliaries Re oa os “ Pie Pea 1-164 1-097 | 1-004 1-123 
Total .. 14-192 10-904 13-628 | 10-821 
| | 





in the North Atlantic trade since the beginning of May 
last, during which period she has experienced very 
heavy weather, but the ship’s engineers report that the 
machinery has given entire satisfaction throughout, 
not t he slightest trouble having been experienced. 

The original machinery of the vessel consisted of 
triple-expansion engines developing 1,750 i.h.p. They 
were built in 1929, and were of a highly economical 
type, designed for working with superheated steam. 
In proposing the addition of an exhaust steam turbine, 
Messrs. Parsons Marine Steam Turbine Company, 
guaranteed that with the same total steam con- 





The coupling between the turbine shaft and the 
crankshaft is effected by means of reduction gearing, 
incorporated with which is a spring-loaded multiple- 
plate clutch which effectively prevents the cyclical 
variations in the torque of the reciprocator from being 
transmitted to the turbine rotor. This clutch was 
described in detail in the article already cited, and is 
a further development of the elastic coupling fitted 
more than seven years ago with very satisfactory 
results in the double-reduction gearing of the S.S. 
Menelaus which is owned by Messrs. Alfred Holt and 
Company, of Liverpool. 
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THE BARNSLEY COAL SEAM. 


Tue Physical and Chemical Survey of the Coal Seams 
of Great Britain, which was one of the first items on 
the programme of the Fuel Research Board of the 
Department of Scientific and Industrial Research, 
continues to make steady progress, and has now pub- 
lished its 18th Report,* which deals with the Barnsley 
seam of the South Yorkshire area. This seam produces 
more than half the total output of coal in the area, 
and can be traced over the greater part of the York- 
shire, Nottinghamshire and Derbyshire coalfield. In 
its general structure it resembles the Parkgate seam of 
the same area, consisting mainly of top and bottom 
divisions composed of bright coal, with a central 
division of hard, dull coal. For the purposes of this 
report, it was sampled over an area extending about 
22 miles north and south by about 16 miles east and 
west, samples being taken at 16 points distributed over 
the area, and at depths varying from 50 to 2,850 ft. 
below Ordnance Datum. Each sample consisted of a 
pillar cut from floor to roof, except so far as coal was 
left underground to form the roof, and measured about 
1 ft. in cross-section. These pillars were extracted 
bodily and sent to the laboratory to furnish the material 
for analysis. In addition, thin sections were prepared 
from three pillars to be studied microscopically for the 
distribution of spores, one distinctive type of which 
was found to run through the entire thickness of the 
seam, and another to occur only in the hards, neither 
of them being found in the Parkgate seam. In addi- 
tion to the usual chemical analyses and determinations 
of calorific value, the behaviour of each sample on 
carbonisation in the Gray-King assay apparatus at 
600 deg. C. was also studied, and the softening and 
fusion points of the coal ash were also taken, both in 
an oxidising and in a reducing atmosphere. For each 
column, determinations were made separately for 
average samples of the entire coal and for the hards. 

In many respects the seam is remarkably uniform 
in chemical composition, especially when regard is 


* Fuel Research: Survey Paper No. 18. The York- 
shire, Nottinghamshire, and Derbyshire Coalfield : South 
Yorkshire Area, The Barnsley Seam. H.M. Stationery 
Office, price 2s. net. 
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had to the large area over which the samples were taken, 
but a study of the figures illustrates how, by the side 
of such uniformities, significant variations may be 
found, with important bearings on the properties of 
the deposit. As a whole, the ash content is low, 
averaging something over 3 per cent. for the whole 
area, and the extreme limits of variation lying between 
2-5 per cent. and 4-6 per cent. Both the moisture 
and the volatile matter vary substantially more, the 
range of difference being about 5 per cent. in each 
case; nevertheless, the ultimate analysis shows fairly 
constant figures for carbon, hydrogen and nitrogen, a 
circumstance which illustrates, incidentally, how little 
significance the ultimate analysis may have in defining 
the properties of coal. The sulphur is normally low 
and the phosphorus fairly high, but in the latter element 
the range of variation is as wide as 18 to 1. Another 
marked and important variable is the fusion point of 
the ash, which, in an oxidising atmosphere, may lie 
anywhere between about 1,100 deg. C. and 1,500 deg. C., 
while in a reducing atmosphere the fusion point may 
be as little as 10 deg. C. below that in an oxidising 
atmosphere, or as much as 200 deg. C. below. 

The variations in different parts of the coal are 
reflected in the uses to which they are put. The hards 
are largely used for steam raising, especially for loco- 
motives and for bunkering and export, owing to their 
absence of brittleness and low sulphur, while the bright 
coal is satisfactory for household use and gas making. 
Some seam sections appear only to be weakly caking 
and make inferior coke. It has been observed, how- 
ever, that the small coal produced in working the seam 
is readily oxidised at normal temperatures, and inquiry 
is to be made to ascertain whether the inferior coking 
properties of some sections are inherent in the coal, 
or are due to oxidation of the slack during prolonged 
transport in wagons. The lowness of the sulphur of 
this seam makes it important not to reject it for coke 
making if it can be utilised by modifying its transport 
conditions. Another direction in which it is thought 
possible that the coal might be used to better advantage 
is in the fine dust. An appreciable part of the seam 
consists of fusain, which, in some sections, amounts to 
as much as 3 per cent., and by reason of its friable 
nature it must accumulate in large proportions. Its 
sulphur, moreover, is low, and on carbonisation in the 
assay apparatus it gives only an incoherent powder. 
It seems possible, therefore, that the fine dust from 
this seam, composed, as it must be, largely of fusain, 
may be a satisfactory material for blending with coking 
coal containing an excess of volatile matter. 








CONTRACTS. 


Messrs. Ruston AND HornsBy, Limirep, Lincoln, 
have secured a further order from the Metropolitan Water 
Board for a five-cylinder vertical oil engine for Honour 
Oak Pumping Station. 

Messrs. RicHARD Dunston, Limrrep, Thorne, York- 
shire, have received an order from Grimsby owners for 
a@ cargo steamer, 104 ft. 6 in. long by 20 ft. beam and 
8 ft. draught, for service between Grimsby and Hull. 

Messrs. AvuTOMATIC TELEPHONE MANUFACTURING 
Company, LiMiTED, Strowger Works, Liverpool, have 
installed a 100-line marine type Strowger private auto- 
matic telephone exchange on the British Exhibitor, being 
built by Mesrs. Cammell Laird and Company, Limited, 
Birkenhead. 

Messrs. SvENSKA MASKINVERKEN, of Siédertelje, 
Sweden, have obtained an order from the Canadian 
Government for the installation of their vacuum grain- 
drying plant at the new government elevators at Leth- 
bridge, Alberta. The first plant will have a capacity of 
3,300 sacks a day. The plant will be built under 
licence by the American Ingersoll-Rand Company. 








Evectriciry SupPpLY In SyDNEY.—An examination of 
the Annual Report of the Sydney Electricity Supply 
undertaking for the year 1930 indicates that, for the first 
six months of that period, the department was under 
the control of three Commissioners, while for the second 
six months it was managed by an Electricity Supply 
Committee of the City Council in the way that is familiar 
in this country. No reason, however, is given for this 
important change, though we note that the general 
manager, as for many years past, is still Mr. H. R. 
Forbes Mackay. The year under review was the first 
during which it was unnecessary to take a supply from the 
New South Wales Government, all the energy consumed 
being generated in the Council’s own stations at Bunnerary 
and Pyrouent, though an arrangement has been entered 
into whereby a regular interchange of power between the 
two authorities can be effected when necessary. The 
total electricity generated amounted to 410,721,178 kw.-h. 
or 16,563,122 kw.-h. less than in 1929. Of this total, 
332,949,774 kw.-h. were sold at an average price of 1 -725d. 
per kw.-h., the average cost being 1:77d. This 
anomaly is explained by the fact that the expenditure 
on street lighting maintenance was deducted from the 
total income before the average price was calculated. 
The falling-off in consumption, which was general under 
all headings except that of street lighting, is explained by 
the depression, though, fortunately, it has been possible 
to reduce the working expenses almost in the same 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There are no new features 
in the Cleveland pig-iron trade. | Overseas demand con- 
tinues light and producers still fail to compete successfully 
with dealers in Continental and Indian products, for 
Scottish business and home transactions are almost 
confined to direct sales by makers to consumers. Midland 
iron is arriving here in considerable quantities against 
running contracts, but buying from that quarter appears 
to have ceased. Much of the limited output of Cleveland 
pig continues to be taken up by requirements of makers’ 
own consuming departments. For home _ purposes, 
No. 1 Cleveland is 61s.,; No. 3 g.m.b., 58s. 6d.; No. 4 
foundry, 57s. 6d.; and No. 4 forge, 57s. 
Hematite.—East Coast hematite pig is obtainable on 
comparatively low terms that are unlikely to sink further, 
but buyers are still very backward. Producers are 
hampered by heavy stocks, which are slowly but steadily 
increasing, and the outlook is quite gloomy. A little 
business is still passing with customers in Sheffield and 
in the Midlands, and occasional small export sales are 
reported, but most of the make is consumed at local 
works, Ordinary qualities are 61s. 6d., and No. 1 
hematite is 62s. 
Foreign Ore.--There is no business in foreign ore. 
Consumers are well placed as regards supplies, and are 
off the market. Nominally, best rubio is 14s. 6d. c.i.f. 
Pees. 

Blast-Furnace Coke.—Durham blast-furnace coke con- 
tinues to be plentiful, and is not readily disposed of. 
Local users state that they can readily purchase good 
average qualities at 15s. delivered here, but some sellers 
ask rather more. 

Manufactured Iron and Steel_—In most branches of 
manufactured iron and steel orders are urgently needed. 
Departments producing constructional steel are, however, 
busy. Quotations are: Common iron bars, 10l.; best 
bars, 10/7. 10s.; double best bars, 11/.; treble best 
bars, 11. 10s. ; packing (parallel), 87. ; packing (tapered), 
101. ; steel billets (soft), 5/. 15s. ; steel billets (medium), 
61. 12s. 6d. ; steel billets (hard), 7/. 2s. 6d. ; iron and steel 
rivets, 11/. 5s.; steel ship plates, 8/. 15s.; steel angles, 
8/. 7s. 6d. ; steel joists, 82. 15s.; heavy sections of steel 
rails, 8/. 10s. for parcels of 500 tons and over, and 9. 
for smaller lots; fish plates, 127. 10s.; black sheets 
No. 24 gauge), 8/.; and galvanised corrugated sheets, 
92. 10s. 

Iron and Steel Shipments.—July shipments of iron and 
steel from the Tees totalled only 42,993 tons, comprising 
10,151 tons of pig iron, 3,889 tons of manufactured iron, 
and 28,953 tons of steel, as compared with the June 
total of 51,176 tons, of which 12,038 tons were pig iron, 
7,101 tons manufactured iron, and 32,037 tons steel. 
Once more Scotland was the largest buyer of pig iron, 
taking 3,238 tons; while Denmark accepted 970 tons ; 
Japan, 480 tons; and Belgium, 405 tons. The Union 
of South Africa was the largest purchaser of manufac- 
tured iron, with an import of 296 tons, Southern Rho- 
desia being second with 264 tons. Chief customers for 
steel were: India, 3,735 tons; Portuguese East Africa, 


~ 
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PERSONAL, 


An agreement has beencome to between Messrs, 
Lodge-Cottrell, Limited, Birmingham and London, the 
International Precipitation Company and Research - 
Corporation, in America, and the Lurgi Apparatebau 
Gesellschaft and Siemens-Schuckertwerke, to exchange 
all patents and experience relating to the electrical clean. 
ing of gases and air, and to support each other in bring. 
ing the process up to the highest standard possible. 


Mr. G. i. Taytor, until recently manager of the 
Manchester office (now closed) of Messrs. Wheatley 
Kirk, Price and Company, has commenced business on 
his own account as engineering valuer, arbitrator, c., 
at 16, Albert-square, Manchester. 


Messrs. THE CorRK MANUFACTURING Company, 
LimiteD, of Langite Works, South Chingford, London, 
E.4, announce, in connection with the recent serious 
fire at their works, that the main factory and machinery 
remain unharmed, and that a good stock of Langite 
material was untouched. 

Messrs, THE ENGLISH ELECTRIC CoMPANY LIMITED, 
Kingsway, London, W.C.2, have made arrangements for 
the manufacture at their Stafford works of mercury 
rectifiers under licence from Messrs. Siemens-Schuckert- 
werke A.G., Berlin, 








NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 


The Coal Trade.—In view of the Bank Holiday and 
of the fact that work was suspended in the coalfield for 
three days, and at the docks for two days, business has 
been virtually at a standstill in the past week. Ship- 
ments of coal in the week prior to the holidays were, 
however, on a better scale than has been the case for a 
month, the total of 447,830 tons being 57,000 tons greater 
than in the preceding six days. This was due to the fact 
that clearances from Cardiff were raised from 93,700 tons 
to 108,790 tons, and at Barry from 93,200 tons to 146,480 
tons. Exports from Newport were, however, reduced 
from 79,800 tons to 62,530 tons. Though the French 
limitation of imports scheme is not expected to affect 
the coal traffic between South Wales and France this 
month, in consequence of the concessions gained as a 
result of representations to the French Premier, the 
outlook ahead is anything but encouraging. Under 
the French licensing system, imports are to be limited 
to 80 per cent. of the average quantity for 1928, 1929 
and 1930. As a result of representations it was decided 
that the imports for this month should be equal to 
the average of August in 1928, 1929 and 1930, also that 
balances not shipped in August, provided they were not 
unreasonably large, could be carried into September, 
after which no special concessions will be granted to 
individual countries. The effect of this decision is to 
allow the United Kingdom to send to France about 
100,000 tons more this month than would have been the 
case had the limitation scheme been brought into full 
operation. In the meantime, demand for Welsh coal 
remains exceedingly quiet. Though outputs have been 
substantially reduced by stoppages at the pits, caused 
by lack of trade, supplies of all classes, except dry nuts, 
were abundant. As a result, buyers experienced no 
difficulty in obtaining their requirements on the basis 
of the minimum prices schedule, based on 20s. per ton 
f.o.b. for best large, and 13s. 6d. for best smalls. 

Iron and Stcel.—There was a considerable advance in 
the exports of iron and steel goods in the past week, 
the clearance of 15,705 tons comparing with 8,031 tons 
in the preceding six days. The improvement was 
chiefly due to a jump from 4,122 tons to 10,455 tons in 
the shipment of tinplates and terneplates, while exports of 
blackplates and sheets were also increased from 683 tons 
to 1,894 tons, and of other iron and steel goods from 
393 tons to 1,431 tons. Clearances of galvanised sheets 
were, however, reduced from 2,833 tons to 1,925 tons. 








TESTS ON A 72,000-KV.-A, ALTERNATOR.—On page | of 
our issue of July 4, 1930, we described plant which had 
been installed at the works of Messrs. Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, to enable large alternators to be tested at 
their full line voltage and rated current at zero power 
factor. In this way a close approximation to full-load 
conditions is obtained with an expenditure of energy 
amounting only to a small proportion of the rated 
capacity of the machine. We understand that this plant 
has been recently successfully employed for testing 4 
72,000-kv.-a. unit, and that for this purpose two 22,0()0- 
kv.-a. reactors, each weighing 45 tons, were used to 
load the machine, while the necessary current for excita- 
tion was supplied by two motor-generator sets. The 
alternator itself was driven by a 15,000-kw. machine, 
running as a motor. In this way full-load conditions 
during a six-hour test were obtained for an expenditure 
of less than 50/., while to have secured the data required 
in the normal way would have cost over 1,000. We are 
also informed that while this machine was on the test bed 
it was used for making a series of short-circuit tests on 
oil circuit-breakers. By connecting the machine either 
in star or delta, and by utilising special timing arrange- 
ments, it was possible to make the circuit-breakers 
open within one to two half cycles after the initiation ot 
the short-circuit, and to interrupt currents up to 100,000 
amperes. A nine-element oscillograph, on which the 
current and voltage in all three phases, as well as the 
arc-energy, pressure rise in the circuit-breaker tank, and 
the travel of the breaker cross-bar during the clearing 
of the short circuit were shown, was used in connection 





2,492 tons; and Union of South Africa, 1,735 tons. 


with these tests. 











































































































SSIs, 


» the 


arch - 


ebau 
ange 
lean. 
ring. 


the 
itley 
Ss on 
Xe, 


NY. 
don, 
‘ious 
nery 
igite 


‘ED, 
| for 
ury 
ert- 


a | ae = 


AUG. 7, 193I.] 


ENGINEERING. 


169 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Few firms, either on the engineering 
or steel-making side, have resumed production at the 
pre-holiday rate, though an early expansion is anticipated. 
Owing to the generally weak state of order books, the 
stoppage has been somewhat longer than usual. The 
interlude has not been wasted, however. Opportunity 
has been taken to overhaul plant and effect essential 
repairs. In certain instances new machinery is being 
introduced. The extent of co-ordination plans at engi- 
neering establishments is realised by few other than 
those immediately concerned. Widespread efiort is 
being made to place manufacture on a more mobile 
basis by drawing related processes closer together, thus 
effecting valuable economies in time and cost. The 
gradual way in which these schemes are coming into 
operation causes a minimum of disturbance. A sub- 
stantial saving in expense is certain to accrue at a period 
when financial pressure compels the closest scrutiny of 
every item, however small. The automobile, electrical, 
and chemical trades are jointly providing a large share of 
the orders upon which local engineers and steel makers 
are working. Production of heavy forgings is a progres- 
sive line, and openings are being found for heat-resisting 
steel, machine tools, weighbridges large and small, and 
magnet steel. Good progress is being made with the 
installation of a big coal-handling plant at the Sheffield 
Corporation electricity power station, at Blackburn 
Meadows, at a cost of 23,000/., and of three boilers at a 
cost of 140,0007. A contract valued at 9,000/ has just 
been placed by the Corporation for the supply of are 
rectifiers and accessories, and another for a petrol- 
paraffin shovel and equipment for the waterworks 
department at a cost of 1,192/, Contracts will shortly 
be given out for motor ’buses and fittings, electric cable, 
tramway rails and fishplates, switches, and twist drills. 
The Health Committee proposes to purchase two electric 
vehicle chassis at a cost of 2,655/. Iron and steel prices 
show little movement, though more active conditions are 
looked for when the holiday influence has passed. Steel 
scrap deliveries have been suspended pending a resump- 
tion in steelmaking, while business in ferro-alloys reflects 
the easy state of the special steel trade. Production of 
open-hearth steel has slightly improved. Quotations : 
Siemens acid billets, 92. 2s. 6d.; hard basic billets, 
7l. 28. 6d. to 81. 128. 6d.; soft basic billets, 62. ; Derby- 
shire foundry pig iron, 63s.; Derbyshire forge iron, 
60s. 6d.; crown iron bars, 91. 15s.; iron hoops, 121. ; 
steel hoops, 9/. 10s. ; soft wire rods, 71. 10s. ; basic scrap, 
38s, 

South Yorkshire Coal Trade.—Industrial fuel lacks life 
owing to the protracted holiday stoppage at ironworks 
and steelworks. Recent deliveries on contract account 
have been more than sufficient to meet requirements. 
Business in bunkering fuel reflects the fall in exports 
in other directions, though prices remain at last week’s 
level. Slacks and smalls are freely offered from sub- 
stantial surpluses, but buyers are in no hurry to do busi- 
ness. Sales of furnace and foundry coke are only 
moderate. Distributors are advising householders to 
take in stocks before the current minimum prices expire. 
Quotations: Best branch hand-picked, 24s. 6d. to 
25s. 6d.; Derbyshire bright house, 19s. to 20s.; best 
housecoal, 18s. 6d. to 20s. ; screened housecoal, 17s. to 
18s. ; screened house nuts, 14s. 6d. to 15s.; Yorkshire 
hards, 15s. to 16s. 6d. ; Derbyshire hards, 15s. to 16s. 6d. ; 
rough slacks, 8s. 6d. to 9s. 6d ; nutty slacks, 68. to 7s. 6d. ; 
smalls, 4s. to 5s, 








Tut Roya Socrety Arts CoMPETITION IN INDUS- 
TRIAL DESIGN.—A selection of the designs received in 
the 1931 open competition for prizes and scholarships 
offered by the Royal Society of Arts, city companies, 
well-known manufacturers and other bodies, is on exhi- 
bition, by kind permission of the Board of Governors, 
in the Exhibition Pavilion of the Imperial Institute, 
South Kensington, 8.W. The exhibition, which remains 
open till August 31, includes advertising, textiles, archi- 
tectural decoration, &c. An information bureau has 
been established, at the Royal Society of Arts, at which 
are kept the names and addresses of exhibitors who 
desire to obtain employment as designers. 





“InpustRIA Britranica.’”’—Engineers and _ others 
desirous of establishing, maintaining or extending busi- 
ness relationships with South American countries will 
welcome the appearance of a new monthly journal’ 
bearing the above title and printed throughout in the 
Spanish language. Its object is to provide a convenient 
and effective means of bringing British products of all 
kinds to the notice of South American buyers, and thus 
to continue in permanent form the campaign of publicity 
inaugurated by the British Empire Trade Exhibition 
held in Buenos Aires earlier in the year. The first 
issue, dated August, 1931, contains an appreciative and 
encouraging foreword by H.R.H. the Prince of Wales, 
whose personal interest in the extension of British trade 
with South America is well known. Similar messages 
from the President of the Argentine Republic and the 
British Ambassadors in Argentina and Chile are also 
printed. The publication, moreover, has the full support 
of the Federation of British Industries. The editorial 
contents present the latest developments in British trade 
in the form of special articles, many of which are illus- 
trated by reproduction of photographs, and an important 
teature is a series of notes, outlining the plans of exhibitors 
at the above-mentioned exhibition for following up their 
previous efforts to increase trade. Industria Britanica 
is published by Messrs. Benn Brothers, Limited, Bouverie 
House, 154, Fleet-street, London, E.C.4, and its price 
is l3,, or one peso, per copy. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—With the close of the holiday 
period, work has been resumed in the Scottish steel 
trade this week, but reports show that there has not 
been a heavy accumulation of specifications since the 
stoppage in mid-July. That, of course, means that 
irregular running of plant will be highly probable again 
very soon. The present demand from the shipyards is 
very poor, and is decreasing month by month because 
of the poor state of the shipbuilding industry, and the 
fact that only one new contract was reported during 
the month of July, shows that the shipowners still view 
the general trade outlook as unsatisfactory. Home 
consumers of steel material have little business to place 
at the moment, while foreign buyers are also sending 
in few orders ; even inquiries from the latter are not of 
any great moment. There is a feeling in the market 
here, however, that autumn buying will be much better, 
and will mark a decided improvement on recent months. 
In the black sheet trade the conditions vary somewhat, 
and while some works have quite a fair amount booked, 
others have poor order books. Much more business was 
expected from overseas customers than has come along 
so far, but a quiet confidence prevails that a buying 
movement is highly probable in the near future. Prices 
are nominally steady, and are as follows :—Boiler plates, 
107. 10s. per ton; ship plates, 8/. 15s. per ton; sections, 
8. 7s. 6d. per ton; black steel sheets, 4 in., 7/. 10s. 
per ton; and galvanised corrugated sheets (No. 24 
gauge), 11l. 7s. 6d. per ton, all delivered at Glasgow 
stations. 

Malleable-Iron Trade.—There is little in the way of 
enthusiasm to report in connection with the state of the 
malleable-iron trade of the West of Scotland. Buyers 
have not been very much in evidence lately, and orders 
on hand do not amount to a heavy tonnage, while 
inquiries are far from encouraging. The demand for 
re-rolled steel bars is poor, and as Continental prices 
are weak, local makers find orders difficult to fix up. 
The following are the current market quotations :— 
Crown bars, 10/. 5s. per ton for home delivery, and 
91. 15s. per ton for export; and re-rolled steel bars, 6. 
per ton for home delivery or export. 

Scottish Pig-Iron Trade.—The pig-iron trade of 
Scotland is no better than it was before the stoppage 
for holidays, and production is still very limited, as 
the furnaces damped down in July have not been 
rekindled yet. The home demand is of small propor- 
tions, and export is just about as poor as it could possikly 
be. Stocks on hand are large enough to meet practically 
all the current calls. Prices are as follows :—Hematite, 
70s. per ton, delivered at the steel works: foundry iron, 
No. 1, 73s. 6d. per ton, and No. 3, 71s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 1, was only 203 tons. Of 
that total, 153 tons went overseas and 50 tons coastwise. 
During the corresponding week of last year no shipments 
were made. 

Scottish Shipbuilding.—The shipbuilding industry is at 
present at a very low ebb, and work in the yards is not 
sufficient to give employment to more than a small 
proportion of the usual number of men. New contracts 
continue to be very scarce, and during the past month 
only one was reported, namely, the 350-ton ferry steamer 
for the Wallasey Council, to be built by Messrs. Harland 
and Wolff, Limited, Govan. The output for the month 
was small, and was only about half the normal tonnage 
for the month of July. The following are the figures :— 

Vessels. Tons. 





The Clyde ane aa cre aoe 6 16,541 
The Forth ave tee <a a3 1 50 
The Tay as eae exe oo —- 
The Dee and Moray Firth ... oo —_ 
Total aoa : 7 16,591 


There are a few inquiries in the market at the moment, 
but even these do not forecast any probable building 
boom, and the prospects for the coming winter are far 
from satisfactory. 








‘\HE RoyAt Sanirary InstITUTE.—The autumn session 
of training courses for the Royal Sanitary Institute ex- 
aminations will commence on Monday, September 28. 
The courses cover sanitary inspectors, meat and food 
inspectors, smoke inspectors, associateship in general 
hygiene, sanitation and food hygiene, and in sanitary 
science. Syllabuses of the lectures and examinations 
containing full particulars and general information, are 
obtainable from the secretary of the Institute, 90, 
Buckingham Palace-road, 8.W.1. 





Burnt EartH Roaps.—At a recent meeting of the 
Australian Institution of Engineers, in Sydney, the 
proposal was made by Mr. L. R. H. Irvine to construct 
roads of burnt soil in areas where more satisfactory 
materials are non-existent. Many soils can be con- 
verted into a material of the character of hard brick, by 
heat treatment; the use of such material for the road 
bed of railways is well known. It is stated that the 
black soil of the interior plains lends itself well to such 
treatment. Three processes are suggested: (1) Either 
burning in a furnace, to produce a road metal; (2) the 
production of a material capable of being crushed and 
used as the aggregate of concrete; and (3) burning of 
material in place, moving a heating appliance over it. 
The Queensland Main Roads Board has made arrange- 
ments for Mr. Irvine’s plans to be tried on an experi- 
mental length of road. 





NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

The General Outlook.—With the August Bank Holiday 
break, iron and steel and heavy engineering undertakings 
in the North Western area have found demand further 
curtailed in the last few days, and in few sections has 
there been any substantial movement of business. 
Electrical equipment manufacturers, and motor vehicle 
manufacturers are still busy, but in other sections 
matters are extremely quiet, and many works have 
taken the opportunity of the holiday to close down for 
three, and in some cases four days. Constructional 
steelwork undertakings report that inquiry has fallen 
off considerably in the course of the last week or two, 
and that at the moment orders placed are only for 
small em; which could not very well be further 
delayed. At Warrington, Messrs. the Pearson and 
Knowles Engineering Company, Limited, continue fairly 
busy, their order book including the fabrication of steel- 
work for a number of transit sheds in various countries. 
One of the most extensive is that for 1,300 tons of steel 
for sheds at the Port of Rangoon. Firms in this section 
in the Trafford Park district at Manchester continue 
fairly busy following the recent run of important orders, 
but report that inquiry is now much quieter. Messrs. 
Robinson and Kershaw, Limited, of the Temple-street 
Ironworks, have just completed the assembly of exten- 
sive consignments for the new Manchester Grammar 
School at Fallowfield, Manchester, other recent orders 
including the supply of steelwork for a new Masonic 
Temple at Salford, and for new mills and other industrial 
establishments in various parts of Lancashire. 

Further Wages Cuts.—The recent pronounced slump 
in Midland iron prices has been followed by reductions 
in the wages of ironworkers in various parts of Lan- 
cashire, Staffordshire, Derbyshire, and Yorkshire. The 
output of finished iron during May and June, it is stated 
authoritatively, was the lowest for any bi-monthly 
period since 1928, and about a third less than the corre- 
sponding period of last year. Compared with January 
last, the average selling price was 7s. down, and in 
consequence, ironworkers, under the sliding scale, have 
been obliged to accept a 24 per cent. wages reduction. 
Manchester Corporation have placed orders with Messrs. 
the Revo Electric Company, Limited, of Tipton, and 
Messrs. Chance Bros. and Company, Limited, of Smeth- 
wick, for three-way traffic control signals. 

The North-West Pig-Iron Trade.—There is still little 
sign of any improvement in the North-West Coast 
hematite pig-iron industry, and at present only steady 
demands from local steel plant are keeping the producing 
plant from closing down. Fear is expressed, locally, 
that it may be necessary to blow out two furnaces in 
the comparatively near future, as demand has now 
dwindled considerably, and there is little immediate 
prospect of producers being able to make any material 
inroads into accumulated stocks, which have increased 
steadily in the last few months. At present, steel mills 
at Workington are engaged on the manufacture of rails 
for India, South Africa, and the Argentine which are 
likely to ensure continuity of employment till the end of 
August. 








Borer TuBE MANUFACTURE IN CANADA.—Plant is 
being installed in an extension of the works of Messrs. 
Page-Hersey Tubes, Limited, Welland, Ontario, for the 
manufacture of boiler tubes and seamless steel casing. 
These products have not hitherto been manufactured 
in the Dominion. The plant in question has cost about 
400,0007. 


TRADE WITH TURKEY.—A memorandum on the subject 
of methods of quoting and terms of payment in Turkey 
has been prepared by the Commercial Secretary to H.M. 
Embassy at Istambul. British firms desirous of receiving 
a copy of this should apply to the Department of Overseas 
Trade, 35, Old Queen-street, S.W.1, quoting Reference 
No. C.X. 3598. a 


Moror Lorry InpustrRyY In CurnA.—It is stated in the 
Chinese Economic Bulletin that two large arsenals in 
Mukden, till recently engaged on the output of munitions 
and ordnance, have been turned over to the manufacture 
of steel products for railway work and to the construc- 
tion of motor lorries. Two types of lorry have been 
decided upon, one of which is being now produced at the 
rate of about two per week, and a larger pattern at the 
rate of one per week. 


Tue ‘‘ THERMOzINC’’ RustPROOFING PRocEss.—The 
desirability, and even necessity, for economic reasons, 
of providing ferrous materials with a rustproof coating 
satisfactorily resistant under all normal working con- 
ditions and not requiring, if possible, periodical 
renewal, is now generally a but has not always 
been found easy to translate into practice. Such diffi- 
culties as have existed are however, it is claimed, over- 
come by the Thermozine process, which is carried out 
by the Curtis Duramin Industries, Limited, whose works 
are at Park Royal, London, N.W.10. In this process 
metal zinc is employed. As is well known, zinc is one 
of the cheapest and most easily applied of protective 
materials, besides having the advantage that it is electro- 
positive to iron or steel, in such a way that the coating 
is alloyed with the ferrous base and does not peel or 
flake off. A further important point is that as the 
thickness of the coating can be varied within fairly 
wide limits, the work can be carried out to limit gauges 
or altered to suit the work that is being dealt with. This 
enables such different articles as a light spring and a 
heavy forging to receive appropriate treatment. We also 
understand that the process in no way affects the profile, 
so that re-tapping or re-marking of the surfaces becomes 
unnecessary. 
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OUR FUTURE SALESMEN. 


A FEw weeks ago, under the title of “‘ Recruitment 
for Engineering,” we commented in this column 
on the final report of the Committee on Education 
for the Engineering Industry. This week, we 
have to notice the final report of the Committee 
on Education for Salesmanship, published 
to-day (H.M. Stationery Office, price 1s. 6d. net), 
and the third of the series, the earlier ,having 
dealt mainly with the need of a better-educated 
and trained overseas selling staff, and with the 
question of foreign languages respectively. The 
present report deals largely with the subject of 
recruitment, discussing the types turned out by the 
various classes of schools, and the possibility of 
improving the educational courses to which scholars 
have to submit themselves. While we are mainly 
interested in industry, and felt that the report 
mentioned in our opening sentence was particularly 
addressed to our readers, we cannot divorce that 
industry from commerce. The final report, there- 
fore, produced by Sir Francis Goodenough and his 
colleagues, well deserves our attention since much 
of it is applicable to the trade which has figured 
so largely in our country’s activities in the past, 
and which it should be our earnest desire and object 
to revive. 

Both the present report and that on education 
for the industry make a great point of the fact that 
employers continue to draw on the elementary 
schools for their recruits instead of taking advantage 
of the product of the secondary schools, and both 
reports suggest that if the prejudice against the 
higher age in the Jatter case could be overcome, 
the older scholars could be recruited with advantage, 
as indeed appears to be the practice of some of 
our most successful competitors. 

Early in the present report, it is shown that it is 
not so much a question of whether we can afford 
| to raise the standard of our commercial personnel, 
| but of whether we can afford to-day, to make use 











of any but the best we can get. With our markets 
generally tending to shrink, even if the trade of the 
whole world ultimately returns to its normal course, 
we will need the very best form of recommenda- 
tion for our products, to possible purchasers, or 
others will get the orders. There will always be 
exceptional men who can rise in this sphere, as in 
others, above natural disadvantages, yes, but it 
would be foolishness to rely upon this possibility 
because that fact has been now and then proved 
in the past. And, arguing that we ought to use 
our best material, the Committee thinks that more 
should be made of our public school types than at 
present. The public schools have undoubtedly 
served ‘their country more than well, in spite of 
what is heard from time to time of the failure of 
the education they give. They have turned out 
men, happily described by Kipling, or by Ian Hay 
in his chapter on ‘‘The Father of the Man,” in 
The Lighter Side of School Life, who have so 
quitted themselves, both in distinguished and in 
obscure ways, that our nation stands in loco parentis 
to a good portion of the habitable world. This they 
have done because adventure appealed to their 
race and because they were brought up to the idea of 
doing their job well without making a song about it. 

A certain reserve, not only naturally but neces- 
sarily, goes to the make-up of these men, and here, 
perhaps, may be a stumbling block, since the 
report before us speaks of the tradition of insular 
reserve which is “ a serious handicap in our national 
life.” Such reserve, while an undoubted asset in 
some walks of life, may indeed prove a disadvantage 
in commerce, but with it, in the public-school boy, 
are to be found what we describe as character, well- 
balanced personality, integrity, self-reliance, enter- 
prise, patience and other qualities, which the 
Committee put well to the fore in their requirements 
of the successful salesmen. If with these, there 
could be blended certain other features which 
certainly are not out of place, if under proper control, 
the public school or university man should make a 
good commercial traveller in the wide sense. There 
has been, it is true, a tendency to regard the Services 
or the professions as the natural goal for such 
youths, but, with the demand for these filled, 
there is a surplus which must needs be absorbed, 
and there is no reason why an honorable and interest- 
ing career and even adventurous, should not 
be sought, as the Committee suggest, in commerce. 
With the lead given by H.R.H. the Prince of Wales, 
no son of Oxford need, in future, feel prejudiced 
against taking an interest in trade and business, 
and what applies to this University applies equally 
well to others or to any of our public schools. His 
Royal Highness has pointed the way to the employ- 
ment of better personnel as well as better methods, 
and if he has been termed out best traveller, while 
we cannot duplicate him, we can certainly do more 
than is at present done to make our other representa- 
tives partake to a greater degree of the happy 
personality which is one of our Prince’s taking 
characteristics. Personality and temperament, can- 
not, of course, be taught as school subjects. The 
ideal type of schooling, however, lies somewhere 
between the pumping of knowledge into a child 
and, on the other hand, of which we sometimes hear 
too much, of bringing out what may be in him. 

And if we decide to utilise our best material, just 
as we find it best to use the best machines, we must 
expect, as the report says, to pay well for it. The 
jobs must carry with them salary and prospects 
which will prove attractive. The same burden 
ran, it will be remembered, through Professor C. E. 
Inglis’ address, delivered recently before the 
Institution of Mechanical Engineers at Cambridge. 
It is realised that this may call for special treatment, 
when much tact will be required in dovetailing such 
cases into an organisation without dislocating the 
“ vertical promotion ”’ which is the main encourage- 
ment of a great part of the staff. 

The difficulty in education and recruitment for 
salesmanship does not arise, as it appears to us, so 
much from trouble in deciding upon suitable subjects 
for the various stages of the training. It is due to 
difficulties of diagnosis. Some youths could easily 
be ruled out, and again there are others who might 
equally well be said to be full of promise. There is, 





however, a third class showing up perhaps in no 
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favourable light in some circumstances, but possess- 
ing latent possibilities of great value. While it is 
not easy to give a concrete illustration, it is quite 
conceivable that a lad of 16, or even 18, may show 
diffidence and reserve which will be completely 
thrown off when he arrives at man’s estate and 
responsibility ; it is no easy thing to determine 
the presence of undeveloped qualities and tempera- 
ment when selecting recruits, and particularly the 
very special characteristics needed for so respon- 
sible a post as that of salesman, in which person- 
ality, according to the market, figures so largely. 
Something may, of course, be done by consulting 
the master, but this is not always a guide even if it 
be possible, since boys will behave very differently 
under different men. 

We are in agreement with the Committee in their 
contempt for the contention that salesmen are 
born, and not made. There are certainly some 
born salesmen, but few who would not have 
benefited by definite instruction. As our interest 
is mainly with engineering, we naturally have 
turned over the pages of the report to see what 
the committee has to say in regard to this. We 
note that the qualities that go to make a good 
technician by no means coincide with those which 
go to make a good salesman ; that some technical 
salesmen are not free from “ professional ’ contempt 
for business; and that a workman may bore a 
possible purchaser with technicalities. But on the 
other hand, there is ample evidence, we think, in 
the narrower field to which we may confine our- 
selves, that works’ experience is well-nigh essential 
to the engineering salesman, with refresher periods, 
and an education given or self-acquired regarding 
a much wider sphere of operations than that of his 
own firm. To this the report seems to consent. 
It is, we believe, undoubted that the advantage is 
al] to the engineering salesman who can demon- 
strate, and not only demonstrate, but bring a 
machine up to guarantee output in a customer’s 
shop, as against the man who has to fall back on 
mechanics for such tasks. The best chance would 
seem to lie with the man of rather special charac- 
teristics, technically trained, but with an aptitude 
for salesmanship, capable of being taught to avoid 
the pitfalls to which attention has been drawn 
above. The need for a lively policy of keeping the 
sales staff informed of a firm’s own, or of rival, 
progress makes constant touch between the produc- 
ing and distributing sides essential. It is not 
enough that this should be by correspondence, and 
intervals spent at the works are unquestionably 
well repaid. Just as it is the personal contact 
which counts for so much in effecting a sale, so 
personal touch between the salesman and the works 
often provides the final bit of knowledge or confi- 
dence needed to make the representative successful. 

We cannot follow this interesting report through 
its many sections. In looking through it we came at 
last to one which we thought perhaps we might 
safely skip. It was concerned with art, but even 
here we found a paragraph entitled “ Design in 
Mechanical Appliances ” which started us off on a 
long train of thought, although the paragraph 
itself actually dealt with vacuum cleaners, kitchen 
stoves and lawn mowers. Other products, needless 
to say, want designing, not only well from the point 
of view of the accepted canons of Western art (if such 
there still be in these cubist and futurist days), 
but also if for foreign markets from the accustomed 
view point of the country to which they are destined. 

Among the other points stressed, which we cannot 
notice at length, prominence is given to training in 
languages and especially to the spoken language 
as against the written, German and Spanish and 
Oriental languages being specially referred to. 
The value of humanist:c culture is also noted, the 
advantages of enlivening the teaching of languages 
and geography with studies of the manners and ways 
of the peoples concerned, being to us quite obvious. 

Itis pleasing to notethe approval by the Committee 
of the schemes of National] Certificates, of which the 
first was inaugurated by the Institution of Mechani- 
cal Engineers. These are essentially schemes related 
to industry. Commerce stands in so different a 
category that modification would be necessary to 
make anything of the kind workable here. In’these 
days of deficits, a commendable feature is that the 





Committee suggest no large scheme of expenditure. 
Everything can be secured they think, by putting 
present education in proper order. But whatever 
we may hope for in the future from salesmen trained 
on the most approved lines, in the long run our 
trade will still mainly depend in the first place upon 
ability to produce at a commercial figure, a point, 
of course, outside the Committee’s terms of reference, 
but none the less of vital consequence to the sales- 
manship of which the report treats. 








NATIONAL EXPENDITURE. 


IN a tradition of which the circumstances have 
been forgotten long ago, it is related that an unhappy 
monarch was vanquished and taken prisoner. His 
conqueror, however, was of a chivalrous disposition, 
and at once begged his brother monarch to continue 
to give his orders as before, to whatever effect he 
pleased. They would, indeed, not be obeyed unless 
the sovereign agreed with them, but it would be 
a relief to his mind to have given them. In more 
recent times there have been Royal Commissions 
charged with the duty of making recommendations 
to the State on weighty matters, whose labours 
have appeared to be invoked on a somewhat similar 
basis, and at the present moment it is a matter 
of great consequence to know whether the same 
course is to be taken with the report of the Com- 
mittee on National Expenditure. In February last 
the House of Commons resolved that, having 
regard to the present burden of taxation in restrict- 
ing industry and employment, the Government 
should at once appoint a small and independent 
committee to make recommendations to the 
Chancellor of the Exchequer for all practicable and 
legitimate reductions in national expenditure con- 
sistent with the efficiency of the services, and in the 
following month the Prime Minister appointed a 
committee for the purpose, with the reservation 
that, though it was invited to make whatever review 
and suggestions it thought fit, any question of 
policy would remain for the exclusive consideration 
of the cabinet. For months and years past the 
strongest language has been used about the transcend- 
ent need of economy, and in principle the present 
report says little that is new. It does, however, 
bring the statement of the national situation up to 
the present time, showing that what was bad pre- 
viously is now worse. No class of the community, 
and least of all no industrial class, is justified in 
ignoring the imminent dangers it discloses, and, 
though not every reader will master the 300 or so 
pages of the report, it may be worth while to draw 
attention to two or three aspects in which it may 
be viewed. 

To most minds very great figures, such as those 
of national finance, convey by themselves no clear 
meaning, and can be used best for some purposes 
by considering suitably chosen ratios, which put 
each figure in some rough relation to another with 
which it is fairly comparable. Looked at in this 
way, the over-all situation of the country may be 
expressed in the statement that it is spending 
nearly five times as much as it did before the war, 
while its production, out of which this expenditure 
has to be met, is indicated by the fact that it can 
employ no more than perhaps five-sixths of its 
workers. . A cricketer may, perhaps, visualise 
the last condition more clearly if he regards the 
country as, for the time being, set to’play test 
matches with two men short in the team. Of 
the budget in which this figure is explained, amount- 
ing to about 800,000,0001., something under 
five-eighths is absorbed by the services of debt and 
defence, and for the present purpose may be left 
out of account, partly because it is determined 
mostly by circumstances beyond the control of direct 
measures of economy, and partly because in the last 
three years each of these huge totals has shown an 
appreciable decrease. The same, however, cannot 
be said of the formidable remainder, consisting of 
what may be termed ordinary civil expenditure. 
In spite of the grave increase in depression and 
unemployment during these three years, the aggre- 
gate expenditure for ordinary civil purposes was 
over 20 per cent. higher in 1931 than in 1928. 

The majority of the Committee arrived, accord- 
ingly, without difficulty, at the conclusion that the 





present expenditure is absolutely intolerable, and, 
after a lucid and minute analysis of its constituent 
details, have put forward recommendations for 
immediate economy, by which the bulk of the pros- 
pective deficit on the next budget may be met with- 
out fresh taxation or borrowing. By far the largest 
of these reductions is to be made on the cost of the 
unemployment insurance scheme. ‘The benefits 
per head under this scheme are now more than 
four times as great as they were when it was first 
started, and more than double what they were in 
1920, and the main part of the present proposals 
is to reduce them to rather more than they were in 
1925, after allowing for the reduction in the cost 
of living prices. By other revisions of less magni- 
tude in the unemployment administration, and by 
extending compulsory insurance to classes of labour 
much less exposed to unemployment, rather more 
than half the budget deficit would be met. Among 
the more important economies on a smaller scale 
are the proposed abolition of the Road Fund, and 
the proposals for restricting the operations hitherto 
financed by it, which will involve a saving of nearly 
8,000,000/., in addition to removing what has 
come to be regarded as “‘a convenient means of 
financing grandiose projects without the incon- 
venience of obtaining Parliamentary approval.” 
Reductions proposed on the cost of education amount 
to some 14,000,0001., of which, about a half has to 
come from reducing the salaries of the teachers. 
In various ways the extent of relief work, notoriously 
an uneconomical] and sometimes inopportune method 
of proceeding, is to be reduced, and reductions are to 
be made in grants for housing and for various public 
works. 

Even if all the recommendations of the report were 
adopted, there would still remain from 20,000,000/. 
to 30,000,000/. more to be found before the budget 
would be balanced. The dissentient minority 
report leaves no doubt that, if it represents the 
views of the Labour party correctly, the large 
majority of the retrenchment, particularly so much 
as relates to unemployment benefit and _ social 
services, will be strenuously opposed. ‘The respon- 
sibility for what is evidently the extravagance of 
national finance must be shared by all parties, and 
its consequences are so dangerous to the future of the 
country that it would be eminently desirable for 
the proposals for retrenchment to be treated 
as a question of national security and not as a 
party matter. In any case, however, the interests 
of the community demand that the grounds for 
retrenchment should be faced, as they do not appear 
to have been faced in the dissentient report. At 
an early stage it states plainly that “the growth 
of social services is a natural corollary to the 
development of industry and commerce,” and it 
might well have been thought that on this basis 
the recent inflation of such services while industry 
and commerce were falling away, would have been 
seen to be a putting of the cart before the horse. 

So far, however, from following their statement 
into its logical application to existing circumstances, 
the dissentients deny that there has been an exces- 
sive increase in such services, and they justify this 


denial by the extraordinary argument that as a 


result of the war other sources of expenditure have 
increased in similar proportions. It so happens that 
this is not strictly correct. Between 1913-1914 
and 1931-1932, war debt and defence expenditure 
increased about five-fold, while social services 
increased nearly eight-fold. But even if it had been 
true, it may be questioned whether a more amazing 
argument has ever been allowed to appear in @ 
responsible State paper. It suggests, in fact, that 
the expenditure on social service should be propor- 
tionate to the addition to the debt and defence 
services arising out of the war, and that the heavier 
the burden left on the taxpayer by the war, the 
more he should spend on himself. 

There is, unfortunately, only too much ground 
for regarding this doctrine as a fair description of 
what has been done. The amount spent on social 
services in 1931-1932 is, in fact, a shade more than 
the amount of the entire budget for 1913-1914, and 
no one can doubt that to continue such extravagance 
without first providing the increased output to pay 
for it can only depress further the national resources, 
and at no distant date attack the credit of the 
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country. The only avoidable expenditure that can 
be undertaken prudently in existing circumstances is 
such as will increase the income of industry. More 
than once in discussing the subvention of projects 
by grants or credits, the report draws attention to 
the difficulty of identifying in advance the projects 
that will do so. It may be questioned whether 
a Government or municipal authority is the right 
body to undertake such a decision. In so far as it 
relates to industrial matters, the best first-hand 
knowledge must lie within the industry concerned. 
This knowledge must extend not only to manufac- 
ture but to distribution, service, and marketing, and 
while with such assurance from the industry the 
State might be able to lend its credit or funds safely 
and profitably, it could not do so on any less assur- 
ance. A line of thought which may be worth further 
consideration was suggested in these columns last 
week. Anindustry able to direct its entire resources 
in each branch of exploitation on to suitable markets 
might well construct a programme offering to State 
credit, if private finance were not available, a 
security that no private concern could provide. 
A mechanism by which these resources could be so 
pooled and directed would be an invaluable asset 
to the industry. In the constructive schemes that 
must be explored before a way is found out of the 
present troubles, an industry might be well advised 
if it elaborated such a mechanism to a point at 
which it could claim, legitimately, to provide a safe 
investment for the State’s credit. 








INTERNATIONAL CONFERENCE ON 
PUBLIC CLEANSING. 
(Concluded from page 141.) 

In our last week’s issue we dealt with the general 
aspect of the conference proceedings and exhibition 
in the National Hall, Olympia, of standard vehicles 
and plant for public-health services, in connec- 
tion with the International Conference on Public 
Cleansing, which was held from Monday to Friday 
of last week at Olympia. We now propose to 
deal more particularly with the demonstration 
of public-service vehicles organised by the Society 
of Motor Manufacturers and Traders, Limited, which 
was held in the old main hall of Olympia. These 
proceedings included tests of road-cleansing vehicles 
and mechanism, an out-door demonstration of gully 
emptying in the neighbourhood, and finally, a 
demonstration of refuse collecting in the main hall. 
Prior to the last demonstration, there was an 
informal parade of about a score of the vehicles on 
view, each vehicle and the maker’s representative 
being allowed a five minutes’ halt for an explanation 
of its points and special claims to the attention of the 
interested spectators and delegates. Whether 
novel or otherwise, this means of fixing attention 
on exhibits proved instructive. 

We pass on to review some of the more striking 
exhibits for various requirements. These may be 
summarised as comprising: vehicles and plant 
for road sweeping, with and without collectors 
and with and without sprinkling mechanism ; 
domestic refuse collecting vehicles and appliances ; 
and gully emptiers and flushers. Road-cleansing 
plant was not characterised by much novelty, 
but it was made prominent during the demonstration 
in the hall that from the hygienic aspect, moisture 
is essential for dustless sweeping. This, of course, 
is attended by the drawback of an increase in weight 
of the sweepings, calling for a more frequent 
discharge of the collector where there is a combina- 
tion of sweeper and collector. It also tends to 
Show that there is a well-defined scope for the 
two types of machine, and that the simple sweeper 
operating with a sprinkler makes for a cleaner 
kerb-side than when handling dry refuse. There 
are, of course, other factors, chiefly of local account, 
to be considered. 

The problem of suitable road plant for narrow 
streets and by-ways, which are still so large a 
feature of the older towns, is being met by short 
turning and lighter units, comprising most of the fea- 
tures of the corresponding big machines. Specialists 
in road-cleansing machines, such as Messrs. Karriers, 
Limited, of Huddersfield, are meeting this need by 
consistently improving their standard models, and 


example of the latter class is the “Colt” three- 
wheeler sprinkler-sweeper. This new vehicle com- 
prises a chassis similar to the maker’s “‘ Cob,” a 
less recent 7-h.p. two-cylinder tractor for attaching 
to any form of trailer. The necessary modifications 
of the Colt include the following points :—Extended 
wheelbase of 9 ft. 3 in. to allow for an angular 
setting of the road broom, which is placed forward 
of the rear axle, increased size of tyres, which are 
23 in. by 5 in. in front and 27 in. by 6 in. at the back, 
in order to provide wider space for the brush of 
20 in. diameter, and a wider rear track of 5ft. The 
road brush is 7 ft. long, set across the chassis at 
an angle of 30 deg., and is specially arranged to be 
self-adapting to the irregularities of road surface 
and camber. The brush revolves at 126 r.p.m. 
at a sweeping speed of 6 m.p.h. It is driven by a 
skew worm gear from a third sprocket in the 
compensating gear-box. A rotary pump, also driven 
from this gear-box, feeds water from a 200-gallon 
rectangular tank placed fore and aft above the 
chassis. The machine can be turned in a 21-ft. 
circle and is easily managed. Another and older 
example of the three-wheeler sweeper is the Lacre, 
by Messrs. Lacre Lorries, Limited, King’s Cross, N. 
It differs in having a single rear wheel chain drive, 
and the standard Ackerman steering layout with 
a two-wheel front axle. 

A machine just introduced from France is the 
‘* Somua ” combined sprinkler-sweeper and collector. 
It is a product of Société d’Outillage Mecanique 
et d’Usinage d’Artillerie, St. Ouen-sur-Seine, and is 
illustrated in Figs. 1 and 2, page 174. The propelling 
plant is a two-stroke 7-h.p. water-cooled vertical 
engine with inverted cone clutch and spur and worm 
reduction gearing. It is carried in front on two 
narrow track pneumatic tyred front-driven wheels. 
Steering is effected by a twin-tyred rear-placed 
castor wheel under the driving seat, the control 
being in other respects that of the normal motor 
vehicle. There is a main brush, 4 ft. 3 in. long and 
21 in. diameter, carried on a spring-adjustable 
frame. The brush runs in the opposite direction 
from the travelling wheels, and is driven by a chain 
through a dog clutch. The refuse is projected 
backwards and collected by an inclined scoop 
at the back of the main brush and hinged about 
a box which forms part of the frame. The collecting 
scoop is lifted automatically clear from the road 
simultaneously with the lifting of the main brush. 
A refuse bin is carried on spindles rotating inside 
bearings fixed on the box carrying the collecting 
scoop, and is emptied by means of a tipping 
motion limited in its extent by stops. It is fitted 
with three leather panels on the top and sides 
to ensure tightness of the bin. A side brush 
is fitted and is driven in the reverse direction 
from that of the driving wheels. It is placed at 
an angle of approximately 35 deg. to the line 
of travel, and the bristles at the outer side are 
longer than those of the rest of the brush, to ensure 
an easy and effective cleaning of angles. The 
machine can be supplied without the side brush, 
which seems to be primarily intended for working 
along kerbsides and shallow side channel ways. 
The machine is equipped with a sprinkling 
device consisting of a power-driven pump and a 
pipe-carrying nozzle, fed from a tank containing 
about 11 gallons of water. This is sufficient 
for two to three hours’ working, according to the 
degree of saturation. The delivery of water is 
controlled from the driver’s seat. The fuel con- 
sumption is stated to be about a gallon of petroil- 
mixture in three hours under normal conditions. 
The gross weight is 154 ewt., of which about two- 
thirds is on the front or driving axle. The turning 
radius is 4 ft. 9 in., and the area covered up to 
7,000 square yards per hour. One of these machines 
in daily use at one of the large Paris railway termini, 
it is stated, sweeps 18 platforms and a fourecourt 
in about four hours. At the demonstration, 
this machine attracted attention by its clean and 
deft working, manceuvreability, and silence, the 
latter very desirable quality being secured by an 
unusual layout of silencer and expansion chamber, 
and a two-branch division of the final exhaust 
pipes along the sides of the frame. 
The “ Faun ” sprinkler-sweeper and collector has 
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a petrol-electric transmission and motor hub drive, 


current being also used to operate the sweeper 
mechanism. The latter is a unit on a separate 
frame mounted in guides on the main frame of the 
chassis, and can be raised and lowered by its own 
motor. The sweeper mechanism comprises a four- 
fold chain belt with transverse brooms, which over- 
lap. Each broom-belt is fastened to two parallel 
chains, but the brooms on the two outside belts are 
mounted on the bias so that they push the sweep- 
ings towards the two inner belts. This provision, 
it is claimed, prevents ridging the refuse at corners. 
The brush drive is by electric motor. There is a 
rotary broom on the right or left side, as required, 
for sweeping gutters. This broom is carried by a 
vertical shaft and motor drive; the dust is swept 
into the track of the main brush. A sprinkler pipe 
fed from a 210-gallon water tank at the rear 
of the chassis, runs across the front track. The 
brooms are self-cleaning by a spring-held comb 
linked to the sweeper frame. The machine is made 
by Messrs. Faun-Werke, Nurnberg. At the demon- 
stration, it performed very satisfactorily. 

The second category of cleansing plant is much 
the larger as regards variety of types, and the 
results show that very careful attention is being 
given to such important points as freedom from 
dust, cleanly and expeditious handling, provision 
to ensure adequate loads by compressing and 
packing the loaded refuse, and silent working. It 
may be well to emphasise at once the last-mentioned 
desideratum, since it is fairly certain that the move- 
ment to suppress street traffic noise will include the 
noise of street refuse collecting vehicles operating 
during the night hours. 

The large exhibit of electric- battery vehicles at the 
demonstration and their silent working greatly 
impressed visitors. Some well-known imported 
makes of all-enclosed refuse collectors, or adapta- 
tions of these by licensed manufacturers and users 
at home, were a notable feature among the refuse- 
disposal vehicles on view. Descriptions of most of 
them have already appeared in ENGINEERING. 
Two ideals seem to be aimed at, namely a full and 
dustless Joad, and a quick and complete discharge. 
It must suffice to mention the now well-known 
“* Ess-Em ” and “‘ Faun ” and the “ Neuey-Eagle ” 
vehicles as examples of one system in various appli- 
cations. The Faun refuse loader requires about 
3 minutes to 4 minutes for complete loading (pack- 
ing), and involves operating the up-ending movement 
of the D-base body six times. The vertical range 
of this movement is past the vertical line. The 
discharge movement is effected by tilting the 
body 40 deg. rearwards, the rear compartment 
then opens automatically. There are, thus, two 
independent power-operated movements of the 
collector, namely for loading and discharging. 
The capacity of the collector ranges from 210 cub. ft. 
to 420 cub. ft., the loading capacity being increased 
by 30 per cent. as compared with that of a normal 
motor dust collector. 

The Mercedes-Benz-Kuka vehicle, which is handled 
here by Messrs. British Mercedes-Benz, Limited, 
111, Grosvenor-road, S8.W., represents the other 
mechanical form of packing and quick discharge 
without tipping. Fig. 3 shows the vehicle. The 
mechanism consists of a drum collector on a 
standard chassis with a partially open scupper at 
the back end into which the refuse bins are dis- 
charged. The drum is enclosed within a fixed 
horizontal casing and is divided into helicoidal 
partitions which act as a spiral conveyor, pushing 
the refuse forward. The drum is supported at the 
fore end on a centre trunnion and at the rear end on 
side rollers. A lever in the driver’s cab provides a 
triple control movement, viz., forward, reverse, 
and stop, the power being derived from the vehicle 
engine. The drum can be emptied in about three 
minutes. The back cover is hinged and is fitted on 
the inside with a conical chute into which the refuse 
bins are discharged. To empty the drum the door 
is swung forwards which exposes the mouth of the 
drum. Either a Benz self-ignition oil engine or 
a petrol engine is available for this vehicle, and the 
chassis is on four or six wheels, according to the 
length and capacity of the collector drum. 

The ‘“ Pagefield”’ inside-loading container, by 
Messrs. Walker Brothers (Wigan) Limited, Pagefield 








Ironworks, Wigan, is a modification of that firm’s 
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earlier collector. The interior is fitted with 
removable cross barriers which are installed in step 
with the filling up and packing of the respective 
bins or compartments in turn. The capacity is for 
8 cub. yards to 12 cub. yards. The ‘ Pagefield ” 
system of dealing with street refuse includes a special 
power ramp mechanism on a standard chassis. The 
loaded containers are hauled on to the chassis and | 
run off at the depot. Four to five of these con- 


tainers is an average per haulage chassis. The 
containers are fitted with rubber-tyred wheels and 


roller-bearing axles and brakes. The same firm’s 
alternative collector is loaded through sliding side 
panels which can only be opened in pairs simul- 
taneously. 

Another example of a simple front-loading refuse 
collector was shown by Messrs. W. and G. Du 
Cros, Limited, Acton, W. The loading end is at 
the front, where there is roomy platform space for 
the loaders and also for a bin washer or disinfecting 
tank. The loader mounts the platform between the | 
driver’s cab and the body, empties the contents of 
the bin into the body from a Joading height of less | 
than 3 ft., turns round, places the bin upside down 
on a grid contained in the upper part of the washing 
tank, and the weight of the bin, with slight pressure, 
opens a valve and releases fluid under pressure which 
flushes the interior of the bin. The valve automati- 
cally closes when the weight of the bin is taken from 
the grid, and so the spray is cut off. On the score of 
safety to the operatcrs and avoidance of congestion 
on the foot-walk incidental to emptying bins, the 
front or rear loading method has advantages, not 
the least of which is that when the vehicle is moving 
there is ample platform space and a safe foothold 
for the loaders. 

Another variety of refuse collector is the “ Ess- 
Em" pattern, a speciality of Messrs. Eagle Engineer- 
ing Company, Limited, Warwick, and 44, Pall Mall, 
8.W. Provision is made for 88 standard bins with 
lids as the full complement. Sixty are carried in 
six tiers, three on each side, on a frame, the remainder 
being ranged in stationary rows on the flank of the 
chassis. The tiers are displaced by a hand-operated 
rotating worm and gear wheel at the back of the 
frame, and in the course of the rotation of the 
frame they remain in the vertical position. The 
displacement of the tiers into and out of position for | 
placing or removal of the bins depends on whether | 
the complete row on a given tier is filled or empty. | 
An ingenious but simple form of brake mechanism | 
is fitted for holding the frame at any required 
position. 
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CoMBINED SPRINKLER, SWEEPER AND CoLLEcTOR; Messrs. Société p’OUTILLAGE MECANIQUE ET D’USINAGE D’ARTILLERIE. 








Fig. 3. 


taneously by rotating a handle at the centre of the 
worm wheel, and by rotating this handle in the 
reverse direction the brakes are released. Thus, 
when one tray is filled with bins and the frame has 
to be turned, the brakes are released while the next 
tray is brought into position and then applied again. 
Every one of the trays is held rigidly, whether 
for loading, unloading, or travelling; loading or 
unloading can be effected from either side, so that 
it is not necessary to turn the trailer. The chassis 
has rubber-tyred wheels and the maker's turnable 
front axle, and the height of the draw-bar provides 
for a horizontal pull by a petrol or electric tractor. 

Most of the normal type refuse collectors shown 
may be grouped as comprising, more or less in 
common, some form of hinged top cover or side 
door with foot or hand operation and a balanced 
self-closing movement. Duralumin is largely used 
for these covers, and strip rubber for cushioning 
and silencing the closing. A neat arrangement of 
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Reruse CoLtLtector; Messrs. British MERCEDES-BENZ, LIMITED. 


self-closing door system, with an off-centre pivotal 
movement for the lever control, is used on the 
G.V. electric-battery collector, the off-set centre 
serving to hold the cover firm from vibration when 
closed. Hydraulic tipping gear is fitted almost 
exclusively to refuse vehicles, the electric vehicles 
having a special motor for operating the displace- 
ment pump. It was noticeable that some vehicles 
of similar tare and carrying capacity have a much 
lower speed of tipping than others. The use of 
pneumatic tyres appears to raise the loading height 
by 3 to 4 in. which, of course, can be restored by 
an alteration to the chassis. The 6 to 8 cub. yard, 
or 2 to 24-ton, vehicle was most in evidence, and this 
size seems also to be the best suited for interchange- 
able and convertible bodies. The service speed of 
these vehicles does not call for high-powered engines, 
the 20-25-h.p. size apparently being sufficient. 
A steering lock comparable with that of a taxi-cab 
was one of the points demonstrated, apparently to 


The brake shoes are applied simul-|enclosed cylinders with internal springs on the| convince visiting surveyors of the suitability of 
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Fig. 5. 
even bulky vehicles for operating in side streets. 
Devices and fittings against dispersal of dust in 
course of loading bins, besides those noted, take two 
other forms, namely, a kind of interlocked door 
control, and a twin deck longitudinal division of the 
body which permits two opposite doors to be open 
simultaneously without dispersal of the contents 
by a cross draught, and by fabric cloths and strips 
suspended from the roof. The Garrett electric 
vehicle, by Messrs. R. Garrett and Sons, Limited, 
Leiston, Suffolk, which holds some 14} cub. yards, 
has a simple combination of foot-operated drop 
panels with suspended rubber strips covering the 
upper portion of the side openings ; the latter it is 
claimed, prevent dust from emerging when the bins 
are being discharged. This vehicle carries the bulk 
of its load below the load line, which is 4 ft. 4 in. 
from the ground. 

As noted in the previous article, standardised 














GULLEY EmpTierR AND FLUsHER; Messrs. JoHN FowLeR AND Company (LeEEps), LimtrEb. 


types of chassis have widened the scope for a more 
profitable use of motor vehicles, besides the obvious 
economy of fitting them with quickly interchange- 
able bodies. Such a chassis is the Thornycroft 
“A Forward ” type, with a 36-5 h.p., four-cylinder 
motor, four-speed gear-box and a 10-ft. wheel- 
base, which is shown in Fig. 4. Though the wheel- 
base is restricted, there is space, with the necessary 
clearance for the hydraulic tipping ram, for an 
Eagle body of 10 ft. 4 in. length by 7 ft. 2 in. width, 
the overall length being approximately 17 ft., and the 
load capacity 2 tons or 7 cub. yards. As the body 
is pivoted to the extremity of the chassis and can be 
tilted to an angle of 45 deg., it follows that there 
is a notable advantage as regards limited length, 
with the forward type of chassis and restricted 
wheel-base, both as regards capacity and manoeuv- 
ring. 

Gully emptiers and flushers have become much 
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associated with internal-combustion engined chassis, 
and are being made with interchangeable bodies 
and in smaller tares than was the case when the 
steam type held sway. Messrs. John Fowler and 
Company (Leeds), Limited, showed the motor 
combination of gully emptier and flusher, street 
sprinkler, kerb and channel washing plant on an 
Albion chassis, illustrated in Fig. 5. For road 
washing, the jets cover a width of 8 ft., and for this 
service the tank holds enough for 4,000 sq. yards. 
On road sprinkling, the pressure is sufficient for 
a width of 50 ft., and the quantity is sufficient for 
13 mile on one filling when covering a width of 
45 ft. at norma] pressure. For kerb flushing or 
channel damping in dry periods, there is a jet 
on the near-side of the chassis. For flushing sewers 
there is a large valve and pipe connected to a clean- 
water tank at the rear off-side. The contents 
of the tank can be discharged in Jess than a minute. 
The details of the vacuum chamber and separating 
system peculiar to the gully-emptying apparatus 
have been previously described in ENGINEERING. 
The chassis has a four-cylinder engine of 35-55 h.p. 
43-in. bore and 5}-in. stroke, and is carried on 36-in. 
by 8-in. pneumatic tyres, the rear wheels being 
twin-tyred. The overall length is 19 ft. 9 in., the 
width 7} ft., and the wheel-base and track are 
respectively, 11 ft. and 6 ft. 14 in. The brakes are 
operated by a Dewandre vacuum-servo gear. 

Messrs. Dennis Brothers, Limited, Guildford, 
showed a new and smaller adaptation of their well- 
known dual-purpose motor gully emptier and road- 
washing vehicle. It is of 550 gallons capacity, 
and is intended to be operated single handed. The 
various functions, such as gully and _ cess-pool 
emptying and flushing and road sprinkling, are 
mechanically effected ; some of them are facilitated 
by self-balanced swing and pivoted fittings. The 
chassis is a 2}-ton model, with 12-ft. 12-in. wheel- 
base, and has a turning circle of 25 ft. The drum 
tank, with all mountings, is held by a pair of 
brackets and fly-nuts attached to the chassis and 
at the rear by a pair of split bearings, though the 
machine exhibited had a through-pin anchorage 
at the rear. A change-over of bodies, it is stated, 
can be made in 20 minutes. A hydraulic ram form 
of tipping gear, driven off the chassis, is fitted, with 
an automatic cut-out when the angle reaches 40 deg. 
The vacuum pump for emptying is of the rotary 
type, and is fitted with the makers’ two-way revers- 
ing valve which enables it to be used for exhausting 
or compressing at will. The tank holds 220 gallons 
of clean water in a fore compartment and 350 gallons 
of sludge-water in a rear compartment, but both 
compartments can be used as one for watering and 
sewer flushing. A normal lorry body arranged for 
the hydraulic tipping-gear can be used in lieu of 
the special-purpose body, the chassis, as already 
noted, being free from obstruction, without the body. 


GOVERNMENT CONTRACTS IN Morocco.—A memoran- 
dum prepared by H.M. Consular Officers has been issued 
by the Department of Overseas Trade, 35, Old Queen- 
street, S.W.1, dealing with the subject of Government 
contracts in Morocco. The memorandum is in three 
sections, prepared respectively by officials at Rabat, 
Tangier and Tetuan. Each deals with the conditions 
governing tendering in their own zones, viz., the French 
Zone, Tangier Zone, and Spanish Zone. 

BritisH STANDARD SPECIFICATION FOR THE SAMPLING 
AND ANALYSIS OF CoAL.—The work of preparing British 
Standard Specifications for the sampling and analysis 
of coal and coke, which was commenced in 1927 at the 
instigation of the Department of Scientific and Industrial 
Research, has been advanced a stage by the recent issue 
of the British Standard Specification for the Sampling 
and Analysis of Coal for Inland Purposes (B.S.8. No. 420- 
1931). The sampling section of the specification is, at 
present, confined to coal passing through a 3-in. diameter 
perforated-plate screen, and full particulars are given 
of the method of collecting the gross sample from chutes, 
conveyors, and wagons; the method of reduction is also 
closely specified. The methods of analysis specified are 
those used in sound commercial practice at the present 
time, and deal with the determination of moisture, 
volatile matter, ash, calorific value, sulphur and arsenic. 
The sampling large screened coal and run-of-mine coal 
is still under consideration, and committees are also 
dealing with the determination of the agglutinating 
value of coal and the sampling and analysis of coke. 
The specification for the sampling and analysis of coal 
for export was issued in December, 1930, and German 
and French translations of the specification are now 
available. Copies of Specification No. 420-1931 can be 
obtained from the B.E.S.A. Publications Department, 





28, Victoria-street, London, 8.W.1, price 2s, 2d, 
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THE TRADE OF HOLLAND. 


THE work of reclamation of the Zuyder Zee is 


now so far advanced that the north-western section | 
has been completed and Holland is faced with the prob- | 


jem of deciding upon the manner in which the new 
territories are to be distributed. It is proposed that 


all the land should remain the property of the State | 
for some few years after reclamation. Then a public | 


body, to be called the «‘ Wieringen Meer ’’ should be set 
up to control all the newly-won areas. This organisa- 
tion, it is suggested, should retain for its own develop- 
ment about 25 per cent. of the land and grant 


temporary leases for the remainder, which would later | 
be converted into long leases. Within the north- | 
western reclamation, the withdrawal of water has been | 


completed, the principal canals having been dredged 
for the purpose, and, as the water fell, pumping was 


continued until the land was dry. Now pathways have | 


been made and sheds have been built for the workmen 
engaged upon the preparation of the land by drainage 


and the construction of locks between the different | 
canal levels. Work upon the dam is being continued | 
with increasing activity, and it is now fairly certain | 
that the year 1932 will witness the completion. Only | 


four miles remain now to be built, half of which will 
be completed before the end of the year. Some 
opposition to the continuance of this great and expensive 
work, in these times of depression, had been encountered, 


but those in charge have pressed on with the building | 
of the dam, and it seems probable that there will be | 


no cessation of effort until it is completed, though some 


of the reclamations may have to be deferred. It is | 


interesting to note that investigations at the experi- 


mental areas at Andijk have shown that the salinity | 
of the land, for so long submerged by the sea, is not so | 
great as was anticipated, and that the soil will soon | 


prove to be workable. 

Holland, we learn from a report prepared for the 
Department of Overseas Trade by Mr. R. V. Laming 
on Economic Conditions in the Netherlands (H.M. 
Stationery Office, 4s. 6d. net), has not suffered through 
the prevailing depression to the same extent as most 
other countries of Europe. To some degree this may 
be accounted for by the inherent steadiness of Dutch 
economic life. In value the trade of Holland in 1930 
suffered a diminution, but there was no drop in volume, 
a feature not found elsewhere. Imports rose from 
30,989,263 tons in 1929 to 31,384,637 tons in 1930, 


while the values fell from 231,847,0001. to 205,023,0001. | 


In the same periods the exports rose by 305,000 tons 


to 16,606,165 tons, but the value decreased by | 
22,269,0001. to 148,373,0001. Great Britain, Germany | 


and Belgium have slightly increased their percentages 


of the import trade, but all aggregate values have | 
dropped. The United States and Germany have | 


purchased less than in former years from Holland, 
while Great Britain has taken more and has become 
her best customer. The economic position of the 
country depends entirely upon the production of its 
agricultural industries and the results obtainable in 
the markets of the world. With depreciated values 
the financial yields are naturally diminished, but the 
position in Holland is not so bad as elsewhere because 
of the existence of great numbers of mixed farms, 
which find compensations in certain branches of their 
activities for the diminished yields 
is very cheap, and consequently pig breeding, poultry 
keeping, and dairy farming can still be conducted with 
advantage. Exportable farm produce has suffered 
much, however, from increased customs duties in many 
markets. 


The output of the Dutch coal mines constituted a | 


record, and prices have been obtained which were 
sufficient to meet all expenses and provide a return 
on the capital invested, the output per worker having 
been further increased through improved efficiency of 
operation to obtain tiis result. In both the years 
1929 and 1930 British coal prices were below the 
average, but there was no marked increase in the sales. 
Belgium had a good share of the trade, her supplies 
being mainly confined to anthracite for domestic 
purposes, a market in which the British product was 
looked upon as a luxury. In the field of iron and steel 
manufactures Germany held pride of place, but certain 
competitors were active in their endeavours to win a 
larger share in the trade. For example, France was 
supplying more railway rails, points, and other perma- 
nent-way details at the expense of the German and 


Belgian producers. An appreciable drop in average | 


price for some classes of iron and steel manufactures 
has given British producers an increased participation 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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London Metal Exchange for ‘fine foreign’? and ‘‘ standard” metal, respectively. The prices shown for 
| lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted for 
steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
| prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 


bottle, the contents of which vary from 70 lb. to 801b. The price of tin-plates is per standard box, but: in 
in others. Fodder | Other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 


lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


| previous year, the British figures showed an increase 
from 471 tons to 683 tons. This afforded some measure 
of satisfaction, for it occurred in a market where local 
competition is very keen, due to exports having suffered 
la great reduction. British crane makers enjoyed 
greater business, while boilermakers and engine builders 
in the United Kingdom did not suffer loss of business 
to the same extent as those in other countries. Motor 
tyres have provided increased sales for Great Britain, 
the United States, and Canada. 











CycLeE MANUFACTURE IN CANADA.—Bicycles and 
bicycle parts to the value of 1,962,947 dols. were pro- 
duced by three firms in Ontario engaged in this industry 
| last year, this output being some 21 per cent. below the 
record of 1929 when the output was valued at 2,470,383 
dols. 





BriTisH STANDARD SPECIFICATION FOR VARNISHED 
CLoru.—British Standard Specification No. 419—1931, 
| recently issued, relates to yellow and black varnished 
| cotton cloth, sheet, strip or tape as used for the insula- 
| tion of electrical machinery and apparatus. After point- 





in the total trade. In the demand for bars, British | ing out the difference between the yellow and black 


sources were favoured by an increase, whereas other | 


material, the Specification deals with the dimensions 


countries had to acknowledge a_ set-back. This, | and tolerances, the requirements with regard to joints, 


however, must not be exaggerated in importance, for 


| rolling and packing, the electric strength, tensile strength, 


its significance is but small in a market where the | tearing strength and ageing. The methods of test are 


value of the German supplies was more than twenty | 
times that of the United Kingdom. In the category of | 
heavy electrical machinery, though the total imports | 
fell to 2,653 tons in 1930, from 6,851 tons in the| 


fully described in a number of appendices to the specifi- 
cation, which can be obtained, price 2s. 2d., post free, 
from the Publications Department, .British Engineering 
Standards’ Association, 28, Victoria-street, London, 
S.W.1. 








MARKETS FOR Motor VEHICLES.—A report on the 
market for motor vehicles in Portugal is available at the 
Department of Overseas Trade, 35, Old Queen-street, 
8.W., and may be obtained on application. Reference 
No. G.X. 10592 should be quoted. Another report 
dealing with Belgium can be had on quoting Ref. No. 
G.X. 10573. 





ComPpANY REGISTRATIONS.—The customary report, 
compiled by Messrs. Jordan and Sons, Limited, Company 
Registration Agents, Chancery-lane, covering the regis- 
tration of new companies during the first six months of 
the current year, has come to hand. Those of particular 
interest may be quoted as follows, the first figure referring 
to public and the second to private companies :—Elec- 
tricity, gas and water, 7 and 169; engineers, 6 and 178; 
iron and brass, &e., 1 and 152; railways, 1 and 5; 
shipping, 0 and 46. Conditions appear to have been very 
similar to the first half of 1921, particularly as regards 
the conversion of businesses into private companies. 





FELLOWS OF THE CITY AND GurI~Lps or LONDON 
InstITUTE.—The Fellowship of the City and Guilds of 
London Institute (F.C.G.I.) has been conferred on the 
following :—Mr. W. D. Dye, D.Sc., F.R.S.; Mr. E. W. 
Marchant, D.Sc.; Mr. H. M. Martin, M.1.Mech.E. ; 
Mr. J. Severs, M.Inst.C.E., M.I.Mech.E.; and Mr. F. 
Twyman, F.R.S. The Fellowship is conferred by the 
Council of the Institute upon those who, having obtained 
the associateship of the Institute and spent at least five 
years in actual practice, produce evidence of having done 
some original and valuable research work, or of having 
otherwise contributed to the advancement of the industry 
in which they are engaged. 
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DETONATION, SPARK-PLUG POSI- 
TION, AND ENGINE SPEED. 
By R. O. Kina, M.A.Sc. and H. Moss, D.Sc. 


Tue tendency of fuels to detonate, particularly in 
the poppet-valve type of carburettor engine, is 
affected by the direction, distance and time of 
flame movement in the combustion chamber, and 
these factors are controlled by the number and 
position of the ignition points. Generally, the 
location of the spark plugs is related to a particular 
design of combustion chamber. This is necessarily 
so when the combustion chamber is not symmetrical 
with the cylinder bore, as in side-valve engines, and 
it is then difficult to separate the effect of spark- 
plug position on detonation and power from that 
due to the shape of the combustion chamber. On 
the other hand, the combustion space of the over- 
head valve engine is generally an extension of the 
cylinder barrel, but of slightly greater diameter, 
and the movement of flame will always be towards 
the same shape of combustion space whatever the 
position of a spark plug set in the wall. The 
Ricardo E. 35 variable-compression engine in the 
Air Ministry Laboratory is of the overhead-valve 
type, and has been used for experiments made to 
determine especially the usable compression ratio, 
and the corresponding power developed depending 
on whether the spark-plug position causes the flame 
movement to be toward the exhaust valves or the 
cooler inlet valves. 

The relation between detonation and direction 
of flame movement was found, in the early stages 
of the experiments, to be involved with the effect 
of engine speed. Increase of engine speed acts 
generally to diminish detonation, and aeroplane 
engines being run with open throttle at high speed 
only, higher compression ratios may be used than 


Fig.3. PETROL A. Fig.4. 2-PETROL A+/-BENZOLE. 
INDUCTION romaparuns INDUCTION TEMPERATURE 
3 8 DEG. : 








Determinations of highest useful compression 
ratio (H.U.C.R.), i.e. the compression ratio at 
which slight audible detonation is obtained, were 
made at full throttle, jacket-water temperature 
60 deg. C., the mixture strength giving maximum 
detonation, and otherwise in accordance with the 
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if, as for motor-car engines, it were necessary to 
provide for open-throttle running at slow speeds. 
The scope of the experiments was therefore extended 
to determine the factors underlying the usual effect 
of increase of speed to delay detonation. 

The E. 35 engine, shown in Figs. 1 and 2, is provided 
with two large inlet valves at one side of the com- 
bustion space and a group of three smaller exhaust 
valves at the opposite side. There are four spark- 
plug positions, and the ignition system is arranged 
to ignite the charge at any two plugs. Two plugs are 
always used, and, for the purpose of the experiments, 
the double-pole switch S was inserted in the high- 
tension circuit to make it possible to change over 
the ignition instantly from one pair of plugs to 
the other. The audibility of detonation for one 
direction of firing could thus be compared readily 
with that for the other, before the magnitude 
of the effect could be influenced by a change of 
engine condition. Whichever two plugs are in use, 
it is important that the spark should pass in both 
at the same instant, as nearly as possible, in view 
of the short time, about 0-001 second, taken by 


method described in an earlier publication,* except 
for the experiments made with variable ignition 
timing. The combustion space of the E.35 engine 
tends to remain in unusually clean condition, owing 
to the low normal rate of oil consumption, but 
errors in measurement of H.U.C.R., due to accumu- 
lated deposits, are especially serious when the fuels 
contain benzole or metallic dope in large proportion. 
Moreover, the H.U.C.R. values for a series of fuels 
may depend on the order of use; for example, 
starting with clean plugs and engine, the H.U.C.R. 
for a petrol-benzole mixture will be higher before 
a doped petrol has been used in the engine than 
afterwards. Similarly, the H.U.C.R. for a gum- 
free fuel will be higher before a gumming fuel has 
been used than afterwards. The diminution of 
H.U.C.R., due to deterioration of engine condition, 
is not the same for all fuels, consequently, when 
fuels of dissimilar nature are compared, errors in 
the determinations of relative values even, cannot 
be eliminated by taking averages of a series of 
| observations made on switching over from one fuel 
|to another. The deposits remaining on the spark 





the flame to travel across the combustion space | plugs after a doped fuel has been used are especially 
when the engine speed is 1,500 r.p.m. The necessary | effective in reducing the H.U.C.R. subsequently 
synchronisation of the sparks is obtained by using | obtained for a benzole mixture, and careful cleaning 
a single primary circuit with a secondary coil for | does not destroy the effect entirely. The present 


each of the two plugs in use at any one time, the | ~ 


ENGINEERING, vol. lxxviii, page 219 (1929). 


coils having like electrical characteristics. 





* King and Moss, ‘“ Measurement of Detonation,” 


practice is to set aside a pair of plugs for use with 
petrol-ethyl fluid mixtures only, and to clean them 
whenever the concentration of ethyl fluid in the 
fuel is altered greatly. A second pair of plugs is 
kept for use with undoped fuels only. Experiments 
with doped and undoped fuels are made in separate 
groups, always beginning a group with a clean 
combustion space, the intention being to determine 
the H.U.C.R. for any particular fuel in the conditions 
produced by it in the combustion space, and all 
experiments described recently have been made in 
this way. 

‘ Observed values of the H.U.C.R., given hereafter, 
are stated as single numbers ; thus a ratio stated as 
6-0 means 6-0 to 1. The power developed by the 
engine, when stated, is in terms of brake mean 
effective pressure (B.M.E.P.), and the numerical 
values, in pounds per square inch, have been 
adjusted according to barometer readings, to 
correspond with an atmospheric pressure of 760 mm. 
When experiments were made at higher than 
normal induction temperatures, the air supply to 
the carburettor was heated electrically. Induction 
temperatures given in the text are readings in 
Centigrade degrees of a mercury-in-glass thermometer 
with the bulb in a metal pocket in the induction pipe 
between the engine and the carburettor. Reference 
will be made throughout the text to the four spark- 
plug positions as numbered in Figs. 1 and 2. 

Descriptions of Fuels Used.—An endeavour was 
made to keep to the varieties of liquid fuels used in 
earlier experiments.* Petrol A, as before, is a 
commercial brand of aviation spirit containing 
paraffins, naphthenes and aromatics in the approxi- 
mate proportions, by weight, of 57, 35 and 8, 
respectively. Petrol B, not used previously, is a 
straight-run Borneo spirit containing naphthenes 
and aromatics in sufficient proportion to enable it 
to be used at a compression ratio of 5-0 at an 
engine speed of 900 r.p.m., as compared with the 
H.U.C.R. value of 4-45 for petrol A in similar 
circumstances. Commercial benzole and pure cyclo- 
hexane are used as representing, respectively, the 
aromatics and naphthenes occurring in natural 
fuels, earlier experiments showing that this 
assumption is permissible. The paraffin used, 
boiling range 50 deg. to 150 deg., was aromatic free, 
and contained about 5 per cent. of naphthenes. 
A lighter paraffin, comprising fractions boiling under 
40 deg., will be referred to as “ paraffin 40 deg.” 
The ethyl fluid contained lead tetra ethyl and 
ethylene dibromide in the usual proportion of 
3 to 2 by volume. 

Preliminary Experiments.—During the early trials 
of the E. 35 engine, the charge was ignited at all 
four plugs, but Ricardot found that ‘“‘two plugs 
on opposite sides of the combustion chamber gave 
equally good results,” and, accordingly, plugs 1 and 3, 
Figs. 1 and 2, have been used for all of the Air Minis- 
try Laboratory experiments so far described. The 
engine performance obtained with this spark-plug 
position has now been compared with that obtained 
when the charge is ignited at plugs 1 and 2, the 
flame movement then being from the hot exhaust 
valve side of the combustion chamber to the cooler 
inlet-valve side. Experiments were made using 
Petrol A alone; this fuel improved in anti-knock 
value by the addition of benzole (2 parts petrol A, 
1 part benzole), and by the addition of 4 cc. of 
ethyl fluid per gallon. The engine was run at 
1,500 r.p.m., with the air supply unheated and 
observations made of the highest useful compression 
ratio and power developed (B.M.E.P.) at ignition 
timings ranging from 25 deg. to 45 deg. advance. 
The results of the experiments are shown graphically 
by Figs. 3, 4 and 5, and lead to the following con- 
clusions :— 

(a) Nearly the same values of H.U.C.R. are 
obtained with both directions of flame movement, 
whichever fuel is used, particularly when the ignition 
timing is set for maximum power, 1.e., about 35 deg. 
advance. 

(b) The power developed (B.M.E.P.) with petrol A 
alone, Fig. 3, is clearly greater, at any ignition 





* King and Moss, Detonation, Mineral Oils and 
Blended Fuels, R. and M. 1362. See ENGINEERING, vol. 
lxxxi, page 1 (1931). 

Empire Fuels Committee Report, I,A.E., vol. xviii, 





page 65, 1923-1924. 
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timing up to 45 deg. advance, when the charge is 
ignited at opposite sides (plugs 1 and 3) than when 
plugs 1 and 2 are used and the flame movement 
is toward the inlet valves. When benzole or ethyl 
fluid is added to petrol A to increase the usable 
compression ratio, Figs. 4 and 5, and incidentally 
the B.M.E.P. by about 15 lb., greater power is 
again obtained when plugs 1 and 3 are used, but at 
retarded ignition only, and with the higher values 
of the H.U.C.R. accompanying the retardation. It 
will be observed, however, that for both fuels, 
Figs. 4 and 5, the B.M.i.P. curves intersect at 
approximately the ignition timing required for 
maximum power, and if the ignition is further 
advanced, maximum power is obtained when using 
plugs | and 2. 

(c) Generally, the preliminary experiments justify 
the original choice of spark-plug positions (1 and 3), 
for performance trials of the E. 35 engine when 
straight-run fuels or those containing usual] additions 
of benzole or ethyl fluid are used. 


EFFECT ON DETONATION AND POWER OF REVERSAL 
OF FLAME MOVEMENT FROM THE INLET TO THE 
Exuaust SIDE OF THE COMBUSTION CHAMBER. 


An inspection of Figs. 1 and 2 will show that, on 
ignition of the charge at plugs 3 and 4, the movement 
of flame will be towards the exhaust side of the com- 
bustion space, and in the exactly opposite direction 
if ignition is at plugs 1 and 2. The distance of 
flame movement and the shape of the space into 
which the flame travels is the same, whichever pair 
of plugs is used. Therefore, any change of H.U.C.R. 
or power observed on changing over the ignition 
from one pair of plugs to the other, will be due 
solely to “ conditions ” on the exhaust side differing 
from those on the inlet side of the combustion 
chamber. The magnitude of the consequent changes 
in H.U.C.R. and power on reversal of the direction 
of flame movement is found to depend on the 
nature of the fuel used, the temperature of the air 
supply, the ignition timing and the engine speed. 
Experiments made in the necessarily various 
conditions of engine operation can be described most 
conveniently by sections. 

Section 1. Effect of Reversal of Flame Movement 
on H.U.C.R. Fixed Ignition 30 deg. Advance.—It 
was expected that whatever change was observed in 
H.U.C.R. on reversal of flame movement would be 
due to the temperature of the exhaust valves exceed- 
ing that of the inlet valves ; and assuming that at 
full throttle the excess increases with power output 
due to increased speed, a corresponding increase in 
change of H.U.C.R. on reversal of flame movement 
should be obtained. Experiments were therefore 
made at engine speeds of 900 r.p.m., 1,200 r.p.m. 
and 1,500 r.p.m., and with fuels of anti-knock 
TABLE I.—Effect of Direction of Flame Movement on 

Detonation. Ignition Timing, 30 deg. advance. Air 
Supply Unheated. 


Decrease of 

H.U.C.R. on 

reversal of 
flame movement. 


H.U.C.R. plugs 
1 and 2. Flame 
moving toward 
Wisin aineil inlet valves. 

(a) Petrol A + Benzole. — ms 


Je ae yy ’ 
(>) Petrol A + Ethyl Engine Speed. Engine Speed. 


Fluid. 
| 900 1,500 900 1,500 
rpm. | rp.m./ r.p.m.| r.p.m. 
(a)— | 
Petrol A alone .. | 4°55 5:45 0-23 | 0-30 
2 Petrol A, 1 Be nzole. .| 8°85 6°35 0-27 0-35 
1 Petrol A, 1 Benzole.., 6-10 7-00 0-27 0-43 
(b)— 
Petrol A alone oo| 84°55 5°45 0-23 0-30 
Petrol A +4 cc. per 
gallon a --| 5°35 6-50 0-30 0-32 
Petrol A + 6 cc. per | 
gallon .-| 5:70 | 6-90 0-31 0-32 
Petrol A + 10 ce. per | 
7°35 0-24 0-33 


gallon 7 3-20 


values known to be unequally affected by tempe- 
rature changes, as represented by petrol A-benzole 
mixtures, and petrol A with additions of ethyl 
fluid. The results of experiments made at normal 
induction temperature are given in Table I, and 
those obtained with the air supply heated to raise 
the induction temperature to 50 deg. are given in 
Table Il. Readings of H.U.C.R. at 1,200 r.p.m. 
were found to be nearly means of those given in 





movement determined in the conditions of the 
experiments, differs from similar effects obtained by 
Ricardo* with ignition advance variable, but 
adjusted always for maximum power and H.U.C.R 
taken as the compression ratio at which detonation 
is sufficiently severe to reduce slightly the power of 
the engine. The experimental results, Tables I 
and II, were obtained with the ignition timing 
always 30 deg. advanced and H.U.C.R. taken at 
slight audible detonation. 

Discussion of the Results: (a) Flame Reversal 
Effect—When the air supply is unheated, Table I, 
and petrol A alone is used as fuel, the change of 
H.U.C.R. on reversal of flame movement is 0-23 
C.R. at 900 r.p.m. When the valve temperature is 
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raised by running the engine at 1,500 r.p.m., yer, 
change of H.U.C.R. on reversal of flame movement 
increases to 0-30 C.R., that is, by 0-07 C.R. only, | 
when taken between H.U.C.R. values 0-90 C.R. | 
greater than those of 900 r.p.m. When ethyl fluid | | 
is added to the petrol in concentrations of 4, 6 and | 
10 cc. per gallon, the change of H.U.C.R. on 
reversal of flame movement increases with engine 





TaBLe Il.—Effect of Direction of Flame Movement on 
Detonation. IRmgnition Timing, 30 deg. advance. 
Induction Temperature, 50 deg. 


Decrease of 
H.U.C.R. on 
reversal of 
flame movement. 


H.U.C.R. plugs 
land2. Flame 
moving toward 


: inlet valves. 
Fuels used. : 


(a) Petrol A + Benzole. 
(6) Petrol A + Ethyl 


Fluid. Engine Speed. Engine mee 
900 1,500 | 900 1,500 
r.p.m. ie r.p.m. aE r.p.m. | ©r.p.m. 
a)— 
Petrol A alone ..| 4°40 4-90 0-04 | 0-26 
2 Petrol A, 1 Benzole..)| 5-00 5-35 0-08 | 0-40 
1 Petrol A, 1 Benzole..| 5-35 — 0-21 | 0-43 
1 Petrol A, 2 Benzole..| 6-05 | +35 0-35 0-59 
»)— | | 
pelael A alone ..| 4°40 * 4:90 | 0-04 | 0-26 
Petrol A + 4 cc. per | | 
gallon i ..| 5°20 | 5-70 0-07 | 0-40 
Petrol A + 10 cc. per | | 
gallon oh oo} 8770 | 6-15 0-16 0-35 
Petrol A + 20 cc. per | | 
gallon oy ..| 6-20 | 6-65 0-21 0-41 


speed by a similar small amount and even with a con- 
centration of 10 ce. per gallon, allowing an H.U.C.R. 

of over 7-0, the increase in the change is 0-09 CR. 
only between the extremes of engine speed. When 
the anti-knock value of petrol A is increased by 
additions of benzole, the temperature effect is more 
epee, especially if the additions are large, as 





. The High “Speed Internal Combustion Engine, 1931, 





the Tables for 900 r.p.m. and 1,500 r.p.m. 








page 45. 








The effect on H.U.C.R. of direction of Seen! | would be expected from the results of sila 


experiments made with heated air supply.* Thus, 
with petrol A and benzole in equal proportions, 
the change of H.U.C.R. on reversal of flame move. 
ment is 0-27 C.R. at 900 r.p.m., and increases to 
0-43 C.R. at the higher valve temperature obtained 
when the engine is run at 1,500 r.p.m. 

When the air supply is heated to raise the induc. 
tion temperature to 50 deg., Table II, and with 
petrol A as fuel, the change of H.U.C.R. on reversal 
of flame movement is 0-04 C.R. only at 900 r.p.m., 
but increases to 0-26 C.R. at the higher valve 
temperature obtained by running at 1,500 r.p.m. 
The increase of 0-22 in the reversal effect, with 
increase of speed, is not substantially greater at 
the higher compression ratios usable with large 
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additions of ethyl fluid or benzole, although the 
reversal effects themselves increase rapidly, becoming 
as great as 0-60 C.R. with rich benzole mixtures. 

(bd) Engine Speed and H.U.C.R.—When flame 
movement is towards the inlet valves and at normal 
induction temperatures, the H.U.C.R. for petrol A 
improves by 0-90 C.R. when the engine speed is 
increased from 900 r.p.m. to 1,500 r.p.m. When 
ethyl fluid is added to delay detonation, increase 
of engine speed has a measurably greater beneficial 
effect on H.U.C.R. than when equivalent additions 
of benzole are used. The beneficial effect of increase 
of engine speed diminishes as the air supply is 
heated, and at 50 deg. induction temperature 
becomes 0-50 C.R. only for petrol A. It decreases 
further by 0-20 C.R. on adding benzole in large 
proportion, but by 0-05 C.R. only with equivalent 
additions of ethyl] fluid. 

The direct effect of increased engine speed is to 
raise the engine temperature, especially that of 
the exhaust valves, and thereby promote detona- 
tion. The usual effect of increase of engine speed 
to delay detonation, when due not merely to a 
decrease of charge density, was attributed by 
Ricardo} to the increase of turbulence, consequent 
on the increase of speed, acting to prevent stagna- 
tion of portions of the fuel-air charge in contact 
with hot surfaces. bapeninente made later, 1 
the Air Ministry Laboratory,{ showed that a 
similar delay would arise foes. the shorter time 
available, at higher engine speeds, for the formation 
of organic peroxides during the initial stages of 
combustion. When engine temperatures are ab- 
normally high, the two factors tending to delay 


* King end Moss, * Detention, ~ Mineral Oils ond 
Blended Fuels.” 
{+ Empire Fuels Committee Report, I.A.E., vol. xviii, 
page 79. 
Callendar, King, Mardles, Stern and Fowler, “ Dopes 
and Detonation,” Second Report, R. and M. 1062. 
See ENGINEERING, vol. exxiii, page 147 et seq (1927). 
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detonation on increasing engine speed may be | and with flame travel towards the exhaust valves, | temperature. It is common practice to improve 
counteracted by the directly deleterious action of | further experiments were made in similar conditions | the anti-knock value of a fuel by the replacement 
temperature increase. This condition is reached, | of engine operation, using four other undoped fuels. | of part of the paraffin content by aromatics and/or 
when, with the E.35 engine, the induction tempera- | One of these was a straight-run spirit, petrol B, | naphthenes, but a fuel so improved, when used at 
ture is maintained at 50 deg., flame travel is toward | of high anti-knock value, now used in large quan- | the induction temperature of supercharged engines, 
the exhaust valves, and benzole mixtures are used as| tity as a Service aero-engine fuel. The experi-| tends to lose the beneficial effect on anti-knock 
fuel. The experimental results obtained in these | mental results are given in Table III. A small: value of high engine speed. The entire beneficial 
conditions of engine operation are shown graphically | positive speed effect, 0-10 C.R., is obtained for | effect may be lost if flame movement is towards 
by Fig. 6, derived from Table IT by substracting the | petrol B, which is less than the positive effect of | the exhaust valves. On the other hand, when the 
values given in the second pair of columns from 0-28 C.R. obtained in similar circumstances for anti-knock value of a paraffinic fuel is improved by 
those in the first pair. The corresponding values | patrol A, a fuel containing a greater proportion of | the addition of ethyl fluid, the beneficial effect of 
for H.U.C.R. obtained with flame travel towards the | paraffins. |increased speed is enhanced at normal induction 
inlet valves, plugs 1 and 2, are plotted on the same; The approximate proportions of paraffins and | temperature and is little, if any, less than that for 
figure in broken lines, to facilitate comparison. It} naphthenes in the four fuels are given in the Table, | the undoped fuel at 50 deg. induction temperature, 
will be seen that, when flame travel is towards the | and it will be seen that the increase of H.U.C.R. l even when the flame travel is towards the exhaust 
exhaust valves, the small positive speed effect of | with increase of speed diminishes with decreasing | valves. 
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| tions of naphthenes. When the fuel is 100 per cent. | : ara 

0-28 C.R. over the range 900 r.p.m. to 1,500 r.p.m. | Of the latter (cyclohexane), the speed effect is | When, however, the effect of ari rsal Pore 
for petrol A alone nearly disappears when a mixture | Negative, as mentioned by Stansfield and Thole.* movement _ B.M.E.E - Is to aaa » the 
of this fuel and benzole is used; in fact, a smal] |A negative effect has, however, been obtained at Sector of ignition timing becomes of prame Supers. 
negative effect has been obtained in single experi- | times with a benzole mixture, even when the added | 2"°: It _— observed cumg bey bee ere 
ments. Thus the factors tending to delay detonation | benzole is in relatively small proportion, as already | made with ames 30 deg. advanced, t — chouga 
when the speed is increased are just balanced by the | mentioned. salina Ih. snight Beas much as half s compers- 
eflect of higher temperature to promote it. A| The experimental results obtained for the relation | S10 Tatio higher with flame travel towards the inlet 


balance of the factors delaying and promoting | between engine speed and detonation are of interest valves than when it was towards the exhaust valves, 
detonation is not obtained when the fuel is petrol A | concerning the operation of supercharged engines. | 7 conresponding change ot ee —— 
plus ethyl fluid. Then, an increase of engine speed | The induction temperature with a moderate degree | obtained. The experiments were therefore extended 
still acts to delay detonation, the beneficial effect | of supercharge may easily reach 50 deg., when ‘the | © determine the relationship rane oor Pn 
being little less than when petrol A is used alone, | usable compression ratio will depend on the direc- | relevant factors of B.M.E.1 » HU.CR., mt aie 
4s will be seen by reference to Fig. 7, also derived | tion of flame movement and the nature of the fuel | tion of flame travel. — fucks were used, Rameny, 
from Table II. /to a much greater extent than at normal induction | Petrol A, a mixture of 2 petrol A-1 benzole and 
we increase of engine speed having failed to | = : —. ae a a | petrol A plus 4 cc. of ethyl fluid per gallon. The 
delay de ati : y . See ENGINEERING October 24, 1930. J ioned in | —— $$ _____—— — —____— 
it Bae wy age a sevenseahae a footnote, page 514, without definition of Pare : * King and Moss, e Measurement of Detonation.” 

7 alc g. induction temperature ' in which the effect was observed. ENGINEERING, Vol. xxviii, page 219. (1929.) 
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E.35 engine was run at 1,500 r.p.m. to give full 
power output, and trials were made (a) with the 
air supply unheated, and (6) with the induction tem- 
perature at 50 deg. The results of the experiments 
are shown graphically by Figs. 8 to 13, page 179. 

Discussion of the Results——When considering 
H.U.C.R., B.M.E.P. and ignition timing, it should 
be noted that the values of B.M.E.P. given by the 
lower curves follow from the highest compression 
ratio that can be used without detonation for a 
particular ignition timing. The increase of com- 
pression ratio usable with retardation of ignition 
when ignition is already late, is accompanied by 
a decrease instead of an increase of power. On the 
other hand, when ignition timing is more advanced, 
the decrease of compression ratio consequent on a 
further advance is followed by the expected decrease 
of power. The figures show that, if ignition timing 
is fixed, the power obtained when flame movement 
is towards the inlet valves, is appreciably greater | 
than when it is towards the exhaust valves, provided | 
the compression ratio is adjusted always to give | 
just audible detonation (H.U.C.R..). 





It was found, | 
however, that the increase of power accompanying | 
the increase of compression ratio was less than that | 
obtained in similar circumstances with a fixed | 
direction of flame movement, except when the | 
ignition advance was large. The interrelation of | 
timing, H.U.C.R. and B.M.E.P. is illustrated by | 
the four-sided figures in dotted lines in Fig. 10, 
taken as an example. The lengths of the top lines | 
of these figures give the change of ignition timing | 
required to make the H.U.C.R. independent of | 
direction of flame movement, and the inclinations | 
of the bottom lines show the improvement in | 
B.M.E.P. obtained when flame movement is towards 
the inlet valve. It will be seen that the improve- | 
ment diminishes with increase of ignition advance 
until, at approximately the ignition timing required | 
for maximum power in the usual circumstances of | 
engine operation, the four-sided figure has become 
a parallelogram. When this occurs, both the power | 
developed and the usable compression ratio are | 
independent of the direction of flame movement, | 
provided the ignition is suitably adjusted. 

The decrease of power following retardation of 
ignition being due to the consequent excessive 
continuation of combustion after the piston has 
passed top dead centre, recovery in power would 
be expected if combustion were hastened by firing 
the charge towards the hot exhaust valves. With 
petrol A at normal induction temperature and 
25 deg. spark advance (Fig. 8), this effect was more 
than sufficient to counteract the decrease in power 
due to the lower H.U.C.R., and the greater B.M.E.P. | 
was obtained when firing towards the exhaust valves. | 
At the higher compression ratio usable when benzole 
or ethyl fluid was added to the petrol, the effect 
at 25 deg. spark advance was nearly sufficient to 
counteract that due to lower H.U.C.R., and the net 
change in 
exhaust valves was small. 








of combustion which is greater than the increase 
due to temperature rise. 

Section 3.—Effect of Flame Reversal and Ignition 
Timing on B.M.E.P. at Fixed Compression Ratios.— 
The experiments described in the preceding sections 
were made with the compression ratio variable, and 
the B.M.E.P. observed at any particular ignition 
timing was obtained at a compression ratio differing 
from that used when it was observed at another 
ignition timing. The compression ratio is fixed in 
practice, usually at a sufficiently low value to allow 
for some variation in the anti-knock properties of 
available fuels, and maximum B.M.E.P. is then 


obtained for some particular ignition timing. The | 


effect of reversal of flame movement on B.M.E.P. 
in these circumstances, has been determined for 


Fig.14. PETROL A. 
INDUCTION TEMPERATURE 3 DEG. CENT. 
COMPRESSION RATIO 4-5. 
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the three fuels described in the last section, at 
normal induction temperature, and an engine speed 
of 1,500 r.p.m. The experimental results are 
shown graphically by Fig. 14. The 2 petrol 
A-1 benzole mixture and petrol A + 4 cc. of ethyl 
fluid per gallon were used for similar experiments 
at 50 deg. induction temperature, and the results 
are shown by Fig. 15. 

Discussion of the Experimental Results——Con- 
sideration of the experimental results is greatly 
simplified by the fixing of the compression ratio, 
leaving the direction of flame travel and ignition 
advance as the two variables affecting the power 
developed. The accelerating effect on combustion 


B.M.E.P. due to firing towards the | of firing towards the exhaust valves is shown in terms 
When the induction | of change of power by the vertical distance between 


temperature is raised to 50 deg., the accelerating | the B.M.E.P. curves, Figs. 14 and 15. The effect 
effect of firing towards the exhaust valves is relatively |is to increase B.M.E.P. when ignition advance is 


much less. 

Consideration of the four-sided figures mentioned 
above, shows that to approach equality of B.M.E.P. 
at equal values of the compression ratio for either 
direction of flame movement, it is necessary to use 
less ignition advance when the flame travel is 
towards the exhaust valve than when it is towards 
the inlet valve. The experiments support the 
view that combustion is more rapid when flame 
movement is towards the hot exhaust valve side of 
the combustion chamber than when it is towards 
the cooler inlet valve side. It would be expected, 
therefore, that on raising the overall temperature 
of combustion, less ignition advance would be 
required for maximum power. The contrary effect 
is obtained at 50 deg. induction temperature. 
Values of B.M.E.P., Figs. 11, 12 and 13, reach a 
maximum when the ignition advance is from 5 deg. 
to 10 deg. greater than when the inlet air is unheated, 
Figs. 8,9 and 10. With heated intake air, however, 
the usable compression ratio is necessarily lower 
than with normal induction ; also the proportion of 
exhaust gas in the combustible mixture at the end 
of the induction stroke is greater than with cold 
intake air, and a reduction is obtained in the speed 


‘less than that required for maximum power, but 


|to diminish it when ignition advance exceeds the 


| optimum. 
| When the inlet air is unheated, and at any ignition 
| timing, changing the direction of flame travel from 
towards the inlet valve to towards the exhaust valves, 
is equivalent to advancing the ignition by about 
3-5 deg., represented by the horizontal distance 
between the B.M.E.P. curves, Fig. 14. The same 
| maximum power is obtained, irrespective of the 
direction of flame movement, but at about 3-5 deg. 
more advanced ignition, when flame travel is towards 
the inlet valves than when it is reversed. 

When the inlet air is heated to raise the induction 
temperature to 50 deg., Fig. 15, the same maximum 
power is again obtained with either direction of 
flame movement, the required ignition timing being 
greater when the flame movement is towards the 
inlet valves than when it is reversed. 
observed also that, as for the experiments, Section 2, 
optimum ignition timing is more advanced at 50 deg. 
induction temperature than at normal temperature, 
by about 7 deg. The compression ratio is, however, 
1-0 lower for the former case than for the latter, 
and referring to Fig. 14 it will be seen that increasing 





It will be | 


the compression ratio from 4-5, Fig. 14 (a) to 5-5, 
Fig. 14 (6) and (c), accounts for a retardation of 
approximately the 7 deg. mentioned. When this 
allowance is made, the ignition advance required for 
maximum power is the same at both normal and 
50 deg. induction temperatures. That is, as for 
the experiments described in the last section, and 
for the reasons mentioned when the temperature of 
combustion is raised by heating the inlet air, the 
speed of combustion does not increase, although 
that effect is obtained if flame movement is towards 
the hot exhaust valves, instead of towards the 
cooler inlet valves. 

| The conclusion derived from the experiments 
|described in this section is that, when ignition 
| timing is adjusted for maximum power, the same 





Fig.15. 2PETROL A +1 BENZOLE. 
INDUCTION TEMPERATURE 50 DEG.CENT. 
COMPRESSION RATIO 4-5. 
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| output is obtained whether the flame movement is 
| towards the exhaust or the inlet valves. It appears 
that the advantage of one direction over the other 
rests on the comparative ability of valves and 
spark plugs to withstand overheating. Thus, spark 
plugs placed at the exhaust-valve side of the com- 
bustion space tend to overheat in extreme conditions, 
and if placed at the inlet-valve side the consequent 
completion of combustion at the opposite side tends 
to raise the exhaust-valve temperature excessively. 
The difficulties mentioned are reduced by placing 
the spark plugs at opposite ends of a diameter 
midway between the exhaust and inlet valves. 
Flame travel is then towards the middle, the time 
required for combustion is reduced because of the 
shorter average length of flame travel, and a 
favourable effect on power obtained. The ideal 
arrangement is approached, for the E.35 engine, 
when plugs 1 and 3 are used, with the expected 
beneficial effect on power, as shown by the exper!- 
ments described in the preliminary section. 








SIX-CYLINDER MOTOR-BOAT 
ENGINE. 


WE have dealt from time to time with motor-boat 
engines manufactured by Messrs. The Parsons Oil 
Engine Company, Limited, Town Quay Works, 
Southampton, the most recent example being a four- 
cylinder high-speed model described in ENGINEERING, 
vol. cxxx, page 73 (1930). The latest model introduced 
by the firm is illustrated in Figs. 1, 2 and 3, on the oppo- 
site page, and, as in the case of the four-cylinder unit 
referred to, a high crankshaft speed is employed, 
120 b.h.p. being developed at 2,500 r.p.m. The engine 
develops 78 b.h.p. at 1,500 r.p.m. and 100 b.h.p. at 
2,000 r.p.m. Itisa six-cylinder model, with a cylinder 
bore of 4} in. and a piston stroke of 5 in., and Is 
designed to stand up to full load for long periods with 
| a minimum of wear. : 
| Incommon with other productions by the same firm, 
| accepted first-class marine engineering practice has 
| been carefully adhered to. In spite of the light weight 
|and high speed capabilities, everything is built to 
withstand the heaviest sea-going service. The fly- 
| wheel is retained at the after end of the engine, with 
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SIX-CYLINDER MOTOR-BOAT ENGINE. 


CONSTRUCTED BY MESSRS. THE PARSONS OIL ENGINE COMPANY, LIMITED, ENGINEERS, SOUTHAMPTON. 





























Fie. 1. Fig. 2. 


| The after portion of the reverse gear is arranged so that 
a standard Parsons two-to-one reducing gear can be 
| fitted, if required, and the engine can then be used as 
|a heavy-duty power unit in situations where light 
| machinery weight and low propeller speed are essential. 
While the standard engine is supplied with an 
| auxiliary starting handle for use on the forward end 
of the engine, the Parsons standard chain after starting 
gear can be fitted if preferred, and a governor can also 
be fitted if desired. The lubricating and carburettor 
arrangements are such that quite a steep installation 
angle can be accommodated, and the aluminium con- 
struction is carried out in a special non-corrodible 
marine alloy. While the engine is designed to give its 
| maximum output on any good No. | motor spirit, it 
| will run quite satisfactorily on No. 3 commercial 
| spirit with a very small decrease in power output. 








STRESSES IN REINFORCED 
CONCRETE. 


Tue standard methods of design used for construction 
| in reinforced concrete have long shown themselves to be 
|safe. They are based, however, on assumptions, such 
|as those in regard to the elastic properties and tensile 
|strength of concrete, which are known not to be 
| strictly true, and in the newer cements very great 
|increases have been made in the available strength 
| of the material, of which it would be desirable to take 
| advantage in design. This cannot be done with safety 

without taking account of changes which these cements 
|show in other physical properties than strength and 
} | rate of hardening, and in all countries it is being realised 
Fia. 3. | that the best use of these materials and the advance 
: |of practice require a more intimate study of their 
view to the development of a continuous and vibration- the end cover, as shown in Fig. 2. The oil is then| properties and of the changes that occur in them during 
less power output, and it does not mask the timing | delivered to the hollow engine bearer on the port side, | their life-history. Among the institutions engaged in 
Ww heels and other gear, _but leaves them perfectly | and from the end of this it is taken to the jacket of this work is the Building Research Station, and three 
emery and open to inspection at any time. A the induction pipe. In passing through this jacket, | Teports by Dr. W. H. Glanville have now been pub- 
earing is fitted on both sides of every crank throw, | a dual purpose is served, in that the oil is cooled and | lished, which set out & series of experimental studies 
large inspection panels are provided, as shown in Fig. 1, | the induction pipe warmed. When leaving the pipe, | conducted there during the past few years, and certain 
and each crank web is extended to form a balance|the oil immediately passes to a water-jacketed | theoretical and practical conclusions to which they 
ny cath Overhead valves are employed, operated | cooler, and thence through the fina] strainer to the |. 2#¥e led.* ‘ ‘ 
bs tate rods from the camshaft in the crank case, | hollow engine bearer on the starboard side. The final The success with which steel and concrete are used 
sa working in a specially designed cylinder head, | strainer can be cleaned while the engine is running. | together to make a structural member oe —_— 
: ne the combustion space machined all over. Two|The ducts from the crank case are drilled into the | tially on the ability of the two materia — transmit 
pa pone systems of ignition are provided, magneto | bearer, and consequently a continuous pressure feed a to - — neg oe nagengye ‘ os —> 
all toig rs -coil, these being synchronised to operate | of thoroughly-cooled clean oil is ensured to all main ser 4 the are r aa usec ype “eng ‘deal un 
8 mal me maximum power. Two carburettors | hearings. : It will be seen, therefore, that the oil is | 1 al +i _ barge t -s a t as aaa pes ae 
a ae ed, accurately ganged, and electric Starting and cooled twice and filtered twice during every circuit. | ie ee 7 ti dip In Pra prig ouiiea ape a * 
pasa ee 4 a eee as standard equipment. All| The reverse gear is provided with an oil-immersed | ee th “pues ry — ‘ wo rv pgp sigarvse et - 
ee pe we 0 timing gears, &c., are totally enclosed | plate clutch for going ahead, and a band brake for the | hake 2 ‘ded < patie = aotien rent eo-aiaial he 
a ‘icate under pressure from the engine, | astern drive ; it is lever operated and gives equal | as eh This pa sabia ail atte oditmiios 
ga => an exceptionally clean exterior, as shown | speeds in either direction. The bevel differential, | ae —_ th : . aadeel br A omiiaiiel 
They se nig ae | giving the reverse motion, is mounted on ball bearings | pe esa og = the ders te y ese oe ol 
“a epider is forced lubricated throughout, the | throughout, and the whole gear is lubricated under SS. Se CAPE a 8 sittin 
drilled 8 ne to the main bearings through ducts | direct pressure from the engine system. The reverse |~ , Seicaal + of Sei atte saa Sadicgtetel Wissel, 
salams of — case, and there are no oil pipes or | gear is capable of transmitting the full power of the Bailing Reseereh: Technical Papers Nos. 10 to 12. Studies 
i ta je Fn gpg the a The oil | engine in either direction for long periods without any | 5, Reinforced Concrete : I. Bond Resistance. II. Shrinkage. 
fi peun Ga a . pea — © engine to | signs of distress or ov er-heating, and giving an equal | 11T. The Creep or Flow of Concrete Under Load. H.M. 
, ¢ placed in an accessible position on | speed astern, provides exceptional manceuvring qualities, | Stationery Office. Prices 9d., 1s. and 1s. net, respectively. 
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the cement, and partly of the frictional resistance to 
slip induced by the shrinkage of the concrete and the 
consequent pressure on the surface of the bar. Possibly 
there is also a small chemical effect due to a combina- 
tion between the steel and some elements of the concrete, 
which, however, does not seem to be present to any 
important extent. The relative importance of pure 
adhesion and of frictional resistance varies very widely 
with different cements, and with other circumstances, 
such as the curing process and the surface of the steel. 
Each of the investigations was made on normal and 
rapid-hardening Portland-cement concretes, and on 
aluminous-cement concrete. 

The experiments described in the first paper, dealing 
with bond resistance, consisted primarily in determin- 
ing, for a series of bars embedded in various concretes 
to different extents, the loads in tension and in com- 
pression which, when applied to the bars, caused failure 
of the bond, as indicated by general slipping. From the 
results so obtained, a new theory was worked out, 


connecting the bond stress and the length of embed- | 


ment for various types of concrete with the longi- 
tudinal stress in the steel. A further type of experiment, 
made in order to determine separately the distribution 
of stress arising from shrinkage of concrete and that 
arising from the load applied in a pull-out test, was 
made on the tube extensometer, a description of which 
was included in the account, already given in these 
columns, of the Building Research Station.* General 
agreement was found between the results of the 
experiments and the theory, which was also found to fit 
the well-known results obtained by Abrams at the 
University of Illinois. The distribution of bond stress 
at failure was found to be independent of the initial 
shrinkage-stress distribution along the bar, and to 
vary with the stress induced in the bar by its radial 
movement. The average overall bond stress was 
shown to depend directly on the length of embedment, 
the relation of which to the distribution of bond stress 
was found to be independent of the diameter of the bar, 
though the relation between the bond strength and the 
stress in the bar varied with the bar diameter. By 
applying to the theoretical expression for the relation 
of stresses to embedment, constants worked out from 
Abrams’ experiments, the lengths of embedment 
required to develop various stresses were calculated. 
It was found that the length of embedment required 
for developing in tension the working stress assumed 
usually in design calculations (16,000 lb. per square 
inch), was, for all bars of usual sizes, about 10 diameters, 


which would leave a factor of safety of 4 on the number | 


of diameters (40) usually assumed. In the course of 


investigations on the effect of slip, it was found that the | 


first slip occurred at a bond stress fairly close (80 to 


nearly 100 per cent.) to the maximum stress developed, | 
a much higher ratio than was found in Abrams’ inves- | 


tigation. Results obtained in the course of the present 
investigation showed, with aluminous-cement concrete, 
that slip up to as much as $ in. or more produces no 
appreciable decrease in the bond strength, whereas 
with Portland cement a decrease of as much as 50 per 
cent. may occur. 

The effect produced by varying compositions and 
conditions of the concrete was studied on tension 
specimens, in which 4-in. steel was embedded in a 
concrete cylinder, 6 in. in diameter, to a depth of 4 in. 
Among other results it was found that all cements, 
particularly when water-stored, developed bond strength 
more rapidly than crushing strength. With both normal 
and rapid-hardening cement, bond strength increased 
steadily with age, in all cases being slightly higher with 
water-stored than with air-stored specimens. With 
aluminous cement, both early bond strength and crushing 
strength tended to fall between 7 days and 28 days, and 
then to increase again. 

The second paper is concerned mainly with experi- 
ments to determine the distribution of shrinkage stress 
along the reinforcing bar. The stresses here in question 
arise from the changes of volume in set cement, accord- 
ing to variations in moisture conditions, which, as has 
already been shown, may go on for an indefinite period, 
and have been found after as long as twenty years. 
These stresses begin from the moment the cement sets, 
owing to the difference in the moisture conditions 
and consequent shrinkage between the surface and 
internal layers. Though to some extent, they may be 
relieved by the creep or flow of the cement under stress, 
investigations described in the third paper show that 
this relief is never complete. The complication is 
increased in concrete by the presence of inert aggre- 
gates, the volume of which is not affected by changes 
in humidity, and in any specimen the distribution of 


cement, aggregate and water varies considerably | 


throughout the mass, producing consequent variations 
in properties such as shrinkage, elasticity, creep under 
load, and bond to aggregate. This complication is 
increased still further by the introduction of reinforcing 
steel, a substance not indeed inert, but having proper- 


* See ENGINEERING, vol. cxxvii, pages 422, 423, Figs. | 
7. 


49 to 54 (1929). 


ties different from those of the concrete in which it is 
embedded. The internal stresses at any point are there- 
|fore more or less indeterminate, and only a partial 
| aeetion, or perhaps even a general indication, can 
be obtained. The present investigation has heen made 
|on the simplest possible form of reinforced-concrete 
| members, and the results are explained to such an extent 
|that local shrinkages round the aggregate can be 
| neglected, and the change of volume can be assumed to 
| be uniform throughout the concrete. 
| The standard specimen consisted of a concrete bar 
| 36 in. long by 6 in. by 6 in. cross section, with a bar of 
| black mild steel of the British standard specification for 
| structural steel placed centrally along the axis. Most 
| of the experiments were done at constant temperature, 
| maintained from the time of mixing up to the end of 
|the eighteen months over which the observation 
;extended. All mixes were of the same consistency, the 
| variations in the proportions of water necessary for 
| this being only small. 
The distribution of shrinkage stresses was examined 
|in two alternative ways, which gave fairly concordant 
| results. In the one, the strain of the steel for two lengths 
| of embedment (6 in. and 10 in.) was measured directly 
| by the internal-tube extensometer, referred to above. 
|In the other, the stress was calculated from measure- 
| ments of the overall shrinkage movement of the rein- 
| forcing rod, which were made by means of the appara- 
tus for the purpose described in our account of the 
| Building Research Station* On _ the assumption that 
|the strain at any point of the bar is the same at 
| equal distances from the end of the specimen, irrespec- 
| tive of the length of the specimen, the results showed 
|that the bond stress, per square inch, along the rein- 
| forcing bar is practically uniform, but extends only for 
|a short length, usually not greater than about 12 in. 
|from the end of the bar. For this distance, therefore, 
|the bond stress produced by shrinkage develops a 
gradually increasing compressive stress in the bar, 
while over the central portion of the bar beyond it, 
where there is no bond stress, the stress in the steel is 
uniform. The lengths over which bond stresses are 
developed at the ends does not vary much with the 
age of the concrete. 

The movement of the concrete on the reinforcing 
bar induced by shrinkage stresses is evidently less than 
the shrinkage of plain concrete, by an amount equal to 
the elastic strain of the concrete. In addition, however, 
| to this element in the data on which shrinkage stresses 
have to be calculated, allowance must be made for 
the creep or flow which the stresses produce con- 
tinuously in the concrete. Investigations described in 
the third paper have shown the extent of this creep to 
be, like the elastic strain, practically proportional to the 
applied stress. In the absence of creep, the relation 
between shrinkage and induced concrete stress is given 
by the formula 
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when f, is the stress in concrete, E, Es are the moduli 
of elasticity for concrete and steel, respectively, and 
d,s their sectional areas. Following a suggestion by 
Dr. Faber, it has been found possible to make a closely 
approximate allowance for the creep induced by 
shrinkage by substituting in this formula for the 
modulus of elasticity of the concrete—the ratio of stress 
to strain—an “ effective modulus,”’ equal to the ratio of 
stress to strain plus creep. This conclusion has been 
confirmed by the examination in several ways of the 
experimental results. 

An important part of the results obtained in this 
investigation lay in the observations on the difference 
in behaviour between concrete made with different 
| types of cement, and the influence exercised by the 
composition and condition of the concrete. With the 
exception of variations in humidity, the extent of which 
was not realised fully until the work had been in hand 
for some time, minute precautions were taken to secure 
uniformity of conditions. Nevertheless, because of the 
effects that may at times have been exerted by varia- 
tions in humidity, and because of the inevitable varia- 
tion between different batches of even the same brand 
of cement, and probably still more between different 

brands, the results are submitted as exhibiting merely 





general differences rather than as possessing strict | 


numerical accuracy. The order of magnitude of the 
likely maximum error appears to be about 10 per cent. 
The most striking result has been to establish the 
extent of the shrinkage stresses in the three types of 
concrete, at various ages from one day up to eighteen 
months. Between concretes made with normal 
Portland and rapid-hardening Portland cement, the 
|latter of which is at all ages slightly more highly 
| stressed, the difference is only slight. With the concrete 
made with aluminous cement, on the other hand, the 
jearly hardening is accompanied by rapid and con- 


—|of some thousands of pounds per square inch are 
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* ENGINEERING, loc, sit., page 423, Figs. 55 to 59. 


| siderable shrinkage, so that within a few days stresses | 


induced in the reinforcement. These stresses, however, 
do not at an early point cease to increase at a significant 
rate, as the crushing strain does, but continue to increase, 
until, at twelve months, maximum stresses of over 
10,000 lb. per square inch are reached. From this 
point, however, the shrinkages of the three concretes 
tend to approach each other, until, at eighteen months, 
there is little to choose between them. 

With regard to the effect of storage it was found that 
Portland-cement concrete, when stored in water, showed 
a practically continuous swelling, which, however, 
produced stresses so much lower than those accom- 
panying shrinkage that usually they could be ignored. 
Aluminous-cement concrete, on the other hand, stored 
under water, showed at the outset a shrinkage inducing 
steel stresses up to about 1,000 lb. per square inch, 
which was more than counterbalanced by the effect of 
subsequent swellings. 

It will be observed that the creep of which account 
is taken in the second paper, is induced by the shrinkage 
stresses which arise in the concrete irrespective of any 
externalload. These stresses, as has been seen, are built 
up gradually, and the investigation of their effect does 
not throw light on the creep which is produced by an 
externally applied load, the full force of which is 
operating continuously from the time of its application. 
The importance of obtaining accurate measurements of 
creeps under load was emphasised by the results 
obtained by Dr. Oscar Faber,* and after the discussion 
of these results at the Building Research Station, the 
experimental work described in the third paper was put 
in hand. The scheme of experiments provided, in 
the first instance, for an investigation of the relation 
between creep and applied stress, and of the influence 
of the constitution and condition of the concrete on the 
result. In a second part, the relations between 
the stresses in the steel and concrete of a reinforced- 
concrete column were shown to be expressed by the 
formula 


where c is the creep of plain concrete occurring from 
the time of loading to the time under consideration, 
b= i E f = and f,, fo are the concrete stresses at 
the time in question and immediately after loading. 
The results were compared with those obtained by using 
an effective modulus of elasticity in order to allow for 
creep, as was don2 with substantial accuracy with 
creep arising from shrinkage. It was shown that, for 
creep due to applied load, the results would lead 
ultimately to appreciable error. 

Experiments were carried out to verify the assump- 
tion that the result of tests of creep in plain concrete 
could be used to calculate the stresses in reinforced 
concrete. In these, the cylinders were loaded, and their 
creep measured by a spring-loading apparatus and roller- 
mirror extensometer, similar to that described in our 
account of the Building Research Station.+ Large 
numbers of these appliances were used, and the whole 
plant was installed in a constant-temperature room. 
The specimens, both loaded and unloaded, were kept 
in cupboards, which were maintained at a constant 
relative humidity by means of an air current passing 
over a saturated solution of ammonium nitrate. 

The changes of length produced by creep in concrete 
occur simultaneously with those due to shrinkage and due 
to change in the modulus of elasticity. The change due 
to creep alone was therefore determined as a difference 
between measurements made on three specimens. 
From one of these, which was loaded, the sum of the 
three movements was obtained, while on the second, 
which was unloaded, the shrinkages were measured, 
and on the third, which was kept normally unloaded, 
the modulus of elasticity was measured from time to 
time. The difference between the movements shown 
jon the first specimen, and the sum of the shrinkage 
| movement shown on the second specimen and the 
| movements due to changes in the modulus of elasticity, 
‘as calculated from the determinations made on the 
| third specimen, was taken to be the movement due to 
|ereep. This involved the assumption that shrinkage 
|and change in elastic properties were the same for 
| loaded as for unloaded specimens. 

In calculating the movement produced by creep 
| under constant load, allowance must be made for the 
| creep that occurs during the gradual process of applying 
| the load, and the consequent elastic strain introduced 
|up to the time when the full load has been applied. 
/It was shown experimentally that, while for instan- 
|taneous loading the strain is practically in direct 
| proportion to the stress, the ratio is affected by the 
creep during loading, when the load is applied gradually 
(up to a period of sixty seconds), and therefore by the 
rate of loading. Under constant load, within the 


* O. Faber: Plastic Yield, Shrinkage, and other 
| Problems of Concrete, and their Effect on Design. Proc. 
| Inst. C.E., 1927-1928, Part I., vol. 225, pages 27-150. 
+ ENGINEERING, ibid,, Figs. 55 to 59. 
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SINGLE-OPERATOR WELDING GENERATOR. 


CONSTRUCTED BY MESSRS. QUASI-ARC COMPANY, LIMITED, ENGINEERS, LONDON. 
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range of working stresses, the creep over long periods | 
was shown to be practically proportional to the 
applied stress. These results were obtained from plain | 
concrete specimens with a great variety of mixes of | 
normal Portland, rapid-hardening Portland, and 
aluminous cement concrete. Further series of experi- | 
ments were made to elucidate the effect on the creep | 
in plain-concrete specimens exercised by the type of 
cement, its amount, the water contents of the concrete, 
its age at the time of loading, and the humidity of 
the atmosphere. Among other results it was found that, 
for air-stored concrete, the creep was smaller as the 
hardening of the cement was more rapid. Thus, for | 
1:2:4 concrete loaded at twenty-eight days, the creep 
was only about one-fourth of that of normal Portland- | 
cement concrete, and for rapid-hardening Portland, 
about two-fifths. The creep was also markedly | 
influenced by the cement content, with normal | 
Portland cement being, in fact, roughly proportional 
to the quantity of aggregate used. For some reason, | 
not as yet understood, normal Portland-cement concrete 
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suffered much less creep when maintained damp than 


| when stored in air, and rapid-hardening Portland 
|cement concrete likewise, though not to the same 
; extent. Aluminous-cement concrete, on the other hand, 
| showed more creep when stored wet than when stored 


dry. 
A series of experiments on small reinforced-concrete 


| columns, conducted under similar conditions to those 
of the experiments on plain concrete, showed that the 
| results of the formule developed were approximately 


true. In these experiments, the columns were tested in 
pairs, one loaded and the other unloaded, each being 
reinforced with four 34-in. vertical bars, arranged 


| symmetrically without lateral reinforcements over the 


portion tested. The arrangement was such as to 
ensure that the steel stress was transmitted entirely 
by adhesion, and to allow the movements of the con- 


| crete and of the steel to be recorded separately. These 


movements, as expected, were found to be practically 
equal, and the behaviour of the column was therefore 
sufficiently derived from the changes in the steel stress. 
The results showed that stress was transferred con- 
tinuously from the concrete to the steel through the 
creep of the concrete. The calculated and actual 
stresses were in reasonably close agreement. Two 
similar extra columns were tested periodically in a 
testing machine at the age at which the other columns 
were loaded, to enable the elastic deformations to be 
obtained. As an example of the sort of steel stresses 
obtained, one series showed 6,600 lb. per square inch on 
loading, and 20,000 lb. per square inch after eight 
months under load. Generally, the strains measured 
in the steel from which the stresses were computed 
were slightly higher than the computed values, which 
was thought to be attributable, in part, to creep in the 
steel. 

It was found that the stress in the steel decreased as 
the percentage of steel increased. The figures showed 
that if no creep occurred in the steel at low load, the 
yield point might be reached for small percentages of 
steel, but, even with high concrete stresses, a steel 


| stress of 30,000 lb. per square inch would not be 
| exceeded when the percentage of steel was up to 5 per 
cent. 

On the basis of these results, and on the assumption 
that the values of shrinkage and creep will not exceed 
those attained at the end of a year, the stresses 

| which creep produces in the steel and the concrete 
, can be calculated. 

| 
|THE “S.G.”” WELDING GENERATOR. 


| To make a weld with the metallic arc, the plant 
employed must provide a drop of potential across the 
| are of about 25 volts and have a current range of from 
25 amperes to 200 amperes, if it is to be suitable for 
use with all sizes of electrodes and to be capable 
of joining metals of different character and thick- 
ness. In addition, the open-circuit voltage must be 
sufficiently high to facilitate striking the arc, while 
welding stability must be obtained either by the use 
of auxiliary plant or by specially designed and con- 
structed main equipment. Where the supply pressure 
is between 60 volts and 110 volts direct-current, or 
100 volts and 110 volts alternating-current, a variable 
resistance may be used for reducing the pressure to 
the correct potential and for giving the various 
currents that may be required, but if it is higher than 
these values, some form of converting or transforming 
equipment is required. The early types of welder 
mainly fell into the former class, and, though satis- 
factory from the welding poiat of view, necessitated 
a capital cost and a power consumption that were so 
heavy that a number of devices were evolved with a 
view to rendering operation possible at a lower voltage. 

Nowadays, when alternating-current is available, 
static transformers or induction regulators are usually 
| employed, while where direct-current only is available, 
motor-generators, which include a generator with a 
special drooping characteristic, are used. The design 
of this latter class of machine has been greatly 
improved since they were first introduced, as in many 
of the earlier types the conditions which were necessary 
to ensure a stable and easily held arc, were ignored. 
Moreover, the fact that though two generators may have 
|the same characteristic they may differ widely in 
| performance when called upon to supply a fluctuating 
load like an arc was not realised. To deal with such 
a load satisfactorily, in other words to ensure that the 
actual process of welding shall be made as easy as 
possible for the operator, the generator and _ its 
equipment must be designed so that the voltage 
responds exceedingly rapidly to the current changes, 
and so that welding conditions remain stable under 
varying loads. To attain these objects, the shunt 
field in some types of generator was separately excited 
by an auxiliary machine, while in others stabilising 
reactances or resistances were inserted in the circuit. 
These arrangements were, however, electrically inef- 
ficient, and have now been generally abandoned in 
favour of special field windings, either with or without 
magnetic circuits of uncommon design. It will be 
appreciated, however, that it was not altogether easy 
to design self-stabilising generators which would be 
satisfactory for welding work requiring, say, 200 amperes, 
and for light work on which only 20 amperes to 60 
amperes were needed. 

These difficulties it is claimed, have been overcome in 
the “S.G.” single-operator welding generator, which 
is manufactured by Messrs. The Quasi-Arc Company, 
Limited, 15, Grosvenor-gardens, London, 8.W.1. This 
machine has been designed so as not only to be electric- 
ally efficient, but to be capable of giving steady welding 
conditions with a current as low as 20 amperes. A 
diagram of this generator and its controlling equip- 
meat is given in Fig. 2, from which it will be seen that 
there are three field windings: a shunt winding A, which 
is wound on the main poles and is excited through a 
separate brush on the commutator, a series winding B, 
which is also wound on the main poles so as to assist 
the shunt windings, and a series winding C, which is 
wound on the auxiliary poles and has a counter- 
compounding effect. The design of the magnetic 
circuit and the separate excitation of the shunt coils 
ensures stable welding conditions, while the series coils 
on the main poles assist the rapid recovery of the 
voltage. The welding current is roughly adjusted 
to suit the class of work in hand by means of a four- 
pole switch D, on the right in Fig. 1. This alters the 
number of counter series field turns in circuit, while 
fine adjustment of the current is obtained by means of 
an infinitely-variable rheostat in the shunt field. . The 
operation of the set by a welder with little or no 
electrical knowledge is therefore easy. The rheostat 
is portable, so that it can be placed close against the 
work, thus obviating any tendency to weld with an 
incorrect current or loss of time in making the necessary 
adjustments. 

A general view of one of these sets is given in Fig. 1, 
from which it will be seen that both the motor and 














generator are of the drip-proof type, and that the 
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meters and control gear are totally enclosed and 
protected by steel plate. This type of construction 
renders the set suitable for use in exposed situations 
and minimises the risk of accidental damage. Con- 
nection to the electrode and the work is made through 
the two large terminals on the housing in the centre 
of the set, between which the twin-flexible lead to 
the shunt regulator is taken off. The hand-wheel 
visible in the centre of the control panel is used for 
effecting the necessary control of the series field, while 
above this is a voltage indicator and an ammeter, 
respectively, the latter being provided with a protective 
flap. 

The volt-ampere characteristic curves of a set of 
this kind are given in Fig. 3, in which curve A represents 
the condition necessary to obtain the minimum welding 
current, the corresponding condition for the maximum 





the accident might have temporarily choked the drain, 
thus allowing water to collect which, once set in motion 
by the high-pressure steam from the high-pressure 
cylinder, would be forced into the intermediate-pressure 
slide-valve casing. Though this was accepted as an 
explanation, the evidence does not appear conclusive. 
Though the design of the old steam chest was consi- 
dered to be good, the new one has been made 20 per 
cent. thicker, has been strengthened with steel stays, 
and the relief valve set at 80 lb. instead of 100 Ib. 
As to the collection of material in the receiver, the 
Engineer-Surveyor-in-Chief remarks “ after periodic 
general inspections and overhaul of machinery it is a 
common sense precaution to see that no loose article, 
either part of the fittings or tools used in the overhaul, 
should remain unaccounted for before the machinery 
is finally closed up, and subsequently operated.” 


current being shown in curve B. An infinite number | Every engineer who has had charge of boilers, engines 
of similar characteristics can be obtained between these | or turbines, will agree with this remark. The accident 
limits, giving a progressive current control from 20/ we have been dealing with naturally led to extensive 
amperes to 220 amperes with an arc voltage of about | damage and, unfortunately, it was also the cause 
25 volts. It may be added that, although the generator | of the death of one of the engineers. The steam chest 


is primarily designed to give the accurate current control 
and stable welding conditions at the low amperages 
required when using covered electrodes, it is said to be 
equally suitable for welding with bare rods. In the 
latter case, the conditions are less critical owing to the 
facts that bare wire is always used where strength is 
not of importance and that much higher current 
densities are required. It may also be stressed that, 
as far as strength and dependability of the weld are 
concerned, the use of the proper electrodes is of even 
more importance than stable electrical conditions and 
adequate current control, and that there is a wider 
appreciation of the fact that it is difficult to obtain 
a ductile weld with a high resistance to fatigue and 
corrosion with any form of bare welding rod. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 1882, 
and 1890, inquiries have been conducted by Board of 
Trade officials into a number of explosions. Reports of 
the investigations have been published recently, and 
of some of these we give brief summaries below. 


Failure of a Steam Chest of a Stationary Engine.— 
Report No. 3115 deals with the failure of a large steam 
chest of a steam engine at the works of Messrs. Oldham 
Albion Spinning Company, Limited, Hollinwood, 
Lancashire. The accident was an unusual one; it 
had serious results and the cause was not fully ascer- 
tained. The steam chest which failed was that of the 


pressure and two low-pressure cylinders. The inter- 
mediate-pressure cylinder was 42 in. diameter, and the 
steam chest or slide-valve casing was 8 ft. 8 in. long, 
3 ft. 4 in. wide and 1 ft. 34 in. deep. 
two cast-iron doors 3 ft. 54 in. long and 3 ft. 8} in. 
wide. The thickness of the chest was 1}? in. and 
the thickness of the doors 1} in. The latter were 
strengthened by ribs. Relief valves were fitted on 
both the steam side and the exhaust side of the casing. 
Between the high-pressure cylinder and intermediate- 
pressure cylinder was a cylindrical receiver 2 ft. 3} in. 
diameter and 4 ft. 104 in. long, which was fitted with 
a drain. After the accident, this receiver was opened 
up and in it was found a strange assortment of odds 
and ends, including several studs and nuts, pieces 
of cast iron, bits of copper wire, a steel wedge and other 
items, but no information was forthcoming as to how 
these things had got into the receiver, save that the 
}-in. studs which were found had once been in the pilot 
valve cover, but had become loose and had found 
their way through the high-pressure cylinder into the 
receiver. The accident occurred on October 10, 1930, 
at 2.40 p.m., after the engine had been running some 
hours at a speed of 41 r.p.m. At that moment a loud 
report was heard, the machinery slowed down and when 
the steam had been shut off it was found that the 
intermediate-pressure chest had fractured, one of the 
doors had broken into many parts, and one piece of 
iron, about 1} cwt. in weight, had been projected 
against a wall 45 ft. away. The steam pressure at 
the time was 140 lb. per square inch. Though on the 
day of the accident the eagine was running satisfac- 
torily, three days previously it had been found impos- 
sible to start it, but the cause of this was traced to a 
twist in the front valve spindle of the Corliss valve 
on the high-pressure cylinder. In considering the 
various possible causes of the explosion, it was first 
thought that the failure was due to over pressure of 
steam, but as the engine was working with 140 Ib., 
instead of the full pressure of i70 lb., and as the relief 
valves were in good order, this was not accepted as 
the reason. A second possibility was the failure of the 
covers due to mechanical force, but as neither slide 
valve nor steam ports were damaged, this suggestion 
was dismissed. A third possibility was that of 
water hammer. Articles found in the receiver after 








was insured with the Vulcan Boiler and General Insur- 
ance Company, Limited. 

Failure of a Steam-Heated Fabric Press.—The hollow 
castings used in steam-heated presses for furnishing 
fabrics are often of such a design that internal 
inspection is not possible, and those in charge are in 
the dark as to the condition of the ribs and stays on 
which the strength of the casting largely depends. 
Under these circumstances only a hydraulic test will 
show whether the casting is sound or not. In all such 
presses, also, precautions should be taken to ensure 
that the steam pressure shall not rise above that for 
which the castings were designed. The need for this is 
shown by Report No. 3116, dealing with the fracture 
under steam of a press at the Aylestone Dye Works, 
Leicester, on November 10, 1930. The press which 
failed had two hollow pads, 6 ft. 7 in. long, 3 ft. 44 in 
wide and 5} in. in depth externally. The thickness 
of the casting was 1 in., and the top and bottom 
surfaces were connected by a central rib and a number 
of stays. The usual working steam pressure was 
15 lb. per square in., but when the accident occurred 
it was probable it has risen to 35 lb. The press was 
over 20 years old, and after the accident an inspector 
showed that there were several old flaws in the internal 
stays, and in this weakened condition the casting was 
unable to withstand the excessive pressure. This, 
and other presses at the works, were intended for use 
with steam at 25 lb. per square inch, and since the 
accident a reducing valve has been fitted to prevent 


3 : ‘ . | essure rising above this value, and instructions 
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pressure to 40 lb. per square inch. 


Explosions of Heating Boilers—Report No. 3135 
deals with the failure of a high-pressure tubular 


The chest had | heating boiler at the Parish Church, Broadhempston, 


Devon, and Report No. 3137 with the explosion 
of a low-pressure cast-iron heating boiler at the 
Royal College of Surgeons, Lincoln’s Inn Fields, 
London. In the former case, the accident was shown 
to be due to the internal wastage of two thick iron 
tubes of the boiler, and in the latter case to the 
development of flaws in the cast iron. The boiler at 
Broadhempston consisted of two rectangular coils 
of butt-welded iron tubing, {-in. internal diameter, and 
14; in. external diameter, which were connected to a 
closed heating system. No pressure gauge or safety 
valve was fitted to the system, but hydraulic tests 
were carried out at fairly regular intervals. These, 
however, failed to disclose the true state of the tubes, 
which, moreover, owing to the construction of the 
boiler, could not be examined thoroughly. An 
examination subsequent to the accident showed that in 
places the tubes were very badly corroded. Though 
the boiler had previously given no trouble, it is quite 
evident that a high-pressure apparatus of this des- 
cription can be a source of considerable danger, and 
since the accident it has been decided to replace it 
with a low-pressure plant with a safety valve and 
pressure gauge. 








Notes on Evectric CABLE JOINTING.—Messrs. W. T. 
Henley’s Telegraph Works Company, Limited, Holborn 
Viaduct, London, E.C.1, are publishing a series of 
instructional booklets covering the work that has to be 
performed by an electric cable jointer. These include 
‘Notes for Jointer for E.H.T. Joints’’; ‘‘ Notes for 
Jointer for Cablegrip Service Joints”; ‘‘ Notes for 
Jointer for Henley Units for Pillars and Panels”; and 
‘** Notes on How to Joint E.H.T. Outdoor Terminal 
Boxes.’’ The scope of these publications may best be des- 
cribed by saying that the last consists of reproductions of 
39 photographs illustrating each stage in the preparation 
of the joint from the removal of the cover of the box to 
the connection of the overhead lines, together with two 
drawings showing the construction of the fitting on which 
the various parts are clearly marked. The operation in 
question is one of the most difficult jobs a jointer has 
to perform, and his work should be much facilitated by 
a study of the information given. 











CATALOGUES. 


Small Electric Motors.—Messrs. Crompton-Parkinson, 
Limited, Guiseley, near Leeds, have sent us catalogues 
describing small electric motors, in seven ratings, rang. 
ing from }-h.p. to 1l-h.p., and suitable for direct or 
alternating currents. 

Switches.—Messrs. British Insulated Cables, Limited, 
Prescot, Lancs, have sent us a catalogue of single and 
double-throw knife switches for capacities of 60, 100, 
200, and 400 amperes, with spring contacts of cadmium 
copper ground in and without cast-iron parts. 

Pipe Expanders.—Mr. O. N. Beck, 11, Queen Victoria- 
street, London, E.C.4, has issued a list of tools for 
expanding pipe ends into flanges, so as to form a per- 
manent attachment of the flange to the pipe. There 
are nine sizes, for dealing with pipes from 1} in. to 16} in. 
diameter. 

Boilers.—Lists of vertical steam boilers, jacketed pans, 
pans for sterilisng milk, and air receivers, are to hand 
from Messrs. The Constructional Engineering Company, 
Limited, Charles Henry-street, Birmingham. The air 
vessels are for 100 lb. per square inch working pressure, 
and are made in 28 standard sizes, with capacities ranging 
from 7 cub. ft. to 700 cub. ft. 

Superheaters.—The catalogue of steam superheaters 
issued by Messrs. Daniel Adamson and Company, Limited, 
Dukinfield, gives descriptions of four types. The first 
type are for high pressures and high temperatures, and 
are made with small and large tubes, the second being 
intended for more moderate superheats. The third and 
fourth types have large tubes, and are for more general use, 

Ball Bearings.—We have received a booklet giving 
a list of the numbers used by twelve large makers of 
ball bearings to indicate the sizes, &c., of their standard 
products. The numbers and letters are arranged in 
tables to show the equivalent sizes, and the booklet is 
issued by Messrs. The Hoffman Manufacturing Company, 
Limited, Chelmsford. 

Syrens.—Messrs. 8. G. Leach and Company, Limited 
26-30, Artillery-lane, London, E.1, have sent us a list 
of syrens operated by electric motors. These include 
fire alarms up to 16 h.p., small syrens with Morse-code 
attachments for time calls, signals, &c., and powerful 
marine syrens. Remote-control power relays for hand 
or automatic clock operation are shown for usé with 
the syrens, 

Smith's Hearths and Blowers.—Messrs. James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
London, E.C.4, have issued a further edition of their 
catalogue of smiths’ hearths and electric blowing fans. 
The hearths are made in a variety of open and hooded 
forms, and the portable type is made with either electric 
or hand-driven fans. A coppersmith’s hearth is also 
shown. 

Special Steels—We have received from Messrs. 
Hadfields, Limited, Sheffield, two leaf catalogues, one 
of which deals with heat-resisting steel parts for glass- 
works furnaces, including lehrs, muffles, roof plates, 
nozzles for blowing irons, and moulds for lenses. The 
other catalogue deals with blocks, studs, discs, &c., 
made of non-corroding steel for insertion in roads as 
guides for the traffic. 

Machinery and Boiler Inspection, &c.—Messrs. The 
Manchester Steam Users’ Association, 20, Quay-street, 
Deansgate, Manchester, have issued a new booklet des- 
cribing the services offered in the inspection of engines, 
boilers and steam vessels and fittings in operation, under 
construction or repair, or under consideration for purchase 
in new or second-hand form, as well as in the supply of 
plans and tender forms, and in testing boilers, other vessels, 
pipes, fuels, &c. 

Air Compressors.—A list of low-pressure air com- 
pressors (Suchard system) is to hand from Messrs. 
Equipment and Engineering Company, Limited, 2 and 3, 
Norfolk-street, Strand, London, W.C.2. These com- 
pressors are of the vertical type, and the sizes listed have 
capacities ranging from 3 cub. ft. to 88 cub. ft. of free 
air per minute, and pressures from 42 Ib. to over 200 lb. 
per square inch, A small, portable unit for inflating 
tyres is shown. 

Locomotives.—Messrs. Associated Locomotive Equip- 
ment, Limited, 54, Victoria-street, London, S.W.1, have 
issued three new catalogues, one of which deals with 
poppet-valve gears. The second catalogue relates to 
feed-water heaters, and the third deals with a mechanism 
for automatically taking up the slack caused by the 
wear of brake blocks. In all cases, the descriptive text 
is clear and well illustrated, and there are several views 
of locomotives fitted with the appliances referred to. 


Screwing Dies.—Messrs. Alfred Herbert, Limited, 
Coventry, have sent us a copy of the ninth edition of 
the handbook on the Coventry diehead. In addition 
to a detailed description of the tool and its separate 
parts, and the modifications required for working in 
different machines, there are practical notes on cleaning, 
grinding and operation, and data for all the standard 
threads. Special forms of threads, threads on tapered 
stocks and multi-start threads'are dealt with, and provision 
is made for threads of high accuracy for special work. 

Pumps and Blowers.—Messrs. Lennox Foundry Com- 
pany, Limited, Glenville-grove, New Cross, London, 
S.E.8, have sent us four catalogues, one of which describes 
a pump for maintaining a vacuum of 0-01 in. of mercury 
and compressing to 50 lb. per square inch, driven by 
electric motor or belt, and a blower for a maximum 
pressure of 5 lb. per square inch. The other three 
catalogues deal with pumps, valves and piping, standard 
basins and pans, and other vessels made of acid-resisting 
and corrosion-resisting metals. Tables are given showing 
the effects of boiling in 15 different acids. 
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THE MASS PRODUCTION OF 
LATHES. 


By Dr.-Inc. WERNER v. ScHi'Tz. 


| possibility of variation does not, however, interfere 
| with arrangements for the standardisation of 
| individual parts. 
| Jigs and Tools.—By limiting the number of types, 
A sysTEM of progressive assembly, which is one| the demand for any particular individual part 
of the essential features of mass production, has| increases, so that more expensive and complete 
been successfully introduced, in connection with | arrangements for jigging and gauging are justified. 
the building of lathes, into the works of the Vereinig- | With relatively small quantities it is frequently 
ten Drehbankfabriken. Before the system was) difficult to decide how far it is profitable to go in 
put into operation, authoritative professional opinion | the manufacture of special tools and jigs, and to 
was expressed to the effect that the American | facilitate the examination of the economic justifica- 
methods of mass production were quite unsuited to | tion of any new proposal a printed form is provided 
this particular sphere, and the methods which have jon which the savings likely to follow any suggestion 
been adopted with success form an interesting | are worked out in detail. Calculations of this kind 





parts should be produced in the machine shops. 
The features of mass production in the strict 
sense, in which every step in manufacture becomes 
an independent operation, cannot be attained in 
lathe manufacture. None the less, it is possible, 
by careful planning, to arrange the various opera- 
tions and the shop lay-out so that the work travels 
forward steadily in one direction without unnecessary 
transport. The conditions allow of the work pro- 
gressing in balanced instalments in a way that 
corresponds to the unit. time for each operation, 
which is a feature of mass production proper. The 
balanced instalments can be made to correspond 
perfectly with the general travel forward of the work. 





Fig. 1. Sranparp Mass Propuction LATHE. 


example by the application of progressive 
assembly in a sphere in which it might at 
first sight not appear applicable. The work 
has naturally involved careful working out 
and the introduction of stringent methods of 
control, in order to ensure the systematic 
progress of the various parts through the 
shops to the correct points for incorporation 
in the machines, or machine units, as they 
pass forward in the course of the progressive 
erection system. 

General Features of the Scheme.—As is 
generally known, four firms—Gebr. Boéhr- 
inger G.m.b.H. of Géppingen ; Franz Braun 
A.G. of Zerbst ; Heidenreich and Harbeck, 
of Hamburg; and H. Wohlenberg A.G., of 
Hannover—have united to form the Ver- 
einigten Drehbankfabriken. The united 
company has introduced a series of engine 
lathes varying in height of centre from 
160 mm. to 450 mm., and has divided the 
manufacture among the various works. The 
type of lathe selected is illustrated in 
Fig. 1, on this page. It has been definitely 
designed as a standard machine, and yet is 
capable, by the inclusion or omission of 
various standard parts, of building up into 
a variety of types. Any of the usual 
methods of driving may be applied to the lathe,;are of much value in connection with proposals 


SUDLLMSDLL Mae nn 


ps2 - 
BR RRR 


aT 
$ . 








(27248) 















“#NGINEERING” 


that is, it may be supplied for pulley driving or | 
with alternating, direct current or pole-changing 
motors, and is also suitable for the directly-mounted 
flange-motor which is used to a large extent on 
German machine tools. The arrangements result 
im a range of lathes with either 18 speeds or 36 
speeds, the particular type selected naturally depend- 
ing on the work for which the machine is required. 
The complete range of lathes gives speeds of revolu- 
tion of the work spindle varying from 12 per 
minute to 600 per minute, with 26 feeds through 
the Norton box, or 24 through the alternative feed 
box. The cross feeds vary in steps from 0-04 mm. 
to 1-12 mm. per revolution, and the longitudinal 
feeds from 0-12 mm. to 3-35 mm. for all types. 
The design allows considerable variations to be 





| 


which may involve moving machines or rearranging 
shops, and of which the saving may not be imme- 
diately evident. 

Building Methods.—There is, at first sight, 
some doubt about the necessity of applying the 
system of accurate interchangeable parts which is 
characteristic of the fire-arms, automobile and 
sewing machine industries, direct to lathe building. 
Although in lathe construction the accuracy 
demanded is of a particularly high order, the actual 
interchangeability of spare parts is not the deciding 
factor it is in the other cases, the necessity to 
replace any part of a lathe by a spare part seldom 
arising in practice. On the other hand, however, it 
is undesirable that there should be any necessity 
for the individual selection of suitable parts during 


made to meet special conditions. Thus, for example, | erection, and above all it is essential that there 


Special gears can be adopted without interfering in | should be no hand fitting. The conditions of erec- 


any way with the main parts of the lathe. 





This | tion demand, in fact, that actual interchangeable 








The manufacture of the individual pieces 
on true mass production methods cannot 
usually be undertaken, as the number of 
pieces in question is essentially too small, 
and it is hardly possible to turn over from 
ordinary workshop manufacture to group 
manufacture. This procedure is only feasible 
in cases in which special machines are em- 
ployed, as in the manufacture of gear 
wheels, lead screws and similar parts. For 
heavy parts, such as beds, feed boxes, &c., 
the necessary transport is cut down as 
much as possible by carrying out the work 
on machines arranged relative one to 
another in the order of progression of the 
machining. The principal machine tools are 
arranged so that the parts pass forward 
fromm one to the next on what may be 
called an instalment system, so that they 
are collected in groups after passing the 
various milling machines, hobbing machines, 
grinders, &c. Shop instructions are issued 
showing the feed and speed for each part 
for every operation, and the passage of the 
pieces through the shops is seldom delayed. 
If, in connection with the group of machines 
supplying any particular part, the produc- 
tion time is arranged, so that the parts are 
delivered to the assembly range at the correct time 
intervals, there is no necessity to carry a stock of 
finished parts. The question of possible stoppage and 
delay consequent on plant breakdown and repair, 
which may cause losses, has naturally been con- 
sidered. 

Examination of the question shows, however, 
even allowing for the maximum loss in this way, that 
the system shows overall a very economical method 
of manufacture. A time card is made up which 
enables a rapid examination of the state of the 
work in every group to be made at any time. These 
cards are analysed by the progress department, 
which reports to the shop manager. 

In erection and assembly a nearer approximation 
to true mass production methods can be worked to. 
The main erection being a major operation, or series 
of operations, it is possible to sub-divide it into 
sub-assemblies, sometimes with considerable saving 
of labour. This sub-assembly greatly facilitates 
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the organisation of the work and the arrangement 
of time and piece-work rates. 

The main erection of a lathe may be divided 
into the following sub-assemblies :—The bed, the 
headstock, the Norton box, the apron, the saddle, 
the tailstock, the face plate and electric instal- 
ment. The sub-assemblies may again be divided 
into a series of under groups, or pre-assemblies. 
For example, pre-assemblies in connection with the 
headstock cover some 21 groups, of which examples 
are: (1) Bedding-in main spindle ; fitting pinion No. 
503,001 to sliding feather ; cutting-off main spindle. 
(2) Fitting shaft VIII. (No. 7,074) in headstock. Fit- 
ting roller bearing KRA 35 and tapping two holes. 

As the equipment, tools, feeds, cutting-speeds, 
&c., for machining operations are definitely settled, 
so, in a similar way, are details of the pre-assemblies 
strictly specified.* 

Instruction sheets for some pre-assemblies of the 
headstock are given in Figs. 2 to 10. Fig. 2 shows a 
pre-assembly operation covering spindle No. IV., 
forming a part of the headstock, and which is shown 
in the sectional drawing of the assembled headstock, 
Fig. 12. The pre-assembly operation on this 
spindle, as illustrated in Fig. 2, covers the mounting 
of seven parts on it, consisting of two sliding double 
pinions a and b, a brake disc c, a sleeve d between 
6 and c, and the bearing housing e with its distance 
piece f, and adjusting screw g. All these pieces 
carry part numbers and are made as part of the 
manufacturing programme of the machine-shop. 
The pre-assembly operation on this spindle also 
involves the use of a roller bearing, a ball bearing, 
one lock-nut, one locking collar, four screws, two 
spring-locking rings. Taiese, which are all stock 
parts, are clearly indicated in Fig. 2, and need not 
be referred to in detail. All the parts for this pre- 
assembly are carried in rack No. 4. 








* It should be pointed out that in this strict specifica- 
tion of details, it is necessarily assumed that the most 
economical methods of manufacture are followed in the 
determination of the numbers of pieces in a batch, 
the choice of the machines and their equipment, the 
distribution of work in the shops, &c. The shop 
instructions, which must be strictly worked to, follow 
the original plan, but may be modified with experience, 
if the modifications will increase efficiency. Such 
modifications might cover the rearrangement of the 
work instruction cards, the supply of material to the 
machines, the shop layout, &c. 
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Fig. 3 shows the pre-assembly of a double- 
operation spindle for the gear-changing mechanism 
of the headstock. Its position on the machine is 
indicated at A in Fig. 17. This operation covers 
the assembly of the spindle g inside the hollow 
spindle A and the mounting of the two hand levers 
t and j, and the toothed pinions & and I, the assembly 
also requiring one taper-pin, one feather key, and a 
collar. It should be pointed out that the assembly 
instruction-sheets from two of which Figs. 2 and 3 
have been prepared, contain, in addition to the 
figures and list of parts, instructions regarding the 
order of assembly. Thus, in the case of Fig. 3, the 
instructions read :—Mount toothed pinion on hollow 
spindle, inserting feather key ; fit collar and lower 
hand-lever ; mount second on inner spindle with 
taper-pin and put upper hand-lever in place ; rivet 
two handles in hand-levers; remove burr from 
feather key seating. The insertion of the two bushes 
in the outer spindle, in which the inner spindle 
works, does not form part of this operation. As 
mentioned in connection with Fig. 2, the instruc- 
tion-sheet also states in what racks the parts 
necessary for the assembly are carried. It will be 
understood that all parts areindicated by numbers, 
but it was felt that it would be more convenient in 
these cases to replace these numbers by letters, in | 
this general description of the system. | 

Figs. 4 to 10 illustrate two pre-assemblies in 
connection with the headstock housing—Nos. 3 
and 4, Pre-assembly No. 3 covers :—Clean paint 
from all bored holes and seatings; tap all holes 
indicated by M; bore and tap holes for oiling 


ag ee 





instruction plate, with hand brace, using plate as 
template. Pre-assembly No. 4 covers :—Clean out | 
bored holes and insert bushes marked P, drill and | 
tap and insert locking grub screws for bushes where 
necessary, as shown in figure. 


LATHE. 


END VIEW ATA 


































general idea of the system. Certain of the parts 
specifically referred to are given numbers in Figs. 11 
to 18. These are the actual part numbers used on 
the instruction sheet. The assembly begins with 
the insertion of bushes 7055 and 7056 for the 
main spindle journals; then follow instructions 
for cleaning the headstock and scraping and bedding 
the cover, inserting various small bushes for hand- 
lever catches, screwing-on the nameplate, tapping 
various holes, and painting. The main spindle, 
503013, complete with its pre-assembled parts, is 
then mounted and bedded-in. This is followed by 
the insertion of spindle 7074 with its pre-assembled 
parts, and then the complete reversing-gear unit 
7073. The pre-assembled spindles 7069, 7038 and 
7037 are then mounted in this order. The two 
bearing pins 7049 and 7098 are then placed and 
the double-operation spindle 503021 is assembled. 
This complete part, which is also marked A in 
Fig. 17, has already been referred to in connection 
with Fig. 3. The tripping cranks 7103 and 7104 
are then fixed in place, and spindle 7111 inserted. 
Rack 7093 and bearing pin 10092 are then fixed. 
This is followed by the brake lever 7070 and spindles 
7051 and 7045, the latter being the spindle already 
referred to in connection with Fig. 2. The complete 


part 7110 is then mounted. The instruction sheet 


also contains details referring to the mounting of 
an electric motor, or other method of drive, &c. 
It will be noted that Fig. 14 shows an alternative 
arrangement of the main bearing. This need not be 
referred to in detail. 

The entire plant for the production of these 
lathes is contained in a single shop in the works of 
Messrs. Franz Braun A.G., Zerbst, the positions of 
the groups of machines and the erection benches 
being arranged to suit the progressive pre-assembling, 
group assemblies and main erection. The lay-out 


The main assembly of the headstock is illustrated | of the shop is shown in Fig. 20, the indication at 


in Figs. 11 to 18. In addition to the pre-assembled | 


the top of the figure showing the division of the 


units which go forward to the main assembly, this|shop into sections covering main erection, pre- 
main assembly also calls for a certain number of | assembling and group assembling, and the machining 
individual parts which are not incorporated in any | of individual parts. The general flow of the 
pre-assembly. These parts are indicated by heavy | progressive erection will be clear from the figure, 
lines in Figs. 11 to 18. It is not necessary to follow | and before referring to some of its features in 
through this main assembly in complete detail ;| detail reference should be made to the arrows 
an outline sketch of the procedure specified on| A and B, which indicate the general flow of the 


the instruction sheet will be sufficient to give a'work through the shop. The lighter parts follow 
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Fie. 19. Hrapstock ASSEMBLY ON OLD SYSTEM. 


the track A, but heavy parts, such as beds, take |The parts are delivered to the finished part store 
the shorter track B. /racks R and are transported as required to the 

The right aisle as indicated, is devoted to the | site of the pre-assembly or main erection. As the 
machining of the individual parts, which is partly | various machines, or groups of machines are always 
carried out on a series of machines, but the smaller | engaged on the manufacture of the same parts, the 
parts are manufactured complete on single machines. | store racks can be arranged to suit the particular 











Fig. 18. 
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part concerned, as is illustrated in the front right- 
hand corner of Fig. 22,.on Plate VII, which shows 
the method of stacking spindles and long bushes. 
The arrangements enable the part coming forward for 
erection to be kept constantly under observation, 
so that any falling off in delivery of any particular 
part may be quickly noted; it is also very con- 
venient for stock-taking purposes, and for the 
erectors, as there is no need to go to the machines 
to obtain parts required, and there is no waiting 
time. The system also compels the foreman to keep 
a strict control over machining operations, and to 
trace any defect to the place of its production and 
to eliminate it, rather than to attempt any rectifica- 
tion of defective parts. 

Fig. 19, annexed, in conjunction with the plan, 
Fig. 20, allows the old and new methods of working 
to be compared. In the system illustrated in Fig. 19, 
each headstock was completely erected in one 
position, the various parts required lying partly in 
store racks, partly on the benches, and partly under 
them. In contrast with this, Fig. 20, and in addition, 
Fig. 22, on Plate VII, illustrate the new system of 
group erection. On the left of the latter figure the 
finished parts required lie in double racks which 
are supplied from the machines behind. Alongside 
are the vice benches with further finished part racks 
behind them. To the right, arranged at right angles 
to the vice benches are further racks carrying the 
pre-assembled units and the individual parts for 
the group assembly of the headstock. In the fore- 
ground, the pre-assembly of the headstock hous- 
ing is being carried out and, arranged at right 
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angles to this, the group assembly is proceeding. | will be clear from a comparison of Figs. 24 and 25. 
An enlarged detail plan of the part of the shop | The confusion which results from the erection being 
devoted to the erection of the headstock is given in | carried out as a complete operation, as compared 
Fig. 21. The finished spindles, gear-wheels, &c., | with the system of pre-assemblies and main erection, 
are stacked in racks R1, R2 and R4, and are pre-|is very evident from Fig. 24 which shows aprons, 
assembled on benches W1 and W2, the assembled | all sorts of items, beds, &c., stacked about the 
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Provence — SALE aA ee ‘tion of authority nor for submission to discipline. 
y, The oldest engineer whose record has been pre- 
GINEERING™ served was Andrew Witham, who was born as long 


ago as 1780, and who was superannuated in 1842 
at the age of 62. Witham had learnt his trade at 
‘the Butterley Iron Works, Derbyshire, and had 
‘been employed by the Duke of Portland. By the 
'time he was made a second-class engineer with 
| warrant rank, in 1837, he had eleven years’ service 


units then being placed on racks R7 and R8 from | erection bed. Fig. 25 shows on the contrary, the |in the Post Office Packets to his credit. He is 


the other side of which they are taken by the work- | ordered progress of erection under the pre- 
men engaged on the head-stock group assembly. | assembly system. The new system with its close 
This group assembly in which the spindle and gear | contro] of all operations, results in a considerable | 
wheel units are mounted in the housing, is carried | saving in space, and without new capital expendi- 
out at positions W7 and W8. Assembly trollies, as | ture may lead to a saving in wage costs of some 30 
shown, are provided, enabling the headstocks to| per cent. The introduction of the new procedure 
be moved about and worked at from both sides. |into these works has led to reduction in the cost of 
The headstock housings are assembled at positions | building and an improved overall efficiency, with- 
W3, W4, W5 and W6 with which the finished part | out the necessity for important new capital expen- 
racks R5 and R6 and the finished main spindle | diture, or the introduction of travelling erection 
rack are associated. The actual relation of the | bands or similar devices usually associated with 
various parts is well shown in Fig. 22. mass production methods. 

The assembled headstock is then moved by a 


to one of the positions Spl to Sp4, where it it CHAPTERS IN NAVAL AND MARINE 
Pm Phas cil ecoparnig aPer— teepalbe ENGINEERING HISTORY.—XI. 
painted. The main spindle is bedded-in at position By Engi Captain E CS OBE. RN.| 
Sp5. The head-stock is completed in positions, | ?Y “M8meer-Captain MDGAR VU. SMITH, U.D.E., Ev. ny 
Sp7 to Sp9 (Sp6, Spll and Spl2 are for spare| THE introduction of steam vessels into the | 
completed headstocks). Racks R9 and R10 carry | Navy naturally led to the employment of men | 
finished parts required in the completion of the | familiar with the construction and working of | 
headstocks. The completed headstock is then lifted | machinery, and though the Engineering Branch of 
by the slewing crane and placed at Spl0 for test | the Royal Navy was not organised till 1837, its | 
running. It is then transported by the crane to the | history really commences with the first appoint- 
cleaning tank where it is emptied of oil and/| ment of engineers to the Comet, Lightning, Meteor, 
thoroughly washed by repeated dipping in cleansing | Echo and other early steam vessels. The history of 
solution. It is then transported to the main erection | the practice of marine engineering in the Royal 
bay. Behind and parallel with the headstock group | Dockyards may be said to date back to the same 
in Fig. 22, the apron group will be recognised, but is | time and in this and our succeeding article a review 
more clearly seen in Fig. 23. The necessary finished | will be given of the early progress of the engineering | 
parts for this assembly are carried in the racks | branch afloat, and of the engineering departments in 
which are clearly shown in Fig. 23. To the left of | the dockyards and at the Admiralty. 
this figure the assembly of the Norton feed-box is| For the most part, the earliest naval engineers | 
being carried out, while the main erection of the | were millwrights, blacksmiths, whitesmiths or the | 
latter may be seen in the background. like, although a few began their careers in the | 
The advantages of the new method of erection | Post Office Packet Service, and at least one was | 

















| recorded as being of good disposition and very sober. 
When made a warrant officer, it was said of him 
that he was “a very careful, good engineer, and 
competent to take charge of and repair engines, but 
having neglected his education when young, is 
only fit for a second class.” The names of Boulton 
and Watt, Maudslay, Hawthorn, Napier, Fawcett, 
Braithwaite and Seaward all occur in the list of 
firms from which engineers came to take charge 
of the machinery of H.M. steam vessels. The earliest 
known entry of an engineer is that of Thomas Brown, 
who was entered as third engineer on August 7, 1826. 
The following are the dates of entry of some officers 
who served for long periods, and rose to high rank. 
John Dinnen entered in 1830, Thomas Hamshaw in 
1831, James Steil in 1832, George Bardin and W.S. 
Wratten in 1833. Dinnen became the first inspector 
of machinery afloat, and Steil, Bardin and Wratten 
all rose to that rank, retiring in the early ‘seventies. 
Steil and Dinnen were trained in Portsmouth Dock- 
yard under the well-known mechanical engineer 
Simon Goodrich, who had been Sir Samuel Ben- 
tham’s assistant and who continued to hold office 
till 1831. Goodrich was a most valuable public 
servant, and the trusted adviser of the Admiralty 
on all matters appertaining to engineering. He 
seems to have known most of the eminent engineers 
of the day, and his knowledge and keen powers of 
observation, his sound judgment and wide expel 
ence caused him to be consulted by every naval 
officer interested in machinery. His note books, 
preserved at the Science Museum, are a mine 0 
information on early engineering in the dockyards, 
and are well worth close study. He was resp‘ msible 
for the appointment of some of the engineers of 
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steam vessels, and he realised the necessity of a 
sound training for them. Thomas Baker, who 
became the chief engineer of Queen Victoria’s 
yacht, the Victoria and Albert, like Dinnen and 
Steil, was trained under Goodrich, and in the 
evidence he gave before an Admiralty Committee 
in 1859, he said, ““I was one of six apprentices 
entered at the time. It was understood by our 
parents that we were to be educated at the School 
of Nava! Architecture in the same manner as the 
superior shipwright apprentices. This was not done, 
we were not so educated; but throughout that 
time in the dockyard we were treated as young 
officers training for engineers. That is to say, we 
were not required to attend the ‘call,’ we went 
out before the men, and came in after them. We 
had a small shop set aside for us with instructors, 
a smith as well as an engineer.” The successful 
careers of Baker and his fellows, no doubt, owed 
much to Goodrich’s influence. 

If Portsmouth was the scene of the first effort 
to train engineers for the Navy, it was also asso- 
ciated with an incident which marked the rise of 
that antagonism from which engineers suffered for 
several decades. In some historical notes con- 
tained in the Royal Naval Warrant Officers Manual, 
1910, compiled by Lieutenent H. D. Capper, is 
the entry— 


“1827, A meeting of carpenters, R.N., was held 
at the ‘R.N. Rendezvous,’ Portsea, Mr. Thomas Canty 
(the senior carpenter in the port) in the chair. Thirty- 
six officers of the rank were present, and unanimous 
resolutions were passed to the effect that it was deroga- 
tory to the position of Warrant officers, who had been 
indentured in His Majesty’s Dockyards to have the 
charge of the engine-men and their stores of oil, coal, 
&e., and the chairman was requested to respectfully lay 
the matter unofficially before the Port Admiral.” 


“The short-sighted policy of these officers,” adds 
Lieutenant Capper, “ appears to have been adopted 
by the Admiralty, very much to the disadvantage 
of their class, who at that time were, and probably 
could have remained the superior mechanical officers 
in the Service.” 

The efficiency and standing of the new class of 
engineers were matters of concern to many naval 
officers and to none more so than to the Comptroller 
of the Navy, Admiral Sir Thomas Byam Martin. 
In 1830 he consulted Maudslay’s partner, Joshua 
Field, about these questions, and Field, in reply, 
wrote the following hitherto unpublished letter. 


** Lambeth, Dec. 16, 1830. 

“Sir,—Your Engagement at the Admiralty this 
morning prevented me from entering so far as 1 could 
have wished into the subject on which you did me the 
honour to consult me. 

With reference to some of the Steam Vessels in His 
Majesty’s Service, the machinery could not be better 
managed. The Lightning and Comet are instances 
which confirm this remark, but in some of the commis- 
sioned vessels the case is far otherwise, and I think it 
can be accounted for chiefly from the want of a better 
understanding between the Officers and the Engineers, 
this arises very much from the education and previous 
habits of the only men qualified to manage these engines 
being quite at variance with the education and discipline 
of the Navy; having enjoyed in manufactories and 
workshops a loose kind of independence they do not 
readily fall in with that respectful and submissive 
demeanour necessary in the discipline of a King’s ship. 
On the other hand, the officers do not make allowances 
for men so differently brought up from those men they 
have been accustomed to deal with, frequently treating 
them with harshness, and without understanding the 
subject, interfering with them in the exercise of their 
duty, which finally drives the best qualified men out 
of the Service, since such men can always find good 
employment in private vessels or workshops, this leads 
to the advancement of the second and third assistants 
and even the stokers to the office of Ist Engineer, thus 
putting the most valuable machinery and the safety of 
the vessel into the hands of men who, but for such a 
train of circumstances, would never have been deemed 
worthy of such a trust. The only remedy which occurs 
to me is after selecting a well qualified man for Ist 
Engineer to make his position on board more respectable 
than it is at the present, by giving him some rank in 
the ship and making him responsible for his department, 

aving proper control over his assistants and stokers 
Without the interference of any one on board excepting 
the general control of the Commander. 

Every vessel should have two apprentices in the 
engine room who will in time be qualified for Ist 
~hgineers and being brought up in the Service will fall 
into naval discipline as matter of course. 

Some arrangements by which the objects of the fore- 
going remarks can be attained and attention paid to 
the regulations drawn up in conjunction with Mr. 
Goodrich (for the preservation of boilers, ete.) would 
ensure the better working of His Majesty’s steam vessels 


With great submission I have made these observations 
and have the honour to be, 
Your obedient Servant, 
JosHuaA FIELD.” 


Admiral Martin, like Goodrich, retired from 
office in 1831, not long after this letter was written, 
and it may be that this accounted for Field’s 
suggestions bearing little fruit at the time. That 
the questions continued to exercise the minds of 
naval officers is seen from Lieutenant Otway’s 
remarks in his book, published in 1834. Sooner or 
later, he said, it would be imperative for the Govern- 
ment to select men of education and scientific 
acquirements for duty in the engine room, and that 
while the mechanic class should be retained, a 
superior or superintendent class of engineers should 
be appointed who, on joining their vessels, should 
hold rank similar and equal to that of the navigating 
officers, the Masters in the Royal Navy. Engineers 
were then still civilians, free to go and come as 
they pleased, but three years later, on April 19, 
1837, and July 19, 1837, respectively, two Orders 
in Council were promulgated which led to the 
appointment of a distinguished officer, Captain 
Parry (afterwards Admiral Sir Edward), as head 
of the Steam Department at the Admiralty, and to 
the conferring on engineers of warrant rank. 
The second Order in Council forms such an important 
landmark in the history of naval engineering, that 
it is given here in full. 

““Having had under our serious consideration the 
situation of the Engineers of Your Majesty’s steam 
vessels, and being of opinion that it is necessary to 
place this description of officers on a permanent footing, 
in the same manner as the Gunners, Boatswains and 
Carpenters in Your Majesty’s Navy, with such rank and 
pay as appears to be fitting for persons charged with the 
performance of such important and responsible duties, 
we beg leave most humbly to submit for Your Majesty’s 
most gracious consideration and approval, the following 
regulations :— 

That Engineers shall be appointed by warrants from 
us, or from Commanders-in-Chief on foreign stations, 
in vacancies occasioned by death, in the same manner 
as other warrant officers are now appointed ; that they 
shall be distributed into three classes, and that they 
shall rank next below Carpenters; and with each other 
according to their standing on the official list ; and that 
they shall be allowed the following rates of pay :— 

Ist Class Engineer, 9. 12s. a month, and sixpence a 
day for each apprentice or boy that may be placed 
under his instruction. 


61. 168. Od. 
41. 18s. Od. 


2nd Class Engineer, 
3rd Class Engineer, 


And further that when serving within the tropics 
they shall be allowed half the amount of the pay of their 
classes in addition during the time the steam is up, 
or when they are employed on repairs; and that they 
shall be entitled to extra pay as warrant officers, when 
employed to repair the defects of other steam vessels 
than those in which they are serving, according to the 
scale established in the regulations for Your Majesty’s 
service at sea. Men borne on the books of the guard- 
ships of the ordinary of different ports for harbour 
service, and not so employed, the following shall be the 
rates of pay :— 


lst Class Engineers, 6/. 6s. 0d. a month. 
2nd Class Engineers, 41. 4s. 0d. Pe 
3rd Class Engineers, 3/. 3s. 0d. ‘a 


And they shall be allowed to retire upon superannua- 
tion upon the scale established for warrant officers by 
Order in Council of the 25th of November, 1816. 

That before any person shall be eligible for an appoint- 
ment as Engineer in one of Your Majesty’s steam vessels, 
he shall be required to pass such examination as we 
may from time to time think proper to require, before 
the Chief Engineer and Inspector of Machinery, or such 
other officer as we may appoint for that purpose. 

And with a view of encouraging the education of 
youths in Your Majesty’s Service for Engineers, we beg 
leave further most humbly to propose that Your Majesty 
will be graciously pleased to establish four classes of 
Apprentices, or Engineers’ Boys, for the service of Your 
Majesty’s steam vessels, with the following rates of 

ay :— 
in Ist Class 10. 14s. 0d. a month. 
2nd Class 11. 68. Od. a 
3rd Class ll. 3s. Od. p= 
4th Class 14s. 6d. “i 


A month after the promulgation of this Order in 
Council, on August 14, 1837, regulations were issued 
concerning the qualifications and examination of 
engineers. First engineers had to be able to keep 
accounts and an engine-room log and to be able to 
make rough sketches of machinery. They had to 
have served at sea, be capable of repairing the 
engines, and be willing to take charge of and teach 
the apprentices. Second engineers were to be 





and avoid the frequent repairs to their boilers, etc. 


selected from the senior apprentices or entered from 


a factory. Boys wishing to be apprentices had to 
be of good moral character and sound bodily con- 
stitution and, in addition to being able to write, 
had to be able to work a question in the rule of 
three. For the first year of their time boys were 
to be instructed in Woolwich Dockyard. Their 
training ashore and afloat was to last five years. 
In November, 1837, the Admiralty directed that 
first engineers should wear the same uniform as 
gunners, carpenters, and boatswains; and further 
instructions, issued in 1841, stated that to dis- 
tinguish engineers from other officers they were to 
wear on coat and waistcoat, buttons having a 
steam engine and a crown embossed on them, the 
buttons on the coat “to be placed four and four, 
and a larger button of the same kind upon the 
collar.” The engine depicted was a side-lever 
engine. 

The regulations of 1837 had not long been issued 
before it was apparent the rates of pay were too 
small; and on July 5, 1838, the Admiralty reported 
to Her Majesty to the effect that, “‘ being convinced 
from experience that it is insufficient to secure the 
services of competent persons to fill the important 
station of engineers, and having found that within 
the last sixteen months numerous engineers had 
voluntarily quitted their situation, doubtless from 
want of sufficient inducement to remain, while 
higher wages were to be obtained in the merchant 
services,” and they asked permission to raise the 
pay of the three classes of engineers to 12I., 81., 
and 5/. 6s. a month, respectively. In 1842, second- 
class engineers were granted 6d. a day for each 
boy placed under them for instruction. The same 
year a silver medal was instituted, which was to 
be awarded “to Engineers of the First Class in 
Her Majesty’s Service who by their good conduct 
and ability deserve some special mark of notice.” 
The medal on one side bore a paddle-wheel steam- 
ship with a trident beneath, and on the other “‘ For 
ability and good conduct,” with a crown and an 
anchor and the recipient’s name and rank. The 
ribbon was dark blue with white edges. According 
to Payne’s Handbook to British Orders, War Medals 
and Decorations, seven were awarded, the recipients 
being W. Shaw, W. Dunkin, W. Johnstone, 
J. Langley, G. Roberts, J. P. Rundle, and J. B. 
Meredith. The last award was made in 1846. 
Shaw’s medal was in the Gaskell collection, sold in 
1911. 

For three years, 1843 to 1846, engineer boys under 
training were accommodated at Woolwich, in the 
old sailing barque H.M.S. Sulphur, the engineers 
employed on instructional work being borne on the 
books of the William and Mary. Among the 
instructors were Shaw, the medallist, who, however, 
left the Service in August, 1843 ; Richard Sampson, 
described as “‘a young man of high merit”; and 
Robert Roughton. Sampson retired as a chief 
inspector of machinery in 1877, and Roughton as 
a chief engineer in 1870. Roughton was a man with 
superior qualifications, and at Woolwich in 1847 
made experiments on the discharge of steam from 
orifices of various sizes. His scientific attainments, 
however, did not prevent him from being repri- 
manded on one occasion in his career for “ allowing 
sacks to go down into the bunkers with the coal.” 
The Sulphur was only in use for engineers’ boys for 
three years, but its name appears to have long been 
remembered by those who passed through it being 
known as “Sulphur” engineers. 

That there was urgent need for early training 
may be gathered from the records of some engineers 
who for one reason or another incurred the dis- 
pleasure of their superior officers. There were 
many instances of drunkenness, irregularity of 
conduct and neglect of duty. One engineer was 
dismissed the Service for insubordination, and for 
ill-treatment of his inferior, and the Court Martial 
directed that he should be sent to the Marshalsea 
for twelve months imprisonment. The commanding 
officer of one ship reported on an engineer that he 
was “a fair subordinate officer, but who has 
neither brains nor energy to entitle him to advance- 
ment ... when at any work seems disposed to 
leave off in the middle of it saying he has done 
enough and seems little depended on.” The report 
concluded with the curious remark that “ His 





attempts to commit suicide at Woolwich before 
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joining should have relieved me from the anxiety 
I feel when he is in charge of the engines.” 


When the Order-in-Council conferring warrant 
rank on engineers was issued there were about 
fifty steam vessels employed under the Admiralty, 
either as warships, despatch vessels, or mail packets, 
but they were all comparatively small. In the 
next ten years the paddle-wheel vessels increased 
in size and number, many ships were fitted for 
screw propulsion, and a few iron ships were added 
to the Navy. By 1847, the total number of steam 
vessels had risen to about 150. These develop- 
ments not only led to a great increase in the number 
of engineers, but also to an increase in the relative 
importance of their duties; and when ships, such 
as the Terrible, were fitted with engines of over 
2,000 h.p., it must have been obvious that the 
officer in charge of such machinery should have a 
higher rank than that of a boatswain or carpenter. 
There were, it is true, engineers of little education 
in the Service, unfitted for promotion, but, on the 
other hand, there were many such as Baker, Dinnen 
Brown, Steil and others, whose qualifications were 
equal to those of officers in any branch, and who 
were fully worthy of higher rank. Every circum- 
stance pointed to the desirability of revising the 
conditions of service, and on February 27, 1847, 
an Order-in-Council was issued which completely 
altered the position and prospects of all engineers, 
and raised the senior officers to ward-room rank. 
At about the same time, another important change 
was made, Captain Alexander Ellice, who had 
succeeded Sir Edward Parry, being superseded by 
Thomas Lloyd, who was transferred from Woolwich 
Dockyard to the Admiralty as head of the Engineer- 
ing Department, with the rank of Chief Engineer 
and Inspector of Machinery. Lloyd, who was born 
in 1803, was trained at the School of Naval Architec- 
ture at Portsmouth as a shipwright, but quite early 
in his career was chosen to go through a course of 
study in steam and machinery, after which he was 
employed entirely on engineering duties ashore. 
His rank at the Admiralty was altered in 1860 to 
that of Engineer-in-Chief of the Navy, and as such 
he held office till 1869. The Order-in-Council 
concerning naval engineers, which was promulgated 
two months before he went to the Admiralty, was 
no doubt drawn up with his assistance. This 
Order in Council formed the second important 
landmark in the history of the naval engineering 
personnel, and ran as follows :— 


““We beg leave most humbly to represent to Your 
Majesty that we have had under our consideration the 
situation of the Engineers of Your Majesty’s Navy, with 
a view of providing and maintaining an effectual body 
of these officers, so essential to the support of Your 
Majesty’s Steam Navy; and having carefully compared 
their position and allowances with those of the Engineers 
in the East India Company’s and the mercantile service 
generally, as well as of those in the service of Foreign 
Powers ; we are under the necessity of humbly submitting 
that the prospects and emoluments of the ean of 
the Royal Navy afford so little encouragement that it 
has become absolutely necessary to make a considerable 
addition to their pay, and at the same time to improve 
their condition and position with reference to the other 
ranks of Naval Officers, in order to procure a sufficient 
number of Engineer Officers, thoroughly competent to 
take charge of steam machinery. 

With these objects we would most humbly suggest, 
that it will be advisable hereafter to adopt the following 
arrangements :— 


That Engineers be classed in three divisions, and that 
they be denominated 


Inspectors of Machinery afloat, 

Chief Engineers, 

Assistant Engineers. 
That the two latter divisions be subdivided severally 
into three classes, viz. :— 


Chief Engineers of the First Class, 
Second Class, 

oe Third Class, 
Assistant Engineers of the First Class, 
Second Class, 
» Third Class, 


and that they should be considered as at present to 
belong to the civil branch of the Naval Service, and rank, 
and to be appointed as undermentioned, viz. :— 


” ” 


” ” ” 


Inspectors of Machinery afloat to be appointed by 
ee and to rank with, but after, Masters of the 
‘leet. 

Chief Engineers to be appointed by Commission, and 
to rank with, but after, Masters. 

Assistant Engineers to be appointed by order, and 
to rank with, but after, Second Masters, 
And we humbly propose that the scale of net pay 


to the several classes of Engineers shall, in future, be 
as follows, without any extra allowances :— 








” ” 


1 
| | Harbour 

Sea Pay | 

Class. | per month. — 

| ee, ad. | £ se. d. 
Inspector of Machinery afloa’ --| 25 0 0 1315 0 
Chief Engineers, 1 if a 2000 | 11:0 0 
* = 2 166 0 | 816 0 
a 7 or 24. © 9 | 714 0 
Assistant Engineers, 1 1200 | #22 8 
* Te 910 0 | 540 
3 So | & oD 

| 





It is not, however, our intention to submit to Your 
Majesty any change in the rank or pay of the engineers 
at present belonging to Your Majesty’s Service, until 
it shall be ascertained, by investigations which we 
propose to adopt, that they are by their character and 
acquirements eligible to the higher grades.” 





As warrant officers the names of engineers had | 
not been included in the Official Navy Lists, and | 
even after the conferring of ward-room rank it was | 
some time before seniority lists were shown. In 1849, | 
the names of the two inspectors of machinery, | 
Dinnen and Baker, and of chief engineers were given | 
under the ships they were serving in, and a Navy | 
List of March, 1852, gives the seniority list of 13 | 
first-class, 16 second-class and 50 third-class chief 
engineers. Seven years later the names of eight 
inspectors of machinery and 145 chief engineers are 
given. Assistant engineers were not shown in the 
lists till 1870. The regulations of 1847 remained in 
force with but minor modifications for many years. 
Superannuation pay had been granted to engineers 
in 1838, and two orders, dated December 16,1848, 
and June 13, 1853, dealt, respectively, with pensions 
for widows, and pensions for officers when declared 
medically unfit for further service. By the latter 
order inspectors of machinery could obtain up to 
180/. per annum, chief engineers up to 130/. and 
assistant engineers up to 751. An important order 
affecting the whole branch was issued on April 4, 
1856, which, while abolishing the division of chief 
engineers into three classes, gave them all higher 
rates of pay and at the same time improved the 
prospects of assistant engineers. Many deserving 
assistant engineers were of mature age, but unable | 
to pass the examination for promotion to chief | 
engineer, and to meet the case of these officers it 
was arranged they should be passed as engineers 
qualified for charge and that their pay should be 
182/. 10s. per annum with an increase of ls. a day 
after six years service as engineer-in-charge. One 
of the objects of the order of 1856 was to place the 
chief engineers on an equality as far as possible with 
the masters whose pay depended upon their qualifi- 
cations and length of service. The rates of pay 
fixed in 1856 were :— 


Per Year. 
£ 38. d, 
Inspector of Machinery when ap- 
pointed to take charge of the Machi- 
nery of a Fleet or Squadron... - 365 0 0 
Inspector of Machinery Se .. 382810 0 
Chief Engineer, above 20 years’ service 328 10 0 
Chief Engineer, 15 years’ service 282 17 6 
Chief Engineer, 10 years’ service 237 5 0 
Chief Engineer, 6 years’ service .- 20917 6 
Chief Engineer, less than six years’ 
service... = hve os. 28220 0 


Further slight increases in these rates were made 
in 1860. 

The growth of the engineering branch naturally 
owed much to the Russian War of 1854-56, which led 
to the entry of a large number of engineers, some 
of whom unfortunately were not of a high standard. 
Penn and his contemporaries had successfully 
solved the problem of quickly producing marine 
engines in large numbers to meet an emergency, 
but there was no way of quickly producing compe- 
tent engineers. When Charles Atherton, who had 
succeeded Lloyd as chief engineer of Woolwich 
Dockyard, and who in 1847 had published a report 
on Making the Government Factories Practical 
Training Schools for Naval Engineers, was giving 
evidence before the Admiralty committee of 1859, 
he said: ‘ During the late war, when engineers 
were urgently required, the great majority of the | 
men who presented themselves were men, in my 
opinion, of very low grade; frequently they were 
absolutely destitute; so much so that on some 











occasions we had to raise subscriptions for their 





water which later passes through the Waddamana 


sustenance whilst detained at Woolwich for exami. 
nation. These examinations took place under great 
disadvantages, and did not afford time for due inves. 
tigation of the genuineness of the certificates pro. 
duced. I believe that many such men were ap. 
pointed on probation, or for temporary service, only 
in Her Majesty’s Navy.’ Many of these men soon 
left the service, and not long after the Russian War 
there was actually a shortage of engineers. One of 
the causes for this was a certain degree of dis. 
satisfaction, especially among the junior officers, 
The various improvements in pay and status had 
still left many aspirations and claims unsatisfied, 
and these found expression in 1859 in the pamphlet 
The Case of the Naval Engineer. In this it was 
pointed out that young and promising engineers 


| were tempted by offers of rank and status to join 
‘other navies, and reference was made to the dis. 


abilities engineers suffered from. This was the first 
of many similar statements made in the course of 
half a century. To meet the shortage referred to, 
the Admiralty, in 1859, sent Inspector of Machinery 
George Murdock from Portsmouth on a recruiting 
expedition. He visited engineering shops at New- 
castle, Leith and Glasgow, inviting young men to 
join the service, and was successful in obtaining no 
fewer than 103. As his travelling expenses came 
to only 42/. 19s. 6d., the authorities no doubt con- 
sidered his work was done with remarkable 
economy. The views of his brother officers who were 
striving to raise the status of the engineering per- 
sonnel were not altogether complimentary to 
Murdock, and it is said that he himself afterwards 
doubted the value of his method of recruiting, 
Known collectively as Murdock’s Hundred, or the 
Murdockites, the recruits entered in 1859 included 
many who remained in the service but a short time. 
Twenty-three had gone by 1864, and another 
29 by 1874. Many of them, on the other hand, had 
long and useful careers and rose to high rank. 

The matters dealt with in this article, may to 
some readers, appear affairs of a very long time 
ago. Yet till quite recently there were officers 
still living whose careers formed a connecting link 
between the days of Dinnen and Baker and the 
present time. Chief Inspector of Machinery Harry 
Williams, the last officer of his rank, who died in 
October, 1930, at the age of 98, began his training 
as an engineer boy at Portsmouth in 1847, while 
Inspector of Machinery Matthew McIntyre, to whom 
the engineering branch owed the compilation of the 
first edition of the Steam Manual for Her Majesty's 
Fleet, who died on February 11, 1931, at the age of 
93, was the last survivor of those recruited by 
Murdock. 








THE SHANNON RIVER POWER 
STATION, TASMANIA. 


A FURTHER stage in the development of the large 
water power potentialities of Tasmania has been 
accomplished with the recent completion, under 
the Hydro-Electric Commission, of the Shannon 
River Power Station, which has a continuous output 
of 14,500 h.p. This is part of the complete scheme 
for the utilisation of the supplies from the Great 
Lake, the first section of which, including the 
Waddamana Power Station of 66,000 h.p., was 
described in a series of articles in ENGINEERING In 
1924 (vol. cxvii, page 355, et seg.). We may remind 
our readers that the Great Lake scheme involved 
the diversion of the River Ouse which collects the 
water from a number of small lakes, and now de- 
livers these supplies into the Great Lake. At the 
southern end of the latter a multiple arch dam was 
constructed, and the impounded water discharged 
into the River Shannon. By means of a weir the 
water was diverted at a point 4 miles below the 
dam into a canal which took it toa lagoon 3} miles 
further, which acted as the forebay for the Wadda- 
mana Station. The present scheme has been devised 
for making use of the fall between the dam at 
Great Lake and the forebay of the Waddamana 
Station. ; 

The layout of the power scheme is shown in 
Fig. 1, on page 191, the Shannon Station being 
located four miles from the southern end of the lake, 
and designed for adjustable constant load, using the 
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station. The static head on the turbines is 258 ft., 
made available by the construction of a diversion 
dam across the Shannon River at the exit of the 
lagoon below the outlet of the Great Lake dam, and 
a canal 2} miles long to the pipe line forebay. The 
diversion dam of the earth fill type is 300 ft. in 
length, with a maximum height of 18 ft. ; the width 
at the top is 10 ft., the upstream and downstream 
slopes being 3: 1 and 2:1, respectively. The dam 
is provided with a spillway to take care of abnormal, 
although controlled, discharges from the Great Lake, 
two 15-ft. hand-operated radial gates controlling the 
canal, these being shown in Fig. 4, on page 200. A 
similar radial gate is provided in the concrete con- 
struction channel ; the latter is electrically operated 
by remote control from the power station. 

The canal, which is constructed through boulders 
and clay and in places solid diabase, is designed for 
an average flow of 540 cusecs, the average annual, 


The pipe lines are mild steel, each 1,550 ft. long and 


5 ft. 11 in. in diameter, and of ¥-in. plate thickness, 
while the lower half is 5 ft. 7 in. in diameter and 
of 3-in. plate. The pipes, manufactured by the 
Walsh Island Dockyards, New South Wales, are 
longitudinally lap welded by means of automatic 
welding machines, in 19 ft. 4 in. effective lengths, 
with three plates per pipe and a 3?-in. lap, welded 
inside and outside. The faucet for joints was shop 
welded, the field connection being riveted with 
-in. and ?-in. diameter rivets in the two thicknesses 
of plate. The pipe lines are located at 9-ft. centres, 
and are supported on 2-ft. concrete piers at 19 ft. 4 in. 
centres spaced between anchors. For the final 
480 ft. the pipe lines are splayed to the 34-ft. turbine 
centres. Expansion joints, with flanged connections, 
are placed midway between anchors, and each pipe is 
fitted with a 2-ft. air vent below the butterfly valve. 
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run-off from the Great Lake catchment, but will 
carry a peak of 600 cusecs, for which amount the 
maximum outputs of both Waddamana and Shannon 


power stations have been designed. The normal | 


canal cross-section, through clay and boulders, as 
shown in Fig. 4, is 15 ft. in width at the bottom, with 
1:1 slopes and water depth 7 ft., the grade being 
lin 2,000. Through rock, of which a typical view 
is given in Fig. 5, page 200, the grade is increased 
to lin 1,000, the canal being of rectangular sec- 
tion 22 ft. width and 7 ft. water depth. The 
lower section of the canal, shown in Fig. 6, is 
concrete lined, with an average wall thickness of 
3 in., reinforced with a mesh of }-in. bars at 9-in. 
centres. The lined section has a bottom width of 
8 ft., with 1 : 1 side slopes, a water depth of 5-46 ft., 
and a grade of 1 in 909. It terminates, as shown in 
Fig. 7, in a reinforced concrete forebay of 3,000 
sq. ft. surface area, located in rock. A concrete 
spillway returns suplus water to the Shannon River. 

Two pipe lines to be seen in both Fig. 2, on page 
192, and Fig. 7, on page 200, are led from the fore- 
bay by 5-ft. 9-in. diameter bellmouths, protected by 
trash screens equipped with a 2-ft. diameter scour 
pipe. The bellmouths are connected to butterfly 
valves electrically operated from the power station. 


The power station building, of which the exterior 
| is shown in Figs. 2 and 7, and the interior in Fig. 3, 
is of steel-framed construction, 119 ft. long and 36 ft. 
wide, with wall and crane columns and roof trusses 
| spaced at 17-ft. centres, the building being designed 
for snow loading. The station is equipped with a 
three-motor girder crane by Messrs. Herbert Morris, 
Limited, fitted with British Thomson-Houston elec- 
trical equipment, operating from a three-phase, 415- 
volt, 50-cycle circuit. 

The generating plant shown in Fig. 3 consists of 
two turbo-alternator sets supplied by the English 
Electric Company, each of 5,830 kv.-a. output at 
|0-9 power factor. The turbines are each of a 

capacity 7,250 h.p., at 500 r.p.m., and are Francis 
| horizontal shaft reaction-type machines with spiral 
| casings, operating at a net head of 245 ft., with 
| a draught head of 10 ft. to centre of runner. The 
| turbines have single runners, with overhung shafts 
| and two main bearings, the turbine and alternator 
| being mounted on a common bedplate, cast in 
| halves. The main centre lines of the units are 
| arranged longitudinally in the station. The turbine 

axial thrust is partially balanced by an equalising 
| pipe connected to the draught tube, and the resultant 
thrust is carried by a thrust bearing incorporated 





5 ft. 9 in. average diameter, the upper half being 


with the in-board alternator bearing. The two ring- 
lubricated pedestal bearings are water cooled, and 
are fitted with water-flow indicators and thermostats. 

The turbines are controlled by belt-driven oil- 
pressure governors of the English Electric Com- 
pany’s design, the servomotors being arranged with 
differential pistons, and the energy for the closing 
stroke being obtained from the pipe line water 
supply. The oil pressure supply, controlled by the 
pendulum-operated actuator, normally maintains 
equilibrium. The servo motor is equipped with 
a load limiter. The governor operates a relief 
valve of the cylindrical balanced type, 26-in. 
diameter bore, designed to obviate water hammer 
by by-passing the water when the turbine gates are 
closing. The energy for operating the relief valve 
is supplied by the pipe line, and the valve can also 
be used as a hand-controlled discharge valve when 
the turbine is shut down. 

Each turbine is arranged with a main valve of the 
cylindrical balanced type, fitted with crack opening 
gear for priming, and of 5-ft. 9-in. inlet diameter 
and 48-in. diameter for connection to the turbine 
casing. These valves are operated by the pipe line 
water supply. The difference in pressure across the 
valves is employed in the operation of a differential 
pressure mercury-type integrating water recorder, 
supplied by Messrs. Guest and Chrimes, Limited. 

The alternators are star connected and operate 
at 6,600 volts, the stators being one piece. The 
machines are totally enclosed, and are self-ventilating 
by means of foundation ducts with inlets adjacent 
to the pipe lines and discharging the hot air at the 
tail race face of the building. The excitation for 
each machine is provided by a self-excited 125-volt, 
32-kw. exciter, mounted, with a 7-5-kw., 125-volt 
auxiliary generator for control supply for switchgear 
and automatic protective equipment, on the main 
shaft. 

The main control board and the separate board for 
control of auxiliaries consist of vertical oiled slate 
panels. The switchgear for the alternator and trans- 
former circuits is accommodated in concrete cell- 
work, with electrically-operated oil circuit breakers 
of 250,000 kv.-a. safe rupturing capacity, mounted 
on steel frame-work and each removable as a unit. 
The control wiring is placed in readily-accessible 
screwed conduits supported on racks in ducts, 
covered with chequer plate, in the floor. The main 
leads consist of varnished cambric cable supported 
on insulators placed in ducts in the wall after 
traversing the inlet air ducts. 

The power station has been designed for auto- 
matic operation, and after being started up and 
synchronised with the power system, by hand 
adjustments carried out by an attendant, will 
operate unattended. It is operated at predetermined 
constant loads over protracted periods, since the 
water is utilised again at Waddamana, the Wad- 
damana lagoon acting as the necessary balancing 
reservoir, Equipment is installed operating on the 
governor motor, and regulating the load on the tur- 
bines according to the forebay water level. This 
is actuated by a common float transmitter in the 
forebay, the principle being that of a Wheatstone 
bridge. The forebay water level is, however, norm- 
ally fixed by the predetermined load and the quan- 
tity of water allowed to pass into the canal by the 
electrically-operated radial gate at the diversion 
dam. The automatic load regulating equipment is 
rendered necessary, however, in view of the un- 
attended nature of the plant, and the fact that the 
water supply to the turbines is by means of a long 
canal with limited forebay storage. The forebay 
water level is also indicated in the station by a 
separate float. 

The automatic protective features provide pro- 
tection for the equipment in such cases as failure 
of the alternator field, governor failure by loss of 
oil supply or otherwise, alternator winding failure 
following sustained overload, overload on the 
transformers, winding over-temperature on alter- 
nators and transformers, overspeed, excessive axial 
thrust on the runners, failure of control circuit 
supply, overheating of bearings, &c. In certain 
cases an alarm circuit only is operated, while in 
those of a more serious nature the turbine is shut 
down and the alternator disconnected from the 





bus-bars, with the operation of the alarm circuit. 
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Automatic astatic voltage regulators of the Brown 
Boveri type are connected to maintain unity power 
factor on each alternator, when in parallel with 
the main system, and with this connection the 
station voltage will follow that of Waddamana. 
When operated, isolated the regulators will main- 
tain constant voltage within a small percentage of 
their setting. The alternators are protected with 
Merz Price relays, which are arranged to open the 
alternator field switch after operation of the main 
oil switch. The field switch and oil switch cir- 
cuits are also interlocked to prevent closing fhe 
latter before the field is on the machine and also 
opening the field when the oil switch is closed. 
Should the water supply fail, due to ice or any 
other reason, the float control equipment will auto- 
matically shut down the turbines, disconnecting the 
alternators from the ’bus-bars as the turbine gates 
pass the no-load position. The remote control of 
the butterfly valve and radia] gate motors, from the 
power station, is by means of magnetic reversing 
switches, operated through multicore lead-covered 
V.LR. cable suspended from steel suspension wires. 
The control wires for the float control equipment 
are of similar construction. 

The power station is connected into the main 
88,000-volt power system through an outdoor 
transformer bank of 12,000 kv.-a. in four 4,000 kv.-a. 
single-phase units, manufactured by the British 
Thomson-Houston Company, Limited, of Rugby. 
The transformers are oil immersed, water-cooled, 
and fitted with oil conservators, winding tempera- 
ture indicators and ratio adjusters. An oil-filtering 
system is provided. The outdoor ’bus-bars are sup- 
ported on steel structures, which also terminate 
the outgoing 88,000-volt transmission line. An 
88,000-volt oxide film lightning arrester is installed, 
and transfer *bus-bars for the spare transformer 
have been provided. The outgoing 88,000-volt 
transmission line to Railton is protected with a 
Westinghouse outdoor type oil circuit breaker. 

The turbines discharge into a “ Y” shaped tail 
race to be seen in Fig. 7, on page 200. This is 1,200 ft. 
long and carries the water to the Waddamana canal. 
For 718 ft. the tail race is concrete lined, and of 
similar construction to the canal. It has a bottom 
width of 12 ft., side slopes of 1}: 1, and a gradient of 
1 in 800. It terminates in a concrete structure with 
two 15-ft. hand-operated radial gates, discharging 
into a transition to the remaining unlined section 
in clay and boulders. The radial gates may be 
seen in Fig. 2, set across the tail race. The junction 
of the tail race and Waddamana Canal is also 
shown in the distance in this figure. 

Provision has been made for excess discharges 
from the Great Lake, which may be necessary, by a 
pitched and grouted channel, 120 ft. wide, from the 
old bed of the Shannon River to the tail race at 
the point of crossing, and a spillway with 63 ft. crest 
discharging into the Shannon River again, with a 
water cushion, the latter being shown in the right 
foreground in Fig. 7, and also to be seen in Fig. 2, 
on the left, close to the radial gates. 

We are indebted to Mr. H. A. Curtis of the Hydro- 
Electric Commission, for the above particulars and 
for the photographs, &c., illustrating this article. 
The Shannon station was officially opened by the 
Hon, J. C. McPhee, Premier of Tasmania, on May 1 
last. 





THE PHYSICAL AND MECHANICAL 
PROPERTIES OF CLAY. 
By H. Brerriner, C.I.E., M.Inst.C.E. 
(Concluded from page 129.) 

Application of Physical Knowledge.—It is there- 
fore evidently necessary to maintain, as far as pos- 
sible, in construction werk, clay in its original 
condition of pressure and moisture content. For 
example, in house construction, foundation trenches 
should be dug, concrete deposited, and the building 
carried up as soon as possible to a level which will 
produce the original pressure on the subsoil. Water 
should be kept from lying round the foundations ; 
and, when the roof is on, the rainwater pipes should 
be connected to drains and not allowed to discharge 
on to the ground round the building. 

In the author’s experience, several cases have 
occurred in which substructures left at damp- 
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course level for some time have cracked badly. | and dredger hoppers. If, however, a film of water 
Large trees dry the surrounding soil considerably, | can be introduced between the clay and the other 
and on the contrary, the sites of ditches are, of | material, it will slide easily,* as is shown in the 
course, soft and liable to produce shrinkage frac- | practice of wetting slides for loading it into ships, 
tures in houses built on them, which should be| and in the wetting of the grafting tool in digging. 
guarded against by reinforcement of the concrete| These contradictory properties are due to the 
foundation, and the digging out of the softer] film of water ‘“‘ adsorbed” into the surface of the 
material. It will be seen that, though laboratory | clay. If such a film is maintained on the surface 
methods cannot be adopted to control the execu- | (as is the oil in the Michell system of lubrication) 
tion of construction, they do throw light on the} it acts as a lubricant, but if squeezed out, the 
| particles come into direct contact and cohesion 
Mechanical Properties : Friction and Cohesion.— | takes place, owing to the small size of the particles 
The author’s attempts to measure the friction of | bringing molecular attraction into play. Such a 
‘clay on clay’ with varying values of ¢ proved | film of water and clay can, however, easily be 
abortive. As long as the value of ¢ is not greater | destroyed by absorbent substances, such as sand 
than, say, 0-750, the angle of sliding varies from! or clinker. 
45 deg. to 60 deg. When, however, moisture; In experiments shown in Fig. 3 (page 128 ante), to 
shows, clay surfaces stick to each other so tightly | begin with the clay just fitted into the pipe, then 
that one will tear a piece out of the other on being | when wetted exerted pressures up to 10°75 tons 
separated. Wet clay adheres strongly also to wood | ? tid Duke ont Deki oa 2: ve 
and steel, as evidenced by the difficulty of dis- | Nostrand. Mud and clay slide down the shoots of 
charging it from muck wagons, excavation buckets | dredgers at slopes of | in 10 and 1 in 16. 


forces at work. 
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per square foot, in which state the friction on the a shown in Figs. 6 and 7, Fig. 6 sine to viscous 


cylindrical surface of those specimens which were 
immediately afterwards forced out, amounted to 
3 tons per square foot. If, however, left to dry in 
the pipe, the specimens became so loose that they 
dropped out after a few days. This is the kind of 
behaviour which has given clay such a bad reputa- 
tion on works of construction. Lumps of dry hard 
clay piled like stones will be stable as long as they 
are dry, but a shower of rain, by wetting surfaces 
in contact, will cause the whole stack to slide. The 
total skin friction of shields designed for driving 
in London clay seems to be less than half-a-ton per 
square foot when work is progressing regularly 
and the shield is constantly moving. 

Plasticity.—The state of the material as generally 
met with outside the tropics is plastic, that is 
deformable at about 15 lb. per square inch when 
« = 0°750. The material from greater depths, say, 
100 ft., is still plastic, but it takes, say, 6 tons per 
square foot, or 90 lb. per square inch, to deform it, 
and tunnel engineers are well acquainted with the 
importance of the time factor in their operations. 

In forming banks of clay from excavation, it 
will evidently be desirable, if possible, to let the 
material from the bottom of the excavation go into 
the bottom of the bank, and the top material into 
the top and sides. It may also be expected that 
a soft clay, which will deform at a pressure of 1 ton 
per square foot, will begin to spread and exert 
pressure if tipped into a bank, when the height 
(say, 12-15 ft.) produces that pressure on the 
bottom layers. 

Professor E. Andrade* says: “ From the point 
of view of physics, we know next to nothing of 
plasticity . . . we do not know how to test a 
clay and allot . . . a coefficient of plasticity . 

It must be admitted that constructors, as well as 
potters and sculptors, adopt empirical standards 
for deciding if a clay is suitable for their purposes ; 
on housing work, for example. an experienced 
clerk of works, by prodding with a crowbar, gets 
a very fair idea if the bottom is “ good enough,” 
or whether it would be better to “‘ go down another 
foot.” Nevertheless, in ceramics especially, much 
research has been undertaken with regard to 
plasticity and its allied subject, viscosity, although 
principally on materials in the softer states. — It 
appears to the author that the methods might be 
extended to cover the less yieiding condition of 
the material interesting to the engineer. The 
author thinks that special interest, therefore, 
attaches to the researches of Professor Bingham.t 
and a brief summary is as follows : 

Viscosity comes first historically, being measured 
by Poiseuille (1842), and the law of flow of liquids 
in capillaries is :-— 
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817n - 

Where 
v volume of efflux (cubic centimetres per second), 
P pressure (grammes per square centimetre), 
K = radius of capillary (centimetres). 


1 = length of capillary (centimetres), 
n coefficient of viscosity, 
q gravity constant (centimetres per second). 


The fundamental observations are volume of 
efflux, diameter and length of capillary, pressure and 
time, but there are six corrections for temperature, 
ke. 

7,” the coefficient of viscosity, is measured by 
an absolute unit called the “ poise,’ with a sub- 
7 1, 


multiple, the “‘ centipoise,” and “ fluidity,” ¢ 


The viscosity of water at 20 deg. C. is nearly 1 
centipoise, and its fluidity “ ,” therefore 100 
poises, 

Although the plasticity of solids is sometimes 
confused with viscosity (properly only attributable 
to fluids), it follows distinct laws. Bingham states : 
* Only by the behaviour of materials under shearing 
Stresses are we enabled to distinguish between a 
fluidandasolid. Ifa body is continuously deformed 
by a very small shearing stress, it is a liquid, whereas 
if the deformation stops increasing after a time, 
the substance is a solid.”” The laws are graphically 


* 


* The Mechanism 1 of 2 Nature, page 14. 
| Fluidity and Plasticity: McGraw Hill Book 
Company. 





liquids and Fig. 7 7 to plastic solids. 

The measurement of the plasticity ot soft solids 
so far published has been carried out by a modifica- | 
tion of the capillary viscometer methods used for | 


fluids, but the calculation of the friction (f) in the | 
of the solid is made | 


ss 


capillary and the “ mobility 
by the formula :— 


os 2 Kv 
(‘* Mobility ”) p = F-y/ 
kK 1-273 4 
x eam = 
R38 a R38 
—e PRg . . : 
F, F, TL shearing force in successive 
as observations. 
V1 Vg efflux per second in successive .obser- | 
vations. 
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The friction (f) is the initial pressure in Fig. 7, | 


and wu is the slope of the curve. It is evident 
that for stiffer solids the diameter of the tube 
must be enlarged unless heavy pressures are 


Fig.6. VISCOUS FLOW DIAGRAM 
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available. Professor Bingham informs the writer 


that such tubes 3 in. in diameter are being used 
for research in other materials.* The author’s 
conclusions are that in all mechanical tests on 
records of the behaviour of clay, if classification is | 
to be eventually effected, the water content of the 
material and the time occupied in the operations 
must be noted. 
SUMMARY. 


The various ratios of weight and volume of water 
to mineral contents are easily calculated from 
formule given. 

Clay may be considered as coming in the category 
of “disperse systems,” the mineral being alumino- 
silicic acid, and the liquid water. The conditions 
of equilibrium require much further investigation, 
but some experiments are recorded by the author. 


From the engineer’s point of view, it is desirable | 


“ce 


to maintain, on works of construction, the “ natural ”’ 
conditions of pressure and moisture content. 

The mechanical properties generally encountered 
are those of a plastic solid the deformability of which 
ranges from a pound or two to 90 lb. per square 
inch, in proportion to the water content. The time 
factor and water content of specimens on which 
future mechanical tests are carried out should be 
recorded. 


* Messrs. Blenninger and Ross (7'ransactions American 
Ceramic Society, XVI) experimented on flow of clays 
varying in water content through a }-in. diameter hole. 
The pressures required to start flow varied from 20 lb. 
to 400 Ib. per square inch. The flow through an orifice, 
however, cannot be compared with that through a 
tube. 





THE LATE MR. R. C. CLINKER. 


| WE regret to record the death of Mr. Reginald Charles 
| Clinker, which occurred, as a result of a mountaineering 
| accident, on Craig-yr-Isfa, a well-known spur of Car- 
nedd Llewellyn, Carnarvonshire, on Monday, August » 4 

Mr. Clinker was born at Yeovil, Somerset in 1874, 
| and was educated at Sidcot, Craigmore College, Clifton, 
;and London and Bristol Universities. During the 
|latter period of his training he gained an exhibition 
scholarship at University College ‘and, as a result, was 
appointed a research assistant to Professor J. A. 
Fleming, F.R.S. On the formation of the British 
Thomson-Houston Company in 1896, he joined that 
organisation, and was at first engaged as a member of the 
technical department under Dr. H. F. Parshall and Mr. 
| H. M. Hobart in researches on the magnetic ageing of 
iron. On the retirement of Mr. Hobart from the 
charge of that department, Mr. Clinker took his place, 
| and was afterwards for a time in control of the trans- 
former department of the firm. He was, however, 
always more interested in experimental work, in which 
he could investigate problems for himself, than in the 
| manufacturing side, and in 1913 took up the study of 
| the thermionic valve, which was then slowly emerging 
|from the laboratory stage. Its development was, of 
| course, greatly stimulated by the war, and his knowledge 
| of this device was therefore of great use to the company 
| during that period, when a large number of valves for 
| use by the various branches of the fighting forces had to 
| be manufactured. Moreover, at a very early stage in 
| radio development he invented a portable receiver with 
|a self-contained aerial. Another development, which 
|for other than scientific reasons received a great im- 
| petus during the war, was the magneto, and Clinker 
played a great part in carrying out the experimental 
work which was necessary to ensure the commercial 
production of this essential piece of apparatus. 

In May, 1920, he was appointed one of the consulting 
engineers of the British Thomson-Houston Company, 
and became chief of that firm’s engineering laboratory 
in 1924. Under his direction the work of this depart- 
ment developed to such an extent that he found the 
duties and responsibilities too heavy for his far from 
robust health, and was therefore obliged to resign in 
1929. During the last two years of his life he had, 
however, acted as research engineer, devoting his 
attention to a wide range of subjects, among which 
| special mention may be made of talking-film technique, 
| vacuum physics, and the electrical measurement of 

time. In non-electrical spheres he had been a pioneer 
in motor cycling and more recently with gliders, while 
he had done a great deal of useful work in astronomy. 
He was a practised lecturer with an unrivalled clarity 
of expression and great skill in devising and performing 
| experiments. He was elected a member of the Institu- 
tion of Electrical Engineers in 1920, and was president 
of the Rugby Engineering Society in 1929-30. 





RAILWAY CONSTRUCTION IN THE INTERIOR OF CHINA. 

-It is stated in a recent issue of The Chinese Economic 
Bulletin that the Ministry of Railways, Nanking, has 
decided to proceed at an early date with the construction 
of 540 miles of line which will connect Paotow and Ning- 
sia. The railway, which is to be known as the Pao-Ning 
Railway, will traverse what was formerly known as 
| Inner Mongolia. This territory is on the borders of the 
| provinces of Shansi and Shensi, and is watered by the 
Yellow River. It is proposed to construct the line in 
| three sections, two of them 170 miles in length, and the 
other 200 miles in length. The main object of the 
Government in undertaking the construction of this rail- 
way is to facilitate emigration from the more congested 
parts of China to the sparsely-populated North-western 

territories of the country. 


THE AssocIATION OF SPECIAL LIBRARIES AND INFOR- 
MATION BuREAUX.—The eighth annual conference of 
this Association will be held at Lady Margaret Hall, 
Oxford, from September 18 to 21. The proceedings will 
open with the reception of the delegates on the 18th, 
followed by the evening meeting at which the Chairman 
of the Association will preside. An address will be given 
| by the President, Mr. H. T. Tizard, after which Professor 
| A. M. Carr Saunders will speak on “‘ Some Problems of 
Professionalism.’’ On the morning of the 19th inst., 
| Mr. E. N. Simons will read a paper entitled ‘“‘ How the 
Manufacturer can help the Librarian ’ ; Mr. B. M. Headi- 
car one on ‘‘ Practical Methods of Arrangement, Indexing 
and Routine in the Business Library and Information 
Bureau”; Colonel Sir Frederic Nathan one on “ Inter- 
national Abstracting and Indexing’’; and Dr. Predeek 
one on “An Every-Ready Printed Catalogue.’ In the 
afternoon, the Annual General Meeting will be held and 
in the evening Mr. F. A. Hoare will speak on ‘* Films as a 
Medium of Education.”” At the morning meeting on 
the 20th inst., Sir Francis Goodenough will take the chair 
and will speak on the Report on Education for Salesman- 
ship. Papers will be read on the publications of the 
International Labour Office, the Royal Institute of 
International Affairs, agriculturel economic information 
and business organisation. In the evening, Dr. E. 
Shenkman will speak on “* The Russian Five-Year Plan 
and its Special Relation to British Industry and Com- 
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HYDROGRAPHICAL SURVEY OF 
THE RIVER TEES. 


THE demand for water supplies continues to increase 
not only, and perhaps not so much, with the growth 
of population, but also with the more lavish require- 
ments of sanitary works and social amenities, and the 
increase of the industries that require large supplies 
of good water. The sources of supply, on the other 
hand, remain constant, and, moreover, have to 
accommodate an amount of pollution which increases 
both with the population and the extent of its indus- 
tries. It is agreed generally that in the future increas- 
ing use will have to be made of rivers as sources of 
water supply, and it has become, therefore, a matter 
of the first importance to ascertain what amount of 
polluting effluents can be admitted to a river without 
unduly impeding the processes of self-purification, 
and under what conditions these processes will go on. 
Accordingly, one of the first tasks undertaken by the 
Water Pollution Research Board of the Department 
of Scientific and Industrial Research was to select 
a river that was receiving typical polluting discharges, 
and to make an exhaustive study of its circumstances. 
For this purpose the River Tees was selected as pre- 
senting, in the populations and the industries on its 
banks, a representative combination of conditions ; 
and arrangements were made for a survey of the 
river under the supervision of a committee appointed 
for the purpose, and with the co-operation of a con- 
sultative committee, representing all the principal 
local interests. The work of this survey began in 
1929. The longest part of it has consisted in obtain- 
ing biological and chemical data, and is thought likely 
to occupy in all some three years. In the estuary and 
tidal reaches, however, hydrographical information is 
likewise required, the direct measurements for which 
have been completed and have now been published.* 

From its rise on Cross Fell to its discharge at Tees 
Mouth, the Tees is only about 100 miles long, measured 
along its course, about 25 miles of which are tidal. 
The reach principally affected by pollution is from 
Stockton to the mouth, a distance of about 12 miles 
along the river’s course, which includes a broad 
estuary, opening out at Middlesbrough some six miles 
from the sea. A large number of observations were 
made, and are still in progress, on the discharge of 
fresh water down the river from above the tidal limits, 
leading to the conclusion that the average flow is in 
quantities roughly about a fifth of that of the Thames 
at Teddington. It was found, incidentally, that 
current measurements by surface floats appeared to 
give less accurate results than were obtained by 
current-meter observations, and the experience of the 
survey shows that in the tidal estuary the float method 
was unsuitable, as, owing to the division of the water 


into layers, a float might take many days to sige 


the sea, even if it were not caught up in an eddy. 
The current measurements in the tidal parts were 
taken at 10 stations between Stockton and Teesmouth, 
at which observations were made on 126 days, spread 
over a period of seven months. Observations were 
made generally by current meters of the Watts and 
Gurley-Price types, indicating velocities through an 
electric contact system and telephone receiver. The 
strength of the current was measured, usually for two 
minutes, every half-hour at the surface and at intervals 
of one fathom of depth, and the observations enabled 
curves to be prepared, showing for each of the four 
ranges of tides from below 8 ft. to above 14 ft., the 
strength of the current at the surface and at one fathom 
intervals for various iatervals of time before and after 
high water. From these curves others have been 
constructed, showing the times before and after high wa- 
ter and the depths at which each velocity obtained. 
The observations cf the fresh-water flows and of 
the current velocities have enabled the motion within 
the stream to be plotted out with an accuracy limited 
by the intervals of depth at which current measure- 
ments were made, and subject to the accuracy of the 
assumption on which the measurements made from 
the centre of the stream were corrected for the effect 
of the differences in velocity along the cross-section. 
The most important conclusion to which the results 
have led is that at some points there are considerable 
differences between the surface and deeper waters, so 
that at certain times the t.ood is running up stream 
below the surface, while the ebb is still running on the 
surface. This result is, of course, in conformity with 
what might be expected from the mutual influence 
of the incoming and denser salt water and the out- 
flowing fresh water, which would tend to set up 
currents in opposite directions, and with the further 
action of the tides would cause the whole system to 
oscillate up and down the estuary. The extent of 
these movements is shown for the whole range covered 


* Department of Scientific and Industrial Research. 
Water Pollution Research: Technical Paper, No. 2. 
Survey of the River Tees. Part I—Hydrographical. H.M. 
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by the observing stations, and indicates that the 
| maximum speed of the flood is at one or two fathoms 
| below the surface, friction against the bed of the river 
|retarding the flow of the bottom layers. It seems, 
| therefore, to follow that the estuary cannot easily 
free itself from polluting matter through the move- 
ment of its waters, unless the matter is in the surface 
layer. This, as the report remarks, is of importance 
in considering the discharge of effluents into the sea. 
How far and in what circumstances it can free itself 
from such matters by operations of self-purification 
remains to be seen from the chemical and biological 
results. It is hoped meanwhile that the observations 
on salinity at different times and depths, which are 
being made as part of the chemical observations, may, 
when combined with the current measurements, lead 
to further conclusions as to what happens at inter- 
mediate depths, and in particular in the upper layer 
between the surface and the one-fathom measure- 





ments. It is thought also that in future surveys of an 
estuary, direct observations should be made to ascer- 
tain the thickness of the upper layer, at the lowest 
point of which the currents are flowing in contrary 
directions. 











A NOMOGRAM FOR LOGARATHMIC 
MEAN TEMPERATURE DIFFERENCE. | 
By Brian M. Tuornton, M.Sc., A.M.I.Mech.E. | 


THE nomogram shown above solves the much-used 
formula for the logarathmic mean temperature difference 
between two fluids, | 





heit or Centigrade. It is well to note, however, that 
certain assumptions are made in the derivation of the 
formula which do not always hold in practice. The 
assumption is made that the heat transmission at any 
point of the surface of the heat exchanger is directly 
proportional to the difference in temperature between 
the two fluids. The specific heats of the fluids are 
assumed to be constant, and it is also postulated that 
no heat is conducted from the hotter to the colder end 
of the heating surface. None of these assumptions is 
strictly true in all cases, but in the majority of practical 
problems, the small error involved may be neglected. 
The formula is usually used to calculate an overall 
heat-transmission coefficient, and the error therefore 
affects a coefficient which is, as a rule, subject to 
considerably wider fluctuations from other causes 
outside the scope of this article. 

The use of the chart is apparent. Either of the 
outer scales may be used for T, and T,. A line joining 
T, and T, cuts the mid-ordinate at the mean tempera- 
ture difference. All the other charts for this formula 
have only one straight scale. The chart shown is 
somewhat unusual, in that the scales are equally 
spaced and identical, a useful property for its reproduc- 
tion. Values of T, and T, from 5 to 100 are used, 
but any multiple may be employed. For example, 
the mean temperature difference of T, = 140 and 
T, = 60 may be obtained by taking T, = 70 and 
T, = 30 and multiplying the result obtained by 2 
As drawn, the chart is accurate to one-half of 1 per cent. 


“~ 
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Log en | Hgyptian Government has recently bought from the 
1 ; 3 | heirs of H.H. Princess Fatma Hanem a palace at Gizeh 
WRECKS pee ; | which it is intended to convert to a musuem of models 
T, = Initial temperature difference. | of agricultural machinery. British firms are invited to 
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This standard formula, the derivation of which ad Pe It is thought that following upon the visit 
given in many text-books, applies whether the fluids | pedo p vegceenmnnel 2 oe te i, al 
are flowing in parallel or counter flow, and when one of | would also be acceptable. Details of the scheme are 

from the Director, Royal Agricultural 


the fluids is at a constant temperature, as in evaporating | obtainable 





Stationery Office. Price 5s, 6d, net. 


or condensing. The formula applies, of course, with | Museum, Dokky, Gizeh, Egypt. 
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LABOUR NOTES. 


Ix the August issue of the Amalgamated Engineering 
Union’s Monthly Journal, Mr. Hutchinson, the president 
of the organisation, goes into the recent trouble caused 
by certain members of the Society. The text is 
reproduced of an article entitled ‘“ Leading Militants’ 
Statement,” which appeared in a Labour newspaper, 
and was signed by eight members belonging to branches 
in London, Manchester, Sheffield, Glasgow and Coven- 
try. In it engineering workers generally were advised 
“to repudiate the action of the union leaders,” in 
accepting the agreement with the employers on the 
subject of working conditions, and to “form the 
organisations and leadership that will enable the 
workers to carry on the fight against the employers’ 
and union leaders’ united front.” The text is also 
given of a circular issued by the Manchester District 
Metal Section of the National Minority Movement. 
This circular, to which the names of twelve members 
were appended, invited branches to send delegates 
to a series of conferences ‘‘ for the purpose of discussing 
the situation and forming Councils of Action pledged 
to resist the employers’ proposals.’’ The signatories 
to both statements were communicated with, and 
invited to show cause why they should not be dealt 
with under Rule 21. The replies received were, it is 
stated, ‘‘ very similar, in so far as they claimed the 
statements to be justified.” 





The executive council thereupon suspended ‘‘ from 
holding any office in the union, the signatories, members 
of the Amalgamated Engineering Union . . . pending 
a final decision being arrived at.’ In the case of a 
district officer who undertook “‘ in future to act inside 
the constitution and abide by the policy as decided 
upon by the bodies responsible in accordance with 
rules for formulating the policy of the union,” the sus- 
pension was removed. In the other cases, the execu- 
tive council, after further considering the matter, 
decided to expel the members “‘ forthwith from member- 
ship of the Union in accordance with Rule 21, Clause 1, 
and in conformity with the resolution passed at a 
National Conference in 1928 and re-affirmed by the 
National Committee in 1929.” A member who issued 
a circular to branch secretaries inviting branches to 
protest against the expulsions was also expelled. 





In the course of some comments on the trouble, 
Mr. Hutchinson says that the expelled members have 
used their position as members to give effect to the 
policy of an outside body. ‘‘ That policy,” he pro- 
ceeds, “‘is to undermine the Trade Union Movement, 
to set up counter-movements, and to form independent 
organisations—Councils of Action, for example, made 
up of unionists and non-unionists—men, youths and 
females. These organisations, it is intended, shall deal 
with conditions, &c., in the workshops independent of 
the Union and Union leadership, and be run, in fact, 
by persons carrying out the orders of an alien body 
whose aim is to make trouble and whose object is 
revolutionary.” In short, Mr. Hutchinson declares, 
the suspended members ‘‘ have used their membership 
of the Union for ulterior purposes, and have advocated 
and propagated counter organisations with the object 
of creating disruption and breaking up the Union.” 





The first of the editorial notes in the Journal states 
that the new agreement on working conditions has not 
pleased everyone. ‘‘ Inthe main,” the writer proceeds, 
“the membership has shown a realisation of the circum- 
stances under which the conditions were accepted, but 
a small minority, inspired by interests outside the 
Union and the industry, has adopted an attitude of 
criticism that is no more than cheap abuse. We are 
sure that they will not mislead the membership, and 
that their utterances will be received with the contempt 
that they deserve. Charged with the high respon- 
sibility of maintaining rength and integrity of 
the organisation, the officers\had to face up to hard 
facts. They did this with courage and wisdom in 
avoiding a dispute at the present time. They were 
faced with the depressed state of the industry, with 
unemployment growing to abnormal dimensions, and a 
consequent diminishing of Union funds, with the growth 
of rationalisation and the creating of more surplus 
labour, with the operation of a disarmament policy and 
a world falling in trade. In such circumstances, the 
prospects of successfully resisting encroachments on 
conditions were not hopeful, and would have been 
against all the laws of common sense and logic. If a 
dispute had taken place, it should not be forgotten 
that those who would have been thrown on the streets 
would not have had State Unemployment Benefit, and 
reference has already been made to the funds of the 
Union. In view of all these hard facts, we are con- 
fident that when the membership calmly reviews the 
Situation, they will be more than satisfied that the 
Officers were serving the best interests of the Union 
in the action that they took.” 





ENGINEERING. 

The ballot vote of the members of the National 
Federation of Building Trade Operatives has gone 
heavily against acceptance of the new agreement, 
recently negotiated by the men’s representatives and 
the National Federation of Building Trade Employers. 
Only about 25 per cent. of the operatives entitled to 
vote took part in the ballot. Two questions were 
set down for decision. One was acceptance or rejection 
of certain heads of subjects it was proposed to incorpor- 
ate in a revised constitution, rules, regulations and 
national working rule agreement under which the 
National Joint Council on the industry would continue 
to function. On this question 22,626 voted for the 
proposals and 49,436 against them. The second 
issue on which a decision was asked, was a proposal 
that, while payment by the hour should be regarded 
as the normal method of remunerating labour, a 
Joint Commission should be appointed to examine the 
question of bonus systems on a collective basis, or 
in relation to time and progress schedules, and that 
this Commission should consider the results of approved 
experimental schemes devised for the purpose of 
enabling operatives, or any section of them, to earn 
a bonus rate in excess of the standard rate by some 
meahs which would eliminate piecework. On that 
question, 6,978 voted for the proposal and 62,428 
against it. About seven weeks have to elapse before 
the Unions’ notice to withdraw from the National 
Joint Council takes effect, and it is hoped that in the 
interval negotiations will be carried to a successful 
issue. 





After analysing the votes cast in the ballot for or 
against acceptance of the employers’ wage reduction 
notices, the executive committee of the National 
Association of Unions in the Textile Trade decided 
that in view of all the circumstances, they were “‘ not 
prepared to call upon the wool textile operatives to 
cease work.” Mr. Shaw, the general secretary of the 
Union, stated that, in the opinion of the executive 
committee, the vote clearly indicated that there was 
no resisting power on the part of the operatives, as 
a whole. It was also clear, he said, that where notices 
had not been posted, the operatives had shown a great 
reluctance to be involved in a general dispute, because 
they believed that the employers would not further 
reduce wages. On the other hand, where wage reduc- 
tions had been enforced, the workers had failed to 
record their votes. The executive committee were 
not prepared, it was added, to accept the 11-7 per 
cent. reduction on the MacMillan Report as a basis 
for a new agreement, but, as representing the majority 
of organised workers in the wool textile industry, they 
were willing to open up negotiations with the employers 
for the purpose of reaching a settlement of the question. 





The votes of the Yorkshire Association of Power- 
loom Overlookers’ Societies were not available when 
the result of the National Association’s ballot was 
announced, but, on Friday, Mr. Dickinson, the 
secretary, stated that a large majority had answered 
‘* yes ”’ to the following question :—‘‘ Are you prepared 
to cease work, on a date to be fixed by your executive 
committee, to resist the proposed reduction in your 
wages of approximately 8s. per week, if the employers 
persist in their refusal to meet your representatives 
for the purpose of negotiating a wages agreement ?”’ 
All concerned on the men’s side, therefore, desire 
negotiations, which, in view of the fact that operatives 
are in places working for the reduced wages, are un- 
likely to take place. 


The Cumberland miners, who have been on strike 
since June 24, against the award of the National 
Industrial Board, proposing a reduction of the mini- 
mum percentage on basis rates of 74 per cent., have, 
for the fourth time, rejected settlement terms recom- 
mended to them by their local and national leaders. 
The latest terms submitted were more favourable 
than any of the earlier proposals, yet they were 
rejected by 2,614 votes to 1,733. Over 9,000 men are 
affected by the stoppage. 





Speaking at Sheffield on Sunday, Mr. Dobbie, the 
president of the National Union of Railwaymen, said 
that early next year, the fiercest attack yet launched 
would be made on railwaymen. He was convinced 
that the railways, not satisfied with the Wages Board 
report, would try to break down the guaranteed day 
and guaranteed week system. Their demands would 
be for worse conditions, and he appealed to the men 
to support the executive committee. 





Last week-end, firms belonging to the London 
Furniture Trades Federation posted notices of wage 
reductions affecting all classes of their employees. 
In the case of craftsmen, the amount of the reduction 
is 2d. per hour and in that of packers, porters and 





women, ld. per hour. The larger reduction is to be 





made in three stages, spread over two months and a 
half, and the smaller in two stages. The first reduc- 
tions take effect to-night. After the end of October, 
according to the notices, minimum rates of wages will 
be as follows :—Cabinet-makers, carvers, chair makers, 
machinists, and upholsterers, 1s. 7d. an hour ; forecutter 
and spindle hands, 1s. 8d. an hour; male polishers, 
japanners, and chair shapers, 1s. 64d. an hour ;_ packers, 
ls. 4d.; porters, ls. 24d.; female polishers, 1s. 2d. ; 
upholsterers, 10d. an hour. Mr. H. E. Taylor, the 
general secretary of the London Furniture Trades 
Federation, stated on Saturday that the object of 
posting the notices was to enable every individual 
operative who, in the exercise of his judgment, was 
unwilling to work for the lower wage, to terminate his 
contract of employment in the constitutional manner 
provided by the rules before they expired at midnight 
on August 13. On and after August 14 the factories 
of members of the Federation would remain open on 
the terms posted. 





In July, the home branch membership of the Amal- 
gamated Engineering Union decreased from 190,275 
to 188,522, and the Colonial branch membership from 
25,285 to 24,982. The number of members in receipt 
of donation benefit decreased from 34,994 to 34,893, 
and the number in receipt of sick benefit from 4,391 
to 4,314. The number in receipt of superannuation 
benefit increased. The total number of unemployed 
members increased from 46,933 to 47,583. 





At July 27, the numbers of persons on the registers 
of employment exchanges in Great Britain were 
1,877,543 wholly unemployed, 724,690 temporarily 
stopped, and 111,117 normallly in casual employment, 
making a total of 2,713,350. This was 52,617 more 
than a week before and 701,883 more than a year 
before. The total comprised 1,991,757 men, 70,800 
boys, 594,588 women, and 56,205 girls. 





At last Saturday’s meeting in Manchester of the 
general council of the Weavers’ Amalgamation, the 
central committee recommended acceptance of the 
invitation of the Cotton Spinners and Manufacturers’ 
Association to resume negotiations on the ‘* more 
looms” question. New proposals by the employers 
were now available, it was stated, to meet the known 
objections of the weavers. After discussion, it was 
decided to submit the report and recommendation 
of the central committee to meetings of the district 
committees and to take a vote on the matter at a 
special meeting of the general council on Thursday. 





Speaking at the eleventh conference of the E.C.C.L., 
Mr. Harry Politt dealt with the position of the Com- 
munist Party in Great Britain. The party membership 
was now down, he said, to the low figure of 2,711. 
Thirty per cent. of these members were in the main 
industries, 65 per cent. in the trade unions, 53 per cent. 
unemployed, and only 25 per cent. in the Minority 
Movement. There were 32 factory cells with a member- 
ship of 843. 


In 17 States in the U.S.A., old age pension schemes 
have now been adopted, and in 14 pensions will be 
paid in a year’s time. The pensionable age is 65 in 
eight States and 70 in the remaining nine. The maxi- 
mum pension is 1 dol. a day in nine States, 25 dols. a 
month in four States, 250 dols. a year in one State and 
7-5 dols. a week in one other State; in two States 
no maximum rate is prescribed. All States but one 
require United States citizenship as a qualifying con- 
dition, and some of them require pensioners to be citi- 
zens of from ten to twenty years’ standing. The 
beneficiary must have resided in the State for from 
five to twenty years, according to the State. Most of 
the laws also require a short period of residence in the 
county. The funds out of which pensions are paid are 
provided in most States entirely by the counties ; in 
five cases, however, the State Government pays a 
certain proportion of the cost. In the larger States 
the State Departments of Public Welfare act in a 
supervisory capacity over the county governments, 
which are immediately responsible for the administra- 
tion of pensions. In four States the county judges 
administer the pensions legislation. 


BARROW-IN-FURNESS AS AN INDUSTRIAL CENTRE.—We 
have received from the Barrow-in-Furness Corporation 
a booklet entitled ‘ Barrow-in-Furness: Commercially 
Considered,” in which the advantages of the town as a 
manufacturing and industrial centre are pointed out. 
It is stated that numerous factory sites adjoining the 
railways and docks, and served with water, gas and 
electricity in ample quantities, and at cheap rates, are 
available for development. Full particulars of the 
facilities offered are contained in the booklet which 
illustrates existing industries, &e. Copies of the booklet 
can be obtained on application to the Town Clerk, Town 
Hall, Barrow-in-Furness, 
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men to work in the wagon, when tipped, to loosen the 
| coal so that it will fall into the discharging chute. 


THE ‘“*NORFOLK” SPADE FOR 
DISCHARGING SLACK COAL. | conditions vary, but from two to six men may be 
Tne behaviour of raw materials in the mass is always | found necessary for the work and considerable delay 
a somewhat uncertain quantity, there being so many | may ensure. To obviate this call for manual labour in 
variables, e.g., temperature and degree of humidity, to | an operation which ought to be a practically automatic 
be taken into account. Particularly does this uncer- | one, Messrs. Vickers-Armstrongs, Limited, Broadway, 
tainty exist in the case of washed slack. This material| Westminster, S.W.1, manufacture at their Elswick 
is often loaded, either for bunkers or bulk cargoes, | works a discharging appliance known as the ‘* Norfolk” 
by tipping it directly into the ships from coal wagons | spade from its inventor, Mr. T. L. Norfolk. This appli- 
having hinged ends. On the face of it this sounds} ance we illustrate in Figs. 1 to 4, on this and the 
simple enough, but much delay is often caused through | opposite pages. 
the failure of the slack to leave the wagon, even though} The Norfolk spade has for some years been success- 
the latter has been tipped through a very considerable | fully operated on a 30-ton coal hoist at Canada Dock, 
angle. The consolidation giving rise to the sticking is| Liverpool, the Mersey Docks and Harbour Board 
possibly due to the continued vibration caused by the | being the first port authority to adopt it, but the 
rail transport. The coal may be very damp, as washed | example we illustrate is that applied to a hoist now 
slack is loaded up at the collieries in a wet condition. | in course of erection at Leith Docks, for the Leith 
However this may be, it is usually necessary to employ | Harbour Commissioners. The general construction of 
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the hoist is shown in Figs. 1 and 2 above, but the 
details of the spade gear itself will be best made out in 
Figs. 3 and 4 on the opposite page; it should be said, 
| however, that part of the structure shown in these 
|latter figures is merely framework to facilitate shop 
erection. It will be clear from Fig. 1 that the wagon 
to be discharged is run on to the hoist platform at 
the dock side level, and is then hoisted to a position 
suitable for the height of the vessel being loaded. 1 he 
platform is then tilted so that the coal is discharged into 
a chute, overhanging the vessel, the extreme positions 
of the chute being indicated in the figure. The spade 
gear is carried in a framework capable of vertical move- 
ment in the hoist structure, and is controlled from an 
operator’s cabin integral with the framework. Z he 
framework can be locked in a position corresponding 
with that of the tilting platform and chute. The spade 
is capable of vertical movement, and also of a swinging 
movement, the two movements being used either 
separately or together as may be required. It 8 
shown, by full lines in Fig. 1, in a vertical position 
at the front of the wagon, and by dotted lines in an 
inclined position, with its edge just entering the back 
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Fig. 3. 


of the wagon, from which point it can be traversed over 
the whole interior so as to scrape out the wagon 
effectively. In this particular case the spade is hy- 
draulically operated, the supply pipes being hinged so 
as to fold up and reverse as the hoist moves vertically, 


but it can equally well be arranged for electrical opera- | 


tion. 

The two positions of the spade indicated in Fig. 1 
are seen again in the actual apparatus in Figs. 3 and 
4, respectively. Referring to these figures, the spade 
itself will first be dealt with. This has a wedge-shaped 
body terminating in a flat projection, the whole being 
of a width suitable for standard coal wagons. The 
fat projection forms the cutting edge of the spade, 
and is backed inside the wedge-shaped part with 
compression springs, so that it will not damage the 


the most intractable. It can, for example, be used 
for discharging fine ores, marls, &c., and may, moreover, 
be fitted to existing hoists. 





THE FARADAY CENTENARY 
CELEBRATIONS. 


An advance programme, intended for the delegates 
land guests attending the forthcoming Faraday 
| Centenary Celebrations in London, has recently been 
issued by the Royal Institution of Great Britain. As 
already announced in En@inerERtNG, the principal 
events of the celebrations will take place on Monday, 
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dilly, London, W.1, by invitation of the president, 
Sir F. Gowland Hopkins, and Council of the Society. 
On Friday, September 25, at 7.15 for 7.45 p.m., dele- 
gates and guests will be entertained to dinner at the 
Dorchester Hotel, Park-lane, W.1, by H.M. Govern- 
ment. The Prime Minister, the Right Hon. J. Ramsay 
MacDonald, M.P., hopes to preside. Arrangements are 
being made for a number of visits and excursions to 
places of interest in London and the surrounding 
country. Full particulars of these are to be given 
on the final programme, which will be issued at a later 
|date. By the courtesy of the general officers of the 
| British Association, delegates and foreign guests at 


| the Faraday Celebrations, who are not already members 

















Tuesday and Wednesday, September 21, 22 and 23. | of the Association will receive, if they so desire, com- 
On the first day, at 11.30 a.m., an informal meeting | plimentary tickets, from the British Association for 






bottom of the wagon should it come into contact with | will be held in the Lecture Theatre of the Royal | its Centenary Meeting in London, from September 23 


it. As a matter of fact, the spade can be controlled so | Institution, when the programme of the proceedings 
precisely that it is quite an easy matter for the operator | will be explained in English, French, and German. At 
to move the cutting edge over the interior surface of |3 p.m., on the same day and in the same hall, there 
the wagon, i.e., back, bottom and sides, without actually | will be a reception of delegates by the president and 
touching it. The spade is attached to a built-up strut | managers of the Royal Institution. In the evening, 


furnished with a rack on ach side. Pinions on the | from 8 to 10.30, a Faraday commemorative meeting 


driving gear engage with these racks, and provide | will take place at the Queen’s Hall, Langham-place, | 


the vertical traverse, the racks and pinions being | London, W.1, at which short speeches will be made by 


kept in engagement by links provided with rollers in 
contact with the back of the strut. The strut is 
attached, by means of pins forming a fulcrum, to an 
inclined framework, which can also be traversed by 
means of racks and pinions, this traverse providing 
the swinging movement of the spade. 

When the gear is being operated the spade is 
moved downwards through the contents of the wagon, 
when this is in its tipping position, so cutting off a 
series of slices which then fall through the open end 
on to the chute, the operation commencing, of course, 
at the lowest part of the wagon. Towards the end of 
the operation the spade is made to move with a more 
or less scooping motion, and the wagon can thus be 
completely cleared, every part of it being swept over. 
The racking movements are effected by a small 
hydraulic engine acting through suitable shafts and 
gearing. 

The appliance is not necessarily confined to the 
handling of slack coal, though this material is generally 


| distinguished representatives of institutions in various | 


parts of the world. At 10.30 a.m., on Tuesday, 
| September 22, a conference will be held, under the 
| auspices of the Institution of Electrical Engineers, at 
| Kingsway Hall, Kingsway, London, W.C.2. In the 
|evening at 8.30, two conversaziones will be held, the 
one at the Royal Institution and the other, organised 
by the Institution of Electrical Engineers, at the 
Royal Albert Hall. On Wednesday, September 23, 
| between the hours of 10 a.m. and 4 p.m., delegates 
| and guests will be admitted to a private view of the 


Faraday Exhibition at the Royal Albert Hall. The | 


Exhibition will be opened to the public at 4.30 p.m., 
by General the Right Hon. J. C. Smuts, C.H., F.R.S., 
president of the British Association. 

On Thursday afternoon, September 24, from 3 to 6, 
there will be a garden party at the National Physical 
Laboratory, by invitation of the Director, Sir Joseph 
Petavel, F.R.S. In the evening, at 8.30, there will be a 
soirée at the Royal Society, Burlington House, Picca- 


|to 30. Further particulars regarding the Faraday 
| Celebrations may be obtained from the general secretary, 
| Royal Institution, 21, Albemarle-street, London, W.1, 


UNIVERSITY oF MELBOURNE.—On July 6 last, the 
Kernot Memorial Medal for the year 1929, which is in 
the gift of the University of Melbourne, was presented 
to Mr. Joseph Newell Reeson, M.Inst.C.E., who was 
Engineer-in-Chief to the Metropolitan Gas Company of 
Melbourne. The Kernot Medal is presented annually 
for outstanding achievements in engineering in Australia, 
| but the details of the award were not determined until 
recently by the assessors. The award has been delayed in 
consequence. Mr. Reeson was responsible for the intro- 
duction of electric are welding in connection with the con- 
struction of large civil engineering structures in Australia. 


PRopuUCTION OF ARSENIC in CANADA.—According to 
data recently issued by the Canadian Bureau of Statistics 
at Ottawa, the production of arsenic in the Dominion 
totalled 4,524,220 Ib. during 1930. The bulk of the 
output is derived from the treatment of the cobalt-silver 
ores of Ontario. Arsenic constitutes one of the prin- 
cipal ingredients in insecticides, such as Paris green 
(a combination of arsenite and acetate of copper), lead 
arsenate, and calcium arsenate. In the form of sodium 
arsenite it is also used as a weed-killer. Arsenic is also 
employed in the manufacture of certain glasses, cattle 
and sheep dips, paints, tanning chemicals, wood preserva- 
tives, and pharmaceutical preparations. 
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BRITISH ASSOCIATION. 


As previously announced in our columns, the Cen- 
tenary Meeting of the British Association for the 
Advancement of Science will be held in London from 
September 23 to 30 next, under the presidency of 
General The Right Hon. J. C. Smuts, P.C., F.R.S. 
The meeting will be mainly centred in the South 
Kensington district of London, and the reception room 
will be in the University of London, Imperial Institute- 
road, 8.W.7. As heretofore, the various sections will 
hold, principally, morning sessions, from 10 a.m. to 
1 p.m., the afternoons, and Saturday and Sunday, 
September 26 and 27, being mainly devoted to excur- 
sions and visits to places of scientific interest in or near 
London. 

On Wednesday, September 23, at 3 p.m., in the Royal 
Albert Hall, in which the Faraday Centenary Exhibi- 
tion is being held, General Smuts will assume the 
presidency of the Association in succession to Professor 
KF. O. Bower, F.R.S., and after receiving the delegates 
of societies and institutions, and of universities, colleges 
and cities in which the Association has held meetings 
in the past, will, at 4.30, open the Faraday Exhibition 
to the public. At 9 p.m., on the same day, in the 
Central Hall, Westminster, S.W.1, General Smuts will 
deliver his presidential address, entitled, “‘ The Scien- 
tific World-Picture of To-day.” 

We have already outlined the programme of Section 
G (Engineering) on page 832 of our previous volume. 
A few additions have, however, since been made to 
the list of papers given therein. These contributions 
comprise “‘ Engineers’ Contributions to Canada’s De- 
velopment,”’ by General C. H. Mitchell, C.B. ; “Methods 
of Improving the Kata Conditions of Atmospheric Air 
in Deep-Level Mines,” by Mr. A. L. Egan, and 
‘* Pioneering in Electrical Engineering Fifty Years 
Ago,” by Professor Elihu Thomson, all of which are to 
be delivered on Monday morning, September 28. 
Furthermore, the title of Professor J. Hartmann’s 
paper, to be read at the final meeting on Wednesday 
morning, September 30, is “‘ Mechanical Commutation 
and its Technical Possibilities.” A paper will also be 
contributed to this Section by Prof. E. Wilson, on 
The Origin of Iron in Corrosion Products due to 
London Atmosphere.” Section A (Mathematical and 
Physical Science) will, as before, subdivide into depart- 
ments dealing respectively with mathematics and cos- 
mical physics. Sir J. J. Thomson, O.M., F.R.S., is 
the president, and he will deliver his address on ‘‘ The 
Growth in Opportunities for Education and Research 
in Physics in the Past 50 years,” at 10 a.m. on Septem- 
ber 24. Among the papers to be read at this and 
succeeding meetings of Section A are: ‘‘ Some Recent 
Experiments on Electron Diffraction,’ by Professor 
G. P. Thomson ; ‘‘ On the Moments of Atomic Nuclei,” 
by Professor J. C. McLennan, F.R.S.; discussion on 
‘* Geo-Physical Methods of Prospecting with Special 
Reference to Instruments”; ‘‘ The Thermo-Physical 
Properties of Refrigerants,’ by Dr. Ezer Griffiths, 
F.R.S., and Mr. J. H. Awbery, and ‘* Humidity 
Measurements at Temperatures from 40 deg C. to 100 
deg. C.,”’ by these same two authors; a series of 
contributions} and a general discussion on “ Fluid 
Motion with Reference to Aerodynamics”; and 
** Discussion on the Unit of Atomic Weight,” by Dr. 
F. W. Aston, F.R.S. 

The proceedings of Section B (Chemistry) will begin 
on Thursday morning, September 24, when Brigadier- 
General Sir Harold Hartley, C.B.E., F.R.S., the presi- 
dent, will deliver his address on ** Michael Faraday 
and the Theory of Electrolytic Conduction.” Other 
papers to be dealt with by this section include ‘‘ A 
Symposium on the British Fuel Problem”; and dis- 
cussions on ‘‘ The Chemistry of the Vitamins and 
Related Substances” and on “The Structure of 
Simple Molecules.” In the Department of Forestry 
of Section K (Botany) a discussion on ‘* Wood Preser- 
vation will take place on Thursday morning, Sep- 
tember 24, and an exhibition illustrating wood preser- 
vation is being arranged by the British Wood Pre- 
serving Association. On the following day addresses 
on “Empire Forestry’ are to be given by Sir A. 
Rodger, Sir R. L. Robinson and Mr. F. Story. Other 
papers on forestry inclide “* The Economic aspect of 
Timber Utilisation,” by Mr. J. R. Cosgrave; ‘‘ The 
Marketing of British Timbers” by Mr. J. S. Corbett ; 
and * The Effect of Progressive Fungal Decay on the 
Mechanical Strength of Timber,’ by Mr. W. P. K. 
Findlay. The president of Section M (Agriculture) is 
Sir John Russell, F.R.S., who will deliver his presiden- 
tial address on September 25 at 10 a.m. His subject 
will be, ** The Changing Outlook in Agriculture.” This 
will be followed by a discussion on ‘‘ The Application 
of Science to Present Problems of Empire Agriculture.” 

A number of evening discourses are to be delivered at 
9 p.m., in various halls in Kensington and Westminster, 
and among them are ‘‘ The Photographic Analysis of 
Explosion Flames,’’ by Professor W. A. Bone, F.R.S. 
**A Retrospect of Wireless Communication,” by Sir 





Oliver Lodge, F.R.S., and ‘‘ Oceanography in the 
Antarctic,” by Dr. S. Kemp, F.R.S. Receptions will be 
held on Thursday evening, September 24, by the Royal 
Society, at Burlington House, Piccadilly, W.1; on 
Friday evening by H.M. Government at the Imperial 
Institute, also by the founder and director of the Well- 
come Historical Medical Museum at the Museum, 
54, Wigmore-street, W.1; on Monday evening, 
September 28, by the University authorities at the 
University of London; and on Wednesday evening, 
September 30, by the Lord Mayor and Corporation of 
the City of London, at the Guildhall. The general 
secretaries of the Association are Professors J. L. Myres, 
F. J. M. Stratton, and P. G. H. Boswell, F.R.S. The 
general treasurer is Sir Josiah Stamp, and the secretary 
is Mr. O. J. R. Howarth, whose address is at the British 
Association Office, Burlington House, London, W.1. 
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Pollution Research. Technical paper No. 2. Survey 
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{Price 21s. net.] 
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Spreker, [Price ! dol. 30 cents. ] 
copic Determination of the Ore Minerals. By M. W. 
SHort. [Price 60 cents.] Professional Paper No. 
165-E. The Kaolin Minerals. By C. 8S. Ross and 
G. F. Kerr. [Price 15 cents.] Washington: Govern- 
ment Printing Office. 

Board of Education. Science Museum. Henson and 
Stringfellow. Their Workin Aeronautics. The History 
of a Stage in the Development of Mechanical Flight, 
1840-1868. By M. J. B. Davy. London: His 
Majesty’s Stationery Office. [Price 5s. net. ] 

Gedanken zu einer Weltanschauung vom Standpunkte des 
Ingenieurs. By Proressor-Dr. A. Stopota. Berlin: 
Julius Springer. [Price 4-50 marks. ] 

Locks and Lockmaking. By Francis J. Butter. Second 
edition. London: Sir Isaac Pitman and Sons, Limited. 
[Price 3s. net.] 

British Waterworks Association. British Waterworks’ 
Year Book and Directory with Statistical Tables, 1930-31. 
London: British Waterworks’ Association. [Price 
21s. post free.] 

Der Bau der Nordschleusenanlage in Bremerhaven in den 
Jahren 1928-1931. By Dr.-INa. ARNOLD AGATZ. 
Berlin: Wilhelm Ernst und Sohn. [Price 7-20 marks. } 

Ministero dei Lavori Pubblici. Servizio Idrografico. 
Ufficio Idrografico del Po-Parma. Statistica delle 
Aree det Bacini Idrografici. Vol. IV. Dora Baltca, 
Cervo, Sesia. |Price 20 lire.] La Magra Eccezionale 
nel Bacino Padano dell’anno 1922 e La Grande Piena 
del Po dell’anno 1926. Relazione. By PROFESSOR 
Marto Gianportt. [Price 40 lire.] Rome: Ministero 
dei Lavori Pubblici. 

Congrés International de 
Liége. September, 1930. 
Techniques. Conclusions Générales. 
nique des Travaux. 

Ohio State University. Engineering Experimental Station. 
Bulletin No. 58. Voltage Regulations and Losses in 
Small Universal Motors. By A. F. PucHSTEIN and 
J.S. CamMpsect. [Price 50 cents.] No. 61. Effect of 
Calcium Chloride as an Admizture in Portland Cement 
Concrete. By R. C. Stoane and others. [Price 50 
cents.] Circular No. 22. Expansion of Ceramic 
Bodies Caused by Liquid and Vapour Penetration. By 
H. H. Hotscuer. Columbus: Ohio State University. 

Department of Scientific and Industrial Research. 'Tech- 

nical Paper No. 12. The Daylight Illumination 

Required in Offices. By A. K. Taytor. London: 

His Majesty’s Stationery Office. [Price 3d. net.] 
Scuola “d’Ingegneria (R. Politecnico) Milano. I. 

Il Comportamento Elastico di Ponti Ferroviari, in 

Cemento Armato. II. Resistenza ed Elasticita di 

Calcestruzzi di Cemento. By PrRorressor L, SANTAR- 

ELLA. Milan: Ulrico Hoepli. [Price 10 lire each.] 

Warmespannungen in Gleichdruckwarmespeichern. By 
Dr.-Inc. Epuarp Mayer. Berlin: V.D.I.-Verlag 
G.m.b.H. [Price 5 marks]. 

Versuche Uber die Spannungverteilung im Zughaken. By 
Dr.-Inc. Kurt Botrcuer. Berlin: V.D.I.-Verlag 
G,m.b.H. [Price 5 marks]. 
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CONTRACTS. 


Messrs. HENRY Srwon, Limirep, Cheadle Heath, 
Stockport, have received an order, from the London 
and North Eastern Railway Company, for a coal shipping 
plant, which is to be installed on a new jetty at the 
Royal Docks, Grimsby. The plant is to be electrically 
driven throughout and will have a total handling capacity 
of 1,600 tons of coal per hour. It will consist of four 
sets of double hydraulic wagon tipplers to handle 20-ton 
coal wagons. 

Messrs THE Coventry Victor Moror Company, 
LIMITED, Coventry, have supplied one of their twin 
opposed-cylinder vibrationless inboard engines for fitting 
in the dinghy of Sir Malcolm Campbell’s new yacht, 
Blue Bird, built by Messrs. John I. Thornycroft and 
Company, Limited. 

Messrs. BasTIAN AND ALLEN, LIMITED, 26, Cross. 
street, Essex-road, London, N.1, have received a 
contract for an electrode steam boiler installation from 
Messrs. James Craig (Glasgow), Limited, for their new 
restaurant in Gordon-street, Glasgow. 

Messrs. NEGRETTI AND ZAMBRA, 38, Holborn-viaduct, 
London, E.C.1, have received an order to supply many 
of the boiler-house instruments for the extensions at 
Brimsdown ‘ B”’ Power Station. The ‘order includes 
pyrometers, thermometers, and draught gauges. 








PERSONAL, 


A NEW company has been formed to carry on, under 
one management, the business of marine engineers and 
shipbuilders undertaken by the former firms of Messrs. 
McKie and Baxter, Limited, Copland Works, Govan, 
and Messrs. Campbell and Calderwood, Limited, Paisley. 
The name and address of the new Company is Messrs. 
McKie and Baxter, Limited, Copland Works, Murray- 
street, Paisley. 

Messrs Matrerson, Limirep, Healey Works, Shaw- 
clough, Rochdale, have appointed Messrs. Hudson 
Brothers, 20, West Campbell-street, Glasgow, to be 
agents for the whole of their specialities in Scotland, and 
Messrs. M’Gaughey and Fulton, Mayfair Buildings, 
Arthur-square, Belfast, to be their agents for the whole 
of Ireland. 








CHANGE oF ADDRESS,—NMessrs. The Wilcot (Parent) 
Company, Limited, and their associated Company, 
Messrs. Equipments Limited, have moved to new 
premises at 152-156, Great Portland-street, London, W.1. 


OVERSEAS TRADE DEVELOPMENT CouncrL,—In accord- 
ance with the arrangement whereby membership of the 
Overseas Trade Development Council is reviewed 
annually, the Council has been reconstituted as follows, 
with effect from August 1, 1931: G. M. Gillett, Esq., 
M.P. (Chairman); Sir E. T. F. Crowe, K.C.M.G.; Sir 
Alan, Anderson, K.B.E.; Sir Arthur Balfour, Bt. 
K.B.E. ; Sir Francis Joseph, C.B.E. ; Sir William Larke, 
K.B.E.; Leonard W. Matters, Esq., M.P.; W.'T. Munro, 
Esq. ; J. G. Nicholson, Esq. ; Sir Gilbert Vyle ; and as 
Official Representatives: Sir Horace Wilson, K.C.B., 
C.B.E.; P. W. L. Ashley, Esq., C.B.; G. I. H. Lloyd, 
Esq. ; Louis Beale, Esq., C.B.E.; Arthur Mullins, Esq, 
C.B.E.; C. M. Pickthall, Esq. 


British STANDARD SPECIFICATION FOR Cast-[RON 
Prres.—A revision of the British Standard Specifications 
for cast-iron soil, waste, ventilating and heavy rain-water 
pipes has been issued in one pamphlet, designated No. 
416-1931. This supersedes two specifications, namely, 
Nos. 58 and 59, which were first issued in 1912, the revision 
having become necessary owing to the new methods of 
manufacture developed during the interval. The pipes 
and fittings dealt with satisfy the requirements of the 
London County Council drainage by-laws and the Model 
By-laws of the Ministry of Health. The specification 
provides for three grades of British Standard pipe. 
Pipes and fittings made in accordance with the Specili- 
cation will be interchangeable with those formerly made, 
and pipes made by the various methods of manufacture, 
at present in use, will also be interchangeable. The 
specification, in draft form, was circulated to public 
authorities throughout the United Kingdom, and a 
general readiness to adopt the new specification has been 
widely expressed. Copies of the new specification may 
be obtained from the B.E.S.A. Publications Department, 
28, Victoria-street, London, S.W.1, price 2s. 2d., post free. 


Tue Late Mr. W. A. E. Woopman.—We regret to 
record the death, on August 7 last, at the early age of 59, 
of Mr. Walter Arthur Edgar Woodman, for the past 
20 years, research engineer of Messrs. Vacuum Oil 
Company, Limited, Caxton House, Westminster, London, 
S.W.1. Mr. Woodman served his apprenticeship at 
the works of Messrs. George Fletcher and Company, 
Limited, Derby, and afterwards went to Messrs. Simpson 
Strickland, Dartmouth. Subsequently, he joined the 
staff of the Liquid Fuel Company, Cowes, Isle of W ight, 
and after remaining in their service for some time, he 
proceeded to Hollinwood and entered the works of 
Messrs. Ferranti, Limited, in which he worked for 4 
number of years in close association with the late Dr. 
Ferranti on steam-turbine development. Subsequently, 
this work was taken over by Messrs. Vickers, Limited, 
Barrow-in-Furness, with whom Mr. Woodman stayed 
for a short time before joining Messrs. Vacuum Oil 
Company, Limited, as research engineer in 1912. He 
was the designer of the Delvac mechanical lubricator, 
which is extensively used on Diesel engines and other 
machinery in all parts of the world. 
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LETTER TO THE EDITOR. 
MURDOCK LETTERS. 


To THE Eprror oF ENGINEERING. 


Str,—As I am collecting material for a biography 
of William Murdoch or Murdock, the inventor (1754- 
1839), I should be grateful to any of your readers who 
might assist me. I am especially anxious to see any 
of his personal correspondence that may have survived, 
and I should regard it as a great favour if any who are 
in possession of such correspondence would allow me 
to peruse and copy it. 

Tam, 
Yours faithfully, 
R. Barctay Murpocu. 

874, Aikenhead Road, 

Glasgow, S.2. 
July 29, 1931. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is inactive, and 
the outlook is discouraging. Merchants have little oppor- 
tunity to operate as principal customers are taking sup- 
plies direct from makers, and export demand is still 
very light. Ironmasters adhere to their fixed minimum 
figures for home trade in Cleveland pig, but offer iron to 
Scotland at specially low rates. Their effort to regain 
Scottish trade meets with little or no success, however, 
in face of continued keen competition of dealers in iron 
from overseas. Supplies of Midland iron are still coming 
steadily forward in fulfilment of running contracts, 
for use on Teesside, but further buying from that quarter 
is not heard of. For home purposes, No. 1 Cleveland is 
6ls.; No. 3 g.m.b., 58s. 6d.; No. 4 foundry, 57s. 6d. ; 
and No. 4 forge, 57s. 

Hematite-—Makers have no fixed prices for hematite 
pig, and quotations are irregular. With terms of sale 
varying a good deal after individual bargaining, it is 
difficult to state definite market values. Figures at which 
orders can be placed are below cost, but quotations still 
tend downward, Makers are hampered by substantial 
stocks, and early curtailment of the moderate output is 
threatened. Ordinary East Coast brands are no more 
than 6ls. No. 1 is put at a premium of 6d. 

Foreign Ore.—Beyond transactions in spot lots there is 
no activity in foreign ore. Nominally best rubio remains 
at 14s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and slow of sale. Local consumers claim they 
can readily cover requirements on the basis of good 
average qualities at 15s. delivered. 

Manufactured Iron and Steel.—Quotations for manu- 
factured iron and steel are upheld though orders for 
nearly all descriptions of material are urgently needed. 
An outstanding exception is the constructional steel 
branch in which producers have contracts made that will 
keep them well employed for some considerable time. 
Common iron bars are 10l.; best bars, 102. 10s.; 
double best bars, 111. ; treble best bars, 11/7. 10s. ; pack- 
ing (parallel), 8/.; packing (tapered), 10/.; steel billets, 
(soft), 51. 15s. ; steel billets (medium), 6/. 12s. 6d.; steel 
billets (hard), 7/. 2s. 6d.; iron and steel rivets, 110. 5s. ; 
steel ship plates, 8/7. 15s.; steel angles, 8/. 7s. 6d.; steel 
joists, 87. 15s.; heavy sections of steel rails, 8/. 10s, 
for parcels of 500 tons and over, and 9/. for smaller lots ; 
fish plates, 127. 10s. ; black sheets (No. 24 gauge), 71. 15s. ; 
and galvanised corrugated sheets, 97. 10s, 

Scrap.—There is little doing in scrap. Borings are 
22s.; turnings, 26s.; light cast iron 3ls. 6d., heavy 
- same 40s. ; machinery metal, 42s. ; and heavy steel, 

7s. 6d, 

Imports of Iron and Steel.—Statistics to hand give the 
total imports of iron and steel to the Tees, last month, 
from Belgium, France, Norway, Sweden, Finland, India, 
Germany and coastwise as 14,489 tons, comprising 1,556 
tons of pig iron, 11,595 tons of crude sheet bars, billets, 
blooms and slabs, and 1,338 tons of plates, bars, angles, 
rails, sheets and joists. For June, the aggregate unloadings 
were 13,511 tons, comprising 2,717 tons of pig iron, 
9,740 tons of crude sheet bars, &c., and 1,054 tons of 
plates, bars, angles, &c., and for the pre-war month of 
July, 1914, the total imports amounted to only 4,306 
tons, comprising 94 tons of pig iron, 2,712 tons of crude 
sheet bars, &c., and 1,500 tons of plates, bars, angles, &c. 








MARKETS FOR PoLISHES IN ARGENTINA.—A confi- 
dential report on the market for polishes and dressings 
in the Argentine has been prepared by the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1. 
l nited Kingdom firms desirous of receiving a copy of 
this report should communicate with the Department, 
quoting reference No. F.X. 1,220. 








Hints FoR CoMMERCIAL Visitors To BEeLGIum.—A 
memorandum entitled Hints for Commercial Visitors to 
Belgium has recently been issued by the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
As has been the case with previous issues in this series, 
the present pamphlet contains information regarding 
such matters as languages spoken, commercial fairs 
held, cost of living and entertaining, railway travel, 
air services and Customs regulations, 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Many firms are still on holiday, with 
the result that a large amount of plant is standing idle. 
The outlook is not very promising, and despite great 
efforts on the part of manufacturers to secure new 
business, order books do not present a very attractive 
appearance. The receipt by Messrs. Vickers-Armstrongs, 
Limited, of a contract valued at 796,000/., for the equipment 
and armament of two new warships for the Portuguese 
Government is the best news Sheffield has received for 
sometime. The heavier work will be distributed between 
the firm’s factories at Sheffield, Barrow, and on the Tyne, 
and will be spread over two years. For a long time 
this district has suffered from the absence of armament 
work, and the order will be of great value, and has been 
booked at a time when departments want work urgently. 
The gravity of the condition of the steel-producing 
industries may be judged from the latest statistics 
relating to the production of steel ingots and castings. 
In June (the latest month for which figures are avail- 
able) the Sheffield area turned out 56,800 tons, as com- 
pared with 63,500 tons in May and 65,200 tons in June 
last year. The total included 19,900 tons of acid, and 
29,900 of basic steel. In Lincolnshire, the output 
shows a rise of 4,000 tons as compared with May, but a 
decrease of 25,000 tons when compared with June last 
year. For the first six months of this year production 
in the Sheffield area fell from 555,600 tons in the first 
half of last year to 384,500 tons, and in the Lincolnshire 
district from 400,000 tons to 198,106 tons, during the 
same period. The raw and semi-finished steel trades 
are working greatly under capacity, and many furnaces 
are out of commission. Rolling mills are badly in need 
of orders, while forges and press shops are in a similar 
plight. The scrap market is dormant. The heavy 
engineering trades are meeting with keen competition 
from the Continent, and great difficulty is being experi- 
enced in replacing expiring contracts. Shipbuilding 
requirements are below normal. A slight improvement 
has been experienced in the call for automobile steel and 
fittings. The output of stainless steel, rustless iron, 
and other high-class materials continues on a high level. 
The majority of the tool trades are suffering from the 
general depression. File manufacture has improved 
somewhat, but the gross demand does not come up to 
the normal level. 


South Yorkshire Coal Trade.—Quiet conditions prevail 
in the coal trade generally. Export requirements are 
uncertain, and the tonnage going from this district to the 
ports does not come up to normal dimensions. Owin 
to the holiday stoppage, the demand for industrial fuel 
shows a further decline, but a slight improvement is 
expected in the near future. House coal continues an 
unsatisfactory market, but an increased amount of fuel 
is being taken for stocking purposes by country and 
Metropolitan users. The demand for most classes of 
coke is on the weak side. Pig-iron districts are only 
taking fairly small tonnages, but the outlook is more 
favourable. Foundry coke is in a similar position. Gas 
coke is steady and realising from 23s. to 25s. per ton 
f.o.b. Quotations: Best branch hand-picked, 24s. 6d. to 
25s. 6d.; Derbyshire best brights, 19s. to 20s.; best 
house, 17s. to 18s.; screened house coal, 17s. to 18s. ; 
screened house nuts, 14s. 6d. to 15s.; Yorkshire hards, 
15s. to 16s. 6d.; Derbyshire hards, 15s. to 16s. 6d. ; 
rough slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 6s. to 7s. 6d. ; 
smalls, 4s. to 5s. 6d. 





NOTES FROM THE NORTH. 


GuLascow, Wednesday. 

Scottish Steel Trade.—Business in the Scottish steel 
trade is no better, and orders are very scarce. Those 
which had accumulated during the holiday period did 
not amount to a sufficient tonnage to necessitate the 
running of more than a proportion of plant, and some 
of the latter is still idle. Home consumers are not very 
much in evidence at the moment as general trade has 
not improved, while the demand from overseas is very 
restricted. Inquiries are somewhat limited, and on 
the whole, the outlook is rather drab. In the black 
steel sheet trade the conditions prevailing at present are 
not too good generally, although there is still the feeling 
that an improvement in demand is very likely to make 
itself felt before long. Some makers are doing fairly 
well, but others have not very much work on hand at 
the moment. Prices are nominally without change and 
are as follow:—Boiler plates, 10/. 10s. per ton; ship 
plates, 8/. 15s, per ton; sections, 8/. 7s. 6d. per ton ; 
black steel sheets 4 in., 7/. 10s. per ton; and galvanised 
corrugated sheets (No. 24 gauge), 11/. 7s. 6d. per ton, all 
delivered at Glasgow stations. 


Malleable-Iron Trade.—A poor tone exists in the 
West of Scotland malleable-iron trade at present, as 
makers have not much business booked up. The demand 
is of a very limited nature, and orders do little more 
than keep plant going from day to day. Producers of 
re-rolled steel bars are no better off for work than they 
were, and are finding things a trifle difficult at the moment. 
The following are the current market prices :—‘‘ Crown ” 
bars, 10/. 5s. per ton for home delivery and 9. 15s. per 
ton for export; and re-rolled steel bars 6/. per ton for 
home delivery and for export. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig-iron has not shown any signs of expansion during the 
past week, and the accumulated stocks are still of large 
tonnage. The present production is limited to the 
output from one blast-furnace, and the import from 
India continues. Shipments overseas remain small and 
inquiries are of little note. The present market quota- 














tions are as follow :—Hematite, 70s. per ton, delivered 
at the steel works ; foundry iron No. 1, 73s. 6d. per ton, 
and No. 3, 71s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 8, only amounted to 
107 tons. Of that total 61 tons went overseas and 
46 tons coastwise. During the corresponding weck of 
last year the figures were 373 tons overseas and 36 tons 
coastwise, making a total shipment of 409 tons. 

Shipbuilding Contracts.—The shipbuilding industry of 
the Clyde has been passing through such a lean time 
recently that it is very pleasing to record the placing of 
orders for three new cargo steamers. Two of those are 
to be built by Messrs. Lithgows, Limited, Port Glasgow, 
and are to the order of Messrs. J. and C. Harrison, 
Limited, London, who control the Willis Steamship 
Company, Limited, and the National Steamship Company, 
Limited. Each vessel will be of 9,000 tons. The order 
for the third vessel has been secured by Messrs. Wm, 
Denny and Brothers, Limited, Dumbarton, from the 
London Midland and Scottish Railway Company. This 
new vessel, which is intended to run on the Holyhead 
and Dublin cargo service, will be practically a repeat of 
the twin-screw turbine steamer Slieve Bloom, of 1,260 
tons gross, which Messrs. Denny delivered last year to 
the same owners. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Another blow to the Welsh coal 
export trade is threatened by the reported decision of the 
Italians to reduce imports of Welsh coal, taken under 
the Hague Agreement, in the event of a modification of 
the Young Plan in regard to reparations. Italy, it 
will be recalled, agreed to buy 1,000,000 tons of British 
coal a year for three years, and already half of the 
3,000,000 tons has been delivered entirely from South 
Wales. The business has, in fact, been of considerable 
benefit to the Monmouthshire collieries, and its loss would 
mean the closing down of additional pits in that area. 
Coming on top of the French decree cutting down imports 
of foreign coal the loss of another important customer, 
such as Italy, would have a serious influence on the 
Welsh coal industry. Already this year the export 
trade is more than 4,000,000 tons below that of the 
corresponding period of last year, and thousands of 
miners have been thrown out of work. Meanwhile, 
there is much talk about a reduction in the minimum 
prices for the best classes of Admiralty large coal. For 
the time being shipments to France are not affected by 
the limitation scheme as the French Premier made a 
special concession for the month of August. The 
outlook, however, is anything but satisfactory, for the 
demand for forward delivery remains exceedingly quiet, 
and collieries are, more or less, compelled to rely on orders 
previously booked up for the clearance of current output. 
This, although substantially reduced by pit stoppages, 
continues excessive, buyers being able to obtain their 
requirements at the minimum prices based on 208. per 
ton f.o.b. for best Admiralty large, and 13s. 6d. for best 
smalls. 

Ship to Shore Telephone.—The first ship to shore 
telephone service in the Bristol Channel was installed on 
board the steamer Clan Murray at Newport on Monday. 
The installation which was in the nature of an experiment 
worked satisfactorily, calls being put through to London, 
Glasgow and Newcastle. A cable has been laid with 
ten plugs, so that vessels at practically every berth in 
the dock can be connected. Similar services are to be 
installed at Cardiff and Swansea. 

Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 8,506 tons compared with 15,705 tons 
in the previous week. Shipments of tin-plates and terne- 
plates fell from 10,455 tons to 5,901 tons, black-plates 
and sheets from 1,894 tons to 561 tons, galvanised sheets 
from 1,925 tons to 1,150 tons, and other iron and steel 
goods from 1,431 tons to 895 tons. 


THE INSTITUTION OF ELECTRICAL ENGINEERS.—The 
following scholarships have been awarded by the Institu- 
tion of Electrical Engineers for 1931: Duddell Scholar- 
ship, C. H. W. Clark (Sevenoaks Grammar School) ; 
Silvanus Thompson Scholarship, C. H. Lackey (Messrs. 
A. Reyrolle and Company, Limited); David Hughes 
Scholarship, G. L. d’Ombrain (City and Guilds (Engineer- 
ing) College); Salomons Scholarship, 8. H. Padel (Man- 
chester College of Technology); War Thanksgiving 
Education and Research Fund (No. 1), F. J. Clark (East 
London College), and J. H. Wagstaff (University College, 
London); Thorrowgood Scholarship, P. W. Ottley 
(The Underground Electric Railway Company of 
London, Limited); Paul Scholarship, W.T. Darwin 
(L.C.C. School of Engineering and Navigation). 





THe PropuctTion oF CoBALT IN CANADA.—A report 
issued recently by the Canadian Bureau of Statistics 
shows that the production of cobalt in the Dominion 
totalled 694,163 lb. in 1930, as against 929,415 lb. in 1929. 
The chief producing centres are situated in Northern 
Ontario at Cobalt, South Lorrain and Gowganda. The 
usefulness of the metal and its compounds is increasing 
steadily, cobalt oxides are utilised as pigments in the 
earthenware, porcelain, and enamel-ware industries ; 
cobalt salts are employed as driers in the manufacture 
of paints and varnishes, and cobalt alloys of various types 
enter into the manufacture of a variety of articles and 
— such as wireless valves, cutting tools, turbine 

lades and valves and other parts of internal-combustion 
engines, 
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TECHNICAL EDUCATION. 
SPEAKING in the House of Commons on May 14 

last, Mr. Frederick Montague, Under Secretary 

for Air, observed that “it is not always, and 











in fact rarely, that a scientific expert is an effi- 
cient administrator.” It would, of course, be 
equally true to say the same of a leading specialist 
in any pursuit. A classical honours man, who has 
a real love for his studies, is as unlikely to be a 
first-class administrator as is an eminent surgeon 
or actor. It would, moreover, be the height of 
absurdity to ask Professor Einstein to devote his 
exceptional abilities to administrative details rather 
than to creative thought. There can, however, be 
but little doubt that it was not such platitudes as 
the foregoing which Mr. Montague had in view. 
It will be noted that, in our quotation, Mr. Mon- 
tague used the term scientific expert, not lead- 
ing specialist, and the implication that was 
intended seems to have been that the possession 
of a technical or scientific training tended, ipso 
facto, to disqualify a man for administrative posi- 
tions. A not dissimilar view was expressed some 
years back by his fellow politician Lord Passfield, 
who claimed that such posts should be filled, not 
by experts, but by those having “ characteristics 
suited to government.” Yet Carnot, the organiser 
of victory, though not a Laplace, was no mean 
mathematician. It is also notorious that it was 
the selection of technical experts for the adminstra- 
tive posts which made possible the construction 
of the Panama canal. Indeed, the falsity of the 
contention we are combating is demonstrated daily 


by our public works contractors ; and, moreover, 
some of the most successful of our railway general 
managers have been engineers. It may further 
be added that it is uniformly admitted that the 
commission system of operating municipal services 
in Transatlantic cities has always proved much more 
efficient and more economical than the rule of those 
having the ‘ characteristics suited to government.” 

Unfortunately, in this country, the doctrine of the 
administrative incapacity of the expert has not 
been confined to politicians. Our historic engineer- 
ing firms were, during their earlier years, largely 
controlled by the technical expert, who was, indeed, 
in most cases the founder of the undertaking. 
He had, sometimes, it is true, a purely business man 
as associate, to the mutual benefit of both. On 
the death or retirement of the original partners, 
however, the expert was commonly eliminated 
from the directorate, and replaced by others, who 
were either purely business men or, even if they had 
served an apprenticeship in the shops, could lay 
claim to no special aptitude for mechanics. As 
one result, the technical graduate of 30 or 40 
years ago, who sought an engagement, was quite 
commonly informed by the purely shop-trained 
manager, that ‘‘ he would not tolerate a scientific 
man about the place.” One of this school, indeed, 
contended quite seriously, that the merits of any such 
applicant could be tested by his ability to file flat. 

The disastrous consequences of this mental 
attitude were traced in a most interesting lecture 
delivered before the Oxford Summer School on 
July 20 by Mr. H. L. Guy. Those firms which 
adhered to the policy just described have, he 
pointed out, either ultimately passed into the hands 
of the receiver, or have become mere hewers of wood 
and drawers of water, paying tribute to foreign 
patentees for devices which they ought to have 
developed for themselves. The record of marine 
engine builders has, in this respect, been far from 
creditable. With but few exceptions they were 
content to sink to the rdle of mere manufacturer. 
The menace of the internal-combustion engine was 
almost universally ignored, and when this became 
no longer possible, there were few firms to be 
found who had the grit to develop an engine of 
theirown. The others either continued to ignore 
the threat, with the result, in some important in- 
stances, of ultimate bankruptcy, whilst the remainder 
were content to purchase manufacturing rights 
from foreigners, implicitly admitting the incom- 
petence of their own technical staffs. Only three or 
four years ago we were assured by the representative 
of an engineering firm of some standing that 
Englishmen were no good as designers. This slur 
is, as Mr. Guy pointed out in his lecture, wholly 
unwarranted, and really meant that the direc- 
torate concerned did not wish to experiment, but 
hoped to maintain their position by purchasing 
foreign experience. It will be noted that in the 
newer branches of engineering we hold our own. 
Our aeroplanes seem to have taken the lead, and by 
common consent the Rolls-Royce car constitutes 
the standard of excellence. 

In these newer industries, it may be noted, we 
have a repetition of the conditions on which our old 
supremacy in mechanical engineering was based. 
These new firms have been founded by engineers, 
and are not under the predominant control of the 
business man. The latter often boasts of his hard- 
headedness, a term which is defined by Webster 
as equivalent to shrewdness and sagacity ; but 
whilst this definition may be justified in the main, 
there are undoubtedly instances in which the 
boasted hardness of head appears to be indistin- 
guishable from thickness of skull. 

The electrical engineering trades, again, have only 
secured their present position by constant improve- 
ment and experiment. The early lead we secured 
by the insight and enterprise of such men as Colonel 
R. E. Crompton, was destroyed by the extraordinary 
ineptitude of Parliament. It was, in short, men 
having ‘ the characteristics suited to government ”’ 
who were responsible for the electric lighting Acts 
of 1882 and 1888, the consequences of which were 
simply disastrous. According to the official report 
in 1918 of the Coal Conservation Sub-Committee, a 





more enlightened policy would have been worth 
to the country no less than 100,000,000/. per annum. 
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That the position was retrieved, was largely 
attributable to the late Sir Charles Parsons, whose 
work rendered obsolete much of the expensively 
acquired experience of continental and American 
firms. Here, again, progress was largely due to the 
fact that Sir Charles was not only a technical 
expert but had also the administrative control. 

To-day, the research laboratories of our leading 
electrical engineering firms compare most favourably 
both in staff and equipment with the best of those 
on the Continent. These firms also contributed 
one-half of the heavy cost of the nozzles research, 
which resulted in such marked advances in the 
design of the impulse steam turbine. 

In view of the report on education for salesman- 
ship, to which we referred last week, it may be noted 
that in his address, Mr. Guy pointed out that tech- 
nically trained men were needed not only for design 
and experiment, but also to represent their firms 
in negotiations with prospective customers who 
more and more demand help from the contractor 
in the solution of their own special problems. It 
may be of interest to note that this need soon 
became apparent in the early days of the North 
Staffordshire Power Gas Company. At the outset 
ordinary commercial travellers were employed to 
solicit patronage, but with most disappointing 
results. It was then realised that possible cus- 
tomers were deterred by the technical difficulties 
involved in changing over their furnaces from 
coal to gas. Hence the work of answering inquiries 
and securing custom was transferred to a body of 
engineers who could give skilled assistance in solving 
the many new problems involved. 

Mr. Guy pressed earnestly for a closer correlation 
between the works and the technical schools. It is 
true that in the past, managing directors and pro- 
prietors of engineering firms have quite commonly 
been included in the governing and advisory com- 
mittees by which these colleges are controlled. 
It is, however, the technical side of the works which 
most requires representation here. In fact, in the 
past, the so-called engineering representatives on 
college councils have not always been wise in their 
recommendations. At one time, indeed, there was 
rather a revolt against the appointment to engineer- 
ing chairs of men of the calibre of Osborne Reynolds. 
The demand was for practical men, and undoubtedly 
certain appointments were made which would 
hardly be repeated to-day. Concurrently with this 
was the demand that the technical graduate should 
be immediately useful. This inevitably led to early 
specialisation, which has now been acknowledged 
to be far from satisfactory. It is of interest to 
note that certain of the more progressive firms in 
America are to-day adopting a very different 
policy. In his inaugural address as President of 
the Stevens Institute of Technology two years 
ago, Professor H. N. Davis stated that one lead- 
ing American engineer made it a rule never to 
use a newly employed engineering graduate on a 
job in which he had specialised, ‘Thus a man trained 
as an electrical engineer would have as his first 
job one in mechanical or civil engineering. In this 
way the young man would be compelled to think 
for himself, and his real ability readily appraised. 

On the Continent, Mr. Guy stated, teachers 
not infrequently spent the long vacation working 
on special problems in the offices of manufacturing 
firms, On the other hand, the technical heads of 
such firms were often appointed to the schools as 
honorary professors, Mr, Guy notes that in the 
medical schools, this kind of honorary professorship, 
as it may be called, is common, It may, however, 
be recalled that the specialists who act thus are 
generally Harley Street consultants, and later on 
get a direct return from their pupils who, subse- 
quently when the occasion arises, send their patients 
to them. There could be no corresponding “set 
off” for the honorary services of the works specialist. 
but Mr. Guy is sanguine that even so, there are 
many who would respond from a sense of public 
duty, provided that they were not asked to lecture 
oftener than from two to six times a year. In such, 
somewhat similar arrangements, as have hitherto 
prevailed, Mr. Guy asserts that the association of 
the specialist with the college has been generally 
insufficiently intimate or continuous. 


An alternative on which he touches is the 





summer school, such as that which was organised 
in 1928 by Messrs. Metropolitan-Vickers Electrical 
Company, Limited. The classes, for which Mr. 
A. P. M. Fleming was primarily responsible, were 
attended by students to the number of 76, and of 
this total no less than 19 held professorial chairs. 
The courses consisted of lectures in special branches 
of engineering. which were followed by tours 
through the corresponding departments of the 
works. The scheme proved highly popular, and Mr. 
Guy suggests that it provides, perhaps, the easiest 
plan of any for keeping the technical colleges in 
touch with practical problems. 


AGRICULTURAL MACHINERY. 


Tests of agricultural machinery are no novelty in 
this country. As far back as 1861 the Royal 
Agricultural Society conducted at Leeds competitive 
trials of steam ploughing machinery, and corre- 
sponding tests of nearly every agricultural imple- 
ment, from ploughs to oil engines, have since been 
carried out in connection with their annual shows. 
These trials were, as stated, competitive, and were, 
accordingly, not seldom disliked by well-established 
manufacturers who had relatively little to gain by 
success, but much to lose if surpassed by younger 
or more enterprising firms. That something more 
was required became manifest during the war. The 
need for increasing supplies of home-grown foods 
combined with the contemporary shortage of labour 
and machinery made the efficient use of both a 
matter of prime importance. It then appeared that 
little reliable information was at hand. Matters 
were, moreover, complicated by the introduction of 
the tractor, and by the fact that relatively few of 
the machines and implements available had been 
primarily designed for use in conjunction therewith. 
This condition of affairs led to the appointment in 
1919 of a sub-committee to advise as to how this 
deficiency of data might be made good. Their 
report led to the appointment of a larger committee 
in 1921, and this was followed by another appointed 
in 1923, who advised that a permanent Agricultural 
Machinery Testing Committee should be established 
who would undertake tests of agricultural machinery 
of all descriptions. It was suggested that the fees 
charged should be high enough to cover expenses, 
but not so high as to deter entries from the smaller 
manufacturing firms. 

In accordance with this advice, a committee was 
appointed in June, 1925, with Sir W. C. D. Dampier- 
Whetham, F.R.S., as chairman, other members 
being Mr. T. Baxter, representing the National 
Farmers’ Union ; Mr. J. H. Hyde, of the National 
Physical Laboratory; Mr. L. A. Legros, O.B.E., 
M.Inst.C.E.,; and Dr. R. Stenhouse Williams, 
director of the National Institute for Research in 
Dairying. The first report of this Committee has 
just been issued,* and describes the procedure 
adopted and gives reports on 17 tests made during 
the four years from 1925 to 1930. In future it is 
hoped to issue these reports promptly, but on this 
occasion it was thought desirable to defer publica- 
tion until they could be preceded by an account of 
the aims and objects of the Committee and of the 
principles adopted as the basis of their tests. 

In the conduct of such tests it sometimes happens 
that «a minor and non-material accessory gives 
trouble, and in such cases the Committee reserve the 
right to allow the replacement of such a detail by 
a better one without invalidation of the test, and 
no mention of the defect will then be made in the 
report or certificate issued. Defects in essential 
components must, however, be fully described and 
acknowledged. It is suggested, therefore, that firms 
submitting new plant, not yet tried out, should, 
in the first instance, arrange for a confidential 
instead of the ordinary report, but in case a confi- 
dential report is asked for, the whole cost of the 
tests must be borne by the makers. The fees for 
ordinary reports have so far failed to cover expenses, 
there being a gross deficit of 290/. on the four years 
concerned. This has arisen although, so far, not 
all the total costs have been debited to the Com- 
mittee, which, having no testing plant of its own, 


* First Report of the Agricultural Machinery Testing 
Committee. London: H.M. Stationery Office, 1931. 
Price 3s. 6d. net. 








has worked in collaboration with other institutions, 
which have thus borne part of the total costs as 
part of their routine expenditure. 

Thus, all the dairy plant has been tested at the 
National Institute for Research in Dairying at 
Shinfield, near Reading, additional assistance being 
obtained, when required, from the Institute of 
Agricultural Engineering at Oxford. General agri- 
cultural machinery has been tested at the Institute 
of Agricultural Engineering, with, in certain cases, 
the help of the National Physical Laboratory. 

In corresponding institutions abroad a different 
arrangement is customary. A “ Station d’Essais de 
Machines ”’ was established at Grignon in 1888, and 
was later on transferred to Paris. It is equipped 
with all the plant required for such tests as are 
ordinarily beyond the competence of the inventor, 
manufacturer, or user. The high reputation of 
Swedish dairy plant is largely attributable to the 
testing station established at Alnarp in 1897, whilst 
the testing station of the University of Nebraska has 
been responsible for many improvements effected 
in agricultural tractors. The history of this station, 
as given in the report is instructive. It owed its 
origin to the prohibition within the State of Nebraska 
of the sale of tractors which had not been officially 
tested and found to reach a certain standard of 
efficiency. Its subsequent development has, how- 
ever, been mainly attributable to competition 
between manufacturers, who, after each improve- 
ment they make, ask for additional tests. This led 
to a demand for similar tests of other agricultural 
plant, and special equipment and facilities for these 
have now been provided. 

The Nebraska tractor tests have secured so high a 
reputation that makers submitting similar machines 
to the Agricultural Machinery Testing Committee 
have asked that the certificates granted and reports 
made shall be modelled on those already established 
in America, and in the main this is being done. As 
matters stand, however, the Committee have not yet 
got a cinder track similar to that in use in Nebraska, 
and in testing draw-bar pulls have to conduct these 
on the best hard ground available. In the matter 
of paraffin engines, moreover, they have thought it 
necessary to supplement the data given in the 
American reports by particulars as to the dilution 
of the lubricating oil at the end of the test. In fact, 
when paraffin is used as the fuel, some always finds 
its way into the crank chamber, thus making it desir- 
able to replace the lubricating oil from time to time. 

During the four years covered by the report, 
applications have been made for 48 tests. Of these, 
two were refused as not coming within the Com- 
mittee’s powers, another two were accepted condi- 
tionally but were then withdrawn, whilst of the 
remainder, 10 were abandoned after acceptance, and 
three are still in abeyance. The Committee express 
some relief at the absence of a press of applications 
during these earlier years, when all kinds of prelimi- 
nary and non-recurring work had to be undertaken. 
Inquiries were necessary as to what testing plant 
would be available, programmes of tests had to be 
drawn up, forms for certificates and reports prepared, 
and standards of performance adopted. In some 
cases the latter procedure has proved impossible, as, 
for example, in the case of milking machines, so that 
only absolute, and not comparative, figures can be 
published. It is hoped, however, that as time goes 
on and experience accumulates, it may be possible 
to establish standards in many cases where this is 
now impracticable, and the Committee are confident 
that there will be a growing appreciation of the 
value of their tests, with corresponding improvement 
in agricultural machinery and appliances. 

There are four appendices to the report. Of these, 
the first states the regulations under which tests 
will be conducted. The fees to be charged are 
set out in the second and third of these appendices. 
For electric motors, internal-combustion engines, 
tractors and water-wheels, the rate will be 2/. per 
brake horse-power with a minimum charge of 5l., 
whilst for windmills the fee is to be 2l. per foot 
diameter of the wheel (limited to 16 ft.) with a 
minimum of 10/. The brake horse-power of internal 
combustion engines is to be taken at the Treasury 
rating, which must not exceed 20 brake horse-power, 
rising in the case of tractors to 30 brake horse-power- 
In all other cases the maximum brake horse-power 8 
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to be defined by the maker. There is an elaborate 
schedule of fees for tests of field machinery and 
dairy appliances ; in the latter case minimum figures 
only are quoted. Of the 17 tests described in the 
fourth appendix, two relate to internal-combustion 
engines and two to tractors. Included in the list 
are milking machines, spraying plant, mowing and 
threshing machines. 


THE YIELD POINT AND CREEP LIMIT 
OF STEEL AT HIGH TEMPERA- 
TURES. 


THE increasing use of high temperatures in steam 
and other practice has directed attention to the 
properties of steel under such conditions, and much 
work is being done to determine the limits of per- 
missible stress for various parts. That these may 
vary for the same temperature, according to the class 
of service, was pointed out in a paper read before 
the Institution of Mechanical Engineers last year* by 
Mr. Baumann, who gave the rates of creep which 
might be allowed for parts from turbine discs pressed 
on shafts (10-° of the original length per hour) to 
superheater tubes (10-5). He was in agreement 
with Mr. R. W. Bailey and others, that there is no 
such thing as a true “ creep limit,” greater refine- 
ments in measurement and tests of longer duration 
having shown that creep does in fact take place at 
stresses much lower than those which had at one time 
been regarded as limiting values. Thus for 0-15 per 
cent. carbon steel at a temperature of 1,000 deg. F. 
(538 deg. C.), Mr. Baumann gave a curve showing 
that while a stress of 2-2 tons per square inch is 
required to produce elongation at the rate of 10- 
per hour, a stress of only 0-65 tons per sq. in. is 
sufficient to cause a creep of 10-$ per hour. In con- 
sidering such figures of creep stress it must be borne 
in mind that they do not refer to possible fracture 
of the part, but merely to its increase in dimensions 
over a long period, a creep of 10-* per hour corre- 
sponding, as stated by Mr. Baumann, to an increase 
in diameter of roughly 1 per cent. in 10 years. In 
some cases such extension would no doubt lead to 
excessive slackness and possibly to fracture, but the 
element of time is essential both in measuring these 
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| 0-22 | 0-64 
creep stresses, and in regard to the effects produced in 
the practical application of the various materials, 
The fact that the measurement of creep in the 
ordinary way does necessitate a very long period has 
lead to attempts to arrive at practical working values 
by various short time tests. One of these is due to 
Dr. W. H. Hatfieldt, who, by means of a test of 


; ti 
72 hours under load, determines what he has called 


5 : observed, but at temperatures above 300 deg. C., 


0-22 | 0-10 | 0-61 | 0-015 | 0-028 | as the proof stress which gives a permanent exten- 
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0-034 |Same values in their tests. The authors point out 
0-014 | 0-026 | that the discrepancies which are apparent in the 
results which have been published, both with regard 
to the position of the yield point and to the ratio 
of this to the ultimate strength, are without doubt 
due to the varying conditions under which the 
tests have been made. Their present tests were 
made on a steel of the following composition : 
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viously expressed the view that a definite relation 
existed between these quantities, and the results 
of the tests dealt with in the report support this 
conclusion. For the purposes of the tests three 
makers each supplied a sample of four qualities of 
boiler plates, giving 12 plates in all. The composi- 
tions of these plates were as shown in Table I. 
Tensile tests were made on these plates, the section 
of the test pieces being 20 mm. x 18 mm., with a 


gauge length of 200 mm. The values measured, | 


at temperatures of 20 deg. C.. 300 deg. C., 350 deg. C., 
400 deg. C., 450 deg. C., and 500 deg. C., were the 
ultimate strength, elongation and reduction of 
area, and also the proof stresses which gave per- 
manent elongations of 0-05, 0-1 and 0-2 per cent. 
The difference between these three proof stresses 
were negligible at room temperature. The values 
fell at an increasing rate as the temperature rose 
from 300 deg. C. to 500 deg. C., the proof stress 
giving 0-05 per cent. elongation being 1 kg. to 
2 kg. per square millimetre lower than 0-1 per cent. 
proof stress, which was also about 1 kg. to 2 kg. 
per square millimetre lower than the 0-2 per cent. 
proof stress or yield point. The average values of 
the ratio of the yield point to the maximum stress 
at room temperature was found to be as follows at 
different temperatures: at 300 deg. C., 0-38; at 
350 deg. C., 0:36; at 400 deg. C., 0-35; at 450 deg. 
C., 0-33 ; and at 500 deg. C., 0-25; showing a rapid 
fall between 450 deg. C. and 500 deg. C. The authors 
conclude that for ordinary works and acceptance 


point was less than that obtained with 10 seconds 
tests by the following amounts: at 300 deg. C., 
13-6 per cent.; at 400 deg. C., 11-3 per cent. ; at 
450 deg. C., 22-8 per cent. ; at 500 deg. C., 27-5 per 
cent.; at 550 deg. C., 28 per cent.; and at 600 
deg. C., 34-3 per cent. The ratio of the yield stress 
to the ultimate strength at room temperature, 
which was the subject of the first report referred to, 
was found to fall from 0-37 to 0-32 at 300 deg. C., 
and from 0-12 to 0-08 at 600 deg. C., when the time 
|under load was increased from 10 seconds to 30 
|minutes. Two further series of tests were made 
| under similar conditions, in the one case the number 
| of steps in which the load was applied being increased, 
| and in the other the time during which the specimens 
| were unloaded after each step being varied. The 
|results showed that neither of these exerted an 
| appreciable influence on the values obtained. 

| The third report dealt with tests on the creep 
[limit carried out by Pomp and Enders. In 1927, 
| Pomp and Dahmen proposed that the load which 
caused an extension at the rate of 0-001 per cent. 
per hour for the period from the third to the sixth 
| hour under load, up to temperatures of 500 deg. C., 
| should be regarded as a safe limiting stress. This 
|has caused a considerable amount of discussion 
|and the present authors first review the work of 
| others in this field and then proceed to describe 
further experiments which they have made, with 
| particulars of the apparatus employed and the pre- 
‘cautions observed. The materials on which the 
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tests it is unnecessary to carry out these tests at 
high temperatures on low carbon steels, the tensile 
test at ordinary temperature being sufficient for this 
purpose. 
A further report by the same authors dealt with 
an investigation into the conditions to be observed 
in determining the yield point at high temperatures, 
At ordinary temperatures the yield is usually easily 


no definite point exists in the stress-strain diagram, 
and the yield point is therefore defined in Germany 
temperatures, above the stress which cause distinct 


to ensure that different investigators record the 
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vent. This had been annealed for one hour at 





the “time yield.’ He suggested that a stress of, 
say, two-thirds of this time yield can be regarded 
as a safe stress, that is, one that will produce 
negligible initial deformation and will not produce 
Other work in a 


change of dimensions with time. 


similar direction is described in three reports con- 
tained in last year’s volume of the Mitteilungen of 
Kisenforschung, 


the Kaiser-Wilhelm-Institut fiir 


from which the following particulars are taken. 
The first of these reports, by Kérber and Pomp, 
dealt with the strength of boiler plates at elevated 
temperatures, with special reference to the ratio of 
the yield point at these temperatures to the tensile 
Strength at room temperatures. Kérber had pre- 
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920 deg. C., and cooled slowly in the furnace, The 
tensile strength at room temperature was 33-6 
kg. per square millimetre. The yield was determined 
on test pieces 16 mm. diameter, with a gauge length 
of 160 mm., at temperatures of 300 deg. C., 400 deg. 
C., 450 deg. C., 500 deg. C., 550 deg. C., and 600 
deg. C. The report gives a description of the method 
of carrying out the tests, the first series of which 
dealt with the influence of the time the test pieces 
were kept under load at each successive stage. This 
time was varied from 10 seconds to 30 minutes, the 
specimen being unloaded after each step and left 
without load for the same period as it had been 
under load. A specially rapid fall in the yield point 
was found when the time was increased from 10 
seconds to 5 minutes, the subsequent fall due to 
extending the time up to 30 minutes being com- 





paratively slight. A comparison of the values 
obtained with 10 seconds and with 30 minutes, 


tests were made were four carbon steels (Cl, C3, 
C4 and C6), three steel castings of which two 
(G and H) were made from converter steel and one 
(E) from basic electric steel, and a rustless steel (R). 
The compositions of these steels are given in Table 
II. The test pieces were 10 mm. diameter, with a 
gauge length of 100 mm. A period of at least four 
hours was allowed for the temperature to become 
uniform, while the normal duration under load was 
42 hours. A complete test required 48 hours, so 
that a fresh test could be put in hand every second 
day. A number of long time control tests were 
made lasting up to 2,400 hours. The extension and 
load were recorded automatically, the rate of 
extension being obtained from the diagrams, for the 
periods from the third to the sixth hours, the fifth 
to the tenth hours, and from the twenty-fifth to 
the thirty-fifth hours. It was found that the creep 
fell off much more rapidly with time than had 
been allowed for in the original proposal, and that 
the rate of extension between the third and sixth 
hours could be increased from 0-001 per cent. per 
hour to 0-005 per cent. per hour. The rates of 
extension corresponding to this higher limit during 
the other periods—from the fifth to the tenth hours, 
and from the twenty-fifth to the thirty-fifth hours 

-were found to be 0-003 per cent. and 00015 per 
cent., respectively. 

In addition to these creep tests, short time tensile 
tests were made of the proof stresses for 0-01 per 
cent., 0-1 per cent and 0-2 per cent. permanent 
elongation. The limiting stress in the creep tests 
was found to lie within the range of these proof 
stresses for temperatures of 400 deg. C., and above. 
The authors therefore suggest as a practical works 
programme that these proof stresses be first deter- 
mined, and that creep tests be made with each of 
them, the rate of extension from the fifth to the tenth 
hour being obtained for each. By plotting the 
results it is possible to find the load which should 
give the specified rate of 0-003 per cent. per hour, 
and a further test should be carried out at this load. 
Where it is specially desired to eheck the hardening 
with time under load, the test might be continued 
for a longer period, and the extension between the 
twenty-fifth and thirty-fifth hours obtained. They 








showed that at the longer period the apparent yield 





propose that the extension between the fifth and 
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tenth hour should be used instead of that between 
the third and sixth hours originally suggested, as 
giving more accurate and reliable results. A 
complete test of this nature can normally be made 
in 24 hours, the extension under load being recorded 
automatically during the night. 


THE PROPERTIES OF COLD DRAWN 
BRIDGE WIRES. 

SoME two years or so ago, it was found necessary | 

to replace the whole of the wire cables supplied 

for two large suspension bridges at the time under 





construction in America. These wires had had their 
elastic limit raised by heat treatment, and in accord- | 
ance with a view as popular as it is erroneous, it 
was assumed that the safe-working stress had been | 
correspondingly increased. In spite of the success 
with which this “‘ improved” wire had passed all 
its factory and laboratory tests, it proved very 
unreliable, wire after wire breaking spontaneously | 
during the operations of handling and erecting. The | 
engineers responsible returned, therefore, to the 
use of ordinary hard-drawn steel wire, for the cables 
of the Ambassador Bridge, Detroit, and of the Mount 
Hope Bridge, with spans, respectively, of 1,850 ft., 
and 1,200 ft. The quantity of wire required for the 
larger span was over 3,000 tons, the corresponding 
weight for the Mount Hope Bridge amounting to 
700 tons. | 


In view of these large quantities, the American 
Cable Company, Incorporated, decided to carry out 
at the Lehigh University, an exhaustive investiga- 
tion of the properties of this class of wire. The 
results are described in a paper contributed by Mr. 
L. S. Moisseiff to the proceedings of the American 
Society for Testing Materials. The steel used was | 
specified to be of acid open-hearth make, with 
not more than 0-85 per cent. of carbon, not more 
than 0-04 per cent. of sulphur, and not more than 
0-04 per cent. of phosphorus. Its diameter before 
galvanising was 0-192 in., and it was drawn in| 
lengths of not less than 2,000 ft. In its bright state | 
prior to galvanising, it was required to stand | 
bending round a rod of one and a-half times its own | 
diameter. After galvanising its tensile strength, 
reckoned on the gross section, was to be not less than 
215,000 Ib. per square inch, the minimum yield 
point being 144,000 lb. per square inch, and the 
elongation on 10 in. not less than 4 per cent. 

One of the points to which special attention was 
directed was the behaviour of the wire under long 
continued tension, and for these tests 12 special 
machines were constructed. The wires were mounted 
on semi-circular sheaves of 19} in. diameter. | 
We reproduce in Figs. | and 2, annexed, some | 
of the creep curves observed in these tests. In all | 
cases the wires were first loaded to 74,000 Ib. per | 
square inch, which was maintained for one day. | 
The load was then raised to 94,000 Ib. per square | 
inch, and this was also maintained for one day. | 
Following this, the stress was raised to 113,000 Ib. | 
per square inch, and this was maintained in some 
cases for two weeks and in others for a period of 
two months. In some of these tests the wires were 
suspended straight from clamps, whilst in others 
they were bent round the sheaves. In some of 
the latter tests the curvature of the wire over the 
sheaves was in the same sense as the curvature of 
the original coil, whilst in other tests the curvature 
was reversed. Some differences were found in the 
respective rates of creep corresponding with their 
different conditions of mounting, but the general 
conclusion reached was, that the method of mount- 
ing was of little importance. 

In general there was some creep during the 24- 
hour tests with stresses of 74,000 and 93,000 Ib. per 
square inch, but the amount was small and some- 
what uncertain. In the two weeks tests under a 
stress of 113,000 Ib. per square inch, the rate of 
creep diminished with the time, but had not become 
zero at the end of the fortnight, but in the longer 
period tests, creep ceased at the end of three weeks. | 
At the end of the two weeks tests, the total extension | 
averaged 0-00023 in. per inch; while at the end of | 
the two months test it had increased to 0-00024 in. | 
per inch. | 

Tensile tests were next made of wires which had 








| diameter, and left for months thus coiled. Subse- 


THE PROPERTIES OF COLD DRAWN BRIDGE WIRES. 
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Fig.2. CREEP CURVES, SERIES N°4C. 
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been subjected to the foregoing creep tests, and with | 
few exceptions, the ultimate strength proved to be 
rather greater than in the original condition. An- 
other interesting series of tests was intended to 
detect effects due to maltreatments of various 
kinds, including bendings and straightenings of the 
wire, and the effect of dents. The genera! con- 
clusion reached was that the strength of the wire 
was not materially affected by such abuse. The 
maximum reduction of strength observed in any 
single test was only 3-97 per cent. In this case the 
wire had been dented, and the dent lay in the 
straight length of the wire. Dents in the wire 
where it lapped round the sheaves did not, on the 
average affect the strength by more than 1-33 per 
cent. 

In further tests the attempt was made to 
study the effect of seating and wedging actions on 
the wire, but no material reduction of strength 
resulted. The average elastic modulus of the gal- 
vanised wire, reckoned on the gross section was 
found to be 27,855,000 lb. per square inch, which 
is stated to be equivalent to a figure, for the bare 
wire, of 28,690,000 Ib. per square inch. In some 
further tests the wires were wound into coils 194 in. 











quent tests disclosed no injury due to this procedure. 
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NOMOGRAMS FOR SURVEY 
ADJUSTMENTS. 

In connection with the Geodetic Survey of Canada, 
longitude and latitude nomographs have been pre- 
pared which, it is claimed, greatly facilitate the distri- 
bution of closure errors. For office use these are 
printed on Bristol Board and copies are obtainable 
from the Director, Geodetic Survey of Canada, 
Ottawa. These nomograms, which are discussed in a 
pamphlet by Mr. J. E. R. Ross, have been used in 
adjusting the closure of a large loop of triangulation 
in Eastern Canada, and were found to lead to a great 
economy of time with no deterioration of accuracy. 
The triangulation of Canada is, with the exception 
of one remote northern area, based on stations and 
connecting lines near the International Boundary 
established by the United States Coast and Geodetic 
Survey, and by mutual agreement Clarke’s Spheroid 
of 1886 is used in both countries as the spheroid 
of reference. The Canadian work was started in 
1905, and now covers five separate localities along 
the International Boundary. These will ultimately 
be connected up, but so far this has been effected 
only in one case. The adjustment of the errors at 
the junction involved corrections to the whole of the 
two networks concerned, and it is here the that 
nomographic method has proved of special value, 
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THE LATE PROFESSOR ARCHIBALD 
BARR. 


Iv is with great regret that we record the death 
of Professor Archibald Barr, which occurred at his 
home in Milngavie, Dumbartonshire, on August 6 
last. Although his name was known throughout 
the world in connection with the Barr and Stroud 
rangefinder, his activities covered a much wider 
field, and quite apart from this most successful 
invention, Professor Barr will long be remembered 
for his untiring efforts for the advance of technical 
education. Born in 1855 in 
Paisley, he received his early 
education in the Grammar 
School of that town, and later 
proceeded to Glasgow Univer- 
sity. Here he showed such 
promise that, at the age of 21, 
he was appointed to the James 
Young Assistantship in the 
department of Civil Engineer- 
ing and Mechanics. Before 
detailing his scholastic achieve- 
ments, it may be mentioned 
that he served his apprentice- 
ship with Messrs. A. F. Clay 
and Company, Mechanical En- 
gineers, Paisley, spending part 
of this time in classwork in 
Glasgow. He thus acquired 
that practical knowledge of 
workshop materials and pro- 
cesses, the absence of which 
frequently renders futile the 
ideas of the inventor. At the 
time of his appointment to 
Glasgow University, the chair 
of Civil Engineering and Me- 
chanics was held by James 
Thompson, and no doubt Barr’s 
close association with this 
eminent scientist was of great 
value in directing his abilities 
in the soundest directions. 

While assistant to Thompson, 
Barrwas successful in obtaining 
his Doctorate in Science, and 
in 1884, he was appointed to 
the Chair of Mechanical En- 
gineering in Yorkshire College, 
subsequently incorporated — in 
Leeds University. About this 
time, there was considerable 
controversy among engineering 
teachers about the most desir- 
able equipment for technical 
laboratories, some holding with 
Professor Perry that very sim- 
ple apparatus was sufficient to 
demonstrate fundamental prin- 
ciples, and others that the plant 
should closely simulate that 
which the students would later 
meet in practice. While not 
holding that an engineering 
laboratory should be a factory 
in minature, Dr. Barr was a 
firm believer in the value of 
adequate equipment of the 
type now commonly recognised 
as essential, and both at Leeds 
and at Glasgow, to which he returned later, he com- 
pletely revolutionised the laboratories. The buildings 
which, he designed at Leeds cost about 10,000/., and 
his work at Gilmore Hill resulted in the magnificent 
“James Watt” laboratories. Dr. Barr became 
Regius Professor of Civil Engineering and Mechanics 
at Glasgow University in 1889, in succession to James 
Thompson, his illustrious predecessors, also including 
Lewis Gordon and Macquorn Rankine. He retired 
from the chair in 1913, but before passing on to his 
work in the practical field, tribute should be paid 
to his outstanding qualities as a teacher. While 
he was at Leeds, the number of engineering students 
increased threefold, and during his tenure of the 
Chair of Civil Engineering and Mechanics at Glas- 
gow, with which his teaching work will always be 
particularly associated, the number of students 





increased from 36 to well over 200. He will 
be remembered by his many students for his 
clear and convincing explanations of the funda- 
mental principles underlying any problem. He 
was a ready and lucid speaker, with a fund of 
humour, and wide human sympathies which en- 
abled him to command the interest and constant 
attention of his classes, and to keep in close 
touch with his students individually outside the 
lecture room. 





It was in 1888 that Dr. Barr, who was at that 





time at Yorkshire College, began experimental work 
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THe Late Prorrssor ARCHIBALD 


on rangefinders with Dr. Stroud, who then occupied 
‘the Chair of Physics at the College. The two 
| professors were in the habit of discussing scientific 
| prosieons to their mutual advantage, and as both 
|had given previous evidence of inventive ability, 
it is not surprising that the germ of some of their 
later inventions arose from these discussions. It is 
interesting to note, however, that it was an advertise- 
|ment which appeared in ENGINEERING in 1888, 
| which first turned the attention of the professors to 
| the subject of rangefinders. The advertisement was 
issued by the War Office, and called for proposals 
‘from persons desirous of submitting Infantry 
| rangefinders for competitive trials. Dr. Barr, 
| seeing the advertisement, suggested to Dr. Stroud 
| that they should design an instrument to meet the 
| specified conditions, and should submit it for 
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trial. This proposal was carried out, the main 
features of the instrument being thought out in a 
few weeks. It should be said that at that time, 
neither of the inventors was familiar with earlier 
rangefinders, and that they approached the problem 
as new. The instrument was thus in every way 
an original one, and it is a remarkable tribute to the 
designers to be able to say that its main features 
have remained unchanged to this day. The first 
rangefinder was tested at Aldershot in competition 
with others of various forms. It was of the single- 
observer type, with which the inventor names 
have since been so _ closely 
associated, but the competition 
was not confined to instru- 
ments of this class. The results 
obtained were promising, and 
a second instrument was made 
with a view to further trials. 
The second trials, however, 
led to disappointment, mainly 
in consequence of certain op- 
tical details of the instrument 
having been altered with a 
view to cheapening production. 
As a result, the Watkins two- 
observer instrument was re- 
tained by the Army as the 
standard Infantry rangefinder 
for many years. Even at the 
outbreak of war in 1914, the 
Barr and Stroud rangefinder 
had only been adopted to a 
very small extent in the British 
Army, although it had been 
supplied in large numbers to 
Continental Powers. During 
1915 and 1916, however, the 
firm were supplying more in- 
struments per week to the 
Army than the total number 
supplied to it prior to the war. 

The lack of success of the 
instrument in the Army trials 
was more than retrieved by 
the results of trials in the 
Navy. In 1891, the Admi- 
ralty advertised publicly for 
proposals in connection with 
naval rangefinders, and also 
directly asked Professors Barr 
and Stroud to submit an in- 
strument. By this time, Pro- 
fessor Barr had moved to 
Glasgow, but his association 
with Professor Stroud was 
unbroken. An instrument 
designed to meet the Admir- 
alty requirements was con- 
structed under Professor Barr’s 
personal supervision. The 
mechanical parts were made 
by Mr. James White, of Glas- 
gow, and the optical parts by 
Mr. Adam Higler, of London. 
The instrument was tested at 


Chatham in 1892, and_ its 
accuracy more than satisfied 


the specified requirements. As 
a result, the Admiralty ordered 


five rangefinders of an im- 
proved type in 1895. The 


first of these was the first Barr and Stroud range- 
finder to be actually sold. The parts were made by 
the same firms, and the assembly and adjustments 
were carried out in Professor Barr’s own house. 
A considerable demand for rangefinders followed, 
and a workshop was secured for adjusting and 
finishing the instruments, and to serve as an office, 
in Byres-road, Glasgow. Two years later, a further 
works had to be taken, and in 1904, the work in 
sight justified the erection of a factory in which all 
the processes of manufacture could be carried out 
under one roof. This building was erected at 
Anniesland, on the west side of Glasgow, and formed 
the nucleus of the present works. The latter were 
fully described in ENGINEERING, vol. lxxxi, page 
579 et seq (1906), and again in vol. eviii, page 133 
et seq (1919), together with the firm’s more important 
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products. In addition to rangefinders of various 
types, these include fire-control gear, an electrically- 
operated torsion meter, torpedo depth recorders, 
periscopes, and the well-known Barr and Stroud 
sleeve-valve engine. 

Professor Barr undertook much consulting work 
in the testing of engine and boiler plants, and con- 
tributed freely to the papers and discussions of 
engineering and scientific societies in Glasgow and 
London. The paper which he and Dr. Stroud read 
before the Institution of Mechanical Engineers in 
1896, created very great interest. He served at 
different times as president of the Institution of 
Engineers and Shipbuilders in Scotland, the Royal 
Philosophical Society and the Scottish Aeronautical 
Society. He supervised the first motor-car relia- 
bility trials held in Scotland in 1901, and was 
Convener of the Engineering Section of the Glasgow 
International Exhibition in the same year. The 
wide scope of his interests is further shown by 
the fact that he was chairman of the committee 
which organised the first aviation meeting in 
Scotland, held at Lanark in 1910. From 1921 till 
the time of his death he was chairman of the 
Governors of the Royal Scottish National Institu- 
tion for the care of mentally defectives. He took the 
keenest interest in all problems of manufacture and 
factory development, more particularly as regards 
welfare work, and visited the United States in 
1896 to study production methods in that country. 
He was elected a Fellow of the Royal Society in 
1923, was a member of the Institutions of Civil 
and of Mechanical Engineers, and was made a 
Doctor of Laws of Glasgow University in 1914. 
The painting of Professor Barr which we reproduce 
on the previous page is by Mr. Fiddes Watt. 
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Lehrbuch der Bergwerksmaschinen (Kraft- und Arbeits- 
maschinen). By Dr, H. Horrmann and Drpt,-INne. 
C. HorrMann. Second Edition. Berlin: Julius 
Springer. [Price 24 marks. ] 

THE increasing mechanisation of coal mines is well 
indicated by the extensive range of mining machi- 
nery included in this excellent and well-illustrated 
work, The first edition by the late Dr. Hoffmann 
was issued in 1926, and the book has now been 
thoroughly revised, brought up to date and extended 
by his son, some of the older types of machines 
having been omitted in order not to unduly increase 
the size. It was planned as a text-book for the 
Mining College at Bochum, and contains 547 illus- 
trations, many of which were specially prepared 
by the Westphalian Mining Association. These 
include charts, diagrams, layouts, general arrange- 
ments, and constructional details. Although 
specially intended for mining students, for whom 
and for those actually engaged as engineers in the 
industry it provides a comprehensive survey of the 
subject, much of the plant dealt with is employed 
in other directions, so that it can be recommended 
to the attention of a wider circle. 

The sections which can be regarded as specifically 
mining amount to only about one-third of the 
400 pages and deal with winding machinery, inclu- 
ding the calculation and supervision of the ropes, 
with steam engine and electric motor drives, high- 
pressure compressed-air locomotives, coal-getting 
machinery (hammers, drills and coal cutters, both 
compressed air and electric), coal conveyors, venti- 
lation, and the distribution and use of electricity 
underground. 

The subject of steam and power production is 
dealt with somewhat extensively, covering modern 
practice in boiler and turbine design and operation, 
with information regarding the use of exhaust 
steam, the consumption of back-pressure and 
pass-out turbines (such as might arise, for instance, 
in connection with pit-head baths), and steam 
accumulators. The use of internal-combustion 
engines in mines is also discussed, with details of 
types employed. Other sections of general interest 
deal with pumps, compressors (both reciprocating 
and rotary), refrigerating plant, and fans. Par- 
ticulars are given throughout of the methods and 
results of tests on the different machines, while the 
final chapter is devoted to the instruments required 











for various measurements, including those for water, 
air and steam, and the analysis of flue gases. 


A Monograph of Viscometry. By Guy Barr, B.A., 
D.Se. Oxford: University Press, London: Humphrey 
Milford. [Price 30s. net. ] 

THE development of physical chemistry within 
recent years has resulted in a renewed interest in 
the properties of solutions, the viscosity of solutions 
in particular having attracted considerable attention, 
and has been brought into especial prominence. 
The viscosity of liquids lacks any fundamental 
theoretical basis, and no physical mechanism exists 
to account for even so simple a fact as the decrease 
of the viscosity of a liquid with rise of temperature. 
The mass of observational data which exists on 
viscosity has contributed very little information 
about the nature of the liquid state. In view of 
the several recent theories which aim at a compre- 
hensive correlation of physical properties with 
chemical constitution, it is evident that a systematic 
extension of study of the inter-relationship of such 
properties is necessary in order to effect a reconcilia- 
tion of the existing theories, and further progress 
lies in the development of theory and more accurate 
means of measurement, in spite of the inherent 
difficulties of the mathematical treatment. The 
analytical and mathematical study of viscosity is 
as fundamental in chemistry as that of the atoms 
in physics. The sum of the forces in play between 
the molecules or the internal friction of the resist- 
ance exhibited by the molecules in moving around 
in the interior of a body is termed viscosity. 

The viscosity of gases is very low, that of crystals 

very high, while that of liquids includes a wide range 
of variations. Viscosity is intimately related to, 
and is associated with, many of the diverse properties 
of solutions, such as diffusion, migration of ions, 
yapour pressure, electrical conductivity, hydration, 
rate of solution, and rate of crystallisation. In the 
case of emulsoid solutions, such as gelatine solutions, 
Ostwald has enumerated the following factors, 
which may influence the viscosity, viz.: concen- 
tration, temperature, degree of dispersion, solvate 
formation, ionisation, and previous thermal and 
mechanical treatment. With a more intensive 
theoretical study of viscosity, and the development 
of more refined and accurate means of measurement, 
the study of the relation between viscosity and 
hydration or electrical conductivity, for example, 
will expand rapidly, for it is highly important from 
theoretical and practical considerations that the 
relation between the various physical properties of 
solutions should be more clearly defined, and the 
relation between the viscosity of liquids and their 
chemical nature be better understood. Some writers 
have assumed a relationship to exist between 
viscosity and cohesion, but recent researches on 
the subject have failed to establish any definite 
connection. The relation of lubricating qualities to 
viscosity broadly resembles that to molecular weight, 
and in a simple chemical series lubricating qualities 
and viscosity change in much the same way as with 
molecular weight, but there is no fundamental 
relation between the two properties. There is a 
reciprocal relationship between viscosity and 
fluidity, but it is singular that amongst all recip- 
rocal relationships, viscosity is one of the cases 
which lacks decision as to whether viscosity is 
additive or not. This unsatisfactory condition is 
probably due to the extreme sensitivity of viscosity 
to molecular change in liquids due to dissociation, 
hydration, or combination. It has recently been 
shown that the electric charge on suspensoid par- 
ticles contributes to the viscosity of systems 
containing such particles, and that the increase in 
viscosity of colloidal substances is proportional to 
the aggregate volume of suspended spheres. In 
making any fundamental study or correlation of 
data on the flow of fluids or the flow of heat into 
fluids, it is necessary to know with reasonable 
accuracy the absolute viscosity of the fluid under 
consideration. 

In recent years a tremendous impetus has been 
given to investigations dealing with viscometry, 
which have now found so many practical applica- 
tions. The importance of measurements of viscosity 
as a means of detecting minute changes in colloidal 
solutions is now firmly established, and at the 
present time much attention is focused upon that 





property of cellulose which is responsible for the 
consistency of dispersions of cellulose or its esters 
in various solvents. However, theoretical explana- 
tions are lacking and the nature of these changes is 
still a matter of considerable speculation, yet 
viscosity data already provide sufficient empirical 
information to warrant the application of such 
methods with considerable success in physiology 
and pathology, and have assumed technical and 
practical importance in the treatment and produc- 
tion of sugar, molasses, oils, rubber, nitrocellulose, 
rayon, lacquers, &c. In the  cellulose-lacquer 
industry the viscometer plays an important part in 
determining the relative qualities of the nitro- 
cottons. It has become the practice to purchase 
the nitro-cotton of stated viscosity, which means 
that standard mixtures of the nitro-cotton dissolved 
in various solvents must give viscosities—carried 
out on specified viscometers—which fall within 
prescribed limits. It is of practical importance 
that cellulose lacquers possess uniform viscosities 
as the technique of application, whether by spraying 
or brushing, is based on a definite standard of 
“thinning.” Viscometry has also been applied to 
the study and control of butter and other edible 
fats, in determining the presence of hardened oils 
during hydrogenation processes, and in determining 
the amount of gluten in flour. The Seger cone 
method of determining temperatures in the glass- 
making industry suggests the possibility of measuring 
high temperatures by viscometric methods. The 
determination of viscosity has assumed such impor- 
tance in pure and applied chemistry that numerous 
instruments have been devised for the purpose. 
Commercial viscometers are very largely based on 
the classical researches and the original instruments 
as devised by Engler and Redwood. Amongst 
recent developments in viscometry are continuous 
viscometers in which the viscosity is measured by 
the pressure required to force the liquid through a 
constriction at a constant rate. Others depend on 
the displacement, through the drag of the liquid, of 
a piston with a considerable clearance in a cylinder 
through which the liquid flows, and on the oscilla- 
tions of a pendulum in the liquid. 

The methods used for the measurement of 
viscosity may be divided into three main classes, 
viz.: (1) the measurement of the resistance offered 
to a moving body in contact with the liquid, ¢.g., 
a horizontal disc supported at its middle point by 
a wire, and oscillating on an axis, or a falling sphere 
or rising air bubble moving freely under the action 
of gravity ; (2) the measurement. of the rate of 
flow of a liquid through an orifice or capillary, or 
the speed with which one liquid penetrates another 
whilst subjected to diffusion, capillary action, or 
solution tension; and (3) methods which include 
the measurement of the decay of oscillation, waves 
and vibration of liquids, and the rate of crystallisa- 
tion. The volume under review describes the 
schemes which have been applied to viscometry, 
and some indication of the theoretical and practical 
difficulties that affect each of them. The viscosity 
of solids has not been considered. Commencing 
with a short chapter dealing with the historical 
aspects of the subject, the second chapter is devoted 
to a discussion of the viscous flow of fluids in tubes, 
in which reference is made to Poiseuille’s classical 
experiments and a deduction of Poiseuille’s Law 
from theory. A subsequent chapter deals with the 
familiar commercial viscometers—the Redwood, 
Engler, and Saybolt being well desciibed. An 
illustrated description is given of Barbey’s ixométre, 
an instrument little known outside France, but 
possesses features which render it of interest from 
both the theoretical and practical aspects. Tech- 
nical viscometers appear to have been constructed 
with the idea in mind that the time of flow of a given 
quantity of various liquids through an orifice is 
approximately proportional to the viscosity, the 
number of seconds taken by a given quantity of 
liquid to flow out under gravity being taken as an 
index of the viscosity. Latterly, it has been realised 
that the time of flow is not even proportional to 
the true viscosity, and charts have been devised for 
the interconversion of viscosity values obtained by 
industrial viscometers into true viscosities; a 
typical chart is reproduced on page 307. In 
Chapter VII is given a full discussion of the 
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transpiration of gases, in which it is shown that 
the transpiration method is susceptible of simple 
mathematical treatment is rapid, and is capable of 
the highest degree of precision. The author has 
dealt exhaustively with capillary-tube methods of 
viscosity, but the more difficult mathematical 
problems have received less exhaustive treatment, 
being limited to a quotation of the premises and 
statement of the solutions. Dr. Barr in this mono- 
graph concisely describes the methods used for 
determining the viscosity of fluids, and ably discusses 
the technical details of the various types of visco- 
meters, together with the technique of the use of 
such instruments for purposes of research and for 
the control of industrial products and processes. 

The book is to be thoroughly recommended not 
only to those interested in the historical develop- 
ment and the present status of the subject, but as a 
valuable source of inspiration and for its richness 
in suggestions regarding further research in the 
subject. It gives an extremely clear and vivid 
picture of the recent advances made in viscometry, 
and is a scholarly but very readable contribution to 
a subject full of technicalities. Tribute must be 
paid to the lucidity, knowledge, and skill which are 
so evident in presenting the subject in a manner 
which almost conceals from the reader the diffi- 
culties which the author’s ingenuity has overcome. 
The care with which the volume has been edited 
and printed reflects great credit on the author and 
publishers. 





The Design of Merchant Ships and Cost Estimating. By 
ALEXANDER Kart. Third Edition, revised and en- 
larged. London: Crosby, Lockwood and Son. [ Price, 
36s. net. | 

Tuis is the third edition of this work by the author 
and, like the earlier ones, it contains a considerable 
amount of information in its 313 pages, tables 
and illustrations, in connection with ship design 
practice. It: comprises chapters on Board of 
Trade regulations, discussions on outfits, methods 
of calculating resistance, freeboard, &c., and there 
are many tables and formule for calculating weights 
of steel, machinery, and equipment. It is not 
possible to state the practical value of these tabular 
deductions for any particular shipyard practice ; 
the reader must make his own comparisons. When 
it comes to the hard facts of a Government regula- 
tion, however, individual practice is of no moment. 
In this connection, reference might be made to the 
computations which appear for the freeboard of a 
shelter deck vessel for the present rules, and for 
those which will be in force in 1932. The owner of 
such a ship, 415 ft. long, will receive a rude shock 
when he reads that these new regulations will reduce 
the draught by 10} in., or about 5 per cent. on the 
deadweight capacity. This, however, is not the 
case, and if Mr. Kari will revise his calculations for 
one or two apparent errors, he will find that the 
vessel under consideration will probably receive 
about 2 in. more draught under the regulations 
which are pending. 

We have formed the opinion that Mr. Kari has con- 
centrated rather too much on tabular statements 
and coefficients for various items. It would have 
been better if he had adhered to basic facts and 
allowed the reader to put his own construction on 
them ; and again, some of the formule are for such 
trifling items that they could well be ignored. As 
an instance of what we mean, we may call atten- 
tion to the formula for weight of cement wash in a 
vessel’s double bottom. The result shows the 
trifling weight of 3 tons in a vessel of 9,000 tons 
deadweight. In the previous chapter, the author 
evidently finds some difficulty in giving a reliable 
basis for the cement on the bottom, which would 
be between 70 tons and 100 tons, according to the 
practice of the individual who is laying it. Similar 
remarks might be made in connection with sketches 
of joinerwork fittings ; these would be better placed 
in some text-book on practical work. 

The bulk of the practical references appears to 
apply to the plainer types of cargo vessels and, 
beyond some remarks on sub-division calculations, 
little guidance is given in the problems of passenger 
vessels. It was suggested in our review of the first 
edition that the author’s recommendations for fast 
vessels required reconsideration, and the remarks 





still apply. It is not stated how the values have 
been derived, but the recommendation of a coefficient 
of 0-65 for a speed of ,/L does not conform to 
practice, and if the author would analyse its effect 
as against that of the usual coefficient of 0-52, he 
will find it is not conducive to economy under any 
normal circumstances. The title still suggests that 
the volume is a guide to cost estimating, but the 
author should reconsider that inclusion, as no 
practical guidance is afforded for this work, beyond 
the mention of some of the many articles which 
are included in a ship’s hull. The statement that 
carpets, grain boards, &c., are rated on area from 
other ships appears rather too elementary for a 
present-day treatise on ship design. 





La Pratica delle Costruzioni Metalliche. Tettoie, Ponti, 
Gru, Pali, Torri, Paratoie. By Dort.-Ine, Fausto 
Mast. Milan: Ulrico Hoepli. [Price, 80 lire.] 

In spite of the many important applications of 

steelwork in Italy and the continuous extension of 

this in industrial and municipal works, there has 
been a lack of a volume giving a comprehensive 
survey of such construction and indicating the 
advantages possessed by steel framework in com- 
parison with other methods of building. This lack 
has been met by the issue of an excellent work in 
which have been collected the elements necessary 

for the study of various types and presenting a 

complete view of the principles which serve as a 

guide in preparing a scheme embodying steelwork 

construction. Dr. Masi’s book contains numerous 
diagrams illustrating general designs and also many 
constructive details. The latter convey much 
useful information, with particulars of the main 
sections employed, without being burdened with 


the mass of detailed dimensions involved in working. 


drawings. The fundamental methods of calculation 
of forces and stresses are assumed to be sufficiently 
known, and in any case are covered by other books 
in Italian. They are therefore omitted, there being 
no stress diagrams such as are usually associated with 
works on the construction of girders, &c. At the 
same time, the method of calculation applicable in 
a particular instance is indicated, occasionally in 
some detail, pointing out the extent to which 
refinements in calculation, although essential in 
the design of certain parts, are both unnecessary 
and unjustified in other cases. In addition, the 
usual proportions adopted for specific details are 
given. 

The work is divided into five parts, and consists 
of 530 pages, with 433 illustrations in the text and 
15 folding plates. The first part gives general 
information regarding the materials employed in 
steel construction, in which it is, perhaps, only 
natural that these should be designated in the 
German manner, with particulars of permissible 
stresses under different conditions of loading. This 
is followed by brief notes on workshop practice and 
a general discussion of the design of girders and 
columns, riveted, bolted and welded joints, founda- 
tions, and the methods of transmitting loads to 
the latter. Part IL deals with the design of steel- 
frame buildings, including roofs, roof coverings, 
floors, columns and side and end framing, with 
doors and gateways. It includes examples of works 
buildings, stations, halls, airship hangars, &c., but 
no example of a multi-storey office or factory is 
noted. Besides the general arrangement drawings, 
constructional details are included, as in the other 
sections of the book. The third and longest part is 
devoted to railway and road bridges, with some 
information regarding the formation of the roadway, 
in addition to the steelwork construction. The 
concluding chapter deals briefly with oblique and 
curved bridges, and with the various types of 
movable bridges. The fourth part contains useful 
and instructive particulars of cranes of different 
designs, ranging from derricks to traversers and 
hammer-head cranes, and also of crane gantries. 
The last part deals in a similar manner with poles 
and towers for electric transmission and wireless 
stations, concluding with a chapter on the various 
types of sluice gates. 

The printing and illustrations are of a high order, 
the latter being exceptionally clear. It would, 
however, have been an advantage if titles had been 
given to, at least, the plates, while it would facilitate 


use if page numbers had been given as well as figure 
numbers in the text, in view of the frequent 
references to illustrations in other portions of the 
book. In some works the d fficulty such reference 
presents has been met by reproducing the respective 
figures. This would, however, have led to excessive 
repetition in the present volume. A slight slip is 
noticed on page 375, where the numbers of the 
figures illustrating two types of bridge supports 
have been transposed, one of these illustrations 
being on page 326. The value of some of the 
illustrations of constructional details would have 
been enhanced by information regarding the load 
for which they are designed. An instance of this 
occurs in Plate XI, in which various views of a 
travelling crane of 18-3 m. span are given, with the 
sections used for the lattice girders and particulars 
of the different joints, but no indication of the load 
is given or is to be found either on the plate or 
in the text. 


WINIBERG,. 
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Surveying Calculations. By 
Limited. 


London: Mining Publications, 

12s, 6d. net.] 

THE author of this book, who is lecturer on mine 
surveying at the School of Metalliferous Mining in 
Cornwall, intends it to be supplementary to an 
earlier work on Metalliferous Mine Surveying. 
Matters beyond the scope of mining surveys are, 
however, treated. The practice of surveying may be 
said to consist of three principal stages, the use of 
instruments in the field, only to be acquired with 
confidence by much practice; the entering of 
observations in an_ intelligible and unmistakable 
fashion in the field book; and the computations 
necessary to enable correct plotting of the results 
to be achieved with an assurance of reliability. 
In the book under review the last-named phase of 
the work is treated. On the part of the reader, 
a competent knowledge of trigonometry and the 
use of logarithms is assumed, and no space is devoted 
to the elucidation of matters with which he may 
be supposed to be familiar, the author giving his 
attention to detailed description of the particular 
methods of calculation useful in survey work. 
Co-ordinate geometry is, however, treated at 
considerable length with its application to the 
solution of various surveying problems. In the 
calculation of surface and underground connections 
through a vertical shaft, four methods are con- 
sidered, giving a choice which will enable the sur- 
veyor to apply whichever may best suit the case, 
whether for convenience or accuracy. 

Levelling and special problems arising in the 
practice of such operations receives some little 
attention. The author, in making up the level 
book, uses the collimation height method, which is 
certainly simple, but does not lend itself to check- 
ing results so well as the older “rise and fall” 
method. 

Problems of “strike” and “dip” of lodes and 
seams are considered. Both graphic and calculated 
solutions are given. It is, however, difficult to 
believe that anyone would have a use for the 
calculated solutions, which are complex and trouble- 
some, with the much simpler graphical solutions, 
so easily applied, available, the latter being, as the 
author points out, sufficiently precise for practical 
use. 

Railway curves are dealt with at some length. 
The principles involved are well stated, and detailed 
examples calculated fully. Beginning with simple 
circular curves, compound curves are also treated, 
and the precise calculation of transition curves 
for cases where this is considered desirable. Con- 
cluding chapters deal with the adjustment of 
observations, and the propagation of error. 

This book will no doubt be of much assistance to 
those who are engaged on survey work. The calcu- 
lations are in some cases sufficiently intricate to 
make authoritative guidance of considerable value, 
for it may be supposed that not all practising 
surveyors have facility in such work equal to the 
author’s. The various c. 1tions are clearly dis- 
played, as should be the case where the matter is 
in any case sufficiently troublesome to follow. 
By those well acquainted with the routine of field 
work, and equipped by precedent knowledge to 





profit by it, this book will be most appreciated. 





ENGINEERING. [AUG. 14, 1931. 








TANK LOCOMOTIVES 


MR. 


H. N. GRESLEY 





ON THE LONDON AND NORTH EASTERN RAILWAY. 


C.B.E., M.INST.C.E., CHIEF MECHANICAL ENGINEER. 























Fic. 1. ORIGINAL 4-4-4 TYPE. 








CONVERTED TANK 
ON THE 
EASTERN RAILWAY. 


BETWEEN 1913 and 1922 a number of 4-4-4 type 
tank locomotives were put in service on the North | 
Eastern Railway, having 5 ft. 
three cylinders 16} in. by 26 in., 
of 175 1b. per square inch. These engines are illustrated | 
by Fig. 1 above. One of these engines has recently | 


LOCOMOTIVE | 


9 in. coupled wheels, | 





LONDON & NORTH) 


| 
| 


and a boiler pressure | 


been converted to a 4-6-2 type locomotive, and is | 


represented in Fig. 2, while Fig. 3 gives the leading 


dimensions and weights. 


The new engine, having an unsymmetrical wheel-base, | 


has six coupled wheels of the same diameter as the | 


former drivers; the trailing bogie with 3 ft. 1} in. 
wheels has given place to trailing wheels 3 ft. 9 in. 
in diameter. The wheel-base of the original class was 
34 ft. 6 in., and of the converted engine is 33 ft. 3 in. 
The alteration has resulted in a slight reduction of the 
total weight of the engine, the old class weighing, in 
working order, 87 tons 7 cwt., while the rebuilt engine 
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Fig. 2. CONVERTED 4-6-2 TYPE. 
Fig. 3. 
9 175 Lb. per Sq. In. 
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weighs 86 tons 18 ewt. 


At the same time, the adhesive 





weight has been increased from 39 tons, 18 ewt. 4 qrs. 
to 52 tons, 5 ewt. 4 qrs. The tractive effort, unaltered, 
being 22,940 lb., the ratio of adhesive weight to tractive 
effort has been raised from 3-9: 1 to 5-1: 1. 

The locomotives are fitted with Stephenson valve 
cear and piston valves. The rebuilt engine has a total 





evaporative heating surface of 1084-6 sq. ft., made up of 


124 sq. ft. in the firebox, 680 sq. ft. in 1} in. tubes, and | formerly being 1058-84 sq. ft., 
| 280-6 sq. ft. in flues for the superheater elements, of | the number of 1} in. tubes, of which there are five 
The latter have a total heating sur- | more in the new engine, but the length between tube 


which there are 18. 
face of 194 sq. ft. 
long on the slope, having an area of 2 


plates is very slightly less. 


The firebox provides a grate 7 ft. 4 in. 
We are indebted to Mr. 


23 sq. ft. The 


the difference being in 


H. N. Gresley, C.B.E., 


boiler of the rebuilt engine has slightly greater capacity | Chief Mechanical Engineer of the London & North 


than the old class, 


the evaporation heating surface | Eastern Railway for “the foregoing. 
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THE NATIONAL PHYSICAL | 
LABORATORY. | 
(Continued from page 143.) 

Racing Seaplanes and New Aireraft.—During | 
recent years a large proportion of the work in the 
Duplex wind tunnel has been devoted to tests of 
the high speed British machines in course of design 
for participation in the Schneider Trophy contests. 
These researches comprise the provision of aero- 
dynamic data for complete machines, and com- 
parative tests of modifications of the more important 
components. 

The report* of the wind tunnel work in connexion 
with the 1927 contest, recently released for publica- 
tion by the Air Ministry; reveals the marked 
superiority of water-cooled over air-cooled engines 
for racing purposes. During recent months, tests 
have been in progress on machines intended for the 
1931 race. 

New apparatus has recently been designed by | 
Mr. W. L. Cowley and Dr. R. Warden to meet the | 
demand for tests, with airscrews running, on com- 
plete models of multi-engined machines. The most 
interesting feature of these working models is the 


gear box and shafting, which are disposed inside | 


0-8 





the pressure explorations with airscrew running are 


| shown by the typical curves of Fig. 16, in which the 


pressure distribution over the body without airscrew 
is included for comparison. For all positions of 
the screw the characteristics of the pressure distribu- 
tion are similar. A rather noteworthy spoiling 
effect, ascribed to the rotation of the slipstream, 
arises from the large negative pressures close to the 
extreme tail of the body. A further examination of 
this effect, and of possible means of minimising it, 
are the subjects of experiments at present in progress. 
From the standpoint of immediate application in 
design, probably the most important data now 
available are the maximum net efficiencies of the 
different airscrew body combinations. These in- 
clude, for completeness, results obtained when an 
annular ring was fitted to the body to increase 
its drag. The most striking point exhibited by 
the values, which are collected in Table II, lies 


| in the comparison of the maximum efficiency for the 


tractor and after-pusher combinations. With the 


body of good shape these are equal, but when 
the smooth contour of the body is disturbed by the 
annulus to represent conditions more commonly 
occurring in practice, the after-pusher combination 
shows up to advantage. 





AIRSCREW POSITIONS 


Fig.i6. 
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the models so as to permit three pairs of tandem 
airscrews or four tractor screws to be driven by a 
single three-phase motor. Provision is made, also, 
for the difference in rotational speed between the 
forward and rear screws of a tandem pair. The 
incorporation of this machinery has made it 
necessary to use models considerably larger than 
those previously tested in the Duplex (14 ft. by 7 ft.) 
tunnel and has involved a preliminary research to 
ascertain the corrections for wind tunnel interference. 

Airscrews.—Developments in multi-engined ma- 
chines have led, on the one hand, to a general 
research into the mutual interference between 
aircraft components, of which the combination of 
wing and engine nacelle is an important example ; 
and, on the other, to an investigation of the relative 
merits of tractor and pusher airscrews. Messrs. 
H. Bateman and F. C. Johansen have just completed 
a comparative analysis of the performance of a 
four-bladed screw, of pitch diameter ratio 0-7, in 
combination with a streamline body of 3: 1 fineness 
ratio.t One tractor and two pusher positions have 
been studied, and the experiments include tests of 
the airscrew alone in addition to measurements 
of pressure distribution over the body and of air- 
screw performance for each of the combinations. 
The data derived from these experiments serve as 
a basis for Mr. C. N. H. Lock’s theoretical work on 
airscrew-body interference. The main features of 





* Reports and Memoranda of the Aeronautical Research 
Committee No. 1300. 
+ Reports and Memoranda of the Aeronautical Research 
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In qualification of the relatively low efficiencies | 


obtained with the forward-pusher combination, 
it should be realised that, since the same airscrew 
is used in all positions, the larger proportion of 
blade included in the spinner of the forward-pusher 
screw results in a smaller torque at maximum 
efficiency than for the other positions. For equal 


TaBLe IIl.—Mazximum Net Efficiencies of Airscrew- 
Body Combinations. 
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| 
Fraction | E ne, per cent. 





Arrangement of | of Airscrew |—— — es 
Airscrew. Diameter | smooth | Body with 
| Body. | Annulus. 
» ee en. ee an Hae ee = = 
Airscrew alone 0-19 | 72-0 — 
Tractor ca 0-25 | 64-6 | 56-8 
Forward pusher .. 0-46 | 59-1 57-3 
After pusher a es 0-25 | Gé-2 | 61-3 


power absorption a a given speed of rotation a 
screw of higher pitch might have been used with a | 
consequent slight increase of maximum efficiency. 
Thrust Integrating Tubes.—The wind tunnel rig-up 
for the airscrew body experiments has furnished a 
means of testing various designs of an instrument 
for measuring the airscrew thrust of full scale 
machines in flight. As used, the integrating tube is 
mounted radially behind the screw and the total 
head at various radii in the slipstream is com- 
municated by apertures to the interior. The 
resulting general pressure in the tube, tapped off 
at one end, serves as a measure of the airscrew 
thrust. 


Various factors, such as the spacing and | 


orientation of the pressure holes, which influence 
the mean pressure and its relation to thrust, have 
been investigated. The experiments have recently 
been completed by comparative tests of model and 
full scale integrating tubes. 


THE WILLIAM FROUDE LABORATORY. 


New Equipment.—Perhaps the most striking case 
of the encroachment of routine test work upon that 
more fundamental field of inquiry without which 
the progressive demands of industry cannot be 
adequately served, is provided by the Froude 
Tank. During the three years prior to 1930 the 
pressure of test work was so great that, despite 
the continuous use of the equipment and the 
working of the staff in double shifts, the prosecution 
of eminently desirable research was_ seriously 
restricted. In these circumstances, sanction was 
given by the Government for the provision of 
funds for a new tank; and the construction of the 
latter—a source of general interest to visitors at 
the Annual Reception—is now well advanced. 
The office and workshop accommodation is struc- 
turally complete, whilst the excavation and concrete 
lining of the basin are proceeding rapidly. The 
dimensions of the new water basin (which are 
slightly different from those given provisionally 
at an earlier stage of the project)* will be :—Length, 
678 ft., breadth 20 ft., and depth 10 ft. The full 
| cross section will be ‘maintained for a length of 
| 444 ft., the depth of water being only 2 ft. for the 
| last 177 ft. of travel. The towing carriage, which 
will have a maximum speed of 30 ft. per sec., is being 
designed so that, as far as possible, the same testing 
apparatus can be used in either basin. The long 
tank building is to have a flat roof free from obstruc- 
tions, and it is proposed to utilise this, as occasion 
may arise, for tests in the open air. 

A recent decision regarding the title of the tank 
department is of general interest. It has been 
agreed that the division, as a whole, shall be called 
the William Froude Laboratory, embodying the 
name of the originator of tank research, whilst the 
two tanks are to be known as the Alfred Yarrow 
Tank, and the New Tank, respectively. The 
latter is regarded as a temporary name for which a _ 
more suitable alternative may later be found desir- 
able. 

Ship Model Tests—During the year under 
review 59 model hulls, representing 30 designs, have 
been tested. With two exceptions, the vessels 
have been tested with propellers, and in practically 
all the twin-screw vessels the direction of stream 
flow in the after body has been determined by 
tank test, so that the bossings could be designed 
to follow the general flow of the water. The 
standard of service afforded to shipbuilders has 
been well maintained. Four of the designs tested 
have been improved by at least 25 per cent., five 
by at least 9 per cent. and eight others by from 3 to 
5 per cent. Three hulls and four sets of propellers 
were re-designed at the Tank before testing, so that 
the improvement cannot, in these cases, be stated 
precisely. In addition, analyses have been made 
of the trial and log data of 20 vessels, on six of which 
trials the Tank was represented. 

A noteworthy feature of these statistics is the 
| large proportion of tests calling for internally- 
| propelled models. Additional sets of internal- 
| propulsion apparatus, for single and twin-screw 
| vessels, have, therefore, been designed by members 
|of the Tank staff, and are now in commission. A 
| model fitted with internal propulsion gear was shown 
jat the Annual Reception to demonstrate the 
|methods of recording propeller thrust, torque and 
| revolutions. 

Influence of Waves on Ship Resistance and Pro- 
| pulsion.—The very lengthy research into the be- 
haviour of ships in waves, which hitherto has been 
confined to the two directions of experiments on 
the resistance and behaviour of models in a seaway 
created in the tank, and of observation and analysis 
of the movements of ships in bad weather at sea, 
has been extended during the past year by a study 
of the action of the propeller under rough weather 
conditions. For this purpose a model hull of a 
fast, single-screw cargo boat has been fitted with 














* ENGINEERING, vol. cxxx, page 208, 1930. 
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apparatus which gives continuous records of 
forward speed and of propeller thrust, torque and 
revolutions. Tests by Mr. J. L. Kent, of the 
self-propelled model under varying conditions of 
loading, of speed, and of the height and amplitude 
of waves encountered “head on,” have been 
compared with corresponding tests by Mr. G. S. 
Baker, carried out in smooth water. Throughout 
these experiments automatic records of the pitching 
and heaving movements of the vessel have been 
taken to assist in the interpretation of any abnormal 
power-absorption results. The possibility that the 
shape of propeller employed may have an important 
influence on the relations between seaway and 
propulsion has not been lost sight of. Repeat 
tank trials are, accordingly, being undertaken with 
four other screws, all of the same diameter as 
that originally designed for the ship model, but 
differing from it in respect of blade area, radial 
pitch variation, blade outline and cross section. 
Trials of these propellers have already been made 
in smooth water, and when the rough water tests, 
now in progress, are complete, it is considered that 
the analysis of the collected results will yield fresh 
data of the highest value, commensurate with the 
extremely thorough character of the direct and 
control experiments included in the research. The 
data relevant to the model cargo vessel now under 
test will be published conjointly with results 
obtained in the years 1928-29 from a model oil 
tanker. For both these ships full-scale data are 
available, and the comparison of model and full- 
scale characteristics will be one of the interesting 
and important sections of the forthcoming report. 

Maneuvring, Wind Resistance, Coasting Vessels.— 
Many of the Tank researches have been brought to 
a definite stage during the year. In connection with 
the manceuvring of ships, for example, a paper by 
Mr. G. H. Bottomley, dealing with unbalanced 
rudders behind twin-screw vessels, and the effect 
of varying fullness of form, was presented to the 
Institution of Engineers and Shipbuilders in Scot- 
land, in 1930. Experiments are now in progress on a 
single model hull fitted with a variety of balanced 
and semi-balanced rudders. Measurements are made, 
over a range of rudder angles, of the torque on 
the rudder head and the turning moment of the 
ship. It is proposed, with one or more types of 
rudder, to investigate the behaviour of a hull with 
a cruiser stern by way of contrast with the raised 
stern so far employed. 

A slightly abridged version of Mr. G. Hughes’s 
towing experiments to determine the wind resist- 
ance of ships’ superstructures appeared last year 
in ENGINrERING.”’* Since that report, a 16-ft. 
model of the Mauretania has been floated on tanks 
on a tower, 60 ft. above ground level, and its resist- 
ance measured, by means of spring balances, in beam 
and head winds of 25 m.p.h. to 30 m.p.h. The 
resistance coefficients so derived vary in some cases 
by 30 to 40 per cent. owing to fluctuations of the 
natural wind, but the mean value at any Reynolds 
number agrees closely with the water towing test 
result, for which, doubtless on account of the more 
satisfactory experimental conditions, the variation 
was only 5 per cent. The work so far completed 
has shown that the type of hull has no material 
effect upon the wind resistance coefficient based 
on the area of the out-of-water parts. The research 
is, therefore, now being extended to the interference 
effects of deck structures, and to the investigation 
of means of reducing air resistance in general. 

An account of Mr. F. H. Todd’s resistance tests 
of mode] coasting hulls has appeared recently,t 
propeller tests with representative hulls are now 
being undertaken. It is intended to make trial of a 
large range of propeller designs with the object of 
determining the best combination of hull and pro- 
peller for this class of vessel. 

(To be continued.) 


TRADE WITH THE DutcH East INpIEs.-—A memoran- 
dum of hints to commercial visitors to the Dutch East 
Indies has been prepared by the Department of Overseas 
Trade, 35, Old Queen-street, S.W., and is available on 
application. It contains a commercial summary, infor- 
mation with regard to travel, climate, currency, &e. 





* ENGINEERING, vol. exxx, page 184, 1930. 
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ANNUALS AND REFERENCE BOOKS. 


The Motor Boat Manual.—The tenth edition of this 
manual, by the staff of The Motor Boat, published by 
Temple Press, Limited, 5-15, Rosebery-avenue, E.C.1 
(5s. net), supplies a full epitome of the progress of 
marine motoring in its lighter forms. It is an in- 
teresting development that much of the new matter 
deals with the lighter form of compression-ignition oil 
engines representing one end of the scale, and at the 
other end with developments in out-board motors. 
Another topic dealt with is the alloy metal boat; 
examples of which attracted attention at last year’s 
Olympia Motor Boat Show. Of the 22 chapters 
which cover 329 pages of close but legible text, chapters 
xvi to xix inclusive are descriptive, with illustrations of 
types and makes, of international petrol-paraffin and 
oil engines, the latter embracing both the assisted and 
direct starting types. It is noteworthy that power 
starting by electric motor, and electric lighting, have 
a big vogue for light craft, even the more recent light 
weight out-board motors being furnished with power 
starters if wanted. These motors are now fitted with 
more or less effective silencers. Some remarkable 
speed and durability performances are to the credit 
of the out-board motor, but it is not less noteworthy 
that they combine the features of high speed, a big 
output and light weight at a low cost. A good deal of 
metallurgical research characterises this development, 
and the fact is shown in the specifications of a number 
of the makes described. One British outboard engine 
is listed to run at 6,000 r.p.m. with 22 brake horsepower, 
while the gross weight of the unit is 1201b. Other 
features of the manual are descriptions of types of boat 
and hull, analysis of the mechanical features and layout 
of marine plant, and a variety of technical data and 
matter of use to builders. Altogether this is one of the 
best examples of the popular technical literature of the 
times. The illustrations are more uniform in size and 
form than is usual with motor hand-books. 

The Statesman’s Year-Book, 1931.—Described as a 
statistical and historical annual of the States of the 
world for the year 1931, the sixty-eighth annual edition 
of The Statesman’s Year-Book has recently appeared. 
Expressed in a few words, the main object of the work 
is to give a succinct and accurate account of the 
political and economic conditions of the countries of 
the world as they were on March 31 of the present year. 
The volume is divided into three main sections, respec- 
tively dealing with the British Empire, the United 
States of America, and other countries. In the first 
main section, Great Britain and Northern Ireland are 
dealt with first, then follow the Irish Free State, and, 
in alphabetical order under the divisions of the world 
to which they belong, the British dominions, colonies, 
protectorates, and dependencies. At the commence- 
ment of the second main section, information regarding 
the United States as a whole is furnished, and there- 
after, each State of the Union is dealt with separately. 
In the third section all countries, other than those 
just mentioned, are treated in alphabetical order. 
Under each country are given detailed particulars 
and statistical information concerning such subjects 
as the constitution and government, local government, 
area and population, religion, education, justice and 
crime, social insurance, finance, defence, production 
and industry, commerce, shipping and navigation, 
internal communication, money and credit, weights 
and measures, diplomatic representation, and books 
of reference dealing with the particular country. The 
work, it is no exaggeration to state, contains a great 
quantity of information which is readily accessible and 
is laid out in attractive form. The volume contains 
upwards of 1,400 pages, but is, nevertheless, of handy 
size; it is well printed and bound, and, although 
entitled the ‘“‘ Statesman’s”’ Year-Book, is worthy of 
a place on the desk of professional and business men, 
be they engineers, merchants, or manufacturers. The 
year-book, which is edited by Dr. M. Epstein, is 
published, price 20s. net, by Messrs. Macmillan and 
Company, Limited, St. Martin’s-street, London, W.C.2. 





The F.B.I. Register of British Manufacturers, 1931- 
32.—The Federation of British Industries publishes 
annually a directory-guide to British manufacturers 
and their products. The 1931-32 edition of the 
volume, which constitutes the eleventh annual issue, 
has recently been published. This like its prede- 
cessors, bears the title F.B.J. Register of British 
Manufacturers, and contains particulars regarding the 
products of firms who are members of the Federation. 
The work is divided into six main sections, the first of 
which contains a general survey of the organisation 
and activities of the Federation. The second section 
deals with the products and services of member firms, 
the names of the firms concerned being arranged 
alphabetically under each heading. The third and 
fourth sections comprise alphabetical lists of all firms 
and trade associations who are members of the Federa- 





tion. After the name of each firm is given a brief 
description of its products and specialities, the postal 
and telegraphic addresses of its head office and works, 
and in many instances the addresses of its branches 
and agents. The fifth section consists of a useful 
alphabetical list of brands and trade names, while 
the sixth section is given over to the publicity announce- 
ments of member firms. The volume is well printed 
and strongly bound in blue cloth. It fulfils a highly 
useful purpose in bringing together producers and 
purchasers, and is an outward and visible sign of the 
active and painstaking work which is being done by 
the Federation. The size of, and the information in, 
the volume, even in these days, serve to convey 
something of the sterling qualities of British industry. 
The editor is Mr. E. A. Nash, and firms desiring copies 
should communicate with the Federation, at 21, Tothill- 
street, London, 8.W.1. ° 





Lloyd’s Register of Shipping.—The two volumes of 
the 1931-32 edition of Lloyd’s Register of Shipping 
have recently been published. As heretofore, the 
Register Book contains information regarding all sea- 
going vessels of the world of 100 tons and upwards, 
and, in addition, particulars of the steel and iron 
vessels trading on the Great Lakes of North America. 
A full record of 33,000 steamers, motorships and sailing 
vessels is given in the Register. Furthermore, numerous 
lists of value to the shipping community are to be found 
in the volumes. These comprise: Signal letters 
assigned to all sea-going ships; shipbuilders and 
marine engineers in all countries; detailed particulars 
of dry and wet docks, ports and harbours, at home 
and abroad ; telegraph and postal addresses of about 
21,000 firms connected with shipping in all parts of 
the world ; particulars of the speed of merchant ships 
capable of developing 12 knots and upwards ; informa- 
tion regarding deadweight and cubic capacities of 
cargo steamships and motorships; and lists of ship- 
owners and managers and bulk oil carriers. The 
figures given in the book show that the world tonnage 
in existence on June 30 last totalled 69,607,644. Out 
of this total, steamers and motorships aggregated 
68,722,801 tons, of which 20,193,677 flew the British 
flag. The book is issued annually in July to sub- 
scribers, and the rate of subscription for marine insur- 
ance companies and public establishments is 12 guineas 
per annum for a single copy, and 6 guineas per annum 
for each additional copy. If the copies are periodically 
posted with additions and corrections in type, the 
subscription for each copy is 20 guineas per annum. 
For subscribers, other than those just mentioned, the 
charge is 10 guineas per annum for each copy kept 
posted throughout the year, and 6 guineas for copies 
not so posted. Supplements containing the necessary 
addition and corrections are issued at intervals. In 
this manner, the information is maintained correct at 
all times, a feature which obviously enhances its 
utility. The offices of Lloyd’s Register of Shipping are 
at 71, Fenchurch-street, London, E.C.3. 








DIESEL - ELECTRIC LOCOMOTIVE 
FOR THE SIAMESE STATE RAIL- 
WAY. 


Ir is not perhaps going too far to say that during 
the past few years the Diesel-electric locomotive and 
its sister vehicle the rail car have definitely emerged 
from the experimental stage, and have proved their 
utility under the headings of efficiency, running costs 
and maintenance. In this development, which is, of 
course, world wide, Messrs. Sulzer Brothers, Winter- 
thur, Switzerland, have played an important part, and 
it will, therefore, be of interest to refer to a unit of this 
type, which they have recently completed for use on 
the Royal State Railways of Siam. This locomotive, 
which forms one of a batch of six, has an output of 
450 brake horse-power, and has just undergone exten- 
sive trials in Switzerland. It is intended for operation 
on a metre-gauge railway, and has an overall length of 
44 ft. 62 in., with a wheel base of 9ft. 10in. Its weight 
in service is 60 tons, and its adhesive weight 43 tons. 
As will be seen from the illustration given in Fig. 1, 
opposite, it is carried on two three-axle bogies, each of 
which has one trailing and two driving axles, the wheel 
diameters being 30 in. and 36 in., respectively. The 
frame is made up of deep section longitudinal members, 
which are adequately braced to support the engine 
bearers. It is supported on the bogies by spherical 
centres and side bearings. The body consists of a steel 
framework, which is covered with sheet metal, the roof 
over the engine compartment being made removable to 
facilitate inspection, while for the same reason the 
fuel and water tanks, silencer and regulating resistances 
are also placed on the roof. The partitions between 
the engine compartment and the cabs are of strength- 
ened sheet metal, while the floor of the former is 
double, so that space is available for housing the cables 
and piping. The lower floor is of sheet iron and the 
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upper of teak, the arrangement being such that good 
protection against dirt and moisture are provided, and 
that access is easy. Both vacuum and air brakes are 
fitted, while compressed air sanders are provided on 
all the driving wheels. 

The engine, of which a view is given in Fig. 2, has 
a continuous output of 450 brake horse-power at 700 
r.p.m., which represents a maximum speed of 37-5 
m.p-h. The tractive effort on a one-hour rating is 
9,130 Ib. at 12-8 m.p.h., the maximum effort at starting 
being 20,680 lb. It is of the firm’s standard heavy-oil 
locomotive type, and works on the four-stroke cycle. 
The eight cylinders, which are fitted with trunk pistons, 
are cast in two blocks of four, the units being bolted 
together to form a longitudinal girder. The main frame 
is of cast steel, and though light, has been designed to 
ensure adequate rigidity. The connecting rods are of | 
chrome-nickel steel and the pistons, which are uncooled, | 
are of aluminium. It is stated that the employment 
of these metals has made possible considerable saving 
in weight, especially of the moving parts, and has thus 
been conducive to vibrationless running. Fuel is sup- 
plied on the direct airless-injection system, the pressure 
necessary for complete atomisation being obtained by 
arranging that partial combustion takes place in a 
pre-combustion chamber. This, it is claimed, enables 
a low injection pressure and large nozzle holes to be 
used, so that reliability in operation is increased. Each 
cylinder is fitted with a fuel pump, which is placed | 
between the push rods actuating the inlet and exhaust 
valves, and is driven by the main camshaft. The fuel 
supply is automatically adjusted to the engine output 
by a centrifugal governor, while starting is effected | 
from a storage battery, which drives the main generator 
as a motor. The installation of air tanks or com- 
pressors has therefore been unnecessary. 


The cooling water is circulated through coolers, 
which are placed on both sides of the locomotive. 
These operate in conjunction with electrically-driven 
fans, which draw air through the side walls and expel 
it through the roof. The motors to which the fans are 
coupled are of the series type, and their speed, and 
consequently the cooling effect, can be varied by 
means of field tappings. They are connected in 
parallel to the terminals of the auxiliary generator, as 
they are only required when the engine is running. 
The water is circulated by a pump, which is also 
electrically operated, and starts directly the engine 
is run up. This motor can, however, be supplied 
either from the auxiliary generator or from the battery, 
so that it is possible to keep it running after the engine 
has been shut down. Coolers for the lubricating oil are 
incorporated with the water coolers. 

The engine drives a main and auxiliary generator. 
These are carried on an auxiliary frame of steel plate 
and rolled sections, which is directly attached to the 
engine frame. It is designed to be run at speeds of 700 
r.p.m., 620 r.p.m. and 530 r.p.m., and can be controlled, 
started and stopped from either cab. The main genera- 
tor, which is ventilated by a fan on the same shaft, is 
directly connected to four series-wound motors. These 
are arrangeg in parallel, and are of the nose suspension 
type, their torque being transmitted to the axles 
through reduction gearing. Each motor is equipped 
with a remote-controlled contactor, and maximum 
current relay, and is excited from the auxiliary 
generator, the field circuit containing an _ electro- 
pneumatic reversing switch and resistances, so that 
the tractive effort can be altered to suit requirements. 
The auxiliary generator is also used for charging a 
nickel-iron battery which, as already mentioned, is 
employed for starting the engine and supplying certain 





auxiliaries such as the vacuum pump and auxiliary 
compressor, when the main equipment is not running’ 
This battery is charged through an automatic switch 
which closes as soon as the pressure of the auxiliary 
generator reaches 130 volts, and opens directly the 
voltage of that machine is less than that of the battery. 
The equipment in the cabs includes a device indicating 
the lift of the governor, so that any irregularities in 
the working of the engine are brought to the attention 
of the driver. This also shows whether the cooling 
water and lubricating oil are circulating normally. 

We understand that this locomotive has been 
subjected to extensive trials on the Rhaetian Railway 
during which the average fuel consumption was 
0-035 lb. per mile. Manceuvring was found to be easy, 
even on the most difficult section, where gradients 
of 1 in 37 and curves of 100-m. radius had to be 
negotiated. A speed of 19 m.p.h. was reached from 
rest in from 30 sec. to 35 sec. 








THE SPONTANEOUS COMBUSTION 
OF COAL. 


A PAPER recently published by the Safety in Mines 
Research Board gives the results of investigations which 
have been made in connection with the spontaneous 
combustion of coal, a subject of much importance to 
mining engineers and the coal industry in general.* 
The paper is divided into two parts, the first containing 
a brief summary of previous work, and the second de- 
scribing new investigations carried out over a period of 
17 months by the authors, on behalf of the Board. 

The spontaneous combustion of coal appears to pro- 
ceed in two stages; in the first, slow oxidation takes 
place which under certain conditions may raise the 
temperature sufficiently for the second stage to develop, 
in which smouldering or low temperature combustion 
occurs. It has been observed that accumulations of 
fusain, or coal dust containing fusain, possess the pro- 
perty of propagating a zone of combustion until it has 
permeated the whole mass. At first it was thought the 
fusain was responsible. but later it was found that under 
certain conditions every type of coal would propagate 
a zone of combustion if the particles were below a 
critical size and the temperature of the coal above a 
certain value. 

The original experiments were made with cone- 
shaped heaps of finely powdered coal; the apex of the 
cone was heated with a small flame, and the combustion 
thus started passed slowly through the mass. But 
little smoke is produced, the odour resembling that 
associated with the early stages of a gob fire. This 
method does not enable the rate of combustion to be 
determined, but by forming the dust into a train and 
noting the time required for combustion to pass over a 
measured length, the speed of combustion can be ascer- 
tained. The investigations were made to ascertain 
the influence of the degree of fineness of the coal dust 
upon the rate of combustion ; the influence of a reduc- 
tion in the air pressure ; and the lowest temperature at 
which the zone of combustion would travel through 
coal dust. Some preliminary experiments on the com- 
position of the material remaining at the completion 
of the combustion were also undertaken. 

In the new investigations, which are dealt with in the 
second part of the report, it was considered desirable 
to make a more detailed investigation of the pheno- 
mena involved and to include aspects which are likely 
to have a bearing upon the spontaneous combustion of 
coal in the gob. The factors studied were: (a) The 
effect of previous oxidation of the coal upon the propa- 
gation of the zone of combustion. (b) The influence of 
heating the coal in an inert atmosphere. (c) The effect 
of the oxygen percentage in the atmosphere. (d) The 
influence of inorganic compounds upon the rate of 
combustion. (e) Hydrogen cyanide in the gaseous 
product of combustion. (f) The chemical composition 
of the oxidation product. Coal for the experiments 
was selected from four different seams in order to be 
representative of certain types occurring in the United 
Kingdom; samples were obtained from thick coal, 
‘slate’ section from Warwickshire; top hard from 
Nottinghamshire ; Parkgate from South Yorkshire ; 
and Arley, from Lancashire. In the test to ascertain the 
time required for combustion to travel over a distance of 
10 em. the following results were obtained, Warwickshire 
thick, 23 minutes; Arley, 24 minutes; top hard, 
30 minutes; and Parkgate, 33 minutes respectively. 
Redeterminations were made at intervals throughout 
the investigations and identical results obtained. 

To ascertain the influence of previous oxidation of 
the coal upon the time of propagation, the coal was 
heated for certain periods in air at temperatures of 
100 deg., 150 deg., and 200 deg. C. The result was that 





* The Propagation of Combustion in Powdered Coal. 
Safety in Mines 


by H. E. Newall and F. 8S. Sinnatt. 
Research Board. Paper No. 63. London: H.M. 
Stationery Office, Adastral House, Kingsway. [Price 


ls. 3d. net. ] 
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DIESEL ENGINE TUG BOAT INSTALLATION. 
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propagation developed more slowly, especially in the | when the temperature was 450 deg. to 480 deg. C., | as shown in Fig. 1, with accessible main bearings between 


early stages of oxidation, and finally a state was reached | only traces were detected. 


when combustion could not be initiated. Marked 
differences were shown in the behaviour of the different 


The experiments made with | 
reference to the chemical composition of the oxidation | 


product showed that this is constant with any coal, and 


them. Inspite of this apparent wide spacing the engine 
is a compact one, the total overall length including the 
Mitchell thrust block, being only 14 ft., with a total 


coals, however, in the increased time and in the duration | is not affected by the rate of propagation of com- | height of 6 ft. and a width of 5 ft. The compact 


of oxidation necessary to cause combustion to cease. 
It was found that pre-heating in nitrogen at 100 deg. 
to 200 deg. C. increased the time of propagation from 
300 deg. to 400 deg. C., the time decreased initially, 
but prolonged heating in nitrogen causes prolongation 
of the time required for combustion. The change from 
an increase to a decrease in time coincides with the 
temperature at which thermal decomposition of the 
coal takes place. 

As regards the effect of the percentage of oxygen in 


| 
| 
| 


the atmosphere it was found, as anticipated, that an | 


increase of oxygen above the normal air content resulted 
in more rapid propagation, but no exact relationship 
between the rate of combustion and the oxygen per- 
centage could be established. The lowest quantity of 
oxygen recorded in which the coal would burn, however, 
was 14 per cent., the amount varying with different 
coals. Experiments in which small amounts of inor- 
ganic substances were added decreased the time of 
propagation in most cases. Potassium and sodium 
salts, especially the hydroxides, and in lesser degree the 
carbonates and iron salts served to decrease the time, 
whereas ammonium chloride and hydrochloric and sul- 
phuric acids increased the time of propagation. The 
amount of hydrogen cyanide produced at various tem- 
peratures was determined. The maximum amount 


;emission of sparks from the engine exhaust. 


bustion. | 








DIESEL ENGINE INSTALLATION IN 
TUGBOAT. | 

THE increasing use of the Diesel engine for marine | 
propulsion is a matter of frequent comment in con- | 
nection with such compilations as Lloyd’s shipbuilding 
returns, as regards large vessels, but the application 


| of this form of prime mover to small ships, such as 


drifters, trawlers, &c., does not, in general, receive 
so much notice. Messrs. Petters, Limited, of Westland 
Works, Yeovil, who have developed their two-stroke, 
heavy-oil engine for marine work, have recently 
supplied a set for a tugboat, operating abroad, which 
we understand, is proving very successful. It has, as 
a matter of fact, enabled a speed of 1} knots in excess 
of the contract figure to be obtained. 

This installation is illustrated in Figs. 1 to 6 
on this and the opposite pages. The boat is em- 
ployed on a somewhat unusual service, viz., that of 
hauling large petrol floats at Rangoon, and special 
precautions have therefore had to be taken to prevent 
The | 


| dimensions of the vessel are, length 75 ft. beam 14 ft. 


| 


moulded depth 7 ft. The main engine is a Petter | 


arrangement is also clear from Figs. 2 to 4. 

It is not proposed to deal with the engine in detail as 
it was illustrated and described in ENGINEERING, vol. 
cxxxi, page 214 (1931), and our present purpose is 
rather to comment on its arrangement in the vessel. 
We may, however, amplify the previous account by 
reference to Fig. 5 which gives an end view of the main 
engine, and shows clearly some of its characteristic 
features. The oval casing on the right-hand is one of 
the water-cooled exhaust silencers, of which there are 
two, viz., one for each pair of cylinders. On the left 
of this is seen the air compressor which is of the 
horizontal reciprocating type driven by a crank and 
connecting rod from the lay-shaft. Below are seen 
the inclined bilge and circulating pumps with a cross- 
connection to enable the bilge pump to be used as a 
circulating pump in the event of a breakdown of the 
latter. These pumps are worked by eccentrics on a 
shaft which is driven at one-third of the speed of the 
crank-shaft by gear-wheels. The control wheel, which 
moves in one direction for all the operations, enables 
the engine to be reversed in about four seconds and 
also regulates the speed, is seen on the extreme left. 
This prompt reversal and ease of control at any speed, 
is particularly valuable in a vessel such as a tugboat, 
which generally requires considerable manceuvring. 


which could be obtained was 0-1 per cent. by weight | two-stroke ‘‘ Atomic’’ Diesel engine of 160 h.p. at; The governor control makes continuous operation 
| 330 r.p.m., the propeller drive being direct. There are | possible at idling speeds, at any rate down ¢o 25 per 
hydrogen cyanide was found, and with certain coals | four cylinders arranged independently on the bedplate, | cent. of the normal speed. 


of the coal. At temperatures below 300 deg. C. no 











AUG. 14, 1931.] 


ENGINEERING. 








MARINE DIESEL AND AUXILIARY ENGINES. 
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Fig. 7. 


f Referring again to Figs. 1 to 4, it will be seen that 
exhaust pipes from the engine silencer are led to an 
auxiliary silencer suspended from brackets on the 
forward engine-room bulkhead. Baffles are fitted in 
the engine silencer, and in the auxiliary silencer the 
gases are water-sprayed before passing to the atmos- 
phere through a vertical uptake. This is adopted to 
eliminate the fire-risk alluded to above. A small fuel 
service tank is fitted on the casing above the level of 
the cylinders, and is supplied with oil from the bunkers 
by means of a hand pump. An 8 h.p. Petter surface 
ignition oil engine is provided for replenishing the com- 
pressed air storage for starting up purposes. This is 
situated at the after end of the engine room on the 
starboard side, and is direct-coupled to a Reavell 
compressor mounted on the same base as shown in 
Fig. 6. 

The air is delivered to four storage cylinders, 
mounted on the forward bulkhead immediately below | 
the auxiliary silencer, at a pressure of 400 lb. per square 
inch. These cylinders contain sufficient air to enable | 








75-B.H.P. ENGINE WITH REVERSING GEAR. 


the main engine to be reversed 70 times before they | 


require re-charging, though, under normal conditions, 
the air-compressor on the main engine can keep them 
| fully charged without having recourse to the auxiliary 
| compressor. An immediate start on running fuel can 
| be made with the main engine cold, no external heating 
being required, the original compression being fully 
maintained. 
Although we have in the above, given an account of 
a specific installation, it will be of interest to refer to 
another type of two-cycle Diesel marine engine made 
by Messrs. Petters, in which reversal is accomplished 
by mechanical gear acting through a clutch. This 
engine is made in a wide range of sizes, the particular 
size we illustrate in Fig. 7 having three cylinders, with 
an output of 75 brake horse-power at 400 r.p.m. It is 
designed for use in fishing craft and similar small 
vessels, and, as regards the cylinders and main moving 
parts is on the same general lines as the larger engine 
referred to above. The control gear is, however, 
different, though stiil simple. 


The engine is started | of the subject. 


Fig. 6. AvxItIARy AtR-CoMPRESSOR SET. 


| from cold direct on to the heavy oil used in running, 
| depression of the starting handle actuating an automatic 
air distributing valve. Speed is regulated by a governor 
control lever, by which it may be varied from full to 
| one-third full speed. The starting lever is seen on the 
| fuel pump assembly casing at the forward end of the 
| engine, this casing also carrying the circulating and 
bilge pumps, as well as an air compressor for charging 
the starting receivers. This compressor has an unload- 
ing device. The reversing lever is situated at the after 
end of the engine on the clutch gear box, which is 
completely closed in, the smaller lever seen in the figure 
being that for speed regulation. Special means have 
| been taken to ensure effective and easily controlled 
lubrication, as this type of engine will more often than 
| not, be attended by semi-skilled men only. The whole 
system is primed before starting, the connecting rod 
big ends being primed immediately the cranks begin to 
turn over. 
During a recent visit to Messrs. Petters works, 
‘when we had an opportunity of inspecting the 
types described above, we also noted a six-cylinder 
marine engine of 400 brake horse power of a type suitable 
for providing power and light on a large ocean-going 
motor vessel. This we mention as showing a very flat 
fuel consumption curve between } full power, and 5 per 
| cent. overload, the variation between these limits being 
only 0-01 Ib. i.e., the maximum being 0-4 lb. per brake 
horse-power hour, and the minimum, 0-39 lb. per brake 
horse-power hour. 








NOTES ON NEW BOOKS. 

CoNSIDERABLE attention is being directed at the pre- 
sent time to the question of the most economical method 
for the purification and disposal of sewage. The British 
Government have on several occasions appointed Royal 
Commissions to investigate the problem, the findings of 
which have added materially to the knowledge of the 
subject. Considerable advances have been made in 
improved methods of sewage sludge digestion, which is 
now being placed on a scientific basis. At Birmingham 
and elsewhere it has been proved that the utilisation 
of the gases evolved during sewage sludge digestion 
processes is a commercial proposition. At Essen, in 
Germany, sludge gases are mixed with the town’s gas 
| supply, and the economic possibilities of these gases 
| have stimulated research regarding the factors affecting 
the digestion of sewage sludge. A recent publication, 
Purification and Disposal of Sewage, by C. 
Nurse (London: Crosby, Lockwood and Son. Price 
4s. 6d. net), is a further contribution to the literature 
The treatment of the subject matter 
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is fairly general and elementary. Commencing with 
a short account of the scientific development of sewage 
treatment and the nature of sewage, subsequent chap- 
ters are devoted to the principles and various methods 
of sewage treatment, clarification and oxidation, 
together with a chapter on the activated sludge pro- 
cess. The various methods used in clarification and 
oxidation of sewage are well described without entering 
very deeply into the microbiological aspects of the 
processes. Suitable illustrations are given, together 
with tables of the permissible dosage in gallons per 
cubic yard per diem for the various processes. In 
dealing with the economic aspects of the utilisation of 
sludge gas for power purposes, the author states that 
the calorific value of sludge gas at Essen is twice that 
of the town’s gas supply, and that at Birmingham 
sufficient gas is obtained to drive gas engines generating 
one and a-half million units of electricity per annum, 
resulting in a saving of over 2,000]. on that Sewage 
Board’s electric current expenditure. In referring to 
the advances made in the methods of sewage oxidation, 
prominence is given to the activated sludge process, 
and its recently commercially developed modification, 
viz., the bio-aeration and the Simplex surface aeration 
processes, which are methods somewhat analogous to 
the purification of sewage in streams. The author is 
on the right lines in advocating the placing of all 
sewage disposal schemes on a_ scientific basis, and also 
establishing high standards of purification for sewage 
effluents. The volume contains 27 illustrations, some 
of which are excellent. It may be commended as an 
elementary treatise on the principles of sewage treat- 
ment, and should do much to stimulate its readers 
to take up the study of more advanced work on the 
subject. 


‘“The science that enables an aviator to conduct 
an aircraft from point to point on the earth and to 
determine his position at any time ”’ is the definition 
of avigation given in Avigation, by Mr. Bradley Jones 
(New York: J. Wiley and Sons,Inc. London: Chap- 
man and Hall, Price 13s. 6d. net). This is a simple text 
book for air pilots, prepared primarily for American 
conditions. Intended for practical use in the training 
of pilots, the book has been written in the simplest 
language and assumes very little technical or mathe- 
matical knowledge. If this method results, sometimes, 
in affording us such little glimpses of the obvious as 
that ‘“‘ The sun rises in the east’ (page 163), it is 
commendable for its explicitness. Much of the 
manual’s contents consists in the application of the 
principles of marine navigation to aeronautics, but 
the concluding chapters contain much that is of specific 
application to flying. The details given about the 
navigational methods employed on a few notable 
long-distance flights, such as those of Hawker and 
Mackenzie-Grieve, the R 34, Alcock and Brown, Coun- 
tinho and Cabral, de Pinedo, and de Beires, are illumin- 
ating, and emphasise the importance of preparation 
and training for such flights. The chapter on radio 
navigation is disappointingly short. The English 
reader would have welcomed more practical information 
on the use and results of the elaborate radio-beacon 
system being created in the United States. The 
concluding chapter on fog-flying does not suggest that 
America has been much more successful than Europe 
in overcoming this most formidable obstacle to air 
transport. The directional radio beacon does, it is 
true, keep a pilot flying along a regular airway on his 
course ; but it does not inform him where he is on 
his course. Ignorant of his ground speed, subject 
to winds and air currents in the fog area (notwith- 
standing the notion that a fog is an area of uniform 
calm) about which the weather reports of the ground 
station can tell him nothing, and with an altimeter 
recording only units of 100 ft. (and that above sea- 
level), the pilot flying through fog is in one of the most 
unenviable predicaments in which a man can find 
himself. 


The appearance of the third edition of Anhaltszahlen 
fiir den Energieverbrauch in Eisenhuttenwerken (Dussel- 
dorf: Verlag Stahleisen m.b.H. Price 16 marks), 
will be weleomed by those who have occasion to use 
figures relating to the heat and power requirements 
and outputs in iron and steel works. The second 
edition was issued some five years ago, and the present 
one, edited by Dr. Ing. G. Bulle, with the assistance 
of Dipl.-Ing. E. Senfter, has been thoroughly revised 
and brought up to date, with the inclusion of much 
information drawn from works practice. It is issued 
by the Heat Economy Bureau of the Association of 
German Ironmasters, widely known simply as “ the 
Warmestelle.”” Among the subjects dealt with are 
the composition and heating value of fuels ; coke-oven 
practice; blast-furnace operation; steel making 
by the open-hearth, Bessemer, electric and crucible 
processes ; cupolas and puddling furnaces; heating 
furnaces for forging, annealing, &c.; gas producers ; 





pulverised fuel firing; electric heating of furnaces ; 
insulating materials; rolling mills and hammers ; 
boilers, steam engines and turbines ; gas and oil engines ; 
pumps and other auxiliary plant, and the heating of 
buildings. Numerous tables provide a very clear 
synopsis of the present stage of development in the 
various sections. In addition, there are a number of 
tables to facilitate the calculation of the heating 
value of gases from analyses, with others giving the 
heat content and specific heat of iron, slags and gases 
and heats of combination, melting, &c. A useful 
set of tables of German, English and American equiva- 
lents is given from which it may be noted that although 
1 lb. = 0-454 kg., 1 1b. of steam from and at 212 deg. 
F. is equivalent to 0-383 kg. German “ normaldampf,” 
which includes the sensible heat from 0 deg. C., in 
addition to the latent heat at 100 deg. C. (212 deg. F.) 
The sources of the different data are given by reference 
to a conveniently arranged bibliography. In the 
preface to the first edition a warning was given against 
too rigid use of the figures given. Differences in local 
conditions, possibly even a matter of the equipment 
available for testing or measurement, may affect 
the results obtained in individual cases, and consider- 
able judgment is necessary in making comparisons 
between different plants. While this is so, the value 
of an authoritative collection of fundamental data 
and records of operating results cannot be over- 
estimated. 


The popularity of motoring, and in particular the 
increasing vogue of the owner-driven and owner- 
maintained light car, is reflected in the large number of 
popular motor handbooks for road vehicles. Some time 
ago, Mr. Arthur W. Judge compiled four handy volumes, 
uniform in size and make up, the first dealing with 
Automobile Engines, and the succeeding volumes with 
carburettors, the mechanical layout of the chassis, 
and the maintenance and repair of cars. A second 
edition of the first volume has been issued by Messrs. 
Chapman and Hall, Limited, 11, Henrietta-street, 
W.C.2 (4s. net) and deals with recent engine develop- 
ments, besides being revised in the older portion. 
The new matter, covering with its index some 220 
pages, is suitably illustrated and deals with compression 
ignition oil engines of the four-stroke and two-stroke 
types, and with poppet or sleeve valves. Space, has 
been found for a reference to Mr. Ricardo’s work. The 
latest A.E.C. high speed, four-stroke compression 
ignition oil-engine with overhead valves, is described 
and a sectional illustration given. Though necessarily 
small, this and the more recent illustrations show that 
clarity of detail depends more on a good original than 
on the size of the reproduction. The titles of the seven 
chapters indicate the scope of the work, the first being 
explanatory of the combustion engine; the second 
and third describe the details and types of engines; 
the fourth and fifth deal very fully, respectively, with 
lubrication and types of oil circulation, including the 
dry-sump form, and with cooling. Chapters vi and vii 
concern the testing of engines and their maintenance 
and tuning. A few obvious misprints have been noted, 
e.g. ‘ avial”’ (axial, page 134), ‘‘ marmon”’ (Marmon, 
page 116), and Barr and “ Stroude ” (Stroud, page 120). 
The mishaps with acetylene (page 13) in connection with 
combustion engines were mostly concerned with acety- 
lene (explosion) starters on American cars. A few mis- 
haps, but not fatal in result, occurred in this country. 
Attempts to use this gas as a fuel were not persevered 
with for long, compared with the other purpose 
mentioned. 


Some people have an inborn capacity for mental 
arithmetic which renders trivial the interpolations 
necessary in the use of most mathematical tables. 
Others less fortunate have either to do the work on 
paper with pen and ink or else avoid interpolations 
altogether by using, say, for five-figure work one of 
the ordinary seven-figure tables. This procedure 
necessarily implies the turning over of a good many 
pages in order to locate the entries required. A novel 
and distinctly ingenious system of obviating this 
necessity has been devised by Mr. F. W. Johnson, 
M.A., of the University of California, and forms the 
basis of a set of Von-Interpolating Logarithms, Cologa- 
rithms and Antilogarithms, which is published by the 
Simplified Series Publishing Company of San Fran- 
cisco, the price of issue being 2-25 dols. net. The 
logarithms read directly to five figures, and the table, 
though it extends up to 99,999, occupies only 18 
double pages. Reference is facilitated by a thumb- 
index, which makes it possible to turn at once to 


any figure required with a minimum expenditure of: 


time and of nervous strain. The table of anti-logarithms 
is also direct reading, but gives four figures instead of 
five. Especial care has been taken to ensure the 
accuracy of every entry, and in the preface the author 
gives corrections of some errors found in existing 
tables. : 





CATALOGUES. 


Lubrication.—Messrs. Alfa-Laval Company, Limited, 
34, Grosvenor-road, London, S.W.1, have issued a 
catalogue of their centrifugal purifiers for lubricating oil, 
giving a large amount of useful matter in connection 
with the lubrication of internal-combustion engines. 


Electric Transmission.—Messrs. A. Reyrolle and Com- 
pany, Limited, Hebburn-on-Tyne, have issued a pamphlet 
describing their split-pilot feeder-protective system, 
which is described as a self-balancing Merz-Price system. 
The object is to ensure the tripping of the circuit breakers 
only when the fault is within the protected section. A 
full explanation is given with the necessary diagrams. 


Machine Tools.—Messrs. The Butler Machine Tool 
Company, Limited, Halifax, have issued a new section 
of their catalogue dealing with slotting machines of 
8 in., 10-in., and 12-in. stroke. The new parts include a 
patent cam feed, the Whitworth stroke movement, and 
a single friction-clutch pulley for belt drive, the drive 
being either from overhead line-shaft or from a motor 
on the floor. Full particulars of the machines are given. 


Fans, &c.—Messrs. Sturtevant Engineering Company, 
Limited, 147, Queen Victoria-street, London, E.C.4, 
have sent us copies of three new catalogues. One con- 
tains brief general particulars of their various products 
classed as air systems and plants, fans and related appa- 
ratus such as engines, screens, filters, barrows, utensils, 
pipes, &c. The second gives detailed lists of fans with 
the usual technical and commercial particulars in full, 
while the third describes pneumatic dispatch tube 
systems with illustrations and explanation of installa- 
tions. 


Wrought Iron.—There are many purposes for which 
good qualities of wrought iron are preferred to steel, 
owing to the suitability of this material for forging and 
for the characteristics of the finished product. The 
small catalogue of wrought iron issued by Messrs. The 
Midland Iron Company, Limited, Rotherham, will prove 
useful to engineers, since it gives particulars of plates, 
sections, hoops, &c., with prices and particulars of the 
extra cost of cutting, punching and coating. Tables 
of weights and of English and metric equivalents are 
included. 


Engineers’ Stores.—Messrs. Bell’s Asbestos and Engi- 
neering Supplies, Limited, 157, Queen Victoria-street, 
London, E.C.4, have sent us a copy of the section of their 
catalogue dealing with asbestos material for packing, 
jointing, and insulating. The material is supplied in 
the form of sheets and yarn, but there is a very extensive 
list of prepared forms for gland packing, joints, pipe 
and boiler insulation, as well as clothing, blankets and 
curtains for protection from fire, and cements, mill- 
boards, &c. All the items are illustrated and particulars 
of dimensions and prices are given. 


Electrical Machinery.—Messrs. The English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, have issued a new catalogue describing their 
turbo-generator sets of the surface, or non-basement, 
type, in which the condenser is mounted on the floor 
level with the turbine. Several sets, from 1,000 kw. to 
2,500 kw., are illustrated. Another catalogue deals 
with automatic substations, describing the equipment 
and operation, and discussing questions of control. 
We have also received from this firm a catalogue of oil- 
immersed circuit breakers designed for moderately 
high rupturing capacities. 

Crushing Machines.—Messrs. Edgar Allen and Com- 
pany, Limited, Sheffield, have issued new editions of two 
catalogues of roll crushers. The single-roll crusher has 
long and short teeth drawing in and breaking the material 
against a fixed plate. It is made in three sizes, taking 
material such as coal, lump lime and chalk, in sizes up 
to 12-in., 16-in., and 24 in. The high-speed crushers are 
made in various patterns and sizes, with two or more 
rolls for reducing iron or other ores, granite, limestone, 
coal, coke, &c., to the required size. In all cases, 
machine-cut gears are employed, and safety devices 
are fitted where required. 


Trawler Winches.—An interesting catalogue of trawling 
winches, fishing winches, fair leads, and sheaves is to 
hand from Messrs. Rose, Downs and Thompson, Limited, 
Hull, One trawling winch, for example, has two winding 
barrels, each holding 1,200 fathoms of 24-in. circumference 
rope, and at each end of the shaft a two-groove warping 
drum. Two steam cylinders each of 9 in. diameter and 
14 in. stroke drive directly on to a countershaft. A spare 
cylinder is carried and will fit either side of the frame. 
The gears are of double-helical tooth form with cast- 
steel wheels and machine-cut pinions. All the moving 
parts are well guarded. Four patterns of winch, each 
in four or more sizes, are necessary. 

Pulverised-Coal Firing—We have received from 
Messrs. The Berwind—White Coal Mining Company, 
1, Broadway, New York, U.S.A., a pamphlet with 
a record of a year’s data on burning pulverised 
coal in marine boilers. The ship named the Ber- 
windlea was built to the order of a colliery company 
for service as a coal carrier, and was specially fitted for 
testing this method of firing. The vessel was of 7,580 
tons deadweight carrying capacity, and was fitted with 
triple-expansion engines developing 2,300 i.h.p. and 
giving a speed of 10 knots, steam being supplied by two 
Scotch boilers at a pressure of 200 lb. per square inch. 
The firing equipment, including pulverising mills, burners, 
and ash-removing plant, was constructed by Messrs. 
Clarke, Chapman and Company, Limited. The results 
are described in the pamphlet and also summarised in a 
table. The coal consumption averaged 25 tons a day, 
or 1-28 lb. per i.h.p.-hour, steaming at sea, these figures 
being the average for 57 trips totalling 57,230 miles. 
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THE UNITED STATES RIGID | new airships will be two and a half times as large. 


” | 

AIRSHIP ‘ AKRON. |The table below shows the relative sizes and 
THE launching ceremony of the new American | | general characteristics of the ZRS 4 (the official 
rigid airship “‘ Akron” was performed at the Ohio | | designation of the Akron), the R-100, and the Graf 

city after which the new dirigible is named, on | Zeppelin. 
August 8, by Mrs. Hoover, wife of the President! The modern tendency of airship design in the 
of the United States. The new airship is not yet | direction of a more curved profile, making the 
fully completed, and the ceremony simply con- | airship appear slightly shorter and fatter, is well 
sisted of the release of the dirigible from her | illustrated in the Akron. The “ lead-pencil” shaped 
cradle sufficiently to allow her to move a few yards | craft, which lent itself ideally to the necessities of 
along the hangar, being thus officially launched | mass production during wartime, was partially re- 
in the air. The Akron was sanctioned by Con- | flected in the slenderness ratio of the Graf Zeppelin, 
gress in 1927, when the Naval Appropriation | the builders of which had to utilise the hangar 
Bill included an item of 8,000,000 dols. for the | facilities available. Consequently, the Akron is 


construction of two rigid airships of the Zeppelin | only 13 ft. longer than the Graf Zeppelin, while 
In October, 1928, the contract for the | having nearly twice the gas capacity. The American 


type. 





Fic. 1. Sure UNDER CONSTRUCTION. 


construction of these two dirigibles was awarded | | | ship is, however, 32-9 ft. greater in diameter, giving 
to the Goodyear Zeppelin Corporation, of Akron, | it an aspect ratio of 5-9, as against 7-7 for the 
Ohio, which had been awarded first place in a world- | Graf Zeppelin. 

wide competition for a suitable design. The original| The Akron is built on the triple-layer principle 
Goodyear Company was responsible for the building | | of Zeppelin type airships, having (1) a rigid metal 
of nearly one hundred power-driven airships during | 





! 





the war, and after the cessation of hostilities acquired eet ZRS 4. | p 109, | Graf, 

the American rights for full rigid airships of the | ; oe seggee. 
ype schi Zeppelin, | 
Zeppelin ¥ from the Laftechiffban- PP > | Nominal gas volume cu. ft. | 6,500,000 | 4,750,000 | 3,700,000 
of Friedrichshafen. As a result of this acquisition | | Length Se te 785 724 772 
of rights, the Goodyear-Zeppelin Corporation was | os aximum diameter . > = = = 
eight overa ie . “5 82 
formed in 1923, and Dr. Karl cops chief engineer | Gross lift .. |. Ib.| 403,000 | 341,000 | 258,000 
n and twelve other expert | Number of engines .. s 8 5 5 
of the German oe d pe | Total horse power .. ‘ok 4,480 3,000 2,750 
engineers, joined the American organisation. | Maximum speed -m.p.h. 84 70 80 
Range without petediing at 

The Akron is the first of the two airships ge w gay ‘inion aie ore 
cruls: Zz speec niles v4 +4 
built, and is intended for service with the United | 6 SE _ ” , i a 














States Navy. Her sister ship, the ZRS 5, will be | 
commenced immediately in the same hangar. | framework to withstand the major stresses from the 
These two ships will be the largest dirigibles in | loads carried, lifting forces, dynamic and aero- 
existence, having a cubic content approximately | dynamic forces ; (2) gas cells within to retain the 
twice that of the Graf Zeppelin, and about 35 per | lifting gas; and (3) a taut fabric outer cover, 
cent. larger than that of the R-100. Compared with | doped and metalised for the purpose of water- 


| the United States airship I Los Angeles, each of the | | proofing it, 











: eine it against the elements, 
reflecting rather than absorbing heat, and offering 
a smooth flying surface. The framework of the 
dirigible is composed mainly of transverse rings 
connected by longitudinal girders, the latter ex- 
tending from nose to tail. These so-called rings 
are, over most of the length of the ship, 36-sided 
polygons, with their corners connected by the longi- 
tudinal girders. Near the tail of the ship the number 
of sides is reduced to 24. Diagonal wires form a 
network, bracing the outside panels formed by the 
above structure, while another system of wires 
and cord nettings transfers the gas-cell pressure 
to the framework. The transverse or ring girders 
are of two types, viz., main and intermediate. 
The rings in the Akron are built inherently strong, 
consisting of two outer annular rings connected by 


cross-girders, in zig-zag fashion, to an inner annular 
ring, forming a triangle. They can be distinguished 
in the photograph of the airship during construc- 
tion reproduced in Fig. 1, annexed. The main 
rings are spaced usually about 74 ft. apart, the 
gas compartments being located between them. 
There are twelve gas cells in the Akron, forming a 
bulkhead system in which the loss of buoyancy in 
even two whole compartments will not seriously 
endanger the craft. The constructional details 
of one of the frames, all of which are made of 
Duralumin, is shown in Fig. 8, on page 230. 

The ring girders are large enough to form passages 
for members of the crew to climb entirely round the 
circumference of the ship, facilitating inspection 
and maintenance. This is indicated in the sketch 
showing the general form of construction which is 
reproduced in Fig. 2, on page 216. The interme- 
diate rings are of the single girder type and are spaced 
between the main rings—usually three to a compart- 
ment. Their function is merely to stiffen the longi- 
tudinal girders, the load being carried by the main 
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rings. The longitudinal girders connect the trans- 
verse or ring girders and run from one end of the 
ship to the other, forming fore and aft ridges or 
ribs which are discernible from the outside of the 
completed ship. Throughout most of the length 
of the ship there are gangways or corridors, trian- 
gular in shape, as indicated in Fig. 2. One extends 
along the top centre line of the ship. Two are placed 
symetrically in the lower part, about 45 deg. from 
the vertical. This arrangement is another departure 
from past Zeppelin practice, which employed a single 
corridor along the bottom of the ship, with a “ cat 
walk” running from nose to tail. 

Helium is used instead of hydrogen to obtain the 
necessary lift, and to meet any excess-pressure 
adequate valves are fitted along the top of the 
dirigible. In the largest cells there are four of these 
valves spaced along the top. They open automatic- 
ally under pressure to release any surplus gas. In 
addition, however, each cell has one valve which 
may be mechanically operated from the control 
car, so that the commander can release gas from 


all compartments if operating conditions make this | 


desirable. The control car is placed forward, and 
is built as an integral part of the structure. The car 
contains all the necessary devices for navigation 
and control, and has been made only large enough 
for the accommodation of the commander and 
his staff responsible for the operations of directing 
the ship, thereby reducing the air resistance to a 
minimum. The wireless cabin and the commanding 


officer’s quarters are placed directly over the car | 


inside the hull. Near the middle of the ship and 
along each side gangway are located a number of 
rooms for officers and crew. Each sleeping room is 
provided with four berths. A large galley with 
ample cooking facilities, mess rooms and _ toilets 
make up complete and comfortable compartments 
for the crew while in the air. 

The use of helium as a lifting gas has made pos- 
sible various improvements in the new dirigible. 
The use of hydrogen in other airships necessitated 
the placing of power plants outside the hull in 
cars attached by outriggers so as to provide ample 
ventilation and prevent the possibility of a spark 
from the motors reaching the hydrogen. This 
arrangement, even when the size of the cars was 
reduced to a minimum, contributed considerably 
to the air resistance, and resulted in cramped 
working conditions for the engine crews. As the 
Akron employs helium, it has been possible to place 
all the motors within the hull with only the pro- 
pellers extending outside. It has thus been possible 
to place the engines in spacious engine rooms, of 
which there are four on each side of the airship. 

Another important change is the use of bevel 
geei. at the outboard ends of the rigid driving 
shafts, making it possible to use the propellers, not 
only for thrust in a fore and aft direction (the 
engines themselves being reversible), but also in a 
vertical direction, by tilting the propeller axes 
through 90 deg. This feature of tilting propellers 
will be of great importance in landing manceuvres. 
It will also permit a greater load to be carried, and 
avoid the loss of gas when the ship has to be landed 
against surplus lift. This is illustrated in Figs. 5 to 7, 
page 230, which show the arrangement of one of the 
propelling units. The bevel drive of the propeller 
is indicated at A, the swivelling device being mounted 
in a spherical housing B, which is carried in an 
outer housing C attached to the hull by a braced 
outrigger D. The housing B carrying the pro- 
peller with it, can be turned through 90 deg. 
by a worm drive actuated by the rod E which ex- 
tends into the engine room. A locking clutch 
engaging the housing B holds the propeller shaft 
in any position. The line shaft can be disengaged 


from the engine to slow down the propeller before | 


changing the direction of thrust. 

To compensate for the loss of weight of the fuel 
consumed the usual practice in the past has been 
to release a corresponding quantity of the lifting 
gas. Inthe Graf Zeppelin this difficulty was met 
by the use of blau gas as fuel, which has approxi- 
mately the same weight as air, so that its con- 
sumption does not affect the weight or lift. In 
the Akron the difficulty has been met by condensing 
the exhaust gases from the engines. The equip- 
ment used consists of a system of connected tubes 


exposed to the airstream and installed between the 
‘engine car and the hull. So far the device has 
| proved satisfactory, but involves considerable 
| resistance. The possibility of eliminating much of 
ithis drag by locating the condensers along the 
| surface ot the hull is now being investigated. This 


/system, as designed, is equipped with a counter- | 


| flow pre-cooler that takes the exhaust gases directly 
|from the engines and reduces their temperature 
}about 80 per cent. After taking up the heat, the 
air used as a cooling medium is conveyed by pipes 
and used for heating the control car and quarters. 
From the pre-coolers the gases pass into condensers. 
These are large, metallic panels which extend from 
the engines up the sides of the ship and are indicated 
at F in Fig. 6. The outer surface is ribbed longitu- 
dinally and projects into the airstream so as to pro- 
vide the maximum cooling effect with a minimum 
of resistance. Water separators, shown at G, are 
located at the bottom of the condensers, and the 
water recovered is conveyed by pipes to ballast 
bags along the side gangways. 
One of the more novel features in the design of 
the Akron is the provision made for the storage 
| of five completely assembled aeroplanes. A storage 


sections are in the form of parabolas, while the 
longitudinal section also forms two half parabolas 
connected by a straight line. The length is 1,175 ft. 
between centres of door tracks ; the width 325 ft. 
centre to centre of arch pins; and the height 197 ft. 
6 in. from centre of lower to centre of top pins. The 
height from the floor to the platform at the top is 
211 ft. The floor area is 364,000 sq. ft., which is 
the largest uninterrupted floor area in the world. 
The volume of the building is approximately 
55,000,000 cub. ft. 

Perhaps the most difficult part of airship operation 
is the launching and docking of the ship, and it is 
essential that the hangar should cause the least 
practicable interference with the normal wind 
currents, in order that the launching and docking 
operations may not be complicated by cross currents 
created by the building itself or by the open doors. 
It was this consideration which suggested the shape 
of the Akron hangar. Hangars of similar design, 
although much smaller, have been built and operated 
at Dresden and Liegnitz, in Germany. Before 
commencing the design of the Akron building, 
Dr. Karl Arnstein, of the Goodyear-Zeppelin Cor- 
poration, had extensive tests made on a scale model 





























Fig. 2. DIAGRAM OF CONSTRUCTION SYSTEM. 


compartment, about 75 ft. long by 60 ft. wide, is 
situated about one-third of the ship’s length from 
the bow, between the crew’s quarters on either side. 
| Collapsible doors in the bottom of the ship cover a 
| T-shaped opening through which a trapeze with an 
jaeroplane attached, can be hoisted or lowered. 
/The aeroplanes may attach or detach themselves 
|from the trapeze during flight. Although designed 
primarily for naval purposes, the structure of the 
Akron may be easily adapted to a commercial 
| ship and used for carrying passengers and mail over- 
|seas. Designs are already in existence for the con- 
| version of the ship into a passenger-carrying dirigible 
| with accommodation for 100 or 75 passengers. 
Failing the conversion of the Akron or her sister 
ship for commercial purposes, it is understood that 
it is proposed to construct a third airship of similar 
design for this purpose. It is anticipated that work 
| on the Akron will be completed by the end of this 
month, when flying trials will take place. 

The airship factory and dock in which the Akron 
| has been built, and in which work on the ZRS 5 is 
|to commence almost immediately, was completed 
‘in 1929. Although, as previously mentioned, the 
Akron and her sister ship will be by far the largest 
airships in the world, the hangar has been planned 
to accommodate an airship considerably larger. 
It can easily house an airship of 10,000,000 cub. ft. 
capacity, as compared with the 6,500,000 of the 
Akron. This building, which is illustrated in 
Figs. 3 and 4, on page 217, is approximately a 
semi-paraboloid in shape, that is to say transverse 








in the wind tunnel of the Daniel Guggenheim School 
of Aeronautics of New York University. These tests 
demonstrated the superiority of a building of this 
shape in offering the minimum resistance to wind 
currents. 

In general, the structural design consists of 11 
parabolic arches spaced 80 ft. on centres and con- 
nected by a system of vertical and horizontal trusses. 
In addition to forming the bracing system for the 
structural shell, these trusses carry light trussed 
rafters spaced 10 ft. on centres, and on these are 
placed Z-bar purlins 8 ft. on centres. At each end 
of the main shell are placed two diagonal arches, 
meeting the end arches at the pins, which are 800 
ft. apart. The doors are built up of similar arched 
and braced ribs. All material is ordinary structural 
steel except the chords of the main arches, which 
are of silicon steel. The horizontal component of 
the thrust from the arches is taken up by reinforced 
concrete ties placed under the floor of the building. 

The hangar is situated on a level plain between 
low hills. The preparation of the site required the 
removal of about 1,000,000 cub. yards of earth, 
which was used to fill in the low parts of the site. 
The general level of the ground at the building site 
was about 1,038 ft. above sea level. The soil con- 
sisted of about 2 ft. of earth and 28 ft. of sand, 
gravel and clay underlaid by a solid sandstone, 
and presenting a fairly level surface. The water level 
was only 2 ft. below the surface, however, and to 
provide efficient drainage it was decided to remove 
the top layer of 2 ft. and fill in with about 6 ft. of 
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Fig. 4. 


selected gravel and clay from the adjacent hillside, 
which was deposited in 9 in. layers and rolled. The 


substructure work consists of concrete footings for | 


the arches, carried on vertical and inclined concrete 
piles driven down to rock, concrete ties across the 
building laid on the sand and clay and heavily 
reinforced to take the thrust from the arches, 
concrete door circles for supporting the rails carry- 
ing the doors, which are also carried on concrete 
piles, a concrete service tunnel the full length and 
one half the width of the building, and lines of 
concrete docking-rail supports. Approximately 
1,300 piles were used, carrying a maximum load of 
30 tons each. 

One of the unusual features of the design is the 
entire absence of all expansion joints. 
arches are fixed in position, while all others are 
carried upon rollers, placed transversely to the axis 
of the structure, allowing it to expand freely as a 
whole, from the centre to each end. This allows 


the end arches supporting the upper door hinges to | 
move laterally about 4 in. under the maximum | 
range of temperatures, a motion which is taken up | 
| rock. The hinge pins to fasten the top points of the | 


partly on the pins themselves and partly transmitted 


to the doors, and absorbed by the deformation of | 


the door frames. In order to reduce the lateral 


motion of the upper pins under wind loads, it was | 


decided to convert the three-hinged arches into two- 
hinged arches by riveting the lower chords after the 
erection of the steel. 


The most unusual feature of the building is| 


probably the segmental doors, with their hinges and 





The centre | 





Enp View oF SHED. 


| supporting trucks and the operating mechanism 
|for opening and closing them. 
| weigh about 600 tons for each leaf, or 1,200 tons for 
|each end of the building, while they may have to 
carry a load of snow as well as a load due to 
wind pressure. They are carried on wheels running 


on a track. The 40 forged-steel, double-flanged 


| oan ik ‘ . | 
wheels, 27 in. in diameter, run on two 100-Ib. rails, | 


The 


set like a railway track of standard gauge. 


wheels are spaced uniformly in pairs under the | 


curved structural-steel sill which constitutes the base 
of the door. Each pair of wheels is set radially so 
as not to bind against the curved rails which form 
the track, but they are each mounted on a separate 
short axle to allow for the different radii, on which 
each wheel of a pair runs. The radius of the curved 
standard-gauge track on which the doors are carried 
is 187-69 ft. to the centre between the rails from a 
point projected down from the hinge pin above. 
To carry the load on the ground, a curved runway 
constructed of reinforced concrete, 10 ft. wide and of 
sufficient depth to extend below the frost line, is pro- 
vided. It is carried on concrete piles driven to solid 


doors to the main shell of the building are secured 
by steel frames to the roof girders and a separate 
pin for each leaf of the door is provided, spaced 
4 ft. apart, side by side. The pins are required to 


| resist the side pressure against them caused by the 
| door tending to fall inwards, but do not carry any 


vertical weight since the doors are vertical at the 


top where they bear against the pins, except when | 


| about 


| 12-in. I-beams supported on the trusses. 


The doors alone | 


| for carrying additional working 


| of the airships is only 240 ft. 
| for shops and offices on each side of the building 
| about 42 ft. wide by 640 ft. long. 


a strong wind is blowing through the building 


| (with the doors at the other end open) at which 
| time the pins are required to hold the doors from 
| being blown out. 
| against the pin may reach a maximum of about 


It is estimated that the pressure 


550,000 |Ib., inwards or 450,000 Ib. outwards, de- 
pending on the snow and wind. 
The runway and track are flush with the main 


| floor of the building in order that they may present 


as little obstacle as possible to the men launching 
or docking a dirigible. A 125-h.p. motor driving 
through worm reduction gearing is employed to 
move the doors. The maximum speed is 40 ft. 
per minute. Braking arrangements make it impos- 
sible for any leaf to travel at the maximum speed 
when approaching the full open or closed positions, 
the speed then being from one-third the maximum 
to dead slow, according to the position of the leaf. 
The average time for opening or closing the door is 
5 minutes. 

As this building is primarily a factory for the con- 


| struction of airships, it is equipped with numerous 
| mechanical-handling devices. 


At the centre there 
are two overhead crane runways consisting of 
These 
carry 6 ton electric hoists for handling material. 
At each side of the crane tracks are two 12-in. 
I-beams carrying working platforms which can be 
lowered or raised to any desired height, and on 
which the workmen engaged in assembling the 
airship structure are supported. Farther down 
the curved sides of the building are other I-beams 
platforms. Fixed 
working platforms also run the full length of the 
building. Access to the upper platforms is obtained 
by two stairways, and by a specially designed 
inclined railway, consisting of two counter-balanced 
cars running on a curved track, but so arranged 
that the cars remain horizontal at all times. The 


| building, as already stated, is 325 ft. wide between 


the arch pins, but the necessary width for assembly 
This leaves a space 


iventually it 
is expected that shops and offices will occupy all 
this space, but, at present, they are confined to the 
east side of the building. On account of the expan- 
sion and contraction of the main building frame, it 


| was necessary to build these offices and shops 


entirely independent of the main structure. 
Only a small amount of natural light is provided, 


| so that all operations in the hangar require artificial 


light. There are three reasons for this. Firstly, 
the fact that assembly would probably require con- 
tinuous work, day and night; secondly, the diffi- 
culty of making skylights water-tight ; and thirdly, 
the fact that, even with ample windows, much of 
the work would need to be done by artificial light 
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owing to the interference of the assembled ship with | comparing the figures for the last year, which 
the light from outside. The general lighting is pro-|included the very severe frost of 1929, with the 
vided by adjustable projector lamps of 1,000-watt! average of the four previous years, some highly 
capacity each. interesting results were obtained. In the year with 
the severe winter all supplies showed an increased 
frequency of bursts, the increase being mainl 
THE FAILURE OF WATER MAINS. sine the smaller sizes of pipes. There rt 
THE severe winter of 1929 was accompanied in| however, a marked distinction between the 
many parts of the country by a large number of | behaviour of systems supplied from underground 
failures of water mains. A burst water main is|gources such as wells, bore-holes, springs, collieries, 
necessarily a conspicuous accident, and attracts | and those dependent chiefly or altogether upon sur- 
all the more attention when at the time at which | face supplies from catchment areas, rivers or streams. 
it occurs burst distribution pipes are unusually | The average frequency of failures in the underground 
prevalent. It is not unnatural, therefore, that | supplies was in fact only a third of the frequency 
the Council of the Institution of Water Engineers | with surface supplies, but the percentage increase 
should have decided towards the end of the winter | in the frosty year was substantially greater, being 
of that year to make enquiries as to whether, in | 30 per cent., as against 20 per cent. for the surface 
recent times, and particularly in the previous season, | supplies. The figures leave no doubt of the not un- 
an abnormal number of bursts of water mains | expected result that frost is an important cause of 
had been general. A sub-committee was appointed | failure, and such failures are particularly noticeable 
under the chairmanship of Mr. H. E. Stilgoe to} in districts where rust or other rigid joints are used, 
undertake this investigation, and to make such | not permitting expansion and contraction without | 
recommendations as seemed to be required by the | straining the metal. Another circumstance con- 
facts they might ascertain. The report of this|tributing to the greater liability to failure of the 
committee has recently been issued, and while it | smaller sizes is the large number of supply pipes, 
shows no ground for believing that experience of | hydrants, and other apparatus attached to them, 
late has been abnormal, it draws attention to | jin which the water lies nearer to the surface of the 
some aspects of normal experience which deserve | ground. 
consideration. | So far the results of the report are interesting, 
The report is based on the replies to a question- | not so much by reason of revealing unexpected 
naire addressed to all members of the Institution | circumstances as by affording statistical confirma- 
in charge of works in this country, inviting, amongst | tion of what might have been supposed to be likely. 
other information, particulars of the number of |The most important part of the report, however, 
bursts in pipes of all sizes during the previous | Jies in the committee’s observations of the extent 
five years, and the corresponding figures for the to which the frequency of bursts is affected by the 
period of five years and ten years earlier. This | operations of authorities other than those con- 
information was obtained only in respect of | cerned with water supply. One of the most notable 
fitteen authorities, but they were distributed over | of these is the effect of traffic and vibration. On 
all parts of the Kingdom, and included Glasgow, | the figures of the 20,000 miles of mains included 
Leeds, Leicester, Swansea and other large cities. | in the systems of the 32 authorities, it appears that, 
For the purpose of the comparison in question, | after correcting for the lengths of mains laid respec- 
they are thought, therefore, to be sufficiently tively under the carriage way and the footway, 
representative to allow conclusions to be drawn|the frequency of bursts in mains laid under the 
fairly from their results. The figures given for the | carriage way is nearly six times as great as in those 
number of bursts per mile of mains are averages | Jaid under the footway, a fact that must be evidently 
of the aggregates for all the authorities included, | related to the effect of vibration through heavy 
expressed both as single figures for all sizes of | traffic. The proximity of tramways is said, more- 
mains for each of the two periods under comparison, | over, to be often a contributory cause, leading to the 
and also shown separately for each size of main. | fracture of mains as distinguished from their burst- 
It is satisfactory to find that on the wholesuch|jing, It is said, indeed, that the concrete founda- 
difference as appeared was in favour of the later | tions of some tramways are actually supported on 
period. The systems compared include some|the water mains. This amazing arrangement 
5,000 miles of pipes of all sizes, and in the aggregate, | serves naturally to transmit to the mains the 
there were about 3 per cent. fewer bursts per mile |jmpact and vibration not only of the tram-cars, 
in the later than in the former period. More than} byt also of the ordinary vehicular traffic, and 
half of the mileage consisted of 3 in. or 4 in. pipes, | furnished a glaring example of the interference with 
and the frequency of bursts was very much greater | the safety of the subterranean structures of one 














in these sizes than in those over 5in. In the sizes | authority which may be produced by the operations 
from 5 in. upwards there were increases for some | of another, if they are conducted without regard to | 
sizes and decreases for others, but in the aggregate | their effect on other than their own work. Similarly, | 
there was a trifling decrease; there was in fact,|though doubtless on a smaller scale, the use of 
a decrease in all sizes below 10 in. and above 21 in., | pneumatic tools in breaking up the foundations of | 
with an increase in the medium sizes. In some | the roads is found to cause leakage from the lead | 
respects the figures are a little erratic, and present | joints of mains, if not to affect the pipes themselves. 
features that may deserve further inquiry. In both| Generally, in fact, circumstances such as these | 
periods, for instance, the 9 in. mains had a much | ¢aj] for the increased attention of water engineers 
greater frequency of bursts than any of the neigh- | to the depth at which mains are laid, and to their 
bouring sizes, a circumstance for which no explana- | jgolation from structures which may subject them 
tion is apparent. A further clearly marked feature | to the effect of dead and live weight and vibration. 
of the figures is that the large diameter mains| Apart, however, from circumstances arising 
were much less liable to fail than the smaller sizes, | chiefly from the lay-out of the mains and other 
a circumstance which is particularly satisfactory, | subterranean structures, the report draws attention 
having regard to the more serious consequences |to the grave effects produced on the security of 
of the failure of large mains. Having regard to the|the mains by the operations of other under- 
wide differences in the susceptibility of different | takers, which are not confined to those associated 
sizes to failure, the figures for the 15 authorities | with the lay-out of mains and other subterranean 
compared were supplemented by a census of the/ structures. In many soils, for instance, pipes 
mains of 17 other authorities with about three|require protection against chemical action and 
times their aggregate mileage. This showed that, | electrolysis by the application of special coatings, 
though the distribution of sizes was not exactly | and these coatings are often damaged in the course 
the same in the various systems, it was sufficiently | of operations incidental to laying cables, drains and 
near to confirm the belief that the distribution of | other works carried out independently of the water 
sizes in the systems compared might be taken as | authorities. A still greater menace to the security 
representative. The aggregate, for instance, of | of the mains lies in the interference by other under- 
3 in. and 4 in. mains was almost exactly the same | takers with the supports of the mains, or even in 
percentage of the total in both sets of figures. the actual removal of the supports. Highway 

For the five years ending March 31, 1929, full | authorities, for instance, in amending the lines of 





particulars were available for the 32 authorities, | streets or altering their levels, are said often to 
covering about 20,000 miles of mains, and by| remove or alter the supports on which water and 





gas mains rest, and in other ways to impose various 
stresses on them, and it is stated that such operation 
by other undertakers account for a high proportion 
of the major bursts or fractures of water mains of 
the larger diameters. Similar failures are introduced 
by excavations for deep basements in building sites 
abutting on the streets. The effect of the report 
seems clearly to reveal a dangerous state of 
anarchy, or at least lack of co-ordination, between 
authorities who have access to the sub-soil. A 
well-established maxim of law is that no man shall 
use his possessions, or, presumably, also his rights, 
in such a way as to harm those of others. Un- 
fortunately, it is no new complaint to learn that 
authorities are apt to forget this maxim when once 
they get below ground. If they cannot elaborate 
for themselves a code of mutual courtesy, by which 
they can take such counsel with each other as is 
necessary to prevent damage to each other’s works, 
the ultimate result must be that some other public 
authority will have to be charged with the duty of 
keeping them in order. It is always, indeed, 
regrettable when the cost of administration has to 
be increased and its progress delayed by the opera- 
tions of a superadded controlling body. The 
construction of underground works is, perhaps, 


|among those in respect to which there is most to 


be said for safeguarding the works of undertakers by 
the control of an independent authority, though it 
would be more satisfactory if this further link in 
the complex mechanism of administration were 
unnecessary. Clearly, however, matters ought not 
to be left as this report indicates them to be now. 








PORT MARGHERA: THE NEW IN- 
DUSTRIAL PORT OF VENICE.—I 


By Brysson CunnincuaM, D.Sc., M.Inst.C.E. 


Tue works for the development of the port of 
Venice, which have been in progress for the past 
ten years, possess a peculiar interest in that they 
have been subject as a primary consideration to 
the need of securing to one of the most wonderful 
cities of the world, surpassingly rich in historical 
associations and artistic monuments, the preserva- 
tion intact of its priceless treasures without the 
intrusion of disfiguring and discordant elements. 

The problem which first presented itself, at any 
rate in a pressing form, at the conclusion of the war, 
was how to provide Venice, which, with its proud 
commercial traditions of the past, was anxious to 
resume a leading place in modern maritime enter- 
prise, with the accommodation and facilities requi- 
site to a modern port. The existing port or maritime 
station was located on the western side of the island 
city and was much restricted in extent, consisting 
simply of a single rectangular basin, with an 
aggregate quayage therein and along its flanks of 
about 3,300 linear yards, of which one-fifth was 
only accessible, by reason of restricted depth, to 
lighters and small sailing vessels. Prior to the war 
these quays had gradually developed, with varying 


| vicissitudes during a period of 32 years since the 


opening of the Maritime Station in 1880, a com- 
mercial movement of almost three million tons per 
annum, placing Venice second in order among the 
ports of Italy. This represented the maximum 
capacity of the Station, and it was evident that, if 
the port was to make progress, it would have to 
find some area for expansion. To encroach upon 
the ancient city itself with its charming edifices, 
its waterways, its bridges and its historical monu- 
ments, was rightly felt to be out of the question, 
and, after long and anxious deliberation, it was 
decided to abandon any attempt at expansion of 
the existing port and to seek an entirely new site 
on the mainland, across the lagoon, where an 
adequate area could be found to meet all present 
and future requirements and where virgin territory 
permitted of that freedom of action and design 
which could not be had within the crowded purlieus 
of city itself. 

This decision involved a careful consideration 
of the physical regimen of the lagoon, to which 
some reference must be made. It is a distinctive 
feature of the harbour and it plays an important 
part in its navigability and sanitation. 

The Venetian lagoon, which is in communication 
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with the Adriatic by means of three mouths (Lido, 
Malamocco and Chioggia, shown in Fig. 1) through 
the seaward fringe of,coastline, covers an area of 
nearly 60,000 hectares (145,000 acres) of which rather 
more than half is tidal marsh and islets called 
barene, uncovered at low water, while the remainder 
is always submerged tojvarying depths. These two 
distinct divisions in the lagoon are named, respec- 
tively, the Dead Lagoon and the Live Lagoon. The 
tides of the Mediterranean, which, as is generally 
known, are almost insensible over the%greater part 





taining the depth of the mouths, as also in clearing 


the network of channels by which the tide is propa- 
gated through the lagoon and which serve simul- 
taneously as a natural system of sewage discharge 
for the town. 

It was obvious, therefore, that any interference 
with this natural sluicing movement of the lagoon 
waters would be detrimental to the interests of the 
city and might seriously affect its well-being, as 
well as the maintenance of the navigable channels. 
To effect any appreciable amount of reclamation 
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of its area, attain in the Adriatic Sea and parti- 
cularly in the Gulf of Venice an appreciable range, 
amounting in the mean to 60 cm. (2 ft.) with 
minima of 16 in. at neaps and maxima of 28 in. 
at springs, limits which, moreover, are sometimes 
considerably exceeded under the combined action 
of certain atmospheric conditions and lunar phases, 
the amplitude increasing under such circumstances 
to as much as three times the mean. The volume 
of water which passes in and out of the lagoon, 
flowing through the three mouths above mentioned, 
and penetrating to the furthest inland recesses, is 
some 200,000,000 cub. m. One-half of this quantity 
enters and leaves during the period of two hours 
between the flood and the ebb, giving rise to very 
pronounced currents, which are exceedingly valu- 
able and efficacious from the point: of view of main- 





within the deeply submerged area of the live lagoon 
would produce a corresponding reduction in the 
volume of water entering and leaving on each tide, 
and though it would have been possible to make 
compensatory excavations, or dredgings, to main- 
tain the constancy of volume of tidal water, these 
would have produced local alterations, the effects 
of which could not be foreseen and were, therefore, 
attended with a certain degree of risk. Moreover, 
these compensatory excavations, which were inad- 
missible within the city limits, could not effectively 
be made in the dead lagoon, partly by reason of the 
resultant lowering of the amplitude and alteration 
of phase of the tide propagating itself from within 
the live lagoon, and partly also because, if such 
compensatory excavations were of equal value as 
regards the general phenomenon, they could not 





be so in regard to the local effects. On the other 
hand, as regards reclamation in the dead lagoon, 
since only 109 tides out of some 700 per annum are 
of sufficient range to submerge the barene or islets 
and low-lying marshlands in their entirety, and in 
doing so do not generally exceed 6 in. of cover, a 
relatively small amount of excavation would suffice 
to make up for considerable areas of accretion. 

Taking all the circumstances into consideration 
and, not least, the necessity of providing the port 
with ample scope for such developments as it was 
reasonable to hope and expect would become 
necessary in the near future by way of natural 
commercial expansion and the growth of trade 
and industry, the selected and unquestionably the 
best solution of the problem was to build a new port 
on the mainland and connect it with the old port 
by means of a navigable channel across the lagoon. 
In this way Port Marghera came into being. 

The location of the new port and its connection 
with the City of Venice are shown in Fig. 2, page 220. 
The port embraces in its totality an area exceeding 
2,000 hectares (nearly 5,000 acres), that is to say, 
it is four times greater in extent than the ancient 
city. It extends northwards to the railway running 
from Mestre to Venice, and southwards to the 
navigable canal known as the Naviglio Brenta. 
It borders the lagoon, absorbing a region of marshes 
and islets, and spreads, or will spread, inland to 
whatever distance the requirements of commerce 
and industry may make desirable. It has freedom 
for expansion, such as few other ports possess or 
can hope to possess. 

The new port area, which has been conceived and 
planned by Professor Enrico Coen Cagli, M.Inst.C.E., 
and laid out under his direction, is composed of 
three distinct districts: the Mercantile District, the 
Industrial District, and the Urban, or Residential 
District. 

The Mercantile District, or port proper, covering a 
superficies of some 600 hectares, consists of a series 
of parallel basins, separated from one another by 
moles, or jetties, of solid construction. These moles, 
which are capable of almost indefinite increase in 
number along the frontage of the lagoon, are 
designed to have in general a length of 1,000 m. 
(3,300 yards) and a width of 220 m. (say, 720 ft.). 
The basins between them will have normally a width 
of 200 m. (about 650 ft.). Three basins with their 
moles have been formed, but the first two basins, 
for local reasons, vary somewhat from the standard. 
Basin No. 1 is for the greater part 100 metres in 
width and Basin No. 2 is 250 metres in width, the 
increased width of the latter being due to the fact 
that it acts as principal connecting station between 
external and internal navigation. All the basins 
debouch into a basin canal linked up with the old 
port of Venice by means of ship channel, 4-1 km. 
(24 miles) long. This, in turn, is an extension of the 
old harbour waterway known as the Canale della 
Guidecca. 

The Ship Channel, which can be seen in Fig. 4, 
Plate VIII, is named the Canale Vittorio Emanuele 
III, after His Majesty the King of Italy, who formally 
opened it to navigation on May 17, 1922. It has a 
width at the bottom of 40 m. The depth of water in 
the channel is 10 m. below mean sea level, exceeding 
by more than a metre the depth of 8-78 (9 m. below 
mean level of high tides) adopted for all the com- 
mercial basins, and ample to afford accessibility 
to the largest cargo vessels actually frequenting 
Adriatic ports. The reduced depth alongside the 
quays is merely temporary ; the probable necessity 
for deepening the berths has been foreseen and 
provided for. The foundations of the quay walls 
have been carried down to a level not less than 
10-50 m. below mean high water, so that it will be 
quite feasible to dredge the basins to accommodate 
deeper draught vessels should they present them- 
selves for service at the port. 

In the work of excavating the channel and the 
basins, with their tributary canals, comprising within 
the limits of the first stage of operations a total of 
about 12,000,000 cub. m. (between 15,000,000 cub. 
yards and 16,000,000 cub. yards) several different 
systems were employed, even simultaneously. At the 
outset, a certain amount was done by hand labour, 
partly as a means of providing work for a large 
staff, but more particularly with the object of evenly 
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levelling up the quay surfaces with the deposited | tage of determining with precision the nature of the 
spoil. Later, and with the same object in view, | ground and the position of the solid stratum on 
recourse was had to mechanical excavators for | which the structure was based, of better preparation 
the removal of about 2,000,000 cub. m. of earth. jof the foundation bed, and of more easily filling the 
But the great mass of the material was excavated | working chamber with pozzuolanic concrete. The 
and deposited in position by means of an imposing | three wells were subsequently filled with sand and 
equipment of dredgers, elevators, transporters and | covered over with vaulted concrete roofs support- 
chutes, such as had not previously been congre- |ing the masonry superstructure, which was faced 
gated at any Italian port. The fleet represented a | with trachyte and coped with granite (Fig. 14), 
total working capacity of 4,000 h.p., and it could forming the crown of the wall. The interstices 





dredge, transport and tip more than 10,000 cub. m. (about 50 cm. or 18 in. wide) between the blocks 
of spoil per day. The dredgers were mainly of the were covered over with slabs of reinforced concrete, 


ladder or bucket type, worked in conjunction with a 


in the working chamber were suppressed, the cross 
transoms of the roof being transferred to the exterior. 
In the next place, the length of the foundation cais- 
son was increased from 10-6 to 15 metres, and the 
number of wells from two to three. The latter 
modification brought about an appreciable saving 
in cost by reducing the number of double walls at 
adjacent ends of caissons, while the additional well 
opening much facilitated the handling of material 
in and out of the chamber. 

The composition of the concrete used in the 
different parts of the quay structure was as follows: 





service of hopper barges and elevators with chutes 
attached. The latter extracted the dredged material 
in a diluted and disintegrated state from the hoppers 
and discharged it into settling basins, 7.e., enclo- 
sures provided with embankments to prevent the 
escape of the filling while in a fluid or semi-fluid 
condition. Powerful suction dredgers were also 
largely employed, with pipe lines enabling the 
process of dredging and depositing to be carried 
out in a single step. This method, where it was 
applicable, proved very efficacious. With the 
material obtained from the dredging operations, it 
has been possible to reclaim and fill to quay level 
about 1,000 hectares (2,400 acres) of marshland 
and barene, of which 100 hectares lie within the 
Commercial Port District, 750 hectares within the 
Industrial District, and 150 hectares within the 
Urban District. Fig. 3, Plate VIII, is a view of 
the marshlands at an early stage of the operations, 
with dredgers at work. 

The quay wall is limited at present to No. | 
Basin, where, on the south side, the first 1,000 m. 
(say, 3,300 yards) of wall have recently been com- 
pleted. On account of the treacherous nature of 
the ground, the wall was built on the well principle 
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and is formed by a series of large hollow blocks of Tis) 


Fig.32. SECTION A-8 


Fig. 33. CROSS SECTION OF NORTH INDUSTRIAL CANAL. 
--250-> K acest cian 









------------ 80-00 


Bese 














---400----» 











ah 








Fig. 34. CROSS SECTION OF WEST INDUSTRIAL CANAL. 
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(a) Concrete for reinforced work (working caisson, 





masonry in close proximity placed along the line of 
the quay, and sunk by means of grabs working within 
the wells. As will be seen from the plan, Fig. 18, 
Plate XI, and sections given in Figs. 16 and 17, 
the blocks have a length of 15 m. (50 ft.) and a 
width of 6-50 m. (21 ft.), and each of them contains 


three wells 3-33m. by 4m. square. The height of the | 


shown in detail in Figs. 19 and 20, Plate x. | 








These were deposited in position between the ad- 
jacent heads of the blocks and connected to large 
reinforced concrete closure piles of special shape, 
shown in Fig. 21, which were driven behind the 
wall and supported by recessed edges resting against 
the backs of the blocks. A portion of the completed 


blocks is 9-70 m. (32 ft.), of which 2-45 m. (8 ft.) are | wall is shown in plan and elevation in Figs. 14 and 
taken up by a foundation chamber, or caisson, of | 15, while a view is given in Fig. 10, Plate X. 


reinforced concrete, the four outside walls of which 


The form of wall above described was not arrived 


are splayed and terminate in a steel cutting edge. | at without a considerable amount of discussion and 


The roof of the caisson is 0-45 m. (18 in.), and it 
is provided with three circular apertures of 1 m. 
(3-28 ft.) diameter, enabling the chamber to be 
furnished with a supply of compressed air for work- 
ing purposes through shafts set in the apertures. 
An interior view of the caisson is given in Fig. 6, 
Plate IX, while Fig. 7 shows the air locks in opera- 
tion. Above the caisson, the masonry of the blocks 
was built in courses with pozzuolanic mortar. The 
blocks, one of which is well seen in Fig. 8, were 
made behind earthwork embankments, or coffer- 
dams, on the floor of a workyard previously levelled, 
and sinking was effected as far as possible by hand 
grabbing in the open, meanwhile extracting either 
excavation or drainage water through the apertures 
in the roof of the caisson. Subsequently, and in 
order to lower the cutting edge to the level of 
— 10-50 m. (34} ft.), sinking, shown proceeding in 
Fig. 9, was carried out under compressed air, an 











some experimental tests. Three types of construc- 
tion were considered in the first instance, the first 
being the well type, the second, a wall of massive 
concrete blocks and the third a structure of rein- 
forced concrete caissons. These were carefully 
examined, their relative costs compared and their 
suitability for the site investigated. In comparison 
with the other two types, the wall on the well 
principle proved not only most suitable for the 
work, but its estimated cost was less, working out at 
12,550 lire per running metre as against 14,000 lire 
for the reinforced concrete caisson and 15,600 lire 
for the coursed blockwork; it was, therefore, 
adopted. An experimental block was sunk to the 
form and dimensions shown in Figs. 22, 23, and 24, 
Plate XI, and in consequence of the experience 
gained therefrom, it was decided to introduce 


certain modifications, as already shown in Figs. | 


16, 17, and 18. It will be noted that all internal 


‘closing piles and slabs between blocks, coverings 
over pipe trench): Gravel of sizes up to 25 mm., 
0-800 cub. m.; sand, 0-400 cub. m.; pozzuolana, 
75 kg.; slow-setting cement, 300 kg. (b) Mass 
‘concrete for the vaults over wells: Gravel of sizes 
between 20 and 60 mm., 0:800 cub. m.; sand, 
0-400 cub. m.; pozzuolana, 75 kg.; slow-setting 
icement, 200 kg. (c) Concrete filling of caisson 
| working chamber: Mixed gravel of sizes up to 
6cm., 1 cub. m.; hydraulic mortar, composed in the 
proportion of one part by volume of fat lime to 
two parts of pozzuolana, 0-500 cub. m. Plums or 
blocks of trachyte were incorporated to the extent 
of 15 per cent. of the gross volume. 

One or two exceptional features of the work call 
‘for mention. The main line of quay wall consists 
of a series of 65 rectangular blocks, but at each end, 
| that is to say, at the east and west returns, special 
| blocks were necessary to the number of five, which 
on account of their location had to be sunk in 
| water. They were, therefore, made in such a way 
‘that the working caissons could be floated into 
| position. The method of doing this is clear from 
| Figs. 25 to 28, Plate XI, which show how a water- 
| tight enclosure of strutted reinforced concrete was 
| built over the working chamber to a sufficient 
|height to afford the necessary flotation. After 
| towing into position, the structures were sunk and 


operations proceeded thereafter as on land. The 


arrangement which afforded the threefold advan- obstacles to headroom and freedom of movement. pierhead caisson shown in Fig. 28 was pentagonal. 
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(For Description, sce Page 218.) 
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Fig.14, ELEVATION OF WALL 
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Fig.15. PLAN OF WALL 
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Fig. 17. LONGITUDINAL SECTION. a 
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(For Description, see Page 218.) 
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Fig.27. CLOSURE PILE AT SPACES 
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BEARING BLOCK TO CUTTING EDGE OF CAISSOK 


Fig. 29. LONGITUDINAL SECTION 
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Another feature of interest, illustrated by Figs. 
29 to 32, is the method of reducing the intensity of 
pressure on the cutting edge of the base when the 
foundation was in strata of an unreliable character, 
with no prospect of reaching better material by 
sinking deeper within practicable limits. Rows of 
small bearer blocks of reinforced concrete, details of 
which are given in Figs. 31 and 32, opposite, were 
inserted under the edge in question, and in this way 
a broader area was obtained for supporting the 
superincumbent load. 

The total cost of construction, including super- 
structure and mooring equipment, of the 1,050 
metres of wall was about 18,000,000 lire, or, roughly, 
17,000 lire per linear metre. Approximately this is 
equivalent to between 55/. and 601. per linear foot. 

This first length of quay wall is shortly to be 
followed by others on the other sides of the basin 
for a length of 1,200 m. When completed the 
basin, with a quayage of 2,200 lineal metres and a 
depth of water alongside of 9 m. (29% ft.), will 
suffice to deal with a tonnage of goods exceeding 
2,000,000 per annum, shipped and discharged. 

The industrial district lying to the north, to the 
west, and to the south of the commerical port, is 
subdivided into three zones, called respectively, the 
North Industrial Zone, the West Industrial Zone, and 
the South Industrial Zone, comprising in all an area 
of land amounting to 1,300 hectares, all assigned to 
the establishment of works of various kinds, a 
number of which are already in operation. The 
North Industrial Zone, covering 300 hectares, is 
directly served by a large ship canal, the North 
Industrial Canal, which is a prolongation of the 
Vittorio Emanuele Channel, as well as by a smaller 
canal, accessible to ships of moderate tonnage, the 
Brentella Canal, which penetrates the zone in a 
south-north direction, dividing it into two parts. 
The North Industrial Canal, a cross section of which 
is given in Fig. 33, has a length of 2,500 m. (say, 
13 miles), and is provided with two large, triangular 
basins which can be utilised as lying-up basins for 
ships, or launching areas for dockyards, or again, as 
turning basins. In its normal section, the canal has 
a depth of 9 m. below mean high water, reduced to 
7 m. in the last 600 m. towards the western 
extremity, and a width on the bottom of 54 m., 
increasing to 90 m. at the surface. The side slopes 
(2:1) are protected by revetments of stone and 
concrete slabwork of various types. The Brentella 
Canal, which has a length of 1,400 m., is 7 m. in 
depth, and has widths of 40 m. at the bottom and 
70 m. at the surface. 

An important annexe to the North Industrial Zone 
is the Petroleum Harbour, seen in Fig. 4, Plate 
VIII, consisting of two basins opening out of 
the Vittorio Emanuele Channel, entirely devoted to 
the reception, storage and manipulation of inflam- 
mable matter, more particularly mineral oils. The 
outer, or vestibule, basin can be isolated from the 
inner basin by means of a floating barrier, in order 
to prevent the propagation of any possible outbreak 
of fire to the other basins and waterways of the 
port. Adjoining the two basins are extensive areas 
reserved for establishments and depdéts associated 
with the oil trade, and these are connected with the 
industrial zone on the mainland by a road and rail- 
way across the intervening barene. 

The Western Industrial Zone, with an area of 
250 hectares, lies to the west of the commercial 
port, reaching as far as the main road from Mestre 
to Padua, and is served and traversed throughout 
its extent by a ship canal with two arms, or branches, 
almost at right angles. The total length of water- 
way amounts to 3 km., and the outlet is into the 
third basin of the commercial port. The normal 
section of the canal, shown in Fig. 34, has a uniform 
depth of 9 m., a width at bottom of 60 m., and a 
surface width of 100 m. The sides slopes are 2: 1, 
with a berm, or offset, 2 m. wide, 2 m. below the 
surface. The slopes above the berm, and to a 
height of 1-25 m. above water level, are protected 
by stone pitching. At the point where the two 
arms form an elbow, the canal is widened into a 
turning basin of 225 m. diameter at the base, into 
which debouches the canal linking up with the 
Naviglio Brenta, while at the northern extremity of 
the interior arm, the canal terminates in a basin 
forming a pendant to the terminal basin of the 





North Industrial Canal. These two basins are in| 


communication by means of a passage spanned by 
a bridge, for the purpose of assuring the circulation 
of the water, and at the same time of permitting 
the transit of lighters and other small craft engaged 
in the service of the port and the industrial district. 
The bridge is 56 m. wide, and has a span of 12 m., 
with a very flat curved intrados, affording an 
opening as nearly rectangular as possible. 

The Junction Canal, leading to the waterway 
known as the Naviglio Brenta, which will be in 
constant use, is formed of two straight reaches, 
joined by a curve of 500 m. radius. In the upper 
reach, extending from Oriago to the locality called 
La Rana, the water will be maintained at the mean 
level of the Naviglio Brenta at Oriago, that is to 
say, at the level of 1-88 m. above sea level, with 
a draught of water of 2:80 m. over a width of 
bottom of 14 m. The lower reach, which traverses 
the sites destined for the extension of the industrial 
district, has been excavated to afford a draught of 
3:50 m. over a breadth of floor of 36 m., in order to 
assure the maintenance of two lines of berthage 
along the two sides of the canal, while leaving in 
the middle sufficient space for the passage of boats. 
The difference in level (about 2 m.) between the 
two reaches is negotiated by means of a lock having 
a useful length of 41 m. (135 ft.), and a width of 
7-20 m. (234 ft.). It is formed of frames of reinforced 
concrete, spaced 3-70 m. apart, supporting con- 
tinuous slabs, also of reinforced concrete, forming 
the sill and the side walls, the latter being protected 
towards the chamber by a brick facing. A view of 
the lock will be found in Fig. 11, Plate X, showing 
the gates. Fig. 12, Plate X, is a view of a bridge 
over the canal, near Oriago. 

The last of the three industrial zones is the 
South Industrial Zone, lying to the south of the 
zone just described. It covers an area of 750 
hectares and is served in turn by a southerly exten- 
sion of the West Industrial Canal with several lateral 
offshoots, all with a surface width of 100 m., 
arranged so that in this zone, as well as in the others, 
the greater part of the sites and, in any case, the 
more important industrial establishments, will 
possess a frontage on a navigable waterway. 

The whole of the industrial district will be pro- 
vided with a network of 50 km. of roads, while a 
similar network of rail tracks, 70 km. in length, 
will connect, through different sorting sidings, all 
the various factories with the station at Mestre. 

For the residential quarter, designed as a garden 
city, a view of which is given in Fig. 13, Plate X, 
an area of 200 hectares has been reserved on the 
landward side of the main road from Mestre to 
Padua, adjacent to the industrial district and 
capable of providing favourable dwelling conditions 
for at least a population of 30,000. Up till the 
present time, 20 km. of wide and fine roads have 
been made and about 360 buildings erected, con- 
taining 5,000 sets of habitations, housing 6,500 
people. 

A very fine, and in some respects unique, viaduct, 
a view of which is given in Fig. 5, Plate VIII, 
forms the principal approach from the residential 
and urban quarter to the new port and industrial 
districts. It is constructed entirely of reinforced 
concrete with decorative embellishments, and com- 
prises four ramps, or slopes, for traffic in the four 
directions of the road to Padua, of the new mercan- 
tile port, of the north industrial zone and of Mestre. 
The slopes, with a gradient of 2-5 cm. per metre, are 
formed for a height of 2 m. of ordinary embankment 
and above that level of ribbed panels supported on 
piers ; at the summit, that is at a height of 7-50 m. 
above rail level, they are connected with the recti- 
linear deck which crosses the rail tracks giving 
access to the new mercantile port and the industrial 
zones, as well as the eastern sidings of Mestre 


‘station. The two ramps running in a straight 
_line from the Mestre-Padua road to the north indus- 
‘trial zone are 20 m. wide, while the width of the 
, others, directed to the north and south of these, is 


only 15 m. A footway of 1-50 m. on each side is 
included in these widths. The total surface of 
reinforced concrete in the work aggregates 1,510 m. 

The carrying out of this vast scheme of port and 
urban development has been entrusted by the 
Government of Italy, under a series of conventions 





and special enactments, in part to the company 
known as the Industrial Port of Venice (Societa 
Anonima Porto Industriale di Venezia), and in 
part to the municipal authorities of Venice. The 
company have been responsible for all the State- 
subsidised maritime works, and all the land engi- 
neering works comprised in the reclamation and 
development of the industrial sites, the road and 
rail services, &c., while the city has undertaken 
the lay-out and service of the urban area. The 
company functions under the general direction 
of Professor Enrico Coen Cagli, with Mr. Luigi 
Pagan as chief engineer. The writer is much 
indebted to both these gentlemen for the facilities 
he enjoyed for seeing the works in 1923, when they 
were not long commenced, and again more recently, 
when they are well advanced. He is also indebted 
to them for much information and for the plans 
and photographs reproduced in this article. 


THE REMOVAL OF SULPHUR COM- 
POUNDS FROM WATER GAS. 


Sutpuour in any sort of fuel has long been regarded 
as deleterious, and sometimes troubles have been 
ascribed to it for which it was not responsible. It 
seems, however, beyond question that sulphur com- 
pounds in gases are notorious poisoners of catalysts, 
on the action of which so many industrial processes 
depend, and now that water gas is being used in an 
increasing number of these processes, the means of 
cleansing it from sulphur compounds have become of 
correspondingly increased importance. For some time 
past the Fuel Research Board has been engaged in an 
intensive study of water gas, and has included an 
investigation into the nature of the sulphur compounds 
that it contains, and into the possible methods of re- 
moving them. A report* has now been published, in 
which details are given of the experiments made in this 
investigation and of the results obtained. The identifi- 
cation of the individual compounds seems to have been 
only partially successful, but means were found of 
making considerable improvement in their removal. 
The method of revivifying the purifying material has 
been developed and patented, in the belief that it may 
have application in many cases where it is desired to 
purify a gas from sulphur. The Department is prepared 
to grant non-exclusive licences for the use of this pro- 
cess on terms to be ascertained from the Secretary 
at 16, Old Queen-street. S.W.1. 

For the removal of inorganic sulphur compounds 
the most general method, and apparently also the most 
effective, is absorption by dry iron oxide. The process 
involves, however, a relatively large capital outlay, 
and if the oxide has to be removed from the boxes 
for revivification, a considerable space and a high 
labour cost. Apparently, however, the organic sulphur 
compounds are more poisonous to catalysts than the 
inorganic, and for dealing with these the most hopeful 
prospect appears to lie in adsorption processes. The 
only two adsorbents that came into question were 
silica gel and active charcoal, both of which are largely 
used as industrial adsorbents. Silica gel has the advan- 
tage that substances adsorbed to it, which are regarded 
as being removed by capillary adsorption, are held 
much less retentively than when, as is considered to be 
the case with charcoal, they are removed by surface 
adsorption, and accordingly silica gel can be revivified 
more readily and completely than is possible with 
charcoal. On the other hand, capillary adsorption, 
whether with silica gel or active charcoal, can only 
take place when the vapour to be condensed from the 
mixed gases is present in comparatively high con- 
centration, while the surface adsorption by charcoal 
enables the substance to be removed completely, or 
almost completely, even when present in only minute 
concentration. A series of experiments showed that 
silica gel was a poor adsorbent of sulphur compounds 
from water gas, and the investigation was therefore 
ultimately confined to activated charcoal. 

It was known in advance, as indeed had been found by 
Dewar in his experiments on the production of high 
vacua for use in connection with liquid gases, that the 
best charcoal for gas adsorption is produced from close- 
grained materials, such as coconut shells. The process 
adopted in the present experiments was to carbonise 
the broken shells for two hours in a current of nitrogen, 
and activate it by exposing it to a slow stream of air 
at the same temperature for a further three hours, 
finally cooling it down in an atmosphere of nitrogen. 
The material was ultimately crushed, and the 10-20 
I.M.M. fraction used. Experiments to determine the 
best carbonising temperature showed that, between 








* Department of Scientific and Industrial Research. 
Fuel Research: Technical Paper No. 31. The Sulphur 
Compounds in Water Gas and Their Removal. H.M. 
Stationery Office, price 9d., net. 
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GRAVEL-WASHING PLANT AT THORPE, NORWICH. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS AND COMPANY, 


Fig.1. 
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temperatures from 600 deg. to 800 deg. C., the charcoal | 
prepared at 800 deg. C. possessed the highest adsorp- | 
tive capacity. The experiments on the use of this | 
material as a desulphurising agent were carried out at | 
laboratory temperature, and the apparatus was pro- | 


portioned so as to allow a contact time of 4 seconds 
between the gas and the charcoal. It was found that 
initially the charcoal removed 95 per cent. to 96 per 
cent. of the sulphur, but after a time the amount 
adsorbed gradually fell off, the initial purification | 
being maintained for a little less than one fourth of | 
the time taken in reducing the purification to about 40 
per cent. The rapidity with which the purification fell | 
off was greatly increased by the presence of moisture, 
and it is thought probable therefore that, in practice, 
the partial dehydration which is now being introduced 
into many gas works as part of the normal process 
would be necessary for satisfactory results. 

The economic possibility of the process depends, 
however, on the cost at which the charcoal can be 
revivified, and the active life that it may be reckoned 
to have. A large number of experiments were made to 
determine the most effective revivifying agent, and the 
conclusion was that mixtures of steam and air, with 
a little ammonia, were the most instantaneous and 
effective. The experiments appeared to show that, 
although appreciable quantities of sulphur were left 
in the charcoal after revivification, they were not suf- 
ficient to reduce its adsorptive capacity. It appeared, 
in fact, to work satisfactorily while containing 0-6 per 
cent. of sulphur, but to require revivifying when the | 
sulphur rose to 0-8 per cent. or 0-9 percent. It is esti- | 
mated that, by this process, the sulphur content of | 
water gas can be reduced to 0-5 gram, or less, per 100! 
cubic feet, which includes about 95 per cent. of the 
organic sulphur compounds, and that, although the 
purification is not so complete in respect of inorganic 
sulphur compounds as it is with the dry-oxide pro- 
cess, the overall purification of total sulphur is sub- 
stantially higher than with other methods. The cost 
of the process, on a plant purifying 1,000,000 cub. ft. 
of gas per 24 hours, is estimated as of the order of a 
third of 1d. per 1,000 cub. ft., out of which is borne the 
cost of cooling the gas to 15 deg. C. This estimate of 
the cost seems to be based on summer-time working, 
and there should be a substantial reduction in the cost 
of cooling at other times in the year. As the adsorbed 
sulphur compounds could not be allowed to escape into 
the atmosphere after revivification, they would have to 
be recovered, possibly in some useful form. 








Roya Sanirary Institute Coneress.—The Right 
Hon. Lord Leconfield, Lord Lieutenant of Sussex and 
Chairman of the West Sussex County Council, has 
consented to act as president of the Forty-Third Congress 
of the Royal Sanitary Institute, to be held at Brighton | 
from July 9 to 16, 1932. 











| 546 Mesh 


e 






WASHING PLANT AT THORPE 
GRAVEL PITS, NORWICH. 


A Goop example of what is now being done to pro- 
vide clean sand and aggregate for making concrete 


|is provided by the washing plant which has recently 


been installed by Messrs. Marshall, Sons and Com- 
pany, Limited, Gainsborough, at the pit of Messrs. 
Thorpe Gravel Pits, Limited, Thorpe, Norwich. At 


| this place a deposit of gravel covering some 28 acres 


is available, the material excavated consisting approxi- 
mately of 10 per cent. of clay and 20 per cent. of sand, 
together with 60 per cent. of gravel between } in. and 
14 in., and 10 per cent. of gravel from 1} in. to 8 in. 
with some hard flint. This sand and gravel is, at 
present, being excavated by hand, but this method of 
operation will shortly be replaced by a steam ex- 
cavator, so that it will be possible to increase the 
output from about 350 tons to 1,500 tons in a ten- 
hour day. 

After excavation, the larger flints are sorted out by 
hand for disposal, and the remainder of the material is 
loaded into side-tip wagons with a capacity of 1 
cub. yd. These wagons are then hauled up a timber 
gantry, which is built on a gradient of 1 in 6 and is 
200 ft. long, by a Marshall belt-driven friction winch. 
This gantry is visible in Fig. 3, on the opposite page, 
which gives a view of the plant, though it may be men- 
tioned that the hoist which is directly over the washer 
has now been housed in. At the top of the gantry, the 
material is discharged into a hopper, the outlet from 
which is controlled by a feeder of the slow-speed reci- 
procating displacement type. This feeder is driven by 
a chain and sprocket from the countershaft of the water 
screen. 

From the hopper, the material passes into a 
rotary washer, which is 4 ft. in diameter by 12 ft. long. 
This washer can also be seen in Fig. 3, while its general 
arrangement, together with that of the hopper, will be 
clear from Figs. 1 and 2, above. It is of the Marshall 
standard contra-flow type, in which, it may be recalled, 
the washing water is introduced at the opposite end to 
the raw material. The drum is partially closed at each 
end by a concentric ring, and is fitted internally with a 
number of agitator and propeller blades. The washer, 
which is electrically driven, is rotated at a speed of 
9 r.p.m., so that the gravel is turned over and gradually 
propelled towards the discharge end against a strong 
and turbulent stream of water. When it reaches the 
outlet, the gravel is lifted out axially on to the screen 
by peripheral elevating blades, while just before 
this occurs it is given a final washing with clean 
water. 

The necessary water is supplied through a system 


|of piping, and the rate of flow can be controlled 


at several points by means of cocks. The screen, the 
position of which is shown in Fig. 1, consists of an inner 
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cylinder of steel plate which is perforated with 1? in. 
square holes. Superimposed on this is another plate 
in which the holes are { in., while over this again are 
two screens of woven steel-wire cloth with meshes of 
} in. and +-in. square, respectively. The second of 
these meshes is kept clear by a series of tapping rollers, 
which are operated by cams from the main shaft. 
Each grade of washed gravel, after it has passed 
through the screen, is collected on a steel chute and 
distributed into the appropriate compartment in the 
storage bin shown in the figures. This bin, which has 
a capacity of about 90 tons, consists of a framework 
of rolled-steel sections rigidly tied and braced, to which 
timber has been bolted to form the sides, ends and 
bottom. As will be seen, the bin has been designed 
so that lorries and wagons can be berthed directly 
underneath it for loading, the discharge being con- 
trolled by Marshall’s quadrant-type bin gates which 
are manually operated by levers placed in convenient 
positions. 

The sand eliminated in the washer is carried by the 
water into a de-waterer, the position of which is shown 
in Fig. 2, the height of the de-waterer being such that 
the contents can easily be discharged into a lorry. The 
overflow of water, both from the washer and the de- 
waterer, runs down by gravity into one of the reinforced- 
concrete settling reservoirs visible in the foreground in 
Fig. 3. These reservoirs play an important part in the 
economical operation of the plant, since, as no spring 
or surface water is available, the water for washing 
has to be drawn from the mains. As the hourly con- 
sumption is 5,000 gallons, it was decided to build 
three reservoirs, each having a capacity of 41,000 
gallons, and to fill each in turn, After the sludge has 
settled, a process which only takes twenty-four hours, 
the clear water is syphoned into a sump and then 
pumped back into the washer by a 3-in. Pulsometer 
centrifugal pump. This system has enabled the make- 
up water to be reduced to about 1,000 gallons a day. 
As each reservoir 1s emptied, the clay is pumped out 
on to the adjacent property. The whole of the plant 
is driven by a 25-h.p. motor, which is supplied with 
three-phase current at 440 volts, from the Corporation’s 
system. This motor is housed in the small hut visible 
under the inner end of the gantry in Fig. 3, and drives 
a main shaft by a belt so that the shaft runs at 200 
r.p.m. The drives to the other parts of the plant 
are also by belt. 

It may be added that the products of this plant are 
washed sharp and soft sand, washed and graded gravels 
of various sizes, and unwashed gravel from 3 in. to 8 in., 
which is being produced to meet a demand for road 
bottoming material. Material between 1} in. and 3 in. 
has, until now, been allowed to accumulate, but it 
is proposed to install a crusher to reduce it to } in. 
and below, as there is a considerable demand for this 
class of material. 
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THE IGNITION OF FIREDAMP BY | 
COAL-CUTTER PICKS. | 


| 

In a paper published by the Safety in Mines Research | 
Board in 1929 (S.M.R.B. No. 54), the results of a series | 
of experiments were given, in the course of which it had | 
been demonstrated that firedamp-air mixtures could | 
be ignited by the heat of impact produced by coal- | 
cutter pick points against hard substances. Another | 
paper* has now been issued detailing the results of | 
further research, in which both bar and chain coal | 
cutters were used with rocks of different kinds. 

In the previous paper mentioned, an account was 
given of several reported ignitions of firedamp caused | 
by coal-cutter picks striking hard rocks. Reference | 
is now made to more recent cases described in the | 
reports of H.M. Inspectors of Mines. On June 4, 1929, 
a chain coal cutter with a 4}-ft. jib was cutting in a 
soft blaes band lying beneath the coking-coal seam at 
Gartshore 9/11 Colliery, Dumbarton, when the picks 
were heard to strike the sandstone, thick layers of 
which underlie the blaes band, the latter being usually 
about 4 inches thick. Although both travel and power | 
were switched off immediately, a flash occurred close 
to the jib. Subsequent examination showed that the 
blaes thinned out suddenly at this point to a skin, due | 
to a roll in the sandstone, and it was considered possible 
that ignition had taken place between the cutting out 
of the traverse and the switching off of the current ; 
during this time the machine would not be travelling, 
but the jib would be revolving with the picks still 
rubbing the sandstone. In experiments made later, it 
was found that ignition can occur in these conditions. 

The experiments were conducted in a special chamber 
constructed for the purpose at the Safety in Mines 
Research Station at Buxton. The coal cutter used 
was a 500-volt direct-current machine, which could be 
used as a chain or bar cutter by interchanging the gear 
head. The chain cutter had a 3-ft. 6-in. jib, fitted with 
18 picks approximately 7 in. apart; the picks cut at 
seven different levels, two horizontally and the rest 

* The Ignition of Firedamp by the Heat of Impact of 
Coal Cutter Picks against Rocks. By M.J. BurcGess and 
R. V. WHEELER. Safety in Mines Research Board, 


Paper No. 70. London: H. M. Stationery Office, 


Adastral House, Kingsway. Price 9d. net. 
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at three different angles above and below; the speed 
of the chain was about 475 ft. a minute along the flat. 
The bar fitted with 35 single picks spirally along its 
length tapered towards the point and had a cutting 
length of 3 ft.6in. In the end of the bar, a special 
three-pointed star pick was socketed and held in posi- 
tion by a two-pointed pick which cut like the single 
picks at right angles to the bar. The bar rotated at 
about 500 r.p.m., a special gear providing a reciprocat- 
ing movement in an axial direction. 

The rock used in the first tests with a chain cutter 


| was a micaceous sandstone from beneath the Dunferm- 


line seam of the Valleyfield Colliery, Fife, which had 
been considered to be responsible for an ignition of fire- 
damp which occurred in August, 1927. Separate tests 
were arranged with cutting speeds of 18 in., 6 in. and 
$ in. per minute. Even with the lowest speed ignitions, 
were obtained, both with tungsten and with carbon- 


steel picks. Sparks of similar character, vivid red 


flashes, were produced with both types of pick; the 
length of cut, however, was greater with the tungsten 
picks, which may explain the fact that ignition was 
more rapid with the latter. In subsequent tests only 
carbon-steel picks were used. In tests made with 
only three picks cutting into the rock an ignition was 
obtained with the travel at 6 in. per minute ; likewise, 
with one pick only at this speed, ignition was obtained 
with both tungsten and carbon-steel picks. 

In further tests with sandstone from the Gartshore 
Colliery, previously mentioned, ignitions resulted with 
speeds of 6 in. and 18 in. per minute, the bottom row 
of picks cutting a groove into the rock. In one case, 
using the bottom row of picks, ignition occurred when 
the machine was not travelling, the rock surface being 
merely scraped by the picks. An experiment was 
made in which a layer of coal dust, about 3 in. deep, was 
spread over the rock and the picks, the two lowest 
rows of the latter cutting into the rock; with the 
machine travelling at 18 in., an ignition resulted. Stone 
dust was then tried in a similar manner and with 
similar results. The time taken for ignition to occur 
varied from 1 second to 2 minutes. The ignition with 
stone dust on the rock resulted after a cut of about 
an inch in 18 seconds to 19 seconds; that with coal 
dust after cutting over 11 in. of rock in 2 minutes. 

An ammeter was fitted in the circuit within the 





observation chamber for the later tests, and in this 
way an indication of the power expended could be re- 
corded. The lowest power expended was when the three 
bottom picks only were used, the total power being 
12-h.p., and that absorbed in cutting into the rock 
being about 23-h.p. In other tests, when the lower 
three or four rows of picks cut into the rock along most 
of the cut, and all the picks cut into some higher level, 
the total power was 20-h.p., and that absorbed in 
cutting the rock- about 10%-h.p. 

In the tests with the bar cutter, the machine was 
fixed to run at 18 in. a minute, the thickness of cut 
being about lin. Whereas, in the previous experi- 
ments, it had only been possible to keep the traverse 
on intermittently in all the tests with the bar cutter, 
the traverse could be kept on throughout the experi- 
ments. Using this cutter with the Valleyfield and the 
Gartshore sandstones gave ignifions readily, and when 
spread with coal dust and with stone dust an ignition 
with the Gartshore rock was also obtained. In view of 
the circumstance that the bar raised the dust more 
than the chain cutter, swirling it in a circular path 
from the front of the bar and depositing it behind, 
which, in actual practice, would be largely prevented 
by the overlying coal, tests were carried out with a 
large steel plate fixed over the dust lying on the rock 
and bar ata height of lin. The space between the rock 
and the plate was filled with dust. Two tests thus made 
with coal dust gave no ignitions. In order to simulate 
more nearly the conditions of mining practice, small 
coal obtained from an actual undercut was substituted 
for the dust. In one case an ignition was obtained. 
Subsequent examination showed that the coal had 
been ground finer and was mixed with a quantity of 
fine rock ; some of the coal had been wormed out of 
the cut and an opening to the outer atmosphere formed. 
The ignition occurred in 15 seconds after cutting about 
4 in. of the Gartshore sandstone. Three tests made 
with Valleyfield rock, using small coal, resulted in two 
ignitions, after 9 sec. and 30 sec., respectively. 

Samples of coal, containing pyrites and samples of 
oolitic ironstone, were tested with the chain cutter. 
Both produced showers of bright yellow sparks, but 
no ignitions were obtained, thus confirming previous 
experiments, which showed that this type of spark 
is incapable of igniting firedamp. 
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THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 210.) 
METALLURGY DEPARTMENT. 

At the end of May Dr. Walter Rosenhain, F.R.S., 
resigned his position as Superintendent of the 
Metallurgy Department, which he has held for the 
last twenty-five years. During this period he has 
been responsible, not only for a great deal of 
personally-conducted research, but also for the 
inception and development of experimental appara- 
tus and technique which have proved of the utmost 
value over the whole field of metallurgical investiga- 
tions. He has been especially concerned with the 
physical structure of metals and alloys, and has 
achieved material advances in fundamental know- 
ledge by the application to metallurgical research 
of recent discoveries in physics. His name must 
also be connected, on the one hand, with important 
work directed to the production of light alloys 
on an industrial scale, and on the other with 
numerous improvements in refractory materials and 
laboratory metallurgical furnaces. Dr. Rosenhain 
has given the closest attention to the work of the 
Alloys of Iron Research Committee of the Institu- 
tion of Mechanical Engineers. He is also a past 
president of the Institute of Metals, and was 
awarded the Bessemer Gold Medal for 1930. His 
long association with the industrial problems of 
metallurgy renders him particularly well equipped 
for the consultative work to which he will devote 
himself for the future. 

His successor in the Metallurgy Department of 
the Laboratory will be Professor C. H. Desch, 
F.R.S., who at the present time occupies the Chair 
of Metallurgy at Sheffield University. Professor 
Desch is a past president of the Faraday Society 
and of Section B (Chemistry) of the British Asso- 
ciation, and a vice-president of the Iron and Steel 
Institute. During the coming winter session, he 
is to give a course of lectures at Cornell University, 
and will not, in consequence, take up his new 
appointment until February, 1932. 

The work of the Metallurgy Department during 
the past year has consisted, for the most part, of a 
continuation of the varied and lengthy programmes 
which have previously guided the broad avenues 
of research. In a few cases, where certain stages 
of the work have reached a sufficient degree of 
completeness, readers of ENGINEERING will be 
familiar with the state of recent progress from the 
accounts of papers communicated to various 
Institutes and Societies. Several new researches of 
practical importance have, however, recently been 
put in hand, among which an exhaustive inquiry 
into the corrosion of boiler steels by flue gases and 
superheated steam is particularly noteworthy. 

Light Alloys.—Messsrs. J. D. Grogan and T. H. 
Schofield are continuing, from somewhat different 
points, to attack the problems of the removal of dis- 
solved gases, especially hydrogen, from molten 
aluminium alloys. The use, for this purpose, of 
chlorides which are solid or liquid at room tempera- 
ture, but which become gaseous at moderately high 
temperature, was introduced some time ago by Mr. 
D. J. Tullis, of Glasgow. Experiments at the 
Laboratory with a number of appropriate sub- 
stances have revealed that, whilst all are efficacious 
in removing dissolved gases, some are undesirably 
poisonous, and others carry contaminating impurities 
into the metal. The experimental procedure* con- 
sists in forcing the vaporised chloride through holes 
in an inverted Salamander crucible immersed in the 
molten metal. Attention is now being concentrated 
on titanium tetrachloride which has been found, in 
addition to producing sound castings, to cause 
solidification with a much finer grain size than is 
assumed in the absence of this agent. This result 
has now been traced to the small quantity of 
titanium introduced into the metal during the 
process, but the reason of the refining action remains 
as yet unknown. The precise mechanism of the 
removal of dissolved gas is, also, somewhat un- 
certain, but it may be ascribed, on a working 
hypothesis, to a diffusion of the gas into the space 

occupied by the rising bubbles—an action which 
may be hindered, if the gas is impure, by the 


* See also ENGINEERING, vol. cxxx, page 340 (1930), 


formation of extremely thin films of oxides or other 
compounds on the bubble surfaces. If, however, 
the bubbles are of chloride vapour, it is believed 
that the chlorine reacts with any such surface 
film and exposes clean metal through which 
dissolved gas can diffuse rapidly. Whilst these 
and similar unexplained points of the research are 
being cleared up, it is satisfactory to note that 
the results obtained in the Laboratory have been 
confirmed on a large industrial scale, so that ingots 
and castings are now being obtained substantially 
free from cavities of occluded gas. 

Arising out of a general research into the factors 
influencing the permanence of dimensions in heat- 
treated light alloys, in the course of which it has 
been established that the substitution, for cold 
water, of boiling water or oil as a quenching medium 
reduces the distortion due to subsequent machining, 
a probable explanation has been found for the 
impaired resistance to corrosion which is widely 
believed, especially in the case of duralumin, to 
result from quenching in boiling water. The 
stresses which are set up when the alloy is rapidly 
cooled are such that the surface is placed under 
compression. By analogy with the behaviour of 
brass in regard to “season cracking,” it appears 
likely that while a tensile surface stress tends to 
accelerate, and may even serve to initiate, inter- 
crystalline corrosion and failure, a compressive 
stress, by hindering the tendency to form inter- 
crystalline fissures, acts oppositely. Whilst, in 
the case of these light alloys, the surface stresses 
due to quenching are always compressive, differing 
only in degree, it is probable that the compression 
is less marked when the quenching medium is at 
a high temperature. The dimensional changes due 
to age hardening during the period between the 
quenching and the machining processes have been 
found negligibly small by comparison with those 
due to machining. With light alloy parts requiring 
little or no machining, therefore, and in cases where 
resistance to corrosion is particularly important, 
quenching in boiling water, otherwise advantageous, 
is open to objection. 

Defects in fusion welded joints in Y-alloy and 
duralumin have been found to occur not only at the 
joint, where they are due to inclusions of oxide 
and flux, but also in the material on either side of 
the joint which, though not completely melted, has 
been heated to a high temperature. Cases so far 
examined suggest that gas, occluded in the metal 
being joined, plays some part in causing defective 
work. Continued effort to cure this condition is 
more than justified from the circumstance that 
joints, which externally appear to be sound and 
satisfactory, sometimes prove to be defective when 
examined in sections under the microscope. 

Materials for use at High Temperatures ; Cracking 
of Boiler Plates.—A recent communication to the Iron 
and Steel Institute* by Dr. C. H. M. Jenkins and Mr. 
H. J. Tapsell marks the completion of the third stage 
of a joint research by the Metallurgy and Engineer- 
ing Departments, on the properties of iron-nickel- 
chromium alloys at high temperatures. For some 
time, attention has been focussed on the enhanced 
creep resistance of certain alloys due to the addition 
of carbon and silicon. The greatest resistance to 
prolonged stress has been exhibited by an alloy 
containing 30 per cent. nickel, 30 per cent. chromium, 
4 per cent. tungsten, 1-5 per cent. carbon, 1 per cent. 
silicon, and the remainder iron. From microscopic 
examination and mechanical tests, thé important 
conclusion has been reached that, in alloys of this 
type, the degree of resistance to creep is definitely 
related to the extent to which secular changes, akin 
to age-hardening, have proceeded. 

Along with the empirical work on creep pheno- 
mena, a study of the fundamental processes under- 
lying the deformation of stressed materials at 
high temperature is being made by Dr. C. H. M. 
Jenkins and Mr. G. A. Mellor. Apparatus has 
been designed whereby specimens with polished 
surfaces may be microscopically examined both 
during and after prolonged exposure to load at 
high temperature. In the case of a specimen of 
Armco iron, which has now been under test for a 
long period, it has been found that the relative 
effects of straining, whether in a vacuum, in air, or 








* ENGINEERING, vol. cxxxi, page 713 (1931). 


in hydrogen, are more marked at higher tempera- 
tures than at lower, for equal times of testing. 
So far the results suggest that certain materials 
may safely be employed at temperatures higher 
than the present commonly accepted upper limit, 
with the proviso, however, that adequate measures 
are adopted to avoid the effects of oxidation and 
scaling. 

An important investigation of the behaviour and 
properties of steels which can be commercially 
produced for the construction of boilers, super- 
heaters and, in general, components subject to high 
temperatures and pressures, is being conducted 
under the auspices of a Joint Committee of the 
British Electrical and Allied Industries Research 
Association and the National Federation on Iron 
and Steel Manufacturers. Inquiry has been initiated 
in two directions, the first of which relates to the 
mechanical and creep properties of steels, whilst 
the second deals with resistance to corrosion by 
flue gases and superheated steam. In connection 
with the former line of research, by Dr. C. H. M. 
Jenkins and Mr. G. A. Mellor, a preliminary study 
of the heat treatment and microstructure of a series 
of simple carbon steels has revealed that the grain 
size of the material and the manner of distribution 
of the carbide exert important influences on the 
behaviour of the steels under creep stresses. In 
the condition resulting from one type of heat 
treatment, for example, a 0-40 per cent. carbon 
steel is found to flow, under a stress of 8 tons per 
square inch at 450 deg. C., 12 times as rapidly as 
the same material after heat treatment at a different 
temperature. Control experiments on other samples 
of steel, of similar composition but different origin, 
have served to confirm the earlier, somewhat 
anomalous, results. Further investigation of the 
effects, on creep properties, of grain size and carbide 
distribution are now in progress with specimens of 
alloy steel, particular attention being devoted to 
alloys containing small proportions of molybdenum. 

The second part of the research, concerned with 
steel corrosion, gains especial importance from the 
large proportion of cases in which the use of steels 
at high temperatures is found to be limited as much 
by oxidation and corrosion as by stress. The main 
object of the laboratory experiments is not so much 
to distinguish between good and bad materials 
(which are, in fact, already fairly well known from 
qualitative experiments on full scale boiler plants) 
but rather to discriminate among a number of the 
more satisfactory available materials, of which the 
rates of corrosion are likely to prove exceedingly 
small. 

No details are as yet available of the apparatus 
for superheated steam corrosion tests, the design 
and construction of which are not yet complete. 
Mr. Rooney’s flue gas apparatus, however, has now 
been working satisfactorily for some time. It 
comprises three units, maintained respectively 
at 500 deg., 600 deg., and 700 deg. F., in each of 
which samples of four different materials are under 
test. In order to secure exposure over a large area, 
in relation to the weight of steel employed, the 
specimens are in the form of 30 8.W.G. wire, which 
has the advantage that the progress of corrosion 
can be estimated from periodical determinations of 
electrical resistance, whilst local corrosion can be 
detected by tensile strength tests on additional 
short lengths of the wire. The difference in micro- 
structure between boiler plate or superheater tube, 
and wire drawn from the same materials, has been 
minimised by heat treatment of the wire, a struc- 
tural condition being produced in the wire of the 
same type as that of the plate or tube, but on a 
smaller scale. Such preliminary annealing of the 
wire in a neutral atmosphere has the further advan- 
tage of stabilising its electrical resistance in regard 
to subsequent prolonged heating. About 20 ohms 
of each specimen is mounted in an electrically heated 
furnace where it is exposed to a stream of pre-heated, 
synthetic flue gas consisting of 10 per cent. carbon 
dioxide, 6 per cent. oxygen and the rest nitrogen. 
At a later stage of the research it is proposed to 
include sulphur dioxide in the flue gas. Each con- 
stituent is separately metered and the mixture is 
saturated with moisture before inlet to the furnace 
tubes, whilst at the outlet the CO, and CO contents 





are continuously recorded. Temperature, measured 
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by aiumel-chromel thermo-couples, is also con- 
tinuously recorded, and thermostatically main- 
tained constant. Leads to each specimen, whereby 
electrical resistances may be measured, permit the 
progress of corrosion to be estimated as frequently 
as desired. Once a week, however, the wires are 
removed from the furnaces, and their resistances at 
25 deg. C. accurately determined. No test results 
are yet available, but, as might be expected, the 
advance of corrosion is found to be accompanied 
by a decrease of tensile strength and an increase of 
electrical resistance. 

A series of experiments on the plastic bending of 
boiler plate material when exposed, at room tem- 
perature, to the action of various corroding liquids, 
has yielded some comparative data. When speci- 
mens are bent in alternate directions at intervals 
of 24 hours, constant immersion in tap water reduces 
the number of bends necessary to produce fracture 
by 30 per cent. to 40 per cent., as compared with 
similar specimens in air. Concentrated solutions of 
sodium chloride have a similar, but less marked, 
accelerating effect. The influence of surface 
irregularities and of variations in the frequency of 
bending are also being investigated, special atten- 
tion being devoted to the mode of propagation of 
cracks in the material. Particularly interesting is 
a miniature bending apparatus with which bending 
tests may be performed on small specimens mounted 
on the stage of a microscope. 

Gases in Molten Iron and Mild Steel.—In the 
study, on a laboratory scale, of the removal of gases 
from iron and mild steel, considerable difficulty 
has been experienced in keeping down the 
oxygen content of the small quantities of metal 
involved. From this point of view, the use of an 
electric induction furnace has been found to yield 
more satisfactory castings than that of an arc furnace 
with iron electrodes. In the course of preliminary 
work, however, two incidental matters of consider- 
able practical importance have been observed, 
and are now undergoing more detailed investigation. 
The first of these concerns the melting of Armco 
iron. This material, which has a fair degree of 
purity, gives solid ingots free from blow holes when 
melted in vacuo and cast in sand moulds. The 
same charge, however, after the passage of hydrogen 
through the molten metal, gives ingots with a 
density of less than 7-0, as contrasted with 7-8 for 
the iron free from hydrogen. But in the case of 
iron containing 0-5 per cent. of carbon, the density 
of ingots after hydrogen treatment is found to be 
the same as that of vacuum melted metal, and 
oceasionally even slightly higher. The carbon 
content appears, therefore, to exert upon the cavity- 
forming propensities of hydrogen a marked influence 
which calls for closer examination. The second 
incidental effect concerns the evolution of large 
quantities of gas which has been found by Mr. W. P. 
Rees to occur during the melting of steel nominally 
in vacuo. When the charge is molten a vigorous 
reaction takes place, and may continue for as long as 
three hours, during which the liberation of gas has 
been observed at the rate of 200 (N.T.P.) cub. cm. 
per minute from 25 lb. of steel. If the pressure is 
allowed to rise above 20 cm. of mercury, the reaction 
ceases, but recommences as soon as the pressure is 
again reduced. The alternate stopping and starting 
of the reaction by alteration of the pressure can be 
repeated any number of times, and the reaction 


always stops or starts at a pressure of approximately | 


20 cm. of mercury, regardless of whether the atmo- 
sphere above the melt is hydrogen, nitrogen or the 
gas evolved from the steel. The investigation of 
these phenomena is being pursued by an attempt in 
the first place, to correlate the proportions of oxygen 
and carbon in the steel with the rate of gas evolution 
at various pressures. 

It is of interest to note, in connection with the use 
and development of the valve operated, high- 
frequency furnace in the Metallurgy Department, 
that an industrial type of furnace, employing a 
large thermionic valve and working with relatively 
very large power, has been produced by a British 
firm. 

Alloys of Iron.—For several years a systematic in- 
vestigation of the constitution, structure and physi- 
cal properties of binary alloys of iron, has been in pro- 
gress. Workon the elements, oxygen, phosphorus and 





silicon, was completed some time ago. Attention has 
been concentrated of late on the alloys of iron and 
chromium, and a detailed account of this work, by 
Dr. J. L. Haughton, Dr. Marie Gayler and Mr. F. 
Adcock, will shortly be presented to the Iron and 
Steel Institute. A prominent feature of these 
researches is the deliberate exclusion of carbon 
from the binary systems studies, with the objects, 
first, of discovering valuable properties in carbon- 
free binary alloys; and, secondly, of laying a 
foundation of fundamental data from which to 
proceed to an investigation of the more complex 
ternary and quarternary alloy systems of which 
carbon is a constituent. The latter include all the 
well-known alloy steels, and cover, in addition, a 
wide range of alloys whose properties remain, in 
large measure, to be discovered. Much valuable 
work, incidental to the main research, has been 
accomplished in connection with the preparation 
of high purity metals. For example, iron is now 
prepared with less than 0-015 per cent. of im- 
purities, whilst the electrolytically prepared chrom- 
ium in use has no impurities detectable by spectro- 
graphic analysis. Experiments are now in hand 
on the alloys of iron with manganese, and for this 
purpose manganese containing only 0-01 per cent. 
impurities is being obtained by distillation of com- 
mercial thermit manganese. 

Investigatory Test Work.—The Department has 
recently given assistance to the consulting engineers 
responsible for the second heightening of the Assouan 
Dam. Aspecification has been formulated for a“ rust- 
resisting iron ” to be used in the reconstruction of the 
dam and, at the request of the Egyptian Govern- 
ment, arrangements have been made for inspecting 
and testing this material before shipment. Samples 
of the “iron,” which is actually a high-nickel, 
high-chromium steel have already undergone, and 
successfully withstood, corrosion tests of the severest 
character. In addition, some interesting methods 
proposed by the Laboratory for the chemical 
analysis of this class of steel have been adopted by 
the manufacturers. The recommended method of 
analysis includes the estimation of carbon, with 
separation by means of copper chioride solution, 
and subsequent combustion of the residue. After 
a long series of tests, direct combustion, with the 
addition of a small quantity of tin to the drillings, 
has also been found to be reliable. For the estima- 
tion of sulphur, a gravimetric method is employed, 
as the evolution method gives low values, possibly 
because, during the solution of the sample, the 
attack of the acid on this steel is very slow. Man- 
ganese is estimated by a modified persulphate- 
bismuthate method, the manganese being first 
precipitated with ammonium persulphate in the 
usual way. The precipitate is filtered on a sintered 
glass or asbestos filter and dissolved with a few 
drops of sulphurous acid solution. Nitric acid 
(sp. gr. 1-2) is then added, the excess of sulphur 
dioxide boiled off, and the determination completed 
by the ordinary sodium bismuthate method. 

The report of the Metallurgy Department con- 
cludes, as in former years, with a reference to the 
increasing extent to which the facilities and re- 
sources for investigatory testing are utilised by in- 
dustrial firms. Ascertainment of the cause of 
breakage in machine components is, perhaps, the 
commonest type of request, and arising out of a 
number of such investigations, the very interesting 
and important conclusion has been reached that the 
practice of stamping metai parts with identifying 
numbers, trade marks or similar indentations, is 
dangerous, especially in the case of fittings exposed 
to alternating or fatigue stresses. Similarly, the use 
of sharp corners without fillets of adequate radius 
is still a frequent source of fracture, although the 
danger of such forms of design has, of course, long 
been well known. 

(To be continued.) 





CONSTRUCTION OF FouNDRY PLANT AT MONTREAL,— 
Messrs. Jenkins Brothers, Limited, manufacturers of 
brass and iron valves and valve accessories, have put 
in hand the construction of the first portion of a new 
works at Lachine, seven miles from Montreal. The 
site covers about 500,000 sq. ft., and the portion 
now being built comprises non-ferrous metal and iron 
foundries and a steam power plant. At a later date 
machine and pattern shops, laboratory and offices are 
to be added. 
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1,250-LB. TURBINE FOR THE FORD 
FACTORY, DAGENHAM. 


THE factory which the Ford Motor Company is 
now erecting at Dagenham, Essex, will be supplied 
with electricity from a works power house. This 
will be equipped with plant operating at a steam 
pressure of 1,200 Ib. per square inch. The boilers are 
being designed so that various methods of firing can 
be used, and so that refuse can be employed as a fuel. 
The refuse cells will be water-jacketed, and will be 
cooled by the condensate from the main turbine and 
turbo-blowers, through a circuit which will be connected 
in parallel with the intermediate-pressure heater. 
Special arrangements are being adopted to keep the 
temperature and pressure of the water supplied to 
these cells within definite limits. 

The main turbine, which is now being manufactured 
by Messrs. The British Thomson-Houston Company, 
Limited, Rugby, will be coupled to a 34,400 kv.-a. 
alternator generating three-phase current at 11,000 
volts and 50 cycles and a 3,570 kv.-a. auxiliary alter- 
nator generating three-phase current at 3,300 volts, 
and the same frequency. The main alternator will 
supply power to the works, and the auxiliary alternator 
the generating station auxiliaries. The turbine will 
run at 3,000 r.p.m., and will be equipped with three 
cylinders, which will be directly coupled to each other 
and to the two alternators and two exciters, so that 
the total length of the set will be 87 ft. 6 in. Up to 
155,000 Ib. of steam per hour will be extracted from 
the high-pressure cylinder outlet, the speed of the set 
and the pressure at this point, viz. 200 lb. per square 
inch, being automatically maintained irrespective of 
the demands for extracted steam and electricity, by 
interconnecting the admission valves on the high and 
intermediate pressure cylinders. About one-third of 
the extracted steam will probably be used for driving 
a turbo-blower, and, like that supplied to the inter- 
mediate cylinder, will be passed through a re-super- 
heater. The latter equipment will be supplied with 
steam at a pressure of 1,200 lb. per square inch and 
a temperature of 725 deg. F. The steam from the 
intermediate cylinder of the turbine will be admitted 
directly to a double-flow, low-pressure cylinder and 
thence to twin condensers in which a vacuum of 29 in. 
will be maintained by water drawn from the Thames. 

The feed water will be supplied on a closed-circuit 
system, comprising a low-pressure feed-water heater, 
de-aerator, two evaporators, an intermediate-pressure 
feed-water heater, and a high-pressure feed-water 
heater. Steam to the first two heaters will be supplied 
from tapping points on the intermediate cylinder of 
the main turbine, while the evaporators and high- 
pressure heater will be connected to the outlet for the 
high-pressure cylinder. As the pressure at the latter 
point will be constant, the final feed-water temperature 
should be 376 deg. F. at all loads. As only one unit 
is installed, all the essential auxiliaries will be in 
duplicate, one set drawing their power from the main 
and the other from the auxiliary alternator. 

Other plant in the power house will include two turbo- 
blowers, consisting of a seven-stage turbine and a three- 
stage blower. These are also being manufactured 
by Messrs. The British Thomson-Houston Company, 
Limited, and each will be capable of supplying 50,000 
cub. ft. of free air per minute at a pressure of 30 Ib. per 
square inch. They will be supplied with re-superheated 
steam at a pressure of 190 Ib. per square inch, and a 
temperature of 550 deg. F. from the high-pressure 
cylinder of the main set, as already explained, or from 
an independent battery of boilers. These two sources 
will be interconnected through a pressure-regulated 
valve, so that if the pressure of the extracted steam 
drops, the low-pressure boilers will take up the demand. 
These boilers will also supply a 3,750-kw. turbo- 
alternator, which will be used during the week-ends. 
Arrangements will be made so that all the steam used 
in this set and in the turbo-blowers can be returned 
as condensate to the main feed system after use, any 
surplus flowing from the main storage tank into the 
low-pressure boiler feed system. 








CHANGE oF AppREss.—On and after September 1 


next, the registered offices of the Incorporated Municipal 
Electrical Association will be at Australia House, Room 
503, Strand, London, W.C.2. 


British CoMMERCE WITH ITaLy.—Speaking at the 
annual general meeting of the Milan Section of the British 
Chamber of Commerce for Italy, Mr. R. H. Dexter, chair- 
man of the Section, stated that the import trade into 
Italy from Great Britain was confining itself more than 
ever to a supply of raw materials or semi-manufactured 
articles. It was worth while for those who desired to 
trade with Italy, or for those who felt that they were 
losing ground, to study the possibility of the formation 
of separate Italian companies for the manufacture 
and sale of their products in that market. The Chamber 
had had an increased number of inquiries in this connec- 
tion, during 1930, and was able and willing to give 
advice and assistance on these matters. 
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CONSTRUCTED BY MESSRS. CHASESIDE MOTOR COMPANY, LIMITED, ENGINEERS, ENFIELD. 





























Fig. 1. 


HALF-CUBIC YARD MECHANICAL 
SHOVEL. 


Tue above figures illustrate a portable motor-operated 
shovel which is constructed by Messrs. Chaseside 
Motor Company, Limited, of Cambridge-road,) Enfield. 
This shovel which, as will be fairly clear from the 
illustrations, is built up on a Fordson tractor, has been 
manufactured by Messrs. Chaseside Motor Company 
for a number of years, and has been previously dealt 
within ourcolumns. The shovel has, however, recently 
been entirely redesigned, the new model being shown 
in our figures. It has a capacity of half a cubic yard, 
or 30 tons per hour, and should be of much con- 
venience and value in connection with many road and 
building operations. 

As will be seen, the winch operating the bucket 
and bucket arm is carried on the upper part of the 
frame and is driven by duplex chain from the engine 
unit. It comprises a double-drum friction drive and 
incorporates an automatic brake which comes into 
operation if the driver fails to release the operating 
lever. The machine is controlled by a single compound 
lever, which replaces three levers which were used in 
the earlier model. The tipping height of the bucket is 
9 ft. 9in., as compared with 9 ft. for the earlier model, 
and the bucket is held automatically by a catch, which 
is released by a cable controlled by the driver. A 
further alteration from the previous machine is that 
the framework has been redesigned to distribute the 
load evenly over the four road wheels. The machine 
carries two ballast boxes at the rear. 








2-10-4 TYPE FREIGHT LOCOMOTIVES | 


FOR THE CHESAPEAKE AND OHIO 

RAILROAD. 

Towarps the close of last year, the Chesapeake and 
Ohio Railroad took delivery from the Lima Locomo- 
tive Works, of some exceptionally large and powerful 
engines of the 2-10-4 type. These locomotives, 40 in 
number, were, when built, considered to be the most 
powerful having two cylinders. 
tractive effort (main cylinders only) reaches the high 
figure of 91,584 lb., and with the booster applied to 








considerable proportions, employed chiefly in handling 
very heavy freight trains, which they worked between 
Russell, Kentucky, and Columbus, Ohio, a distance 
of 110 miles; from the latter point to Toledo, Ohio, 
a run of 126 miles, the trains were worked forward by 
Mallet compounds, and engines of the 2-10-2 type. 


TABLE |I.—Locomotive Dimensions. 


a C. and O. Erie. C. and O. 
Type me oe ve 2-8-8-2 2-8-4 | 2-10-4 
Cylinders ea - Four Two Two 
23 x 32 284 x 32 29 x 34 
Drivers, diameter, in. .. 57 70 69 
Steam pressure Ks 205 240 | 260 


Heating Surfaces, sq. ft.— | 
Firebox and combus- | | 


tion chamber Ke 467 | 308 477 
Syphons = te 42 | 129 168 
Tubes .. oe Pe 3,903 | 616 726 
Flues .. ms ie 2,073 4,635 | 5,264 
Total evaporative .. 6,485 5,688 | 6,635 
Superheater .. és 1,885 2,480 3,030 
Combined Total ie 8,370 9,665 
Grate area . 9q. ft. 112-9 121-7 

Weights, long tons . | 
On drivers a oe 219-0 | 
Total engine .. “3 254-0 
Engine and tender .. 387-0 | 





General Data estimated 
Tractive effort, main 


cylinders .. Ib. 103,500 | 75,600 | 91,584 
Tractive effort with j | 
booster ois sh | 88,100 | 106,584 
Factor of adhesion | 4°75 | 3°92 | 4-07 
Tractive effort* x dia- | | 
meter of drivers — | | 
Combined heating | | 
surface oe ee 705 650 } 656 
Combined heating sur- | 
face — Grate area .. 75:1 81-6 79-5 
Tender— | 
Water capacity | 
galls. U.S. 16,000 | 16,500 23,500 
Fuel capacity Ib. 40,000 48,000 | 60,000 
| 


* Based on main cylinders only. 


The new locomotives have been designed to take 


The maximum rated | the place of those mentioned, and with the object of 


hauling the trains in one continuous movement without 


changing locomotives at Columbus. The task set was 


the trailing four-wheeled truck, the maximum effort | to provide sufficient power to haul, unassisted, coal 


available at starting amounts to 106,584 lb. There | trains of about 11,000 short tons from Russell to 
are, it should be stated, some large 2-10-4 type freight | Toledo, a distance of 236 miles, over a maximum 
engines in service on the Bessemer and Lake Erie| grade of 0-7 per cent., extending for 1:25 miles, 
Railroad having a rated tractive effort of 109,800 lb., occurring between Russell and Columbus, and then 
including the booster, and an experimental engine of | over fairly level country to Toledo, the grades ranging 
the same type had been placed in service on the|from 0-2 per cent. to 0-4 per cent. The simple- 
Santa Fe system, which has a tractive effort of | expansion Mallet engines required assistance over the 
93,000 lb. The latter engine, which has a steam | 0-7 per cent. grade, and the others used from Columbus 
pressure of 300 lb., has a boiler about equal in size | to Toledo had a pusher over the 0-4 per cent. gradients, 
to the Chesapeake and Ohio 2-10-4 locomotives. but with the new engines it was desired to run through 
Prior to the introduction of these new engines, the | without any pusher service. 
Chesapeake and Ohio Railroad had in operation a| In order to determine the best type of locomotive 


number of Mallet-type simple-expansion locomotives of | which would meet these requirements, a number of 











tests were made with the existing simple Mallets, and, 
in addition, a locomotive of the 2-8-4 type was borrowed 
from the Erie Railway. This engine had a booster, 
and was capable of exerting a maximum starting pull 
of 88,100 Ib., compared with the existing Mallets which 
were not booster fitted, but had a rated tractive 


TaBLe Il.—Average Results of Dynamometer-Car Tests 
between Russell, Ky., and Toledo, Ohio, 


| Simple | Erie New C. & O. 
Locomotive ne Pee Mallet, Engine, Engine, 
|2-8-8-2 type.| 2-8-4 type. | 2-10-4 type. 


Particulars of train:— | 





| 
Loaded cars, No. ave 140 | 140 139 
Other cars, No. eal 4 4 2 
Total cars, No. | 144 144 141 
Actual tonnage | | 

(short tons) | 10,724 10,857 10,939 
Miles run . a 236 236 236 
13 hr. 9 m. | 13 hr. 17 m. 


.. |13 hr. 59m. 


Journey time .. 
.. IL hr. 19 m. | 11 hr. 13 m. | 10 hr, 42 m. 


Running time 


Average speed m.p.h. | 20-51 | 20-65 | 21-69 
»,  drawbar pull | | | 
Ib. | 46,882 | 45,499 43,921 


Maximum drawbar 
pull starting with | 
booster ne be — | 85,000 105,500 
Maximum drawbar | 











pull starting with- | 
out booster F 105,000 — — 
Average drawbar h.p.| 2,632 2,531 
,». boiler pressure! 204 239 
a steam chest | | 
pressure ..| 173 221 244 
* cut-off (per | 
cent.) ..| 42-7 55-4 52-6 
a B.Th.U. coal | 
as fired ../ 13,834 13,493 13,026 
water, Ib. per | 
d.b.h.p.-hr. | 23-32 21-81 22-64 
; coal, Ib. per | 
d.b.h.p.-hr. 
as| fired a 3-521 3°35 3-37 
»» Water evapo- | 
rated per 
hour Ib. 61,278 55,201 59,420 
coal per hour | 
fired Ib. | 9,267 8,478 8,846 
coal per 1,000 | 
gross ton- | 
miles .| 35-41 32-96 30-22 
overall loco- | 
motive effi- | 
ciency, per | | | 
cent. pall 5-22 | 5-63 | 5-80 


effort of 103,500 Ib. The reasons this particular 2-8-4 
type engine was selected for trial were the good per- 
formance of the class in heavy service, combined with 
speed possibilities due to the adequate boiler capacity, 
and the diameter of their driving wheels, which is 
70 in. 

Trial runs made between Russell and Toledo with 
the simple Mallett engine No. 1588, and with the Erie 
locomotive, showed that both could handle the trains 
right through with the assistance of a pusher over the 
0-7 per cent. grade, and also that of the two engines 
the 2-8-4 was the more economical. On the other 
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Fie. 1. 2-10-4 Type Locomotive. 
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hand, it was seen that an engine of greater power than 
the 2-8-4 was advisable to avoid pusher assistance, 
and in order to provide a margin for possible adverse 
conditions arising in every-day working. The Mallet 
engines, which were built up to the limits imposed 
by the load gauge, could not, for this reason, be 
redesigned with larger drivers, and, further, on account 
of their length, tenders of greater capacity required, in 
order to carry more water, could not be provided. 
The locomotive problem to be solved was, therefore, 
the designing of a locomotive having the starting 
power of the four-cylinder simple Mallet, with 57-in. 
drivers, combined with driving wheels of about 70 in., 
with adequate boiler power, and, at the same time, | 
tank and fuel capacity sufficient to enable the run of 
110 miles from Russell to Columbus to be made with 
one stop only for water. 

The new locomotives, illustrated by Fig. 1, are| 





Fie. 2. Srmpte-ExpANSION MALLET LOCOMOTIVE. 


Fig.4. RELATION OF DRAWBAR HORSE POWER 
TO OVERALL EFFICIENCY AND DRY COAL 
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per square inch. There are 59 2}-in. tubes, and the 
type E superheater is housed in 275 3}-in. flues. The 
length over tube sheets is 21 ft. An ‘‘ American” 
| multiple-valve throttle is fitted, housed in the super- 
| heater header casting. The firebox has a combustion 
chamber and is equipped with three Nicholson thermal 
syphons ; the grate area is 121-7sq.ft. The total fire- 
box heating surface, including syphons, amounts to 
no less than 645 sq. ft., and the total, including that 
contributed by the superheater, reaches 9,665 sq. ft. 
To add further to the steaming power, a Worthington 
S-type feed heater of 100,000 Ib. hourly capacity is 
provided. A Standard stoker, having the engine on the 
tender, is provided. 
| The cylinders are 29 in. by 34 in., which, in conjunc- 
| tion with the steam pressure of 260 lb. and 69-in. 
| drivers, furnish a rated tractive effort, as already 
| stated, of 91,584 lb. The valves are of the piston type, 
14 in. in diameter, and with 9-in. travel in full gear. 
| The valve gear is of the Baker type, controlled by a 
power reverse of the Precision type. The cylinders are 





remarkable for their boiler power ; in fact, as regards | | in two steel castings, and they and the main framing 


the boiler capacity provided,these locomotives have more 


| are of cast nickel steel. 


To take the high piston thrust, 


heating surface and larger grates than has ever before | the main rods are of the articulated or Woodard type, 
been used for a non- anne ulated de sign, not excepting | the use of which relieves the main crank-pins of part 


the three-cylinder 4-12 


2 engines of the Union Pacific| of the load, and additional bearing surface for the 


Railroad. The boilers, ‘the barrel section of which is| crossheads is obtained by using slides of the duplex 


of nickel steel, have a maximum diameter, outside, of 


97 #8 in., and carry a working steam pressure of 260 Ib. | 


design. 
The total wheel-base for the coupled axles is 








24 ft. 4 in., but flexibility is provided by fitting the 
leading and hind coupled axles with Franklin lateral- 
motion axle-boxes. The four-wheeled trailing truck 
is fitted with 36-in. and 43-in. wheels; the latter at 
the trailing end take the drive from the Franklin 
booster, which adds 15,000 Ib. to the 91,584 lb. tractive 
effort of the main cylinders, and as the boiler has a 
rating of 113-1 per cent. based on the steam require- 
ments of the main cylinders, there is ample margin for 
booster operation. The total weight of the engine 
only is 566,000 lb., or 252 long tons, and of this 
373,000 Ib. is carried on the coupled axles, so that the 
factor of adhesion is 4-07. 

The tenders for these engines are of considerable 
size; they run on 12 wheels, and have space for 30 
short tons of coal, and water capacity for 23,500 U.S. 
gallons. The weight loaded is 415,000 Ib. (185 long 
tons), and the total locomotive weight in working order 
is 981,000 lb. (437 long tons). The total wheel-base 
amounts to 99 ft. 4} in. 

In conformity with usual practice, the air brake 
operates on the coupled and all tender wheels. 
Westinghouse equipment is fitted to 20 of the 40 
locomotives, and the remaining 20 have the New 
York air-brake gear. 

The leading dimensions of these locomotives are 
summarised in Table I, which also gives, for comparison, 
similar particulars for the C. and O. simple Mallet 
and the Erie 2-8-4 engines. Fig. 2 shows one of the 
C. and O. simple-expansion articulated locomotives of 
the class with which the road trials mentioned were 
made. The Erie locomotive is one of a number built 
by the American Locomotive Company, and as con- 
structed works at 225 lb. pressure, but upon delivery 
for test on the C. and O. the pressure was increased to 
240 lb. per square inch, and the weight on the coupled 
axles modified to provide the necessary adhesion for 
the greater tractive effort; the tractive efforts and 
engine weights given are for the locomotive as tested. 
All three locomotives are stoker-fired and have feed- 
water heaters, and the C. and O. articulated engine has 
a type A superheater, the other two both having the 
type E equipment. 

The data given in Table IL include the princi- 
pal results obtained during the dynamometer tests 
carried out, in the first instance, between the C. and 
O. articulated simple-expansion Mallet and the Erie 
engine, and, for comparison, the results obtained with 
one of the new C. and O. 2-10-4 engines are also 
given. ‘The articulated and Erie locomotives both 
had assistance over the 0-7 per cent. grade, but the new 
C. and O. engine worked the trains throughout without 
pusher service. 
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The working results and also the relative dimensions 
and proportions of these three locomotives, taken 
together, make some interesting comparisons possible. 
In the first place, it is interesting to note the relative 
proportions with respect to the power developed. As 
an instance, it is seen that the new C. and O. engine 
weighs a little less than the older Mallet, and that 
the weight on the coupled axles is only 78 per cent. 
of the weight on the coupled axles of the 2-8-8-2 
engine. It will also be noted that, while the new 
2-10-4 engines are lighter, both the total heating surface 
and the grate area are appreciably more, the increase 
in the former being 15 per cent. and in the grate area 
7-2 per cent. Based on the maximum tractive effort 
of the main cylinders, the new design is seen to have 
greater relative boiler power, the factors being 705 
and 656, but when the total maximum effort is taken 
into consideration the boiler demand factor for the 
2-8-4 is the larger, being 752. In this connection, 
however, it should be noted that the booster is cut out 
at about 15 m.p.h. 

The curves in Fig. 3 show the actual evaporations, 
and the temperatures recorded for the firebox, smoke- 
box, and the superheated steam in relation to the rate 
of firing. These are the mean results obtained during 
road tests with the 2-10-4 type engine No. 3000. It 
will be observed that the temperature of the super- 
heated steam ranges between about 650 deg. and 
700 deg. F., and that the difference between the steam 
and smoke-box temperatures is very uniform; and 
further, the smoke-box temperatures are uniformly 
low, showing an increase of only some 50 deg. for a 
rise of approximately 150 deg. F. in the firebox. 
This, and the relationship between the temperature of 
the steam in the branch pipes, indicate a satisfactory 
heat absorption, which is further shown by the smoke- 
box temperatures of from about 460 deg. to 510 
deg. F., which compare with the boiler temperature of 
409 deg. F., corresponding to the steam pressure of 
260 Ib. per square inch. The overall performance of 
the locomotive is indicated by the diagram, Fig. 4, 
where the dry coal rate in pounds is shown plotted 
againts the power developed at the drawbar. This dia- 
gram also shows the corresponding overall or locomo- 
tive efficiency on the same basis for powers from about 
2,200 h.p. to 3,400 h.p and fuel consumptions running, 
apparently, from 7,200 lb. to 10,600 Ib. per hour. 


TENDER. 

We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of a tender invited forelectro-medical and X-ray apparatus 
of which further details may be obtained on application 
to the Department at the above address, the reference 
number given being quoted. 

Electro-Medical and X-Ray Apparatus.—The supply 
of electro-medical and X-ray apparatus during the six 
months ending April 30, 1932. The Egyptian Depart- 
ment of Public Health, Cairo; October 28. (Ref. No. 
A.X. 11,069.) 


LAUNCHES AND TRIAL TRIPS. 


STEEL HarBour LicHter for heavy harbour duties 
at Hull. Launch, August 6. Main dimensions, 75 ft. 
by 20 ft. by 9 ft. 6in. Built by Messrs. Richard Dunston, 
Limited, Thorne, near Doncaster. 

“ DRAGoN.”’—Steam dipper dredger. Delivery, 
August 12. Main dimensions, 125 ft. by 44 ft. by 12 ft. 
Built and engined by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne. 

** CARTHAGE.”’—Twin-screw liner for service to China 
and the Far East ; single-reduction geared Parsons-type 
turbines. Launch, August 18. Main dimensions, 545 ft. 
by 71 ft. by 46 ft. Built by Messrs. Alexander Stephen 
and Sons, Limited, Linthouse, Govan, Glasgow, for the 
Peninsular and Oriental Steam Navigation Company. 

“Pitcomayo.”’—Drag and cutter suction dredger. 
Speed and dredging trial trip, recently. Gross tonnage, 
2,000. Built by Messrs. Lobnitz and Company, Limited, 
Renfrew, to the order of the Chilean Naval Commission, 
for the Chilean Government. 


REVIEW OF THE Book “ KESSELBETRIEB”’: ERRATUM. 
—We regret that in our review of the book Kesselbetrieb, 
on page 157 of our issue of August 7 last, we stated that 
the price was 18 marks ; this should have read 10 marks. 
The book is published by Messrs. Julius Springer, Berlin. 





ALUMINIUM IN ARCHITECTURE.—We have recently 
received two attractively illustrated brochures from 
Messrs. The British Aluminium Company, Limited, 
Adelaide House, King William-street, London, E.C.4. 
The one deals with aluminium in architecture and decora- 
tion, and contains illustrations and particulars concerning 
aluminium and aluminium-alloy balustrades, lift-shaft 
enclosures, doors, panelling, grilles, exterior decorations 
and ceilings. The other brochure concerns aluminium 
in shopfitting and gives illustrated particulars of alumi- 
nium and light-alloy window frames, shop fronts, door- 
ways, showcases, signs, lettering, counters, stands, and 
fittings. Some particulars regarding cleaning and main- 
tenance are included in the brochures. 


CONTRACTS. 


Messrs. THE D.P. Battery Company, LIMITED, 
Bakewell, Derbyshire, have received a repeat order, 
from Brisbane, for three sets of Kathanode batteries. 

Messrs. J. W. Brooke AND CoMPANY, LIMITED, 
Adrian Works, Lowestoft, have received several orders 
for motor launches and marine motors. Among them 
is one for a 28-ft. fast cabin launch to be carried on board 
the steam yacht Iolanda. The launch is fitted with a six- 
cylinder 100-h.p. Brooke engine. 

Messrs. THE Nor-Rust Liquip LEAD CoMPANy, 
LiuiteD, Iddesleigh House, Caxton-street, London, 
S.W.1, have received a contract from the Great Western 
Railway Company for the coating with Nust of approxi- 
mately 200,000 ft. of steel at the docks at Fowey. 

Messrs. THERMOTANK, LIMITED, Helen-street, Govan, 
Glasgow, have installed heating and ventilating equip- 
ment, on the Thermotank Punkah Louvre system, for all 
public rooms and living accommodation, and also Thermo- 
tank exhaust fans on the new P. and O. liners Corfu, 
Carthage, Strathnaver and Strathaird, and on the new 
steamer Rangatira. 

Messrs. VICKERS-ARMSTRONGS, LIMITED, have secured 
a contract from the Great Western Railway Company 
for the supply and erection of two pairs of dock gates 
and other works for the inner lock of the Roath Dock 
at Cardiff. 

Messrs. J. H. Witson AND CoMPANY, LIMITED, 
Dock-road, Birkenhead, have received an order from the 
Great Western Railway Company for the supply and 
delivery of 28 six-ton fixed hand cranes for Bristol, 
Reading, Didcot, and other Great Western Railway 
stations. 





BOOKS RECEIVED. 


Ministero det Lavort Pubblici. Statistica della Naviga- 
zione Interna Sulle vie Navigabili e Laghi del Regno 
d'Italia. Rome: Miunistero dei Lavori Pubblici. 
[Price 40 lire.] 

Railway Board. Technical Paper No. 276. Investiga- 
tion into the Strength of Rail Joints. By H. Howe and 
L. H. Swartn. Calcutta: Government of India, 
Central Publication Branch. [Price 10 annas or Ls. ] 

Quartz Resonators and Oscillators. By P. ViagouREvx. 
London: His Majesty’s Stationery Office. [Price 
7s. 6d.] 

Journal of the British Wood Preserving Association. 
Vol. I, 1931. London: Offices of the Association. 
[Price 7s. 6d. net to non-members, ] 

Department of Overseas Trade. Economic Conditions in 
Roumania, May, 1931. Report. By R. J. E. Hum- 
phreys. London: His Majesty’s Stationery Office. 
[Price 2s. 6d. net. ]} 

Twenty-Third Annual Report of the Hydro-Electric Power 
Commission of the Province of Ontario for the year 
ended, October 31, 1931. Toronto: Hydro-Electric 
Power Commission of Toronto. 

Coal Tar and Some of its Products. By ARTHUR R. 
WaRNES. Second edition. London: Sir Isaac Pit- 
man and Sons, Limited. [Price 3s. net.] 

American Railway Signalling Principles and Practice. 
Chapter XVI. Interlocking. New York: American 
Railway Association, Signal Section. [Price 25 cents. ] 

Turbokompressoren und Turbogeblase. Eine Einfiihrung 
in Arbeitsweise Bau und Berechnung. By Dret.-Ina. 
Erwin Scuutz. Berlin: Julius Springer. [Price 
5:50 marks. | 

Arbeiter-Probleme in U.S.A. By Epwarp S. Cowprick. 
Berlin: V. D. 1.-Verlag G.m.b.H. [Price 3 marks.] 

Druckwechsel und Stosse an Kolbenmaschinen mit Schub- 
kurbelgetriebe. By InG.-Dr. TecHN. Franz Kusa. 
Berlin: Julius Springer. [Price 18 marks. ] 

Canada. Department of the Interior. North West 
Territories and Yukon Branch. Report of the Director 
of the North West Territories and Yukon Branch, 

1929-30. Ottawa: Minister of the Interior. 

Mines Department. Safety in Mines Research Board. 
Paper No. 71. Spontaneous Electrification in Coal 
Dust Clouds. By S. C. Buacktriy and H. Rosinson. 
London: His Majesty’s Stationery Office. [Price 
6d. net.] 

Air Ministry. Aeronautical Research Committee. Reports 
and Memoranda No. 1382. Some Cases of Flow of 
Compressible Fluids. By Pror. G. I. Taytor. [Price 
ls. net.] No. 1384. Tests of Various Lateral Controls 
Fitted to a Siskin Aircraft. By W. G. JENNINGS. 
[Price 9d. net.] No. 1386. The Influence of Titanium 
Tetrachloride on Cast Aluminium Alloys. By Dr. 
W. RosENHAIN and others. [Price ls. net.] No. 
1387. Gas Removal and Grain Refinement in Alumi- 
nium Alloys. By Dr. W. RoseNHAIN and others. 
[Price 9d. net.] London: His Majesty's Stationery 
Office. 

Proceedings of the 3rd International Congress for Applied 
Mechanics, Stockholm, August 24-29, 1930. Vol. I. 
Hydro and Aerodynamics. Vol. II. Elasticity, Plas- 
ticity, Strength of Materials, Ballistics and Rational 
Mechanics. Vol. III. Problems of Stability and 
Vibrations. Edited by C. W. Osten and Watopp1 
WEIBULL. Stockholm: A. B. Sveriges Litografiska 
Tryckerier. 

Department of Scientific and Industrial Research. Fuel 
Research. Physical and Chemical Survey of the National 
Coal Resources. No. 19. The Lancashire Coalfield. 
The Burnley, Accrington, Darwen and Bacup Area. 
The Lower Mountain Mine. London: His Majesty’s 
Stationery Office. [Price 2s. 6d. net.] 

Die Gelenkmethode. Ein Verfahren zur Ermittlung 
statisch unbestimmter Grissen und deren Hinflusslinien. 
By Dr. Sc. TECHN. SavyeD ABD Ex-WauHeED. Berlin: 





Julius Springer. [Price 4:50 marks. ] 





PERSONAL, 


Messrs. THE CoAL AND ORE DRESSING APPLIANCES 
(1929), Limrrep, 32, Victoria-street, London, S.W.1, 
are in active operation for the design, manufacture and 
supply of new coal washeries on the Luhrig principle, 
either with mechanical jig pulsation or compressed air, 
and with complete screening and separation of the 
washed coal. Upwards of 80 of the firm’s washeries are 
in operation in this country, and any spare part can be 
supplied whenever required. 


Messrs. CoveNTRY CLIMAX ENGINES, LIMITED, 
Friars-road, Coventry, have arranged a programme of 
development involving the manufacture of engines for 
cars, commercial vehicles, passenger coaches and for 
industrial purposes. In connection with this, Mr. 
J. W. Mills has been appointed general manager, and Mr. 
W. P. Riley, works manager. Mr. H. D. Turner will 
continue to have control of the sales. Mr. H. Hayward 
has resigned his position and severed his connection 
with the firm. : 


Mr. H. M. Wotr.rn has been appointed supervising 
engineer of the Intermountain Experiment Station, at 
Salt Lake City, Utah, of the United States Bureau of 
Mines. 

Mr. E. Murray Harvey, Commercial Secretary at 
Santiago, Chile, is to succeed Mr. 8S. G. Irving as Commer- 
cial Secretary, First Grade, at Rio de Janeiro; Mr. S. G. 
IRvING will take up his duties as Commercial Counsellor 
at Buenos Aires in September next. Mr. A. J. Pack, 
Commercial Secretary at Washington, U.S.A., is to 
succeed Mr. E. Murray Harvey at Santiago, Chile. 

Messrs. VICKERS-ARMSTRONGS LIMITED have decided 
to transfer, from their Erith Works, the manufacture of 
the products at present being carried on there. The 
manufacture of the heavier products of these works 
has already been transferred to the Company’s works 
at Newcastle and Barrow-in-Furness, and it is now 
intended to concentrate the lighter products in their 
Crayford and Dartford Works. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The majority of firms have resumed 
operations following the holiday stoppage, but produc- 
tion continues on a low level. Manufacturers are doing 
their utmost to secure new business. Economy cam- 
paigns are being ruthlessly put into force in an effort to 
reduce overhead costs. Not only have steel-workers’ 
wages been reduced, but, at some works, cuts have been 
made in the salaries of staff men. In some instances a 
cut of 15 per cent. has been made. Business is urgently 
needed by makers of raw and semi-finished materials. 
Over 60 per cent. of the furnaces are out of commission, 
and unless the position develops a better tone, more plant 
is likely to be damped down. The pig-iron market 
does not provide much hopefulness, while the amount 
of basic-steel scrap being consumed is of small dimen- 
sions. Ferro-alloys are still depressed despite the fact 
that the special-steel trade is fairly well employed. 
Railway rolling-stock departments are suffering severely 
from the slump in overseas business. At one time India 
and the Far Kast provided this area with many useful 
contracts. During the last few months, however, the 
amount of business being booked from that quarter 
shows a considerable decrease. The home railways are 
ordering sparingly. Shipbuilding requirements do not 
represent much in the bulk. One of the few progressive 
lines is that devoted to the production of electrical 
apparatus. Not only is the home call for transformers, 
generators, dynainos, cables, and other parts of a consis- 
tent character, it also tends to expand. Overseas 
requirements are of normal size. Automobile steel and 
fittings have recovered some of the ground recently lost, 
while the current call for agricultural machinery and 
implements shows signs of falling off. Considering that 
depression has secured a strong grip in many directions, 
the special-steel trade may be considered to be doing well. 
Stainless and rustless materials are in demand by the 
chemical, pottery, and the food and dairy industries. 
The tool trades show little change, and makers could 
comfortably handle a much greater volume of business. 


South Yorkshire Coal Trade.—The position of the coal 
trade generally shows little material alteration. Inquiries 
are more numerous, but the amount of actual business 
accruing does not come up to expectations. Export 
requirements are on the down-grade. Industrial fuel is 
in better demand than for some time past, and signs of 
this better buying movement being maintained are said 
to be bright. Railway requirements are fairly substan- 
tial, while electricity-making concerns continue to come 
forward with some useful contracts. There is a normal 
demand for house coal. Winter stocking is resulting in an 
increase in business. The market in furnace and foundry 
coke leaves ample room for improvement. Gas coke is 
firm and is making 23s. to 25s. per ton. Quotations :— 
Best branch hand-picked, 24s. 6d. to 25s. 6d.; Derby- 
shire bright house, 19s. to 20s. ; best house coal, 18s. 6d. 
to 20s. ; sereened house coal, 17s. to 188. ; screened house 
nuts, 14s. 6d. to 15s.; Yorkshire hards, 15s. to 16s. 6d. ; 
Derbyshire hards, 15s. to 16s, 6d.; rough slacks, 88. 6d. 
to 9s. 6d.; nutty slacks, 6s. to 7s. 6d.; smalls, 4s. to 








GENERATION OF ELECTRICITY IN GREAT BrITAIN.— 
During the first seven months of 1931 the total amount 
of electricity generated by authorised undertakers in 
Great Britain was 6,415,000,000 units, as compared with 
6,207,000,000 units during the corresponding period of 
1930, representing an increase of 3 -4 per cent. 
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NOTES FROM CLEVELAND AND . 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business is at a standstill, 
holiday-making being general, as is customary during 
the local race week. In addition to temporary holiday 
curtailment of iron production, a Cleveland pig furnace 
has been blown out. Production is thus reduced to 
very little more than the small requirements. Stocks of 
Cleveland qualities, while far from being of embarrassing 
dimensions, are about as heavy as makers care to carry. 
Merchants have little iron to dispose of. They are not 
at liberty to deal with principal home consumers, whose 
needs are covered by direct supplies from producers, and 
overseas inquiries are as few and as light as ever. Cleve- 
land iron is still unsuccessfully offered at specially low 
rates to Scotland, where cheap iron from overseas 
continues to be used, but, for home trade, makers hold 
to the following age yt No. 1 grade, 61s.; No. 3 
g.m.b., 58s. 4 foundry, 57s. 6d. ; and No. 4 
forge, 57s. Pig Po Sete here have still, a good deal 
of iron to accept from the Midlands, but are not making 
further purchases from that quarter. 

Hematite.—Conditions in the East Coast hematite 
branch of trade are unsatisfactory and discouraging. 
Prices are not definitely fixed and, though already well 
below cost, continue to droop. Terms of sale vary 
rather considerably after individual negotiation. In this 
department also a furnace has been put out of action for 
an indefinite period. Stocks are of hampering dimensions, 
and production is still excessive. Further substantial re- 
duction of make is threatened. Second-hands are prohi- 
bited from underselling manufacturers in home markets, 
but, by price cutting, manage to put through occasional 
small transactions with customers abroad. Hematite is 
very cheap compared with values ruling for Cleveland 
pig. Ordinary East Coast brands are no more than 61s., 
and that figure is stated to have been shaded. No. 1 
hematite is put at a premium of 6d. 


Foreign Ore.—Foreign ore is unsaleable. The nominal 
price of best rubio remains at 14s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful, and while some sellers are inclined to hold out 
for rather more, local consumers state they can still 
readily satisfy their needs on the basis of good average 
qualities at 15s. delivered. 

Manufactured Iron and Steel.—There is acute scarcity 
of orders for nearly all descriptions of manufactured iron 
and steel, but further contracts for constructional steel 
material are reported, and sections engaged on the pro- 
duction of constructional requisites have a lot of work in 
hand. Common iron bars are 101. ; best bars, 101. 10s. ; 
double best bars, 11/.; treble best bars, 11/. 10s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 51. 15s. ; steel billets (medium), 61. 12s. 6d. ; 
steel billets (hard), a. 2s. 6d.; iron and steel rivete, 
111. 58. ; steel ship plates, 81. 15s. ; steel angles, 81. 7s. 6d.; 
steel joists, 81. 15s. ; heavy sections of steel rails, 8. 10s. 
for parcels of 500 tons and over, and 9/. for smaller 
lots ; fish plates, 121. 10s. ; black sheets (No. 24 gauge), 
7l. 15s. ; and galvanised corrugated sheets (No. 24 gauge), 
91. 5s. 

Scrap.—All kinds of scrap are slow of sale. Borings 
are 22s.; turnings, 26s.; light cast iron, 31s. 6d.; 
heavy cast iron, 40s.; machinery metal, 42s.; and 
heavy steel, 37s. 6d. 














ALBERTA OIL USED AS RatLway Fuev.—The Canadian 
Pacific Railway Company is now utilising upwards of 
200 barrels of crude oil from wells in the Ribstone oil 
field of Eastern Alberta. The fuel is employed on 
locomotives hauling trains in the mountain division of the 
railway between Calgary, Alberta, and Field, British 
Columbia, and is stated to have been found highly 
satisfactory for this purpose. The oil is taken by road 
to Rivercourse, near Lloydminster, where it is either 
loaded direct into Canadian Pacific Railway tank wagons 
or stored in tanks, of which there are three having a 
total storage capacity of 7,000 gallons. 


New INTERNATIONAL ASSOCIATION FOR TESTING 
MATERIALS.—As already announced in our columns, 
the First International Congress of the New International 
Association for Testing Materials will be held in Zurich, 
at the Swiss Federal Polytechnicum, from September 6 
to 12. The work of the Congress is divided up into four 
groups, designated A, B, C and D, dealing, respectively, 
with metals, non-metallic inorganic materials, organic 
materials, and questions of general importance. Dr. 
W. Rosenhain, F.R.S., is chairman of the group A, and 
among the authors of contributions are Mr. J. G. Pearce, 
Mr. A. Portevin, Professor E. Piwowarsky, Dr. J. Galli- 
bourg, Mr. R. G. Batson, Mr. H. J. Tapsell, Dr. D. J. 
McAdam, Dr. H. J. Gough, Dr. R. H. Greaves, Mr. 
F. F. Lucas, Dr. J. L. Haughton and Professors C. 
Benedicks and A. Westgren. Professor M. Ros is chair- 
man of group B, in which papers will be presented, 
amongst others, by Professor H. Burchartz, Mr. P. H 
Bates, Dr. E. Rengade and Professors J. O. Roos af 
Hjelmsater and F. E. Richart. Group C is to be presided 
over by Professor J. O. Roos af Hjelmsiter, and among 
the authors of papers are Drs. G. Barr, E. S. Grumell, 
J. G. King, and F. 8. Sinnatt and Professors F. Frank, 
M. Ros and K. Bunte. The Chairman of Group D is 
Professor W. von Moellendorff, and contributions will be 
presented by Mr. P. Regnauld, Professor F. C. Lea, 
Drs. H. F. Moore, G. H. Gulliver, and H. W. Gonell, and 
others. Full particulars of the Congress may be obtained 
from the Secretary of the British Branch of the Associa- 
tion, 28, Victoria-street, London, 8.W.1. 
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NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—A dull tone still prevails in “the 
Scottish steel trade, and conditions have not changed. 
Makers have not much work on hand at the moment, 
and as new business is difficult to pick up, there is quite 
a lot of unemployment in the industry. Inquiries are 
far from satisfactory, and those from overseas, which are 
usually fairly good about this time of year, are of little 
consequence. Producers, however, still hope that some- 
thing good in the way of tonnage will soon materialise. 
The home consumers are not in a position to place much 
business at present because of the poor state of general 
trade, and there is very little steel material being con- 
sumed in the shipbuilding yards just now. In the black 
steel sheet trade conditions are somewhat mixed, and 
although the majority of the works are only being kept 
moving at a moderate pace, there are one or two estab- 
lishments fully employed. The seasonal demand from 
the Colonies has not been much in evidence yet, but 
it is not anticipated that either India or Canada will be 
in a position to requisition a tonnage up to the usual 
standard this autumn. Prices current are as follow: 
Boiler plates, 101. 10s. per ton; ship plates, 81. 15s. per 
ton; sections, 8l. 7s. 6d. per ton; black steel sheets, 
f-in., 71. 108s. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 111. 7s. 6d. per ton, all delivered 
at Glasgow stations. 

Malleable Iron Trade.—No change has taken place 
in the West of Scotland malleable-iron trade during the 
week, and makers find some difficulty in keeping plant 
running. Specifications are scarce, and inquiries are not 
very numerous at the moment. For re-rolled steel bars 
the demand is poor, and keen competition exists for 
any lines likely to be placed. Prices have an easier 
tendency, and are as follow :—‘‘ Crown” bars, 101. 5s. 
per ton for home delivery, and 9/. 10s. per ton for export ; 
and re-rolled steel bars, 61. per ton for home delivery or 
export. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
continues very quiet and with little life. Production at 
the present time is small, but quite ample for the current 
demand, and little increase in the latter can be expected 
until there is a decided improvement in trade, both at 
home and abroad. The current market quotations 
show no change, and are as follow :—Hematite, 70s. per 
ton, delivered at the steel works; foundry iron, No. 1 
73s. 6d. per ton, and No. 3, 71s. per ton, both on trucks 
at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour, for the week 
ending last Saturday, August 15, was again small, and 
only amounted to 70 tons. Of this total, 20 tons went 
overseas, and 50 tons coastwise. During the corre- 
sponding week of last year the figures were 300 tons to 
foreign destinations and 21 tons coastwise. 





NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

The General Outlook.—Business in most sections of 
the iron and steel and allied trades in the North Western 
area is quiet at present, but there is a fairly confident 
feeling that some improvement may be expected early 
next month. At the moment, bookings both in the 
foundry-iron and the finished-iron branches are only for 
relatively small quantities for immediate requirements. 
Conditions in the steel industry are also slack. The 
reported receipt of an extensive order from Russia by 
a leading Lancashire firm of boilermakers is welcome, 
for few sections have of late felt the wave of depression 
more keenly. Textile-machinery manufacturers and 
locomotive builders, unfortunately, are still without 
the prospect of really useful orders for some time yet. 

Motor Manufacturers Still Busy.—Manufacturers of 
motor vehicles, and of aircraft, are being kept reasonably 
well employed. At Leyland, near Preston, Messrs. The 
Leyland Motors, Limited, have received instructions to 
supply a fleet of double-decker motor omnibuses to the 
Chesterfield Corporation, and have on their books several 
other orders for ’bus fleet augmentations, many of them 
repeats. Messrs. Crossley Motors, Limited, of Gorton, 
Manchester, are also well placed, recent orders being from 
the Corporations of Manchester, Portsmouth, Stockton, 
Liverpool, Bury, Burnley, Leeds and Sheffield, for oil- 
engined and petrol-engined passenger vehicles. The 
Manchester Corporation have ordered 30 oil-engined 
omnibuses, following the successful experiments con- 
ducted with a small fleet of these machines supplied 
some time ago. Conditions continue bright in the 
electrical plant and equipment branch, with good pros- 
pect of further new work before the end of the year. 
At Preston, Messrs. the English Electric Company, 
Limited, are engaged on a contract for the supply of six 
petrol-driven railway passenger coaches and _ trailers 
for use on the Bermuda railways. 











GREAT WESTERN RAILWAY EXPRESS FREIGHT SER- 
vicEs.—Within the past 12 months considerable 
accelerations have been made in the fast through freight 
services operated between all the principal towns on 
the Great Western Railway system and connecting with 
those of other companies. These accelerations have 
resulted in savings of time, on individual journeys, varying 
from 40 minutes to as much as 6 hours 20 minutes. 
These freight expresses are composed of modern wagons 
built specially to convey every type of merchandise from 
perishable commodities to 80-ton steel girders or electric 
transformers of similar weight. Many of these wagons 
are fitted with continuous vacuum brakes as on pass- 
enger stock. 





NOTICE OF MEETING. 


NortH oF ENGLAND INsTITUTE OF MINING AND 
MECHANICAL ENGINEERS.— Saturday August 22, 
2.30 p.m., Newcastle-upon-Tyne. Annual General Meet- 
ing. Discussion on “ Interim Report of the Support of 
Workings in Mines Committee,” by Mr. A. Walker. 


NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 

July Coal Exports.—The foreign coal export trade of 
South Wales continues to diminish, and with France 
limiting importations, and the possibility of reduced 
quantities being sent to Italy, the prospects for the 
future are anything but promising. Shipments of Welsh 
coal abroad in July, in spite of the fact that there were 
twenty-seven working days, amounted to only 1,389,518 
tons, this being 319,770 tons less than that despatched 
in June. This total was the smallest for the year except 
that for the month of January, when clearances were 
interrupted by the two and a-half weeks’ strike of Welsh 
colliery workers in connection with the introduction of 
the 7} hours’ day. The diminishing volume of the export 
trade is revealed in the following comparison :— 


Month. Tons. £ Per Ton. 
January ... .-» 1,000,284 904,511 18s. Id. 
February .» 1,554,775 1,400,947 18s. 04d. 
March ... 1,455,619 1,314,760 18s. = 
April Pan ... 1,526,301 1,387,369 18s, 2d 
May aaa «. 1,473,191 1,375,031 18s. 8d. 
June ina «-. 1,709,348 1,590,105 18s. Hm 
July ree 1,389,518 1,325,869 19s. 


The falling off in July was almost entirely due = a 
lessened demand for bituminous coals, exports of which 
fell from 1,444,264 tons in June to 1,125,305 tons in 
July, while the value was also reduced by }d. to 17s. 3$d. 
per ton f.o.b. Clearances of anthracite declined by 
1,000 tons to 264,213 tons, but the average price was 
raised by Is. Id. to 26s. 9d. per ton. At Cardiff, exports 
were lowered from 1,030,122 tons to 661,362 tons, and . 
at Swansea by 265,513 tons to 237,685 tons, but at New- 
port were raised from 281,911 tons to 340,142 tons, and 
at Port Talbot from 131,802 tons to 150,329 tons. 

Docks Traffic—From January 1 to August 2, 10,780 
ships totalling 8,212,442 net tons visited Cardiff, Penarth, 
Barry, Newport, Swansea and Port Talbot Docks of the 
Great Western Railway Company, compared with 12,493 
making 10,247,572 tons in the corresponding period of 
last year. The seaborne traffic of the docks fell from 
21,664,785 tons to 16,375,653 tons, exports falling from 
18,651,082 tons to 14,052,058 tons, of which coal and 
coke shipments were reduced from 16,909,994 tons to 
12,764,017 tons. The import traffic was also lowered 
from 3,013,703 tons to 2,323,595 tons, arrivals of mining 
timber falling from 610,437 tons to 408,692 tons, and of 
iron ore from 504,439 tons to 443,815 tons. Exports 
of tin-plates also fell from 268,666 tons to 160,734 tons, 
and of iron and steel from 558,809 tons to 410,973 tons. 








LiraiumM-BeryLiium Licutr Atioy.—An alloy of 
extreme lightness, fair permanence, and considerable 
hardness is stated to have been produced recently in 
the Uuited States. The alloy contains both lithium and 
beryllium, the latter metal protecting the lithium from 
atmospheric oxidation. 


BritisH TRADE WITH LATVIA AND THE WEST INDIES. 
Two memoranda, respectively containing hints to com- 
mercial visitors to Latvia and to the British West Indies, 
have recently been issued by the Department of Overseas 
Trade, 35, Old Queen -street, London, S.W.1. As has 
been the case with previous issues in this series, the 
memoranda contain detailed information on such subjects 
as routes to each country, internal communications, 
food and hotels, cost of entertaining, climate, and regis- 
tration and Customs regulations. 


BRITISH ASSOCIATION; CHEMISTRY SECTION.—On 
page 198 ante we gave a full preliminary account of the 
forthcoming centenary meeting of the British Association. 
From the point of view of the Chemistry Section of the 
Association, the importance of the meeting will be 
greatly enhanced by the arrangements which are being 
made by the Royal Institution to celebrate, at the same 
time, the centenary of Faraday’s discovery of benzene. 
It is, therefore, interesting to find that one-fifth of the 
total space of the Faraday Exhibition in the Royal 
Albert Hall will be devoted to the chemical aspects of 
Faraday’s work. The Exhibition, in fact, will constitute 
a remarkable demonstration of the manner in which new 
industries have arisen from Faraday’s researches. Those 
in the realms of chemistry include the liquefaction of 
gases, alloy steels, electrolysis, catalysis and benzene. 

THE Dorman LonG TRAVELLING SCHOLARSHIP.— 
Awarded triennially with the object of encouraging and 
developing steelwork construction in Great Britain, 
the Dorman Long Travelling Scholarship, which has a 
value of 300/., is governed by the Council of the Institu- 
tion of Structural Engineers, 10, Upper Belgrave-street, 
London, S8.W.1. The result of the 1931 competition 
for the Scholarship has recently been announced. The 
winner of the Scholarship and gold medal is Mr. E. W. 
Bentley, while the second and third positions and silver 
and bronze medals have been gained by Messrs. D. A. 
Godfrey and G. B. Martin, respectively. All three of 
these candidates reside in Manchester. Mr. Bentley, 
the winner of the Scholarship, is to travel to Canada and 
spend 14 clear days in Quebec and Montreal in order to 
study, and report upon, labour conditions in the building 
industry, erection methods, &c., in the Dominion. 
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SECTION B.B 





ECTION A.A, 


*“Goop) Roaps” EXHIBITION IN SHANGHAT,. The | 
National Good Roads Association of China was founded 
ten years ago, and, in order to mark the completion of | 
its first decade of existence, a National Good Roads | 
Exhibition and Conference is to be held in Shanghai from 
September 12 to October 2 next. It is stated in the | 
Chinese Economic Bulletin that 50 delegates from various 
foreign countries and 150 from different parts of China 
are expected to take part in the Conference. The site 
for the exhibition occupies an area of about 10 acres 
and a hall with seating accommodation for 1,000 | 
people is being built for the business proceedings. | 
The function has received the active support of the | 
National and Provincial Governments and of many | 
municipal authorities. | 


INTERNATIONAL ALUMINIUM CoMPETITION.—-At_ the | 
beginning of the present year, the European producers | 
of aluminium organised a competition in which prizes 
were offered for suggestions intended to develop the use | 
of aluminium and its alloys. The examination of the | 
entries sent in has now been completed, and a prize of 
25,000 French francs has been awarded to Mr. C, | 
Szmukler, Grenoble, France, for a contribution on the 
use of aluminium in leather dressing and tanning. <A 
second prize of 25,000 francs has been divided equally 
between Dr. H. Hampel, Stettin, Germany, and Mr. 
de Haes, Brussels, for two entries relating to the use of 
aluminium in radiators for central-heating systems. The 
special prize of 50,000 francs has not been awarded, as 
none of the suggestions made was considered of sufficient 
importance or novelty to justify thisaward. The compe- 
tition was organised by the International Aluminium 
Bureau, and we are indebted to the British Aluminium 
Company, Limited, Adelaide House, King William- | 
street, London, E.C.4, for the above particulars. 


NORTHERN COKE RESEARCH COMMITTEE.—A_ report 
issued recently by the Northern Coke Research Com- 
mittee, Armstrong College, Newcastle-upon-Tyne, con- 
tains a summary of the work carried out in the Com- 
mittee’s laboratory during the year ending December 31, 
1930. An investigation has been made into the nature | made, but further research, which is still in progress, 13 
and extent of the variations in the results obtained for| required before sufficient information for the standardisa- 
the agglutinating value of coals by the Gray-Campre-Don | tion of the test can be supplied. Two types of apparatus 
method. The primary object in view was to provide | have been devised for the evaluation of coking and gas 
information to enable the test to be standardised. As a} coals. Further experiments using these two types of 
result of the investigation, certain recommendations are apparatus may yield information of use in the evaluation 
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of coking coals, the practice of blending, and in the choice 
of oven width and rate of heating for a given coal 
Work has also been conducted on the shatter and com- 
bustibility tests of cokes, and on the blending of coking 
coals and the quenching of cokes with water and with 
dilute ammoniacal liquor. 
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FACTORIES AND WORKSHOPS. 


‘“‘ Happy is the nation that has no history ” is an 
adage which might possibly be true if history were 
concerned solely with the doings of warriors and 
politicians, but when the engineer and manufac- 
turer have ‘“ nothing doing” it commonly means 
that industry is stagnant and unemployment rife. 
This was the condition of affairs during the year 
covered in the Home Office report,* just issued, 
on Factories and Workshops. In the past these 





reports have often given interesting accounts of 
new industrial developments, of the supercession of 
old processes and materials by better, or even on 
occasion short histories of particular trades, as, 
for example, that of the Sheffield grinders. On this 
occasion, however, the report appears to be singu- 
larly dull, for which the existing depression is, 
no doubt, mainly responsible. As usual, slack 
trade has meant a diminished accident list, and, as 
compared with the year 1929, the fatalities have 
fallen from 982 to 899, and the total accidents from 
161,269 to 144,758. In making comparisons with 
records in other countries, it must be borne in 
mind that here every accident which disables a 
man, even partially, for more than three days 
has to be reported. The reduction in the casu- 
alty list is smaller than the reduction in the 
volume of trade. This is attributed mainly to 
the fact that many factories were operated only 
intermittently, a condition which increases risks. 
Moreover, during — of idleness the acacia 


* pun prone of the Chief I nspector of Factories and 
Workshops for the Year 1930. Cmd. 3927. London: 





H.M. Stationery Office. [Price 2s. 6d. net.] 





hands get soft, and on work being resumed are 
more likely to suffer slight injuries, which may 
become septic. There were 49 deaths during the 


8| year attributed to sepsis. The building trades are 


responsible for 125 fatal accidents. This was the 
highest recorded in any trade, but was closely ap- 
proached by the metal industries with 120, whilst, 
in spite of the closing of many yards, shipbuilding 
was responsible for 74 fatalities, and there were an 
equal number at the docks. A large proportion of 
them were due to falls either of individuals or of 
goods. In fact, falls of persons were responsible for 
30 per cent. of the deaths and 12 per cent. of all 
accidents. 

The depressing conditions have checked the 
movement towards the establishment of safety 
committees, but, nevertheless, considerable pro- 
gress is reported. Thus, in November last, the 
Welsh Plate and Sheet Manufacturers’ Association 
called on their members to include workmen’s 
representatives on safety committees, since the 
accident rates at the few factories in which this 
procedure had been adopted were distinctly below 
the average. In a large iron and steel works in the 
North-western Division, the inspector reports that, 
largely owing to the appointment of a safety 
committee, the compensation for accidents has 
been reduced from 29s. per 1001. of wages in 1927, 
to 21s. in 1931. In some works a challenge shield 
is competed for by the different departments for 
the lowest accident rate, but it has been found 
necessary to include all accidents and not only 
those which are reportable, because it was found 
that men who were too badly injured to do useful 
work often stayed on after an accident in order to 
prevent a black mark against their department. 

There are still many accidents from transmission 
machinery, including 24 deaths owing to men 
having their clothing caught by plain revolving 
shafts. Even slowly-running shafts may be dan- 
gerous, one case being cited of a woman being 
injured through her clothing being caught by a 
shaft making only 12 turns per minute. 

A tribute is paid in the report to the efficiency of 
the surveyors employed by the boiler insurance 
companies, which have made boiler explosions very 
rare in this country. In spite of this, it may be 
noted that following an explosion of an outdoor 
boiler some two years ago, the Home Office have 
enforced on the companies regulations which, in 
the light of their unrivalled experience, these com- 
panies considered unnecessary. This was probably 
a case of the Department feeling that something 
must be done, which Lord Palmerston remarked 
generally meant something foolish. Such explosions 
as now occur are almost always due to ignorance, and 
we note an engineering firm amongst the offenders. 
This firm had their boiler examined at frequent 
intervals by one of their own men, who, however, 
possessed little theoretical knowledge, whilst his 
practical qualifications may be judged by the fact 
that when at last an insurance company was called 
in, it was found necessary to retube the whole of the 
boiler. In another case cited, a second-hand boiler 
had been purchased for a convent laundry and 
ornamented with coloured texts by the sisters in 
charge. Whether these were intended to serve 
as a safeguard is not reported, but when at last a 
proper examination was insisted on, the boiler proved 
so unsafe that it had to be replaced. A bad explosion 
is reported of a foreign-built air compressor in which 
cast iron had been used for parts for which British 
makers commonly use steel. Similar troubles 
arising from the difference between foreign and 
British standards are constantly arising. Thus, 
a power-driven bread slicer of a type largely used 
by caterers had both its knives and feed mechanism 
unprotected, and accidents resulted. In this case, 
however, the maker when his attention was called 
to the matter, it appears, introduced very satis- 
factory. guards which secure greater safety, without 
reducing the output. As another instance of the 
difficulty just referred to, the Home Office is now 
urging makers of gas and oil engines to provide 
guards on horizontal camshafts, but the engines 
in question are standard productions, and have to 
be sold in competition with foreign firms who do 
not fit guards. 

Note is made in the report that when the 
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introduction of new machinery or plant is in pros- 
pect, it is becoming increasingly common for manu- 
facturers to consult the Home Office as to what 
safeguards should be incorporated in the design. 

In the case of the newer electrical developments, 
the desire for an interchange of views between the 
Home Office and the manufacturers is mutual, 
since novel problems are constantly arising for 
which precedents are lacking, thus making neces- 
sary much work in the nature of inquiries and con- 
ferences before any conclusion can be reached. 
Where new processes or applications are in prospect, 
consultants and contractors now often outline their 
proposals to the department in advance, a pro- 
cedure which it is claimed saves them time and 
money, whilst keeping the Home Office inspectors in 
touch with new ideas. Grateful recognition is made 
in the report of the material assistance which the 
technical officers of the electrical firms are always 
willing to give to the Department. 

The increasing use of electricity has rendered 
inadequate, some safeguards which were previously 
satisfactory. A mistake which, 10 years ago 
would have merely meant a scorched finger, may 
now result in a short circuit of explosive violence, 
owing to the heavier currents now being carried. 
and the insufficient subdivision of circuits. Most 
accidents occur with alternating current supplied 
at 200 volts to 250 volts, whilst few occur with 
direct current. It must, however, be observed 
that the latter is much less generally employed. 

There has been not a little trouble with screw 

cap lamps, which as commonly constructed are 
inadequately protected. In one case investigated, 
owing to a fatality during the erection of a large 
building, it turned out that the screw cap type of 
lamp had been adopted owing to an excessive 
number of thefts when the ordinary bayonet joint 
pattern was supplied. It is suggested that where 
the current is alternating, it would be well to use 
small transformers to reduce the pressure of supply 
not only to the electric lighting circuits but to the 
portable tools. In spite of the increasing use of 
electricity and the rise in voltage (there are two 
132,000 volt transmission lines now in operation), 
there has been no proportionate increase of acci- 
dents ; indeed the total last year was 359 against an 
average for the previous 5 years of 394. 
A curious case of lead poisoning is reported. 
he victim was a paster on accumulator work, 
and the attack severe. The conditions of work 
were good, but the man was in the habit of taking 
snuff and thus absorbed the lead. In another 
factory, two men had to be suspended because 
they would persist in biting their nails. The 
growing use of cellulose is apparently somewhat 
diminishing the use of lead paints for indoor work. 
The inquiries made by the Home Office seem to 
show that with proper ventilation and with natural 
temperatures, cellulose spraying is not a danger to 
health. 

There were fewer cases of poisoning from carbon 
monoxide than in the previous year, when at one 
chemical works 28 were reported. This vear, there 
was only one, which the report states is to the credit 
of the management and to the safety organisation 
which is a feature of the works in question. There 
were a number of cases in garages. In one of these 
there was a continuous stream of buses from 11 p.m. 
till 2 a.m., which came in to have their petrol 
tanks filled. There was a duct connected up to a 
suction fan and placed just opposite the engine 
exhaust when the *bus was in position for filling. 
Nevertheless, there were two cases of poisoning, 
the men having to be removed to hospital for 
oxygen administration. A more powerful fan has 
now been fitted, and oxygen apparatus provided. 

A considerable section of the report is devoted 
to a description of the Home Office Industrial 
Museum, which appears to be steadily gaining the 
appreciation not only of our own manufacturers, 
but also of those from other countries. The exhibits 
are being kept up to date, since makers naturally 
prefer to have on view their latest patterns of tools 
and appliances, and hence replace older exhibits by 
new and improved patterns as these are successively 
introduced. The air conditioning hut has proved 
particularly instructive. | Conditions comparable 
with what are found in factories of all types can be 
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reproduced here, and the importance of air movement 
made manifest. In the demonstrations given, the 
air in the hut is at first cool and still, but on starting 
the fan, is caused to circulate round the passages 
in which the visitors stand. This produces a sensa- 
tion of coolness, although the temperature of the 
air is the same as before, and on speeding up the 
fan the loss of body-heat becomes so great as to 
cause discomfort. Electrically heated panels are 
provided between which persons can stand. On 
putting these into operation the visitors’ bodies 
are heated without much appreciable increase in 
the air temperature, and in this way very com- 
fortable conditions can be established, even when 
the air velocity is high. In a succeeding stage, 
steam jets are turned on and the fan stopped. 
This raises the air temperature but slightly, whilst 
it increases the moisture content so as to check 
heat removal from the body and produce lassitude. 
Starting the fan immediately improves matters, 
and in short, almost any degree of humidity can 
thus be counteracted. The report points out, 
moreover that with still air, warmed and humidified, 
the upper levels are much warmer than those near 
the floor. This results in an oppressive feeling 
round the head combined with cold feet. Under 
such conditions output in any industry is sure to 
suffer. 

Another matter in which factory practice is often 
defective is that of lighting, and demonstrations of 
this are provided at the Museum. One manufac- 
turer after a visit observed that he had noted that 
some of his men who were excellent workers whilst 
winding white-covered wire, went all to pieces when 
the wire was covered in black, and he proposed to try 
the effect of better lighting. An American official 
was very complimentary in his observations on the 
exhibits, and stated that he thought that in the 
matter of providing safeguards this country was well 
ahead, but that what he called the mental side of 
safeguarding seemed to be relatively neglected here. 
By this he meant the institution of safety competi- 
tions, and the exhibition of gruesome posters. It 
would seem doubtful, however, whether familiarity 
would not soon discount the effectiveness of the 
latter, whilst a mechanical safeguard is permanently 
effective. 

There has, it is reported, been no change in the 
length of the standard week, which is commonly 
from 47 to 48 hours. The current depression has 
been responsible for some infractions of the regula- 
tions, since manufacturers could not afford to 
accumulate large stocks, and hence if a large order 
has been received, have been tempted to work hours 
in excess of the legal limits. Some interesting 
notes on the effect of rest pauses and of long hours 
have been contributed by Mr. Dymock, an inspector 
in the Barrow district. In one steam laundry an 
afternoon rest pause was introduced, and tea and 
coffee brought to the operatives. The result was 
an increased output. Thus, before the change the 
average production of a team was 30 articles per 
hour; since then it has been over 32. When 
work is normal, the working week is from 40 to 
45 hours. In June, July and August, which con- 
stitute the rush season, the hours are increased to 
45 and 50 hours per week, but the result is a 5 per 
cent. decrease in the hourly output. This decrease 
does not occur immediately, as the effects of fatigue 
seem to require a full week to make themselves 
felt. Before the holiday breaks long hours are 
also worked, but in these cases the hourly output is 
actually increased owing to the psychological spur 
of the approaching holiday. 

In almost every industry certain firms have found 
it advantageous to adopt a five-day week. The 
custom is increasing in foundries, and in bleaching 
and dyeworks, since it is often found uneconomical 
to heat up everything for the shortday. In other 
cases, particularly in the London areas, the opera- 
tives have long journeys to make to and from the 
factories, and prefer, therefore, to have the Saturday 
free. In about one-quarter of the works in which 
the system is in vogue the total hours are about 
45 per week, but in other cases the normal 47 or 
48 hours are worked, the extra hours being either 
equally distributed over the remaining days or 
added on Tuesdays, Wednesdays and Thursdays, 
which are recognised as the best days for output. 


Production is said to have been increased in 
many cases. Thus, in a brass foundry, under the 
old system, 8 pots of metal were melted on each of 
the first five days of the week, and two on Saturdays, 
making 42 in all. Now 9 pots are melted on each 
of the five days. In a match works, reducing the 
total hours from 47 to 40 showed no loss in the 
output of piece workers, whilst in an envelope 
factory the change resulted in 5 per cent. greater 
productivity. In a furniture factory as much is 
now done in 45 hours as formerly in 48. A few 
firms, however, state that output has fallen with 
the reduction in hours. an instance cited being the 
nut.and bolt trade, where the work is mainly 
automatic. 

The two-shift system has proved of much advan- 
tage in the hosiery trades, where it has led to an 
increase of employment in cases where otherwise 
overtime would have been necessary. In many 
cases the operatives have secured the same wages 
for a shorter working week. In granting permission 
for the two-shift system the Home Office always 
makes special inquiry as to questions of transport. 
In the case of a Midland firm, some of the girl 
workers lived 10 miles from the works, and special 
arrangements had therefore to be made by the 
management. Special transport provision has also 
been made at Yarmouth and Lowestoft for the 
women engaged in fish curing, the employer’s 
lorries taking the women to and fro between the 
factories and their homes. It would be of interest 
to know whether this practice will still be legal 
under the new Act of the Ministry of Transport. 

Welfare work has, it is said, been retarded rather 
than stopped by the existing depression. Never- 
theless, at Dundee, one of the pioneering firms in this 
direction has found it necessary to curtail practi- 
cally the whole of their welfare activities, although 
they hupe to resume them when trade improves. 
Incidentally, it may be noted that the reduction in 
family incomes has restricted the use of canteens, 
although these supply food at prices much below 
those of outside restaurants. On the other hand, 
a clothing factory in the North-eastern Division is, 
we learn, now constructing a new mess room to seat 
10,000, whilst at another factory canteen separate 
tables are provided, each seating four persons only. 








CIVIL SERVICE REMUNERATION. 


By custom that is neither gracious nor specially 
convenient, habitual services are often accepted 
without thanks, which are reserved for services that 
are occasional and less frequent. With regular 
service, any comment it excites is usually confined 
to a recital of its shortcomings. The practice is to 
be seen in many households in regard to the discharge 
of domestic duties, and on a wider scale it appears in 
the public attitude to the Civil Service. Only by an 
intimate acquaintance with the work, or a very 
intelligent effort of imagination, can the average man 
realise how little of what the Civil Service does is 
recorded in the complaints by which it is stigmatised 
in the Press, and how remarkably large a volume of 
service it yields on which no criticism is possible, 
except the appreciation which by an undesirable 
convention is seldom expressed. 

With these considerations in mind it is perhaps 
to be regretted that the recent Report of the Royal 
Commission on the Civil Service should have been 
published at this particular epoch, when the public 
mind has too many troubles of its own to be as 
sympathetic as might be desired to those of its 
officers. When this has been said, however, it must 
be recognised that the Report has dealt with a large 
number of matters of vital importance to the Service, 
and it may be hoped that the many topics it raises 
will receive the consideration they deserve. Some 
of them, indeed, have had necessarily to be treated 
in general terms, and on these no conclusion applic- 
able to individual cases can be drawn from the views 
expressed in the report. One such question, for 
instance, is as to the extent to which specialist 
officers may in the future have greater opportunities 
of attaining high administrative rank than they 
have had in the past. The Commissioners, indeed, 
express the view that inevitably most high 
administrative posts must continue to be filled by 





officers with administrative rather than with 
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specialist experience. It may perhaps be ques-| mission’s Report, which was published later, that the 
tioned whether even this qualified expression gives | suggested reduction could not be justified unless 
sufficient weight to the increasing measure in which| industrial wages generally had fallen very much 


technical considerations are becoming involved in | further than they had or were likely to. 


Omitting 


many kinds of practical work. It does not seem | the reservation as to wages, this is substantially the 


unlikely that, in the future, there will be an increase 
in the number of posts in which the technical 
aspect will be more important and more difficult to 
master than the administrative, and the best high 
officer will be found in a specialist who happens to 
have a taste and gift for administration, rather than 
in an administrative officer, who is set to struggle 


| 





with problems that he can understand only at second- | 
hand or imperfectly. There is doubtless a tradition | 


in the Civil Service which subordinates the specialist 
officer, and in many classes of work this may be salu- 
tary. With the development of scientific practice 
it is not likely to be so for all posts, and it would be 
unfortunate if the decision of such appointments 
were prejudiced by a custom unsuitable to the 
circumstances in which the work in question would 
have to be done. 

Not all subjects, however, dealt with in this Report 
are thus undefined, and one, which is very definite 
indeed, is concerned with scales of remuneration. It 
will be remembered that when during the war the cost 
of living went up by rapid stages, wages and the 
remuneration of the Civil Service were adjusted by 
a series of occasional bonuses, which, in the case of 
this Service were re-adjusted in 1920 by an agreement 
subjecting the bonus that then formed part of the 
remuneration of each grade to increase or decrease, 
varying with the cost of living. An important part 
of the reference to the Commission was addressed 
to the general standard of remuneration of civil 
servants. For obvious reasons it was important to 
the officers themselves, and in principle it was not 
less important to the public they served. Leaving 
out of account any question of the State’s duty as 
an employer, the community has a transcendent 
interest in securing for each grade of its work the 
best among the class of men appropriate to it, and, 
no more than any other employer, can it hope to do 
so if it does not give its officers a fair deal. Rates of 
remuneration are not the only conditions of service, 
but necessarily they form a very important part of 
them. The Commission has evidently considered the 
subject in the detail it requires. Its recommenda- 
tions in regard to it may be considered broadly as 
of two classes, according as they are for immediate 
application, or for introduction at a more opportune 
financial epoch. For the time being the most impor- 
tant are the provisions recommended for immediate 
adoption. In the opinion of the Commissioners, 
with which, however, a minority of four of them 
does not entirely agree, the remuneration of civil 
servants should cease to be varied in accordance 
with the cost of living figure, and for persons over 
twenty-one years of age should be stabilised as a 
consolidated salary at specified figures for each 
grade, differing only to trifling extents from the 
present rates, including bonus. A review of these 
rates is recommended to be made early in 1934 in 
the light of any changes that may have occurred in 
general wage levels. The number of persons affected 
is something over 250,000, more than half of whom 
are earning salaries not exceeding 70s. a week. 

This is the finding of a Commission which was in 
no way appointed with a political bias, and its 
recommendations cannot properly be read with 
any political implications. It is an impartial and 
independent body, representing no school of political 
thought, and not dealing with a matter that is in any 
sense political. If its appointment has any meaning 
at all in respect to remuneration, it signifies that in 
effect it is to make an arbitrator’s award on a 
business matter, which has been the subject of 
much discussion. Those who are interested in the 
subject, as indeed everyone should be, may be 
commended to a reprint of three lectures by Mr. 
G. D. Rokeling on the Civil Service Share in the 
National Income, which is being published by the 
Institution of Professional Civil Servants, 69, 
Victoria-street. The pamphlet deserves publicity, 
because it is an admirable example of clear and 
fair-minded discussion on a matter in which there 
was temptation enough to be led into a biased view. 
On the material point the author arrives at the 
conclusion, reached independently of the Com- 





Commission’s view. 

Mr. Rokeling criticises, indeed, the present 
method of remuneration in the Civil Service on the 
ground that it does not vary with the volume of 
national production, taken to be the measure of 
national prosperity, as well as with the cost of living. 
Probably most people will prefer the Commission’s 
simplified schedule to Mr. Rokeling’s formula. It 
is true that in the process of time, production per 
head tends to increase, raising with it the material 
standard of living in the community, and if approxi- 
mate parity is to be maintained between the 
standards of living of comparable classes inside and 
outside the Service, the rates of remuneration 
within the Service must be raised from time to 
time. Such revision seems, however, to be called 
for only at long intervals. Its function is to rectify 
disparities of a growth nearer to secular than to 
annual, and it is unlikely that a general formula 
would discharge it satisfactorily. The experience of 
the Civil Service itself in its middle-class grade has 
shown how easily the cost-of-living index may get 
out of phase with some of the most onerous items of 
the family budget. The essential characteristic of 
life in the Civil Service as it was understood up till 
the time of the war was that it offered security of 
employment and pay. The civil servant was a 
preferred shareholder, who, if he did not profit by 
exceptional national prosperity, was equally immune 
from its calamities. Against this assurance the civil 
servant can well afford in ordinary times to stand the 
effect of inter-cyclical fluctuations in cost of living, 
and cannot reasonably claim to share in inter- 
cyclical bursts of prosperity. When the time comes 
round, however, as in the Commission’s opinion it 
has now come, to make a periodical adjustment, the 
State must not only deal fairly with its servants, 
but also make it apparent that it is doing so. 

This report is an important one and cannot be 
ignored in the whole consideration of national 
expenditure which is now being carried out. If 
that consideration leads to inadequate steps directed 
towards putting the national finances in order, then 
ultimately, but by no means immediately, the 
introduction of a national prosperity factor into the 
determination of Civil Service remuneration, as 
suggested by Mr. Rokeling, might tend to grade up 
that remuneration. If nothing adequate is done, 
however, it seems probable that that factor would 
suggest a grading down rather than a grading up. 
In any drastic measures to make national expendi- 
ture fit national earnings, the privileged position 
of the civil servant, the preference shareholder, must 
clearly be taken into account. He may feel that 
in many grades his remuneration is inadequate to 
his responsibilities, but his position is enviable 
compared with a very large number of middle-class 
workers in ordinary industry, who are in the position 
of holders of common stock in a company which 
not only has ceased to pay a dividend, but must of 
necessity face reconstruction and the heavy writing- 
down of its stock. 





NOTE. 
THe INTERNATIONAL Heat UNIT. 

At the International Steam Tables Conference 
in 1929, it was agreed to define the kilocalorie as 
equivalent to 1/860th of the International kilowatt 
hour. The International watt is 1-00039 absolute 
watts. At a recent meeting of the International 
Union of Physics, held at Brussels on July 12, 1931, 
the British National Committee suggested that the 
Union should define the heat unit to be used by 
physicists. A sub-committee was accordingly ap- 
pointed to report on the matter, at the first meeting 
of which the following resolution was agreed 
unanimously. ‘ That this Commission recommends 
to the Executive Committee of the International 
Union of Physics that the following two propositions 
be communicated to the next General Assembly 
as recommendations from this Committee: (1) 
That the unit of heat when measured in units of 
energy be the Joule defined as equivalent to 10’ 





ergs. (2) That the gramme-calorie is the amount 
of heat required to raise the temperature of one 
gramme of water from 14-5 deg. to 15-5 deg. of 
the International Scale of Temperature. According 
to existing measurements the gramme calorie is 
equivalent to 4-18, Joules. 


THE RECEDING WATER’ TABLE 
BELOW LONDON AND NORTHERN 
SURREY. 

By A. B. Bucktey, M.Inst.C.E. 


THE water requirements of the County of London, 
whether for domestic or trade purposes, are supplied 
from three main sources, namely :—(1) The Rivers 
Thames and Lea; (2) water derived from gravel 
beds adjoining the Thames, near Hanworth; and 
(3) a few natural springs and many wells sunk 
into the London chalk. While the springs and 
wells to-day draw up to 19 per cent. of the 
Metropolitan Water Board’s requirements from the 
chalk water system, the latter suffers further deple- 
tion by abstractions through numerous privately- 
owned wells—which are numbered by hundreds— 
scattered all over London itself and its surroundings, 
as well as by important pumping centres lying within 
a radius of some 15 miles from Charing Cross for 
supplying the outlying areas. 

Taking as reference a line connecting the bridges 
over the Thames at Richmond and at the Tower of 
London, the surface of the chalk is found to lie as 
a subterranean valley coaxial with it and approxi- 
mately 200 ft. below Ordnance Datum under the 
Tower. To the east and the west the levels descend 
to 250 ft. and more below Ordnance Datum. Across 
the valley the chalk rises more rapidly on the 
southern side than on the north, the distance to the 
zero Ordnance Datum contour on the former, oppo- 
site the Tower, being approximately five miles, 
whereas it lies some eight miles from it on the north. 
On the south side it converges rapidly with the 
base line, becoming tangential to the bend in the 
Thames at Greenwich. To the north, on the other 
hand, the same subterranean contour lies well to 
the north of Edmonton and to the south of Hendon 
and Harrow. Eventually the chalk emerges at the 
surface and attains a maximum height of some 800 ft. 
along the ridges of the Downs to the south of 
Croydon. The valley of the Lea lies immediately 
north of London, and a small area 500 ft. above 
Ordnance Datum, at Bushey Heath, provides the 
highest ground of the region. 

In a general way, it may be said that the chalk 
is usually overlaid by a relatively shallow bed of 
Thanet sands, above which lies the great' mass of 
London clay which imprisons all underlying water 
and equally prevents downward percolation. Up 
till the beginning of the Eighteenth Century, all the 
water required for London was obtainable from 
shallow wells and from springs rising in the high 
ground to the north, whence it was conveyed 
through the City, sometimes in wooden pipes, speci- 
mens of which may be seen in various museums. 
The City’s expansion and the growing demand, 
coupled with the ever-increasing danger of pollu- 
tion of well water derived from sources so near the 
surface, led to the supply being sought from ever- 
greater depths until the chalk was itself pene- 
trated. Thus, for the first time, artificial vents were 
established for the waters imprisoned in the chalk, 
the means of escape of which had hitherto only 
been the natural springs. Among the first of any 
depth of which records are available are two wells 
in Paddington, some 300 ft. deep, in which the 
water rose to approximately sea level; to-day, in 
the same district, the chalk water stands some 150 ft. 
or more below it. This retrogression of the water 
has been general all over London since wells were 
first opened up, and still continues. In the last 
eighteen years the water table has fallen 43 ft. in 
the neighbourhood of the Strand. Dr. Oscar Faber’s 
observations show an even greater rate of fall in the 
neighbourhood of the Bank of England. These 
examples are typical of what is happening. 

The origin of the water in the chalk can be traced 
to gathering grounds to the north and south of 
London. The configuration of the latter area may 
be defined by a boundary following the Thames from 
Thames Ditton to Woolwich, then southwards along 
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the Darent watershed through Eltham, Chislehurst 
and Farnborough, and along the Bromley-Wester- 
ham road as far as Hawley Corner at the top of the 
southern escarpment of the Downs. At this point | 
it turns west along the top of the Downs to Box Hill, | 
and there descends to and follows the River Mole | 
and returns to Thames Ditton. The surface of 
this area can be classified under three categories, | 
namely :—(1) ground rendered impermeable by an 
under layer of London clay; this occurs inside a 
boundary drawn from Deptford southwards to join 
the chalk outcrop near Addington and following it 
through Croydon, Carshalton, Sutton and Leather- 
head and then down the Mole to Thames Ditton ; 
(2) the surface of the Downs, where the chalk is 
either exposed or only slightly covered ; and (3) a 


relatively small area in the south-east of London | the system from water stored from the previous 
lying between Bromley and Deptford, where the abundant year. Consequently, it is the amount of 


chalk is too near the surface to be overlaid with | 
clay, and where, to a certain extent, it is probably | 
accessible to the surface water. That the amount | 
of percolation into the chalk is, however, not great | 
is shown by the absence of pollution of the water | 
pumped from the Deptford wells by the Metro- 

politan Water Board. It is, in fact, only the more 

or less exposed chalk surface of the Downs which can | 
be said to constitute the effective gathering ground | 
from which the chalk water system is replenished. | 
The extent of this area can be seen shaded in Fig. 1. 

One of the most interesting characteristics of the | 
chalk is its ability to absorb water. No perennial 
stream is ever found above a certain level in the | 
area occupied by the outcrop. Of the rain which | 
falls upon it in the course of the year, some is lost 
by evaporation, the remainder penetrates the chalk. 
It descends to lower levels and replenishes the 
system. When the lower levels are full, the water 
flows away laterally and appears in springs, such | 
as are found at Croydon, Carshalton, Sutton and | 
Ewell, Epsom, Leatherhead, &c., and occur only | 
along the line of outcrop of the chalk at  its| 
junction with the Tertiary beds. The Downs are | 
peculiar in that the bulk of the water flows away | 
northwards, giving rise, in this particular area, to | 
the River Ravensbourne, which flows into the | 
Thames at Deptford, the Wandle, which joins the 
Thames at Wandsworth, the Beverley Brook, which 
flows into the Thames at Barnes, and the Hogsmill 
River, which flows into the Thames at Kingston. 
Lastly, the diminutive Rye rises near Ashtead and 
flows into the Mole. Along the southern escarpment 
of the Downs, on a distance of some 17 miles, springs 
are almost entirely absent. 

The chalk surface of the Downs has a general 
slope downwards from south to north. It is scored | 
by a number of dry valleys. From a height of some 
700 ft. or 800 ft. along its southern ridges it falls 
away to the 200 ft. contour, which passes through 
Croydon, Carshalton, Ewell and Leatherhead. | 
Continuing this inclination it extends into the | 
formation which descends below London and: has 
already been described. The chalk, which is itself 
impregnated with water, has its storage capacity 
greatly increased by numerous fissures, which 
intersect it in every direction, especially in its upper 
layers. The water in the chalk lies at higher levels 
in the southern part of the catchment, and is highest | 
under the highest parts of the Downs. This is | 
admirably shown by a diagram, Fig. 2, prepared by | 
Mr. G. F. Carter, M.Inst.C.E., published in Records 
of London Wells, and here reproduced by _per- 
mission of the Controller of H.M. Stationery Office | 
and through the courtesy of the Director of the 
Geological Survey of England and Wales. Above 
the curve of monthly rainfall the diagram shows the 
fluctuations in the water level of six wells situated 
along the valley running from Croydon through 
Purley and Whyteleaf, and then eastwards between 
Warlingham and Woldingham. The last well of the 
series, at Slynes Oak, lies at the upper end of the 
valley, its top level being 592 ft. above O.D., and 
its depth 324 ft. from the top of the well. 

With periods of prolonged rainfall, the water rises 
steadily in the wells, as is clearly seen from the 
diagram, until, finally, after much rain, it bursts 
out into the open country, setting up the flow of 
the Croydon Bourne. The diagram shows the 
duration of periods of Bourne flow in 1904, 1910, 
and 1912. As the rainfall diminishes, the level 








_ of heavy rainfall which, from the diagram, is seen to 


of the chalk water falls away, the Bourne flow ceases, 
and, finally, some of the wells, as, for instance, at 
Bughill Farm, may, in certain years, actually dry 
up. The range of fluctuation may be as much as 
117 ft. in the wells in the higher parts of the Downs. 
Evidently the capacity of the chalk for storing water 
above a certain level over any length of time is 
almost negligible. For instance, during the period 


have begun in May, 1903, and to have ended in April, 
1904, the fluctuations in water level synchronised 
so well with the rainfall that by the end of 1904 
the wells were again down to minimum levels, in 
spite of the previous season’s precipitation having 
been one of the heaviest on record. In 1905, a 
year of low rainfall, no apparent benefit accrued to 








The chalk water system in this catchment is 
drawn upon by the Metropolitan Water Board and 
by the Croydon, East Surrey, Sutton and Epsom 
Water Companies, from whose published returns 
it is known that their combined average abstrac- 
tions now amount to about 27 million gallons 
daily. The relation which this figure bears to the 
quantity of water available in a minimum year, 
namely, 31 million gallons a day, seems to point 
to a possible explanation of the ever-increasing fall 
of the chalk water system of London. Its rate of 
fall seems out of all proportion both to the probable 
yearly increase in the number of wells or to their 
output ; in fact, wells have been known to fail, 
and in others the yield has diminished. It seems 
legitimate to infer that it is only the excess of the 
periodic average of water available over the water 
companies’ abstractions which has so far prevented 
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water available in a minimum year which must 
be the ruling factor in any scheme of water con- 
servation. 

The amount of water actually collected by the 
system may be calculated as follows: The extent 
of the effective gathering ground shown in Fig. 1 is 
96 sq. miles. The rainfall returns calculated as the 


Tasie 1.—Rainfall and Yield to Chalk Water System. 


Yield to chalk water system. 
Rainfall inches. — 


| Million gallons Million gallons 


| 
| in a year. | in a day. 
Average 30°75 .. 21,360 | 58 
Maximum 42-30.. 29,372 | 80 
Minimum 16-10 .. 11,179 31 


average of observations at Croydon and Caterham 
Asylum over a thirty-year period, are as follows : 
Average, 30-75 in.; maximum and minimum, 
42-30 in., and 16-10 in., respectively. On the 
basis of 50 per cent. loss by evaporation, which is, 
perhaps, an underestimate, the figures given in 
Table I may be considered as the yearly and average 
daily quantities collected. 
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| the thorough depletion of the system, but even this 


excess has evidently been ineffective in arresting the 
fall of the water-table. Indications are lacking as to 
how far the falling away should be attributed to an 
absolute deficiency of water or to frictional resistance 


TasBLe II.—Rainfall and Maximum Levels in Slynes 
Oak Well. 

Maximum water 

levels in the well. 


Rainfall. 
Triennial periods. a: —— 


Average in the Average of three 





period. maximum levels. 
eer acer 2 Inches. Feet O.D. 
1884 to 1886 .. 27-75 336 
1907 to 1909 .. 31-04 322 
1920 to 1922 .. 27-65 317 








The average rainfall of the two years immediately preceding 
each triennial period was, respectively, 30-25 in., 30-49 in., and 
32-12 in. The rainfall is referred to Caterham Asylum. 





in the passages in the chalk, and accurate returns 
of abstractions by the springs and by privately 
owned wells are not available. 

The fluctuations of water level in the higher parts 
of the Downs are also significant. Readings in the 
well at Slynes Oak during three triennial periods 
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of dry years in the last fifty years are given in 
Table II, on the previous page. 

These results show the growing insufficiency of a 
given quantity of rainwater to replenish the system 
against an ever increasing demand. The levels 
for the later years have been kindly supplied by 
Mr. G. F. Carter, M.Inst.C.E., the Water Engineer 
to the County Borough of Croydon. 

While these conditions are primarily of import- 
ance to those who rely solely on the chalk water 
system for their supplies, they also have an important 
bearing on surface drainage problems. For instance, 
in the valleys which converge on Purley and Croy- 
don, the consequences arising out of the absence 
of established streams, combined with building 
developments, and the diversion of water which 
would be normally absorbed by the chalk into 


gutters and surface drains, are very different from | 


9 


«He 


ahove Orde ance Datu. 


Water Level in 


Rainfall in 


those where natural streams already exist to receive 
it. 

The only provision of the kind in the Croydon 
Valley is a culvert, some 3} miles in length, sufficient 
for the flow of the Croydon Bourne on the somewhat 
rare occasions when it makes its appearance. 
The culvert begins near Kenley railway station, 
and discharges into the Wandle at Croydon. 
Measurements of the Bourne flow made by Baldwin 
Latham show that it may reach 30 million gallons 
a day at the Croydon end of the culvert. The 
Surrey County Council, on the other hand, in order 
to overcome surface drainage troubles, have an- 
nounced a proposal to increase this figure up to 
250 million gallons a day, with a corresponding 
increase in the capacity of the Wandle. This 
eightfold increase represents 7 million gallons a 
day per square mile of catchment area. As the 
greatest flow of the Thames at Teddington amounts 
to 3 million gallons a day per square mile of 
catchment, it is evident, by comparison, that changes 
in the drainage conditions of the Purley valley of a 
very radical nature are under consideration. Inas- 
much as the catchment above Purley has an area of 
35 sq. miles and covers 36 per cent. of the gathering 
ground from which the chalk water system is 
replenished, the proposal lends itself to criticism as 
representing a waste of water which might possibly 
be avoided. It raises the question of substituting 
“‘ soakaways,” or dumb-wells, already well estab- 
lished in those regions, for the County Council’s 
proposal. While this alternative might lead to 
pollution of the ground water, it might prove a lesser 
evil than the exhaustion of the supply, for at worst it 








would make filtration and chlorination obligatory 
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for all water delivered by the Surrey water com- 
panies, a charge no more onerous than is at present 
imposed on the Metropolitan Water Board in respect 
of 80 per cent. of its output. It is not a foregone 
conclusion that pollution must necessarily follow, 
and up till the present ‘‘soakaways” have not 
produced that result. As the days are over when 
neighbouring or even distant counties were willing 
to part with their pure water supplies for a monetary 
consideration, the Thames remains as the only 
possible source in the event of the exhaustion of the 
chalk water system, and it remains to be seen 
whether South London and the neighbouring parts 
of Surrey would be more economically served by 
water brought from the Thames and filtered than 
by water subjected to the same treatment, but 
extracted, as hitherto, from the chalk. 

Apart from these considerations, the continued 





depletion of the chalk water must affect the sources 
of the streams to which reference has already several 
times been made. Unfortunately, there is evidence 
that this is already happening. If, after the 
merits of the various alternatives have been care- 
fully weighed, it is discovered that the streams must 
inevitably become mere carriers of clarified sewage— 
they already convey a certain amount-—flushed by 
showers of rain, then it would seem preferable to 
give suitable publicity to this finding, in order that 
the various local authorities may aim at developing 
them in a manner suitable for their unhappy destiny, 
and not as the much appreciated pleasure haunts for 
children at which the local councils, with commend- 
able application, have been aiming. 

Apart from the harm done to springs, the falling 
away of the water table need not in itself be neces- 
sarily apprehended as an ominous symptom, as long 
as abstractions are limited to the amount of water 
made available by rainfall, and provided (1) that 
the expense of deepening wells does not become 
prohibitive, (2) that the water conductivity of the 
chalk does not diminish too rapidly with increasing 
depths—a probable contingency, and (3) that 
incursions of brackish water can be avoided. When, 
however, as already mentioned, conditions arise 
which may call for the diversion of a substantial 
proportion of the rainfall away from the system, 
then the time would seemingly have arrived for 
taking stock of the situation. The whole question 
seems to merit careful investigation, based on 
volumetric measurements of the flow of springs, 
privately -owned wells and water companies’ 
abstractions, and in the general interests of the 
community it is to be hoped that it may receive it. 





A Century of Wood Preserving. By Str HAarotp Bout- 
ton, Bt., C.V.O., C.B.E. London: Philip Allan and 
Company, Limited. [Price 8s. 6d. net.] 

AsouTt the time when the future Lord Chancellor 
Westbury was beginning to think of taking silk, 
his brother, John Bethell, came before Our Lady 
the Queen in her Chancery, and acknowledged an 
instrument, in which he described his invention for 
making wood and a variety of other materials more 
durable, less pervious to water, or less inflammable. 
According to the practice of those days, a large 
variety of methods and materials was allowed to be 
included in the specification, and a number of 
different ways of applying them. Bethell’s chief 
attention seems, however, to have been given to the 
use of heavy oil and tar, afterwards called creosote, 
as a preservative, and to boiling in vacuo, followed, 
if desired, by heating under pressure, as a means 
of impregnation. With this invention began the 
practice of creosoting for preserving timber. 

At that time (1838), Kyanising (perchloride of 
mercury), Burnettising (chloride of zinc), and the 
use of sulphate of copper were also on their trial, 
owing their efficiency and their powerful anti- 
septic properties, and they had considerable success 
in the hands of a number of inventors for use in 
circumstances where the salt was not liable to be 
leached out. None of them, however, attained the 
extent of practical use that has been earned by 
creosoting, and the industrial study of the process 
with a view to its still further improvement has 
continued up till the present day. H. P. Burt 
succeeded to Bethell’s business, and was joined 
later by S. B. Boulton, who developed further the 
method of impregnating, by applying the process of 
boiling the creosote under a vacuum to the pre- 
liminary expulsion of moisture from the timber, 
followed, where necessary, by impregnation under 
pressure. About 50 years ago he was joined by his 
son, now Sir Harold Boulton, who has taken the 
recent foundation of The British Wood Preserving 
Association, of which, most appropriately, he is the 
first president, as a fitting occasion for celebrating 
the creosoting industry and its pioneers, and 
recording a few facts that have been notable during 
the hundred years or so of its history. 

In this pious and congenial work he has drawn 
on Sir Samuel Boulton’s classical paper, read in 
1884 before the Institution of Civil Engineers, 
which gave an account of the development of 
creosoting and other methods of preservation up 
to that date, and has supplemented his abstract 
of that paper by two large inset plates showing 
the general arrangement of modern tar-distilling 
and creosoting plant. To this account has been 
added an abstract of the discussions to which the 
paper gave rise at two meetings of the Institution, 
and a reprint of a variety of relevant documents. 
The book is completed by Mr. Hubert Fergusson, 
of the present firm of Burt, Boulton and Hayward, 
in which he outlines the further developments in 
wood preservation up till the present date. 

Creosoting is a good example of the many arts 
that have been carried to a high stage of develop- 
ment, beginning with little or no knowledge of the 
precise problems involved, and having still a good 
deal to learn about them. At the time it was 
introduced, practically nothing was known of the 
mechanism by which timber came to decay, and, as 
time went on and the existence and action of bacteria 
came to be recognised, the discovery led to the 
deceiving suggestion that the decay in question 
was due to bacterial action instead of in most cases 
to the growth of fungi, where, indeed, it was not 
known to be the work of insects. The extent to 
which Bethell foresaw most of the methods that have 
since been applied was very remarkable. Whether 
as a fact he anticipated the methods that Boulton 
developed in 1879 seems uncertain, but for practical 
purposes there is little doubt that Boulton’s inven- 
tion lies at the base of most modern methods of wood 
preservation. Creosoting is a process to be applied 
to a cheap material, and among other circumstances 
which tended to increase its cost and difficulty was 
the necessity of getting rid of the moisture from 
green wood. Methods of seasoning before treatment 





involved either locking up capital for long periods of 
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natural seasoning, or accelerating the process by the 
use of not inexpensive plant, and at the risk of 
damage to the quality of the timber. Boulton 
avoided both difficulties by taking advantage of the 
fact that creosote has a high boiling point, so that 
when it was introduced into the timber chamber 
at a temperature above that of the boiling point of 
water and below that at which it itself volatilised, 
the water was removed when a vacuum was applied, 
the creosote remaining behind, and, either with or 
without pressure, impregnating the wood. The 
book gives the present British Engineering Standards 
Association’s specification for creosote, as well as an 
account of practice in the United States, where it 
has been found practicable to dilute the tar oil, on 
which British practice insists, with as much as 
50 per cent. of fuel oil and other petroleum residues. 
In the present search for the more economical use of 
all materials, wood included, there can be little 
doubt that creosoting stands a good chance of 
much greater use than it has hitherto enjoyed. 
The present book is a useful compendium of the 
facts that have come to light during the industrial 
evolution of the process, and indicates—though it 
must be admitted not too systematically—the 
directions in which further development is to be 
sought. 





Der Praktische Stahihochbau. Vol. II, Part 2. Stahl- 
skeletthochhaus- und Tragerbau. By ALFRED GREGOR, 
Berlin: Hermann Meusser. [Price 48 marks. ] 

Der Stahlskelettbau mit Berticksichtigung der Hoch- 
und Turmhduser. By Dr.-Ing. ALFRED HAWRANEK, 
Berlin and Vienna: Julius Springer. [Price 38 marks. } 

THESE two volumes together form a fairly complete 

presentation of the theory and method of construc- 

tion of tall steel-framed buildings from the German 

standpoint. Mr. Gregor’s book is Part 2 of Vol. II 

of his treatise on constructional steelwork. We 

reviewed Vol. I of this work in our issue of 

August 1, 1930. Dr. Hawranek’s book has_ been 

written as the outcome of the recent development 

in tall steel-frame building construction and the 
advent of skyscrapers in Europe. 

Of the two volumes, the first is the more analyti- 
cal, the second largely descriptive. Their chief 
interest to the British engineer is the altered point 
of view and the different methods of design and 
construction used. Mr. Gregor’s book begins with 
a section on girder-construction, which treats, 
with characteristic thoroughness, on plain beams 
supported at each end, built-in beams, continuous 
beams, and braced girders. Numerous cases of 
loading are given, and influence lines for the braced 
girders are developed. This is followed by illustra- 
tions and calculations of the details of construction. 
The effect of bending and twisting moments on rivet 
groups is fully explored, in view of their applica- 
tion to stiff frames. We were a little surprised to 
notice that St. Venant’s maximum-strain theory is 
used to determine the principal stresses in a plate 
web, and to find that the presumption also flourishes 
on the other side of the North Sea, that a relatively 
thin plate riveted to the bottom of an I-beam 
will distribute a concentrated load over a wide 
bearing area, the pressure being uniformly spread. 
Mr. Gregor considers that it is unnecessary to carry 
the flange plates of a plate girder more than one or 
two rivets past the theoretical point of cut-off, in 
which opinion we think he is supported by ancient 
practice and modern theory. On the other hand. 
practically every web stiffener shown in the book is 
cut short of the root of the flange angles, instead 
of being fitted tightly in between them, thus defeat- 
ing one of the chief objects of the stiffener, namely, 
to give lateral stiffness to the girder. 

The second section of this book deals with tall 
steel-frame buildings. Methods of calculation and 
details of construction are fully discussed. Some 
approximate cost comparisons, given on page 198 
of Mr. Gregor’s treatise, may be noted, from which 
it would appear that combinations of transverse 
with longitudinal floor girders, the latter being 
closely spaced, lead to economy ; and that in tall 
frame buildings it is not economical—at least in the 
cases tested—to make all the joints stiff. With two 
columns in parallel, connected by floor beams, one 
only should have stiff joints; with three or four 
columns in parallel, for economy, only the two outer 
columns should have stiff joints. It appears to us 





doubtful whether this finding would hold generally, 
and still more whether it would be generally possible, 
but the suggestion is worth consideration. The 
method of design given follows, to a large extent, 
conventional ideas. In frames with stiff joints, 
only the next spans in all directions to that loaded 
are taken into account in finding the bending mo- 
ment on a floor beam, and the point of inflexion 
is taken as occurring three-quarters the way along 
the unloaded span or column. The wind load is 
divided equally among all the columns in parallel, 
and the points of inflexion are assumed to occur 
at the centre of all the columns, and of the interior 
spans, and two-thirds the way in, in the outside 
spans. With these premises the analysis follows 
the usual strict treatment. A number of worked 
examples for various load conditions are given. 
Details and calculations for the actual joints 
intended to resist the end bending moments are 
given in both books. Dr. Hawranek states that his 
book is intended to deal with all problems, con- 
siderations, and methods of calculation and con- 
struction which confront the engineer in the design 
of steel buildings, except heating, ventilating, light- 
ing and drainage. Such questions as the selection 
of the best materials, the use of high tensile steel, 
the relative cost of steel and reinforced-concrete 
construction, foundations, and erection are dis- 
cussed. He includes photographs and drawings of 
a number of recent Continental buildings, and 
an account of the latest American skyscrapers. In 
each section of the book the official German regula- 
tions are given, either in full or in condensed form, 
and these are compared with the corresponding 
regulations of other countries. On the subject of 
wind pressure, we think that a reference to the 
important British work might have found place in 
both books. Dr. Hawranek includes a section on 
welding as applied to steel-frame buildings, to which 
he attaches importance. Both books are well 
printed and illustrated, and are to be recommended 
to those interested in steel-frame construction. 


The Chemical Technology of Steam-Raising Plant. By 
HENRY NorMAN Bassett. London: Edward Arnold 
and Company. [Price, 12s. 6d. net.] 

In spite of the extensive use of power drawn from 
the mains of electrical supply authorities, there 
are a large number of small boiler plants still in 
service, and likely to continue so. Apart from 
the provision of power, which the small plant can 
often produce at a cost lower than that of the 
public supply, these boiler plants are largely 
required for the generation of steam for process 
work and for heating. On the Continent and in 
America, the supply of steam for these purposes 
from central plants, either in conjunction with 
power supply or as_ special steam-generating 
stations, has been considerably developed, but it 
is practically non-existent in this country, in spite 
of the apparent possibilities in certain industrial 
areas. In the large central plants there is usually 
a specialist staff, with considerable chemical train- 
ing, to deal with the various problems which arise 
in the efficient and economical production of steam, 
but in the majority of boiler houses these have to 
be dealt with by engineers whose training and 
experience is on broader or more general lines. 
The latter, especially, will often find difficulty in 
keeping in touch with the experimental work in 
progress all over the world, and in correlating it 
with the actual problems with which they are faced, 
so that full advantage may be made of it in their 
own works practice. 

Mr. Bassett, who is chief chemist of the Egyptian 
State Railways, has rendered a distinct service to 
engineers and boiler-house superintendents by the 
careful survey he has provided of the present state 
of knowledge. He quotes from numerous original 
papers, to which references are given, discussing the 
various results in the light of his own experience, 
and so presenting an orderly and connected treat- 
ment of the subject in its various branches. A 
point which will appeal to many engineers is that, 
although the book is rightly entitled Chemical 
Technology, it is not a chemistry treatise in the 
usual sense, and very little use is made of chemical 
symbols and equations. The importance of atten- 
tion to water supplies and the treatment of water 








is becoming increasingly recognised, leading to the 
adoption as regular practice of procedure which, 
even in recent years, was regarded as more or less 
superfluous. This subject is dealt with in con- 
siderable detail by the author, who devotes about 
two-thirds of the book to it. He discusses the 
application and relative merits of the various 
systems of water treatment, and the methods of 
preventing the formation of scale. This is followed 
by chapters dealing with the various theories of 
corrosion and its occurrence in boilers, economisers 
and condensers, with the use of inhibitors and other 
methods of preventing it. The importance of 
deaerating is emphasised. 

In subsequent chapters, the different fuels are 
considered, with methods of storing and sampling 
coal, and the effect of the composition of the ash. 
The treatment of the subject of combustion is clear 
and concise, and the application of the information 
here presented should lead to economies in fuel 
consumption in many instances. The value of 
recording instruments is clearly stated, and the 
brief particulars which are given of the various 
main types will, no doubt, be a useful guide in 
considering the most suitable appliance to adopt 
in a particular instance. The concluding chapters 
deal similarly with the refractories used for furnace 
linings, water-cooled walls, boiler and pipe laggings, 
and some of the modern work on materials of con- 
struction for boilers, superheaters and valves. 
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Industrial Evolution. By N. B. 8. Gras. 
[Price 


versity Press. London: Humphrey Milford. 

8s. 6d. net.] 

THE author of this book is Straus Professor of 
Business History in the Graduate School of Business 
Administration, Harvard University. He has had 
ample opportunity of consulting many works on 
industry, manufacture and economics, and of 
keeping in touch with the development of American 
industry. The results of some of his studies are 
given in this book on Industrial Evolution, which 
begins with the earliest stages of handicraft and ends 
with some interesting views on various aspects of 
industry to-day. For convenience, the nineteen 
chapters of the book may be dealt with in three 
groups, the first containing a sketch of the progress 
of manufacture in many countries up till about the 
end of the eighteenth century, the second dealing 
with the development of certain industries during 
and after the industrial revolution, and the third 
with general developments in recent industrial 
matters. 

The earliest stage of manufacture was the making 
of articles for use and not for sale. This Professor 
Gras calls by the somewhat awkward word 
‘“‘usufacture.” In this stage, he distinguishes three 
steps. At first, manufacture was entirely a matter 
for the home, then outside labour was brought 
in to assist the efforts of the family, and, later on, 
the raw materials would be sent out to others to 
be made up or finished. There was no surplus, 
and only such quantities were made as were required 
for the consumption of the family. Next to this 
stage came that of retail handicraft, when work- 
men began to make for sale to others ; sometimes 
to order and sometimes for chance sale. An 
essential of this type of industry was the absence 
of the intervention of a special capitalist merchant 
or industrial entrepreneur. In the third stage 
of industry, goods were made by one set of persons, 
marketed by another and consumed by a third. 
This was the beginning of wholesale handicraft, 
one feature of which was the independence of the 
producer who possessed both raw materials and 
tools. Forces at work, however, tended to reduce 
the independence of the masters, when capitalists 
came on the scene, controlling the supply of materials 
and making advances and owning the houses of the 
producers. Another phase in industry was the 
establishment of central workshops, into which 
artisans hitherto working in their own houses 
were invited or driven to labour under a single 
management. Such workshops were found even in 
Greece and Rome. In the various changes it has 
not been the tool or the machine which has been 
the deciding factor, for mills have served for usufac- 
ture, retail handicraft and wholesale handicraft. 
With the organisation of industry came association 
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in industry and the formation and growth of craft 
guilds and livery companies, which included 
masters, journeymen and apprentices. 

From this historical sketch, covering many 
centuries, the author turns to the industrial 
revolution, the rise of the factory system and the 
application of power. The topics dealt with 
include the textile industries, the iron and steel 
industry, the chemical and electrical industries and 
the shoe industry of America. In the last of these 
he finds an industry which can be called supremely 
American ; it typifies the genius of the American 
people. Not least among its merits is the fact 
that it has compressed into its 300 years of exist- 
ence all the changes that Europe experienced in 
twice that time; and in the period beginning 
about 1860, the mechanical technique in America 
outdistanced all that had gone before. As early 
as 1650, it was said, shoes made in New England 
could be sold in foreign parts, and the surplus for 
export in 1771 was 5,938 pairs. By 1796, 212,774 
pairs of shoes and slippers were exported. America’s 
early strength in the shoe industry lay in the pos- 
session of abundance of hides and tanning material. 
As these receded, she has developed her supreme 
position in power machinery. Export of machinery, 
however, is having its effect on exports of shoes, 
and to-day even Czechoslovakia is invading the 
American market for women’s shoes. 

From these particular industries Mr. Gras passes 
to questions of a general character, such as the 
amalgamation of factories, education in industry, 
sharing of profits, trades unionism, the influence 
of climatic conditions, mercantilism, government 
interference and trade policies. “‘ Of all the sorry 
spectacles in the annals of peaceful government, ”’ he 
says, “the scrambling of industries for tariff 
protection has been, and is, the worst. It is the 
bull fight of American politics.” Another topic of 
great interest at the present time, is that of Large- 
Scale versus Small-Scale Industry. There are, he 
says, at least five kinds of small-scale industries. 
First, there is the work of a solitary individual in the 
home; secondly, there is the domestic workshop ; 
then the small master’s workshop, and the mill and 
the smal] factory. 

An ideal industrial system would unquestionably 
include the factory for those persons who are 
adaptable to routine, monotonous labour, who feel 
no regrets in the loss of personal freedom, or who 
would regard this as more than balanced by 
high wages and social and cultural advantages, 
but there are lots of things, such as small objects 
of individuality and changing fashion, that might 
well be made in the home or in the workshop in 
town or country. Not the least interesting chapter 
in the book is that on Art in Industry. Nowhere 
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has the victory of machinery been more complete 
than in America, but it is slowly emerging that, 
supplementing the machine, there is a place for the 
handicraftsman. This is all to the good, for, as 
Professor Gras says, “the creation of a fine piece 
of craftsmanship is one of the satisfactions of life ; 
to go beyond and put individuality and introduce 
one’s own being into the work of his hand is the 
realisation of the craftsman’s destiny.” This is 
every bit as true of the workman as it is of the poet, 
the artist or the musician. 








CEMENTATION WORK ON THE 
SEVERN TUNNEL. 


For some time it has been known that work has 
been proceeding in the Severn Tunnel with a view to 
improving the water-tightness of the structure. The 
strata through which the tunnel passes is very faulty 
over part of the length, and it will be remembered that 
considerable difficulties were encountered during con- 
struction. Although the tunnel is said to be con- 
sidered, on the whole, dry, one stretch about a mile 
from the Bristol mouth was not so, and it was thought 
some time ago that conditions on this part could be 
improved by cementation. The work, which was 
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successfully completed a few months ago, is briefly 
described by Mr. R. Carpmael, M.Inst.C.E., in the 
August issue of the Great Western Railway Magazine. 
From this we extract the following information, the 
sections given in Figs. 1 to 3 also being reproduced from 
the same source. 

The length which it was proposed to undertake 
extended from the Bristol mouth, at 11 miles, to a 
point at 12 miles 5 chains, where strata of gravel and 
marl gave place to sandstone and pennant rock. The 
first length put in hand was between 11 miles 30 chains 
and 11 miles 70 chains, the contract being let to the 
Francois Cementation Company, of Doncaster. The 
work involved drilling a series of holes through the 
brickwork lining and into the surrounding ground. 
Such holes were made 3} in. in diameter through the 
brickwork, being continued as 1{-in. holes outside. 
They extended to a maximum length of 6 ft. beyond 
the outer face of the lining. Injection pipes 14 in. in 
diameter were employed, extending right through and 
caulked in the brickwork, the caulking being carried 
to the outer face of the lining. 

The holes were drilled in the invert during the week, 
but for the sides and roof, stages mounted on trolleys 
were necessary, and these could only be used on 
Sundays at certain times. Compressing plant was 
installed at the Sea Wall pumping station, and com- 
pressed air and grouting mains were run down the 
ventilating shaft there and along the tunnel below, 
being fitted with cocks at suitable intervals for the 
attachment of flexible hoses connected with the portable 
drills and grouting pipes. Grouting was injected into 
the surrounding ground with the idea of consolidating 
it before the work took effect on the lining itself. 
Injections were started through holes in the invert, 
and working up the sides, the crown being treated last. 
The pressure was gradually increased during the work 
to a maximum of 100 lb. per square inch. The grout 
mixture varied with the pressure under which it was 
injected, from 8 cwt. of cement and 80 gallons of water 
against low head to | cwt. of cement and 80 gallons of 
water under high head. 

The work on the first section, above mentioned, was 
carried out between November 3, 1929, and April 13, 
1930, and a second contract was awarded to the same 
company, extending the work to points on the one 
hand at 11 miles and on the other 12 miles 5 chains. 
In the whole of this work some 4,233 holes were drilled, 
aggregating 21,683 lineal feet. The cement injected 
amounted to 8,132 tons, or an average of 1-48 tons 
per foot. 

Further work was carried out at the Sea Wall and 
Sudbrook shafts; in connection with the latter, 
grouting had to be carried on round the shaft extension 
to the ventilation tunnel and culvert. In the Sea Wall 
shaft, 17 holes were drilled to an aggregate length of 
68 ft., 91 tons of cement being employed. In the 
Sudbrook work, 85 holes were drilled to a total length 
of 377 ft. and no less than 455 tons of cement were 
injected. It is notable that, in this case, the grout 
travelled considerable distances, indications of cement 
making their appearance at joints in the tunnel brick- 
work half a mile distant from the point at which 
injection took place. 
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LABOUR NOTES. 


Waritrnc in the August issue of the Electrical Trades 
Journal, the organ of the Electrical Trades Union, 
“J. BR.” says: “ There is not the slightest improvement 
to report in the state of trade during the past month, 
and unemployment is as rife as ever; in fact, it seems 
worse, and, undoubtedly, the claims for unemployment 
benefit are larger than ever, notwithstanding the fact 
that many members have run through their full quota. 
In spite of this, the E.T.U. is not feeling the effect of the 
present terrible slump so much as many other trade 
unions, but it is, at least, feeling it sufficiently to neces- 
sitate some consideration as to the future financial 
position.” 





It will be recalled that wages in the electricity 
supply industry were stabilised until July 31, to enable 
a special joint committee to endeavour to reach a 
mutual understanding as to what should be the rates at 
the termination of the cost of living sliding scale agree- 
ment. The employers’ representatives on the com- 
mittee desired a reduction of 4d. per hour, while the 
men’s side insisted that the state of the industry 
justified an increase rather than a decrease. According 
to ‘‘ J. R.” the workers’ representatives stated that they 
could neither accept nor recommend such a proposal, 
but agreed to take a ballot vote of the members for or 
against the employers’ proposal. ‘‘ The present wages 
(to allow of this vote being taken) have again been 
stabilised,” he says, ‘‘ until the end of August, after 
which, it is hoped, as a result of the vote, the present 
wages will still continue.” 





The latest official report of the United Pattern 
Makers’ Association states that the total membership 
of the organisation is 11,189. The number of unem- 
ployed members is 2,780—an increase of 42 compared 
with the total for the previous month. Commenting 
upon the figures, Mr. Findlay, the general secretary, 
says that members “ will not need to be reminded 
that the longer this serious state of affairs exists, the 
more necessary it™is that we should husband our 
resources as an association, and strain every nerve to 
reduce overtime, and also to use all our influence to get 
as many of our members at work at the earliest possible 
moment.” 





In the report of the General Federation of Trade 
Unions for the second quarter of the current year, 
Mr. Appleton, the general secretary, states that almost 
every post has brought to him notifications of move- 
ments to reduce the wages of people engaged in the 
productive and competitive trades. ‘‘ Cotton and 
wool,” he says, ‘‘and the trades which use these 
materials, find these attacks upon wages particularly 
severe. In Yorkshire, it is said that they are being 
pressed with deplorable and autocratic disregard of 
rights and political consequences. Negotiation between 
employers and trade unions is being refused—some- 
times on the ground that trade unions have failed, or 
are unable, to keep their bargains—sometimes without 
any excuse at all. That trade unions have made mis- 
takes may be admitted ; that the other side have made 
mistakes is just as obvious, but not so candidly 
admitted.” 





In Mr. Appleton’s opinion, no greater mistake can be 
made than the mistake of refusing negotiation. “‘ The 
only people,”’ he says, “‘ who really know the facts 
about, and the possibilities of, a trade, are the people 
employed in it whether as employers or employees. 
If they cannot solve its problems, its position is, indeed, 
desperate, and the chance of either obtaining a living 
out of such a trade will grow smaller and smaller. If 
either side refuses, by negotiation, to attempt adjust- 
ment of the position to the facts affecting the trade, 
it invites disaster. The employers may, by what is 
called economic pressure—a pressure, by the way, 
which affects every class—compel acceptance without 
negotiation, but the consequences of such compulsion, 
in the present state of emotional unrest, economic 
uncertainty, and political flux, may be more serious 
than they anticipate. ” 





The writer of an editorial note in the Industrial 
Review, an organ of the Trades Union Congress General 
Council, declares that attacks have been made on the 
Anomalies Bill which show a complete misunderstand- 
ing of its purpose. ‘‘The Committee to be set up 
under the Bill is not,” he says, “‘ an administrative body, 
but is to act in a purely advisory capacity ; ‘ control’ 
is to remain with the Ministry of Labour. The 
Committee’s function is to consult with the Ministry 
of Labour in framing regulations applying to workers 
earning high wages in part of a week, and to casual, 
short-time and seasonal workers, and married women. 
The Committee’s report upon these regulations will 
be submitted to Parliament along with the proposed 





regulations themselves. Thus the final responsibility 
for the regulations will rest with Parliament, and Parlia- 
ment will have the report of the Committee before it 
to be used against the Ministry’s regulations if they 
fail to conform to the Committee’s views. The setting 
up of such a statutory body with power to draft 
regulations was one of the proposals put forward in 
the evidence of the General Council to the Royal Com- 
mission on Unemployment Insurance, and the procedure 
adopted in the Bill is in line with this evidence.” 





At the annual conference early in October of the 
British Labour Party, the British Iron and Steel and 
Kindred Trades Association will submit a resolution 
calling upon Parliament, in view of the urgency of the 
situation, to give the Government legislative authority 
to bring the iron and steel industry within the control 
of a public utility corporation and secure the mobilisa- 
tion of the best organising ability, technical knowledge 
and experience for the effective organisation of the trade. 





The lines upon which it is proposed the re-organisa- 
tion should proceed are : (a) The application of a national 
scheme of planning of the industry in all its main 
branches in well-defined regions of organisation, with 
managerial boards responsible for the operation of the 
industry in their respective regions. (6) A central 
board for the general supervision of the regional 
organisation, but allowing such local autonomy as will 
secure the fullest degree of initiative to produce the 
best results consistent with a sound national policy. 
(c) Among other things, the central board would 
arrange for an adequate supply and distribution 
of ores and other raw materials, the co-ordination of 
research work, the distribution of orders, and the 
marketing of the finished products. (d) The central 
board would act for the industry as a whole in formu- 
lating agreements with other countries in regard to 
inter-trading relations, and would have authority to 
regulate, restrict or prohibit imports if the nature of 
the competition and other circumstances justified 
that course ; and to fix prices of iron and steel in the 
home market with due regard to the necessity of stimu- 
lating the activities of important using trades. (e) 
Regional joint conciliation boards to be set up to deal 
with wages and conditions of labour that are Jocal in 
character, and a national joint conciliation board to 
deal with those of a national character. 





The number of societies affiliated to the General 
Federation of Trade Unions is 94, of which 59 are on 
the higher scale, 32 on the lower scale, and 3 on both 
scales. The gross membership is 502,160, of whom 
275,326 are on the higher scale, 214,663 on the lower 
scale and 12,171 on both scales. Contributions received 
during the second quarter of the current year amounted 
to 8,4151. 8s. 11d., and benefits paid to 3871. 


Last week, the Engineering Trades Joint Council 
(Government Services) considered the question of 
applying to Government engineering establishments 
the provisions of the agreement on working conditions 
recently arrived at by the Engineering and Allied 
Employers’ National Federation and the engineering 
trade unions. At the close of the meeting, the following 
statement was issued : ‘‘ The official side of the Council 
asked that the new overtime night shift and piece-work 
agreement between the engineering employers and 
certain trade unions should operate in all Government 
engineering establishments that are not covered by 
other methods, and instanced among those covered by | 
other methods the Government Dockyards, Woolwich 
Arsenal, and Waltham and Enfield Ordnance factories. 
The trade union side of the Council contended that 
there was no justification for this proposal made on 
behalf of the Government departments concerned. 
After discussion the meeting concluded, the trade 
union side disagreeing with any worsening of the 
conditions now operating.”” The same question was 
discussed at the War Office on Tuesday last by a depu- 
tation from Woolwich Arsenal. 


As was expected, the General Council of the Weavers’ 
Amalgamation at its meeting in Manchester on Thurs- 
day last week authorised the Central Committee of the 
organisation to negotiate with the Cotton Spinners 
and Manufacturers’ Association on the ‘‘ more looms ” 
question. The expectation is that the first joint meeting 
of the parties will be on August 28. 


The trade unions with members employed in the 
London furniture trade are resisting the wage reduc- 
tions which firms belonging to the London Furniture 
Trades Federation put into force a week ago, and a 
strike, the extent of which is not very clear, is in 
progress. Details of the new wage rates were given in 





a recent issue of ENGINEERING. 


With the object of reducing the amount of unem- 
ployment, which is declared to'be increasing ‘‘ to an 
astonishing degree,” the executive council of the 
American Federation of Labour recommends (1) the 
adoption of a five-day week both in private and 
Government employment ; (2) a six-hour day if neces- 
sary, and ‘‘ work security,”’ wherever possible; (3) main- 
tenance of the standard rate of pay; (4) inauguration 
and maintenance of Federal, State, and municipal 
construction programmes, ‘‘ minus red tape ;’’ (5) for- 
mulation of plans to stabilise industry, and the use 
thereof; (6) the calling of a conference between the 
President and representatives of industry and Labour. 





The Union of Post Office Workers is asking for a 
flat rate increase of 10s. per week on the basic rate 
of pay of its members, and the demand is now under 
the consideration of Major Attlee, the Postmaster- 
General. In the Post, the organ of the Union, the rather 
astonishing claim is made that “it is not for the Post- 
master-General to allow the doubtful methods of 
fixing wages in other industries to influence him.” 
‘* Here,” the writer says, ‘‘ where his political principles 
have a better chance of fulfilment than elsewhere, he 
must stand four square for such wages as shall leave a 
man comfortable, beyond the danger of debt, and with 
sufficient elbow room to feel that he is a worthy citizen 
of a civilised community. Therefore, to those who may 
have begun to draw up the tables of comparison we 
utter this word of warning. Wages of Post Office 
workers must be fixed according to a civilised standard 
of life, and not in comparison with those stages of 
industry which are still but little removed from 
barbarism.” 


In his report for 1930, the Chief Inspector of Fac- 
tories and Workshops states that the greatest number 
of fatalities in any one industry (125) again occurred 
in the building trade—which was one of the few indus- 
tries in which there was an increase in both fatal and 
non-fatal accidents. Other industries with large 
numbers of fatalities were the metal industry (smelting, 
conversion, rolling, founding, &c.), (120), shipbuilding 
(74), and docks (74). These were all, however, less than 
the corresponding number for 1929. As in other years, 
the majority of the accidents were not due to moving 
machinery, but to such causes as falls of persons, falls 
of articles and materials, and handling of goods. 
Thirty per cent. of the fatalities and nearly 12 per cent. 
of the non-fatal accidents were due to persons falling. 





It is estimated that on July 27, there were approxi- 
mately 9,174,100 insured persons, aged 16 to 64, in em- 
ployment in Great Britain. This was 97,000 less than 
a month before, and 549,500 less than a year before. 
On August 10, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
1,916,813 wholly unemployed, 686,688 temporarily 
stopped, and 110,858 normally in casual employment, 
making a total of 2,714,359. This was 1,009 more than 
on July 27, 1931, and 663,622 more than a year before. 
Of the total number, 1,976,289 were men, 72,168 boys, 
607,450 women, and 58,452 girls. Figures are not avail- 
able in respect of August 3, 1931. 





During July, the average number of persons on the 
registers of Employment Exchanges in Great Britain 
were 1,862,596 wholly unemployed, 688,402 temporarily 
stopped, and 111,767 normally in casual employment, 
making a total of 2,662,765, of whom 1,809,497 were 
men aged 21 and over, 149,003 men aged 18 to 20, 
66,098 boys aged 14 to 17, 498,834 women aged 21 and 
over, 87,169 women aged 18 to 20, and 52,164 girls 
aged 14 to !7. 

In the five weeks ending July 27, the number of vacant 
situations filled through the Employment Exchanges 
and Juvenile Employment Bureaux was 194,176. 
Since the beginning of the year 1,153,051 vacant situa- 
tions have been filled, 148,073 more than in the corre- 
sponding period of last year. 





The weekly official organ of the International Labour 
Organisation at Geneva states that during the three 
months ending March 31, there were 52 industrial 
disputes in British India, involving 103,507 persons and 
causing a loss of 731,223 working days. The number of 
disputes in jute mills alone amounted to 16, involving 
69,013 persons, or 66 per cent. of the total, and caused 
the loss of 478,666 working days, or 65 per cent. of the 
total. Eighteen disputes arose out of questions of 
wages, 16 out of questions of hours and holidays and 
12 from questions of employment. Of the total number 
of disputes, 15 ended wholly or partially in favour of 
the workers and 16 were still in progress in June. 
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Fia. 1. 


THE MANUFACTURE OF PRESSED- 
STEEL AUTOMOBILE BODIES AND 
COMPONENTS. 

Ir is a somewhat remarkable fact that, until some 
five years ago, the automobile industry had only adopted 
pressing for major components to a comparatively 
limited extent. The wide field that existed for press 
work had, it seemed, been ignored. When the design 
of the chassis, bodywork, and general structural details 
of the motor-car is considered, however, it is seen that 
pressing approximates to the ideal method of manufac- 
ture. In 1926, Messrs. The Pressed Steel Company of 
Great Britain, Limited, was formed, with the object of 
introducing to British practice several novel applications 
of pressed steel, and the progress of this concern, the 
largest, if not the only one, of its kind in the country, is 
an index of the growing importance of pressed steel as 
a staple material of automobile manufacture. The 
present article has been prepared to give an idea of 
certain methods employed at this firm’s works at 
Cowley, Oxfordshire, which present unusual features, 
and are, we believe, new to this country. 

Before describing these, a few general particulars 
may well be given. The plant itself covers an area of 
some 10 acres, and there is ample room for extension. 
Work was commenced on the site in the early part of 
1926, the greatest difficulty encountered being the 
transport of the very heavy presses, one of which, 
weighing 245 tons, was the heaviest individual item 
ever carried by the Great Western Railway. By the 
end of the year, the buildings had been finished, and 
some 60 presses, together with auxiliary equipment, 
had been installed. Production was commenced 
immediately, notwithstanding the fact that staff had 
had to be trained to operate types of machinery 
hitherto unknown over here. The main divisions of 
the plant are:—Machine shop, press shop, body 
assembly floor, paint shop, trim shop, wing and axle- 
housing department, and chassis shop. Some of these 
follow more or less general practice, though in all 
advanced methods obtain; the most important 
features are noted below. 

In the machine shop, the dies, jigs, gauges, small 
tools and fixtures for the production departments are 
prepared. The general lay-out follows thoroughly 
modern practice, the equipment consisting of the 
usual shaping, milling and slotting machines, radial 
drills and planers. Passing reference may be made 


Press FoR Bopy Work. 


'in working. 


| railway sidings, are at one end; 
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to a Stirk 6-ft., open-sided planer, which is one of the 
largest of this type of machine in the country. It is 
electrically controlled throughout, and has a high 
output to precision limits. An oxy-acetylene flame 
cutter, with a capacity of 6 in. in steel, is provided with 
an electrical copying device that gives great flexibility 


on a bed, above which is a table carrying a full-size 
print of the required profile. The operator traces an 
arm, to which is attached a wheel, round the outline, 


and the flame cutter follows each movement exactly. | 


Experience has shown that this tool gives great accuracy 
with a high speed of operation. 

The most important tools in this shop are two Keller 
die-sinking machines, which are operated by means of a 
keyboard, and, notwithstanding the fact that they are 
capable of forming dies up to 25 tons in weight (the 
largest in use in the factory), require only a single 
attendant. These two machines, which were the 
first of their kind to be erected in Great Britain. are 
double deckers. 
follows :—The rough casting of the die is taken directly 
from the moulds to the working table on the lower deck 
and beneath the forming tool or drill. The operator 
works to a wooden or plaster model, accurately finished to 


| the required dimensions and mounted beneath a movable 


pointer, the motion of which is controlled electrically 
by push buttons on a keyboard. It follows closely 


the contour of the master, each movement being | 


reproduced by the milling cutter. It will readily be 
appreciated that this machine, with its simplified 
control and accurate working, is an economical sub- 
stitute for the several machining and hand operations 
that would otherwise have to be performed. The 
dies formed on these machines vary in weight from 
25 lb. upwards, to the largest so far produced, which, 
as stated, weigh about 25 tons. 

As accuracy and uniformity of output are the two 
chief considerations in press work, several large try-out 
presses have been installed in the machine shop. 


| Here, the larger dies are tested under actual working 


conditions without disturbing the routine production 
in the press shop. 

In designing the press shop, great care has been 
taken to ensure the smooth flow of work from one end 
to the other. Thus, the steel stores, which adjoin the 
next comes the 
shearing department, then the roller leveller, to be 
described later, and finally the main aisle along which 


Fie. 2. 


The piece of metal to be cut is placed | 


Briefly, the method of working is as | 


Press FoR CHAssis WorRK. 


are arranged the heavy presses engaged on major work. 
The smaller presses for the production of steel reinforce- 
ments and details are placed in a bay running off the 
main aisle. At the farther end of the shop are the 
| entrances to the various assembly departments. 

| The roller leveller, which is a pre-processing machine, 
has been designed for the elimination of stretcher 
strains, a phenomenon that created a great deal of 
| trouble during the early days of pressing automobile 
| panels. They are, as is well known, lines that mark 
|} actual thinning of the metal caused during pressing. 
| Experience showed that the tendency towards their 
|formation was greater in dead-soft sheets, and that 
; they occurred at the yield point of the metal. A 
| remedy was sought in roller levelling, or cold working, 
| before pressing, the ordinary process of cold rolling 
|having been found unsatisfactory, as it decreased 
| the ductility of the metal. Accordingly, the roller 
|leveller was developed. This consists of a series of 
| rollers, the clearance between which can be readily 
adjusted to different thicknesses of metal; they are 
also adjustable for pressure. The object of roller 
levelling is to cold-work the material without reducing 
appreciably its ductility, and practice has demonstrated 
{that this cold working prevents the formation of 
| stretcher strains. In the Cowley works, all roller- 
levelled metal is pressed within 24 hours. 

The presses themselves are of various sizes, the 
largest being capable of exerting pressures up to 
1,350 tons, and the smaller types ranging from 50 tons 
| to 300 tons. There are also blanking presses working 
j} at 300 tons and less. Figs. 1 and 2 show typical 
| presses, the first being a body press, and the second 
| being used for chassis work. The sequence of opera- 
| tions in forming a body is substantially as follows :— 
| First, the metal sheet is either blanked or sheared to 
the It is then first-formed in a 
double-action press under a pressure of approximately 
800 tons; this press is driven by a 40-h.p. motor. 
Then window, door and other openings are pierced, 
; the final forming and setting operation of all 


proper contour. 


contours, door lines, and so on, is carried out in another 
large press of substantially the same type and capacity 
as the first-forming press. 

These presses, which are double acting, employ a form- 
ing die that consists of four pieces. These are the upper 
and lower blank-holders, the punch, and the floater. The 
lower blank-holder is attached to the baseplate by bolts, 
and contains within it the floater (the female portion 
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of the die), which floats on a compressed-air cushion. 
The outer ram of the press holds the upper blank- 
holder, the punch being attached to the inner ram. 
The cycle of operations is a simple one: the blanked 
shape is mounted on the lower blank-holder, its position 
being determined by pins. The actual action of the 
press is so arranged that the outer ram leads the inner, 
descending first so as to grip the sheet firmly by its 
edge between the upper and lower blank-holders. The 
inner ram now descends, and the punch presses the 
sheet into the floater.. On the completion of the stroke, 
the ram rises, and the floater, ascending under the 
action of the compressed-air cushion, which is con- 
trolled 

pressing. 


Cast iron has been found the most satisfactory | 
material for the dies, though steel inserts are some: | 
times provided at points where experience shows that | 


friction above the average is likely to occur. Steel is 


unsatisfactory, as it increases the tendency to picking | 


up, this term being applied to the abrasion of fragments 
from the sheet and their deposition on the die. This 
phenomenon is caused by the fact that the pressing 


is obtained by the metal wrapping itself round the | 


punch. Later experience suggests that even the use 
of steel inserts should be avoidéd, since picking up 
means that the die must be honed; specially close- 
grained cast iron should be used instead, or, in ex- 
ceptional circumstances, nickel-chromium alloy cast 
iron. 

It is essential that the metal should not be so tightly 


held between the blank-holders that it is self-stressed | 


during pressing ; the pressure should be just sufficient 
to retard the flow into the die. 


corners of the presses. In the case of pressings having 
irregular contours, the flow into the die may be 
unequal, and this cannot be corrected by adjusting 
the blank-holder pressure, since this merely leads to a 
reduction of the flow all round, the relative position 
remaining the same. The method adopted for over- 
coming this difficulty is the attachment of drawing 
beads on the side of maximum flow. These consist 
of a rib of steel arranged longitudinally on the blank- 


holder, a channel being cut in the other blank-holder | 
The depth of the bead must be pro- | 
portioned to the difference in the rates of flow on the | 
two sides of the sheet, though there is a critical point | 


to correspond. 


beyond which crumpling and seizure at the bead occur. 

An interesting operation is the formation of the 
edge-ways bend on a chassis side-member. 
metal is formed in vee dies, split lengthways to hold the 
strip, and arranged so that the rear half can have a 
greater travel than the front. The metal is gripped 
firmly at the commencement of the stroke, which is 
continued by the rear half of the die only. This 
forming process is carried on at each end, thus giving 
the characteristic “ kick-up.”. The member, thus 
blanked, is then completed in the chassis-forming 
press, 

The press shop has a capacity of 20,000 pressing 
operations per hour, and is served by two 20-ton and 
two 10-ton overhead cranes. The dies are stored in 
die parks situated at each end of the shop. Indepen- 
dent electric drive is fitted to each machine, while 
compressed air is supplied from a central installation. 

Pressings pass from the press shop to one or other 
of the assembly floors, of which the chief is the body- 
assembly floor. Two types of body construction are 
possible with pressed steel ; one is the usual panel type, 
and the other a welded monopiece sill-less type, built 
up of four welded components. The latter enables the 
strength and the advantageous strength to weight 
ratio of pressed steel to be utilised to the full, and is 
now being rapidly adopted by British automobile 
makers. After a careful viewing and inspection, the 
pressings are generally finished by normal methods, 
the plant for this purpose including trip hammers, 
dise grinders, polishing buffs, and similar equipment. 
Assembly is performed chiefly by welding, but 
some riveting is done, for which operation a battery 
of pneumatic riveters has been installed. Jigs are, 
of course, utilised for the accurate location of com- 
ponents. 

The four principal parts of monopiece bodies are : 
the scuttle and windscreen-frame assembly, two side 
panels, and the back panel. The side and back panels 
are arc-welded by a method believed to be new to this 
country, known as “semi-automatic arc welding.” 


The following is a brief description of the method :— | 


The side and back panels, after being accurately 
trimmed along the welding line in the press shop, 
are laid in a cast iron and steel jig, and clamped in 
place, with a space of about ,-in. between the 
joints. At the back of this seam is a special compo- 
site metal that does not flux under arc-welding heat. 
The area immediately surrounding the joint is heavy 
and substantial in order to dissipate the welding heat 
quickly away from the panels, to prevent unneces- 


by a camshaft-operated valve, ejects the, 


The pressure is, there- | 
fore, adjustable by means of screws placed at the four 


The strip | 
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Fig. 4. 


| electré de, through which welding wire is continuously 
;and automatically fed, is placed immediately over 
| the seam between the panels, and is guided down 
|a vee-shaped groove. The actual weld is thus con- 
tinuously maintained in position, and in direct rela- 
tion to the edges of the sheets to be welded. The 
scuttle and windscreen frame assembly, which has 
been previously welded into one unit, is then added 


| single unit, a special jig being employed, and, finally, 
| the front end is welded in place. When all four pieces 
| have been thus welded, the assembly is mounted on a 
| truck and placed on a conveyor, along which it moves, 
| the doors being hung and the whole inspected before it 
| is passed to the paint shop. 


virtually parts of the assembly floor and adjacent to 
one another. Inthe wing section, the work progresses 
from one end of the shop, in which various operations 
| are carried out, to the other end, where it is finished 
|and ready for shipment to customers. Gas welding 


| 
| 
| 
| 
| 
| 
| 


placed in the jig and clamped in place, a welding | 


Bopy-FINISHING DEPARTMENT. 


down the main shop. Special degreasing plant re- 
moves all grease, and, after this has been effected, the 
body shells are passed to the sprays. The stoving 
plant consists of a battery of 18 ovens, varying in 
individual lengths from 75 ft. to 450 ft., and employing 


| temperatures of from 150 deg. to 250 deg. F. The 


| to the side and back panels, which have become a | 


The wing section and axle-housing department are | 


| is largely employed throughout the plant, and it is an | 


| indication of the care that has been given to detail | 


| that four different welding processes are in use in the | 


assembly sections, viz., electric spot welding, electric 


roller welding, electric-arc welding, and oxy-acetylene | 


| welding. 


Conveyor-line production has been adopted in the | 


process is continuous, spraying taking place in booths, 
one of which is shown in Fig. 3, while rubbing-down 
is done in the open. In order to facilitate production, 
the upholstery sections are located in the paint shop 
on the last three conveyor lines. The finishing line 
is illustrated by Fig. 4. The bodies, when they leave 
this shop for final inspection, are quite ready for 
dispatch. This department is located in a building 
separated from the rest of the plant. 

Although pressings are largely used in chassis 
construction, the dumb-irons and spring brackets are 
made from malleable castings, which are machined 
in this department. The whole assembly is by riveting, 
both hot and cold, and pneumatic riveters are employed. 
The assembly process is illustrated by Fig. 5. The 
enamelling plant here installed is believed to be the 
largest in Great Britain, and possesses many features of 
interest. Frames, after assembly, are hung on overhead 
conveyors and pass first to the degreasing plant. This 
is a vapour bath of trichlorethylene. The liquid is 
heated by a steam coil, and the vapour penetrates 
to every part of the frame, collecting the whole of 
the oil and grease as it condenses. Fine control is 


sary buckling. When the panels have been properly ' paint shop, there being twelve lines travelling up and | afforded, and the vapour is directed so that it just 
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Fig. 6. 
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ENAMELLING PLANT. 


BOILER FAILURES AND THEIR 
CAUSES. 


A NuMBER of reports dealing with the causes and 
prevention of boiler failures were presented at the 
annual general meeting of the German Association of 
Boiler Owners at Dresden recently.* For a period 
there was a tendency to concentrate attention on the 
condition of the feed water in seeking to overcome such 
failures, a period which Professor Bauer described as 
| dangerous in that there had been a risk of the whole 
question being diverted along a side-track while the real 
causes were overlooked. He made a report of the 
experience gained at the Government Material Testing 
Bureau at Dahlem in investigating failures on boilers 
at pressures up to 35 atmospheres (500 Ib. per square 
inch), concentrating on the condition of the material, 
and stating that corrosion, with which the feed water 
is closely bound up, is only of secondary importance. 
The causes of failure can be sought under four head- 
ings, namely, (1) the material itself, (2) the effect of the 
method of manufacture on the properties of the material; 
(3) the defects occasioned by the construction and 
operation of the plant, and (4) the type of welding. 
Professor Bauer places the chemical composition first 
in its influence on the properties of boiler material, 
demanding that it shall be as free from phosphorus, 
sulphur, arsenic and non-metallic impurities as is feasibly 
possible be attained. He gave no limiting figures for 
the analysis, claiming that only the best is good enough, 
but stated that practically all the new boiler plates 
tested at the Bureau in recent years had been satisfac- 
tory in this respect. Where high sulphur and phosphorus 
| were found, it was mostly in regard to material from 
old boilers. The usual amounts of arsenic, about 
| 0-04 per cent., have hardly any influence on the pro- 
| perties of the steel, but with high quantities the detri- 
| mental effect of phosphorus and sulphur is certainly 





increased. 

While it is not yet possible to come to a definite con- 
clusion whether soft or hard steels are preferable in 
boiler construction, it is reported that, apart from a 
few exceptions, the experience of the Bureau is that 
}no objections can be raised against the use of hard 
steels. Even the best of material can be spoilt by 
wrong treatment, and attention was called to the 
| detrimental effect of cold bending and working, the re- 
sults of tests and micro-photographs being given. Other 
| causes of failure of somewhat similar nature are the 
| use of excessive riveting pressure with a crushing of the 
material round the hole, the drifting of rivet holes, exces- 
| sive work in expanding the ends of tubes. The failures 
| arising in operation, apart from those due to corrosion, 
are caused by defective circulation causing local over- 
| heating, and by excessive stiffness in construction. 
| In some cases reported by Professor Bauer, reinforcing 
plates riveted to drums were shown to have been 
sources of weakness insteadof strength. Thisemphasised 
the necessity for providing for elastic deformation 
under the loads due to expansion on heating up. 
Welding, which is being increasingly employed both 
in construction and in repairs, does not appear to be 
viewed with favour by the Bureau, owing to the extent 
| to which the results are dependent on the skill of the 
| operator and the difficulty of testing the efficiency of the 
| work. A number of sections were given illustrating the 
| results which may be produced and the risk that, in re- 
| pairing, the old cracks may not be traced completely, and 
| a hidden defect left which simply spreads again. The 
| cutting out and welding of cracks is stated to be usually 
| worthless and dangerous, since such repair cannot 
remove the fundamental faults which caused the cracks. 

Dr. Marguerre presented a further report on the 
high pressure plant at Mannheim,* dealing with defects 
which revealed themselves during operation and the 








] 
envelops the load of frames at the top of the} ment. General routine testing of raw materials proceeds | : ; : F 
I E ‘ 8 materials proceeds | means by which satisfactory working had been ulti- 


conveyor track. After degreasing, the frames pass | 
through the enamelling tank, which contains 6,000 
gallons of slightly warm enamel. The plant is shown | 
in Fig. 6, above. The subsequent baking is carried | 
out in hot-air ovens at a temperature of 415 deg. F. | 
The whole process takes 3} hours, and the total | 
conveyor travel is 300 ft. 

Power is taken in bulk from the local supply authori- | 
ties, at a pressure of 10,000 volts, and stepped down to 
400 volts for general use. Independent driving is the 
practice throughout the works, there being, in addition 
to the machine tools, some 300 electrically or pneumati- 
cally operated hand tools. The total number of motors 
in the plant is about 600, and the daily consumption 
is 16,000 kw.-hours. Air supply is maintained by | 
two Belliss and Morcom compressors assisted by two 
motor-driven Broom and Wade compressors, the 
capacity being 3,500 cub. ft. of free air per minute 
delivered at 100 lb. per square inch. The oxygen | 
plant supplies 20,000 cub. ft. weekly, and is placed | 
at the opposite end of the works to the acetylene 
generator. 

One of the most interesting departments of the works | 
not yet mentioned is the laboratory, where constant | 
research is carried on with ample and modern equip- | 


continuously. 
the physical, chemical, and microscopical examination 
of steel, rubber, textiles, &c. This laboratory is under 
the supervision of Dr. G. L. Keller. The general offices 
are included in the main works building, and are 


| naturally laid out on most modern lines. 


Reference may be made, in conclusion, to the 
staff-welfare scheme, which is unusually elaborate, and 
provides the full-time services of a resident physician 
and surgeon at a model hospital containing a two-bed 
ward, as well as a fully equipped first-aid station. 


BRITISH PRODUCTION OF P1G-[RON AND STEEL.—The 
number of blast-furnaces in operation at the end of July 
was 70, a net decrease of six, since the beginning of the 
month. The production of pig-iron during July 
amounted to 317,000 tons, compared with 323,800 tons 
in June, 486,100 tons in July, 1930, and 855,000 tons, 
the monthly average during 1913. The July. output of 
steel ingots and castings totalled 428,700 tons, compared 
with 428,900 tons in June, 621,400 tons in July, 1930, 
and 638,600 tons, the 1913 monthly average. The above 
figures have been taken from the monthly memorandum 
which is issued by the National Federation of Iron and 
Steel Manufacturers, Caxton House, Tothill-street, 
London, S.W.1. 


The equipment iacludes apparatus for | 


}mately secured. An abstract of this report will be 
| published later. 

In spite of the secondary importance attached to 
| corrosion by Professor Bauer, this was the cause of 
| serious troubles at the Merseburg Ammonia Works, in 
| the boilers operating at a pressure of 45 atmospheres 
(640 lb. per square inch). There were six of these 
boilers, three with vertical tubes and three with in- 
clined tubes, each having a heating surface of 1,000 
sq. m. (10,760 sq. ft.), and evaporating 40 tons to 
50 tons per hour. Dr. Ziegler reported that the first 
occurrence of note related to a vertical tube boiler. In 
July, 1929, after the plant had already been in opera- 
tion for a year, two tubes in the first row showed slight 
leakage, a small hole being seen on the outside of the 
tubes with no sign of bulging, such as is usually the 
indication of overheating due to thick scale. On the 
inside the thickness was reduced by one half and more 
for long stretches, these wasted portions being here 
and there covered with a spongy mass. The scale had 
mostly flaked off and had, in part, been considerably 
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| 
changed. The defects occurred only where the heating | 


was most intense, commencing above the front bridge 
wall. There was no question of defective water circula- 


tion, since this had been thoroughly investigated | 


shortly after starting up, the flow in all the tubes of 
the first section being definitely upwards, although the 
speed in the front row, about 0-4 m. (1-3 ft.) per 
second, was less than usually assumed. The whole 
appearance of the corroded parts and the composition 
of the products of corrosion, consisting mainly of 
Fe, O,, led to the conclusion that a reaction had taken 
place between steam and iron. Tests on the oxidation 
of iron turnings by steam showed that if the tempera- 
ture does not much exceed 300 deg. ©. (572 deg. F.), 
the reaction is very slow and practically ceases when the 
iron is covered with a film of oxide. The latter, how- 
ever, does not give protection above 400 deg. C. (752 
deg. F.). The saturation temperature of the steam at 
45 atmospheres being 260 deg. C. (500 deg. F.), so long 
asjthe tubes are free from scale the temperature‘of the 
front row is at most 300 deg. to 350 deg. C. (572 deg. to 
662 deg. F.). At this temperature the reaction pro- 
ceeds very slowly, owing to the film of oxide. The 
formation of a thin dense scale at first further reduces 
the corrosion. If this layer of scale becomes thicker, 
the temperature increases and, consequently, also the 
danger of cracking of the protecting layer due_to varia- 


Fig.1 


2¥66.A) 


tions in temperature. It must be assumed that crack- 


place. There is also danger that thick layers of scale 
will become loose, but not completely detached from 
the tube, forming shells at a short distance away from 
the iron under which corrosion progresses rapidly, on 
account of the rise in temperature which results. 
Tests made on the addition of phosphate to the feed 
water, which had been in hand on the lower pressure 
plant at 16 atmospheres (228 lb. per square inch), had 
shown that this prevented the formation of silicate 
scale, and this was accordingly adopted on the three 
vertical tube boilers, with no further sign of corrosion. 
One of these boilers has since been in operation for 
13,800 hours without cleaning, having produced 480,000 
tons of steam in this period. 

In the case of the inclined tube boilers, failure 
occurred by wastage of the upper ends of the top rows 
of the top bank of tubes, as indicated in Fig. 1. The 
(unheated) return tubes from the front headers are all 
connected with the drum above the water level. The 
boilers were all examined when the trouble arose with 


the vertical-tube boilers, but no signs of corrosion | 


were found, there being a layer of scale from 4} mm. 
to 1 mm. thick. Phosphate was added to the feed 
water for these boilers also, to prevent further forma- 
tion of scale and it was anticipated that all danger of 


corrosion was at an end. Fully half-a-year later, in | 


April, 1930, there was a second surprise. Without 
warning, a tube in the topmost row, where the gas 
temperature was only about 600 deg. C. (1,112 deg. F.), 
opened out for a distance of 300 m. (about 12 in.) 
as shown in Fig. 2. The edges of the fracture had a 
thickness of only 1 mm. to 2 mm., whereas the body 
of the tube was of the original thickness. No sign of 
corrosion was apparent, and it was at first thought 
that there had been a defect in manufacture. Further 
inspection of the other tubes put an entirely different 
aspect on the matter. Without exception, the tubes in 


| from which it might be assumed that even under such 


conditions the cooling was adequate. The connection 
ing of the layer of scale is accompanied by that of the | between the lengths of the corroded portions of the 
oxide film, so that steam now comes into contact | tubes, also shown on the same diagram, and the water 
with the hot-iron surface, an active reaction taking | 


investigate the actual flow of the steam and the best 


the whole of the six or seven rows of the top bank 
showed black and uniformly wasted areas in the top 
half of the tube, covered with a black mass partly 
interspersed with bright crystals. The corrosion pro- 
|duct was mainly Fe,0, as in the former case. The 
|length of the corroded portions decreased gradually 
|from the top row downwards, the lower rows of the 
top bank and all the tubes of the bottom bank being 
free from corrosion as indicated in Fig. 1. The other 
two inclined tube boilers were shut down and showed 
the same defects, while a vertical tube boiler, which was 
‘aie taken out of commission, was free from them. 
This disposed of the idea that the cause of the trouble 
lay in the use of phosphate in the feed water, and the 
conclusion was arrived at that it was due to defective 
cooling of the wall of the tube owing to trapping of 
steam in these particular rows. The circulation in 
these boilers was also investigated with the result 
shown in Fig. 1, from which it will be seen that the 
velocity changed from 0-2 m. (0-66 ft.) per second in 
| the upward direction to the same amount in the down- 
| ward direction in going from the bottom to the top 
| of the upper bank of tubes. The curves of evaporation 
| rates show that steam was produced in these top rows, 
| a state of affairs which had been well known for a long 
time and occurs in numerous boilers of this type, 





spite of the plugs. It was found that in these cases 
the plugs, in which there was a hole of only 8 mm. bore 
for water circulation, did not fit tightly in the tubes. 
The slight increase in the water velocity had been 
sufficient to cause trapping of the steam, and start 
the corrosion again. These plugs were made tight and 
no more signs of corrosion had been observed during 
ten months’ subsequent working. In reply to the 
discussion, Dr. Zeigler stated that corrosion had not 
appeared in the lower bank of tubes due to plugging 
the ends of the top bank. The circulation in the 
former was only slightity reduced. The fundamental 
tequirement for water circulation in a boiler was that 
strongly-heated tubes should have definite upwards 
circulation while those tubes in which water flowed 
downwards should not be heated at all, or only so 
slightly that trapping of steam would give rise to no 
defects. An appendix to this report, by Dr. E. Seyb, 
described tests made to determine the corrosive effect 
of phosphate solutions, at pressures up to 100 atmos- 
pheres (1,422 lb. per square inch) absolute. These 
showed that the surface of test plates absorbed phos- 
phate from the solution, forming a protective layer. 
There is no question that even with concentrations of 
phosphate much higher than would be employed in 
practice, there would be no fear of any dangerous 
attack on the boiler material. 
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velocities is so obvious, however, that a special series | 
of experiments were carried out on glass models to | 


means of overcoming the difficulty. Two models were 
used, the first having quartz-glass tubes of 45-mm. bore, 
which were heated by gas flames and connected together 
| so as to reproduce the circulation in the boiler, and the 
other with tubes of 70-mm. bore by 2 m. long, in which 
air was employed instead of steam. These tests 
showed that the downwards flow of the water choked 

















Hig. 2: 


The final report presented was a lengthy one by 
Professor Sauer, of Stuttgart, on colloids and boiler-feed 
water. Colloids may occur in natural feed waters, 
and are also employed in many boiler compounds. 
Professor Sauer confined his attention to organic sub- 
stances, those investigated being gelatine, potato 
starch, dextrine, gum arabic, agar-agar (a kind of 
vegetable gelatine), carrageen or Irish moss (a sea- 





the flow of the steam, causing the latter to pile up at 
the upper end of the tube. Various methods were 
tried to overcome this, such as the insertion of sheet- 
metal dividing walls to separate the water and steam, 
the flow under the different conditions being recorded 
on films of which portions were reproduced by Dr. 
Ziegler at the meeting. A simple and _ effective 
manner of dealing with the situation was found to be 
to limit the velocity of the water by inserting plugs 
with small holes in the bottom ends of all the tubes 
of the top bank. 

The tests referred to showed that the main cause of 
|the corrosion was the steam trapped by the flow of 
‘the water. So long as the tubes were coated with 
| scale, preventing direct contact of steam and metal, no 
trouble arose. As soon, however, as the scale was 
prevented by the use of phosphate, such protection was 
|absent, and dissociation of steam with formation of 

Fe,0, took place, the tube wall being heated above 
the critical temperature of 300 deg. C. to 350 deg. C. 
| (572 deg. F. to 662 deg. F.). Before placing the boilers 
|in commission again the corrosion was measured by 
| means of a specially-designed instrument, which regis- 
tered the depth on two diameters at right angles. All 
tubes, altogether 100 in the three boilers, which 
showed corrosion to a greater depth than 2 mm., 
were replaced. After a few months’ further operation, 
traces of corrosion were found in individual tubes in 





weed), linseed, tannin and humic acids, all of these 
| being of vegetable origin, except the gelatine. The 
| investigation covered the effect of these colloids on the 
| behaviour of scale-forming impurities in water under 
| two conditions, namely, at temperatures from 40 deg. 
to 100 deg. C. (104 deg. to 212 deg. F.), as in feed 
heating, and at various pressures above atmosphere 
up to 15 atmospheres (213 lb. per square inch) as in a 
boiler. The results were presented in 70 tables and 51 
diagrams, with 18 microphotographs. The first series 
of tests showed that calcium bicarbonate is only decom- 
posed within a reasonable period in still water, at 
temperatures above 90 deg. C. (194 deg. F.), the best re- 
sults being obtained by agitating the water at 98 deg. C. 
(208 deg. F.), when the remaining hardness at the end 
of one hour was 2-2 German degrees (2-2 parts CaO 
per 100,000, equivalent to 2-76 English degrees, or 
3-96 parts CaCO, per 100,000). The addition of organic 
colloids very greatly hindered the decomposition of 
the bicarbonate and consequent precipitation of the 
carbonate. Only when the temperature reached 
98 deg. C., did this change take place rapidly, but even 
under these conditions the hardness did not fall below 
3-4 to 11-8 German degrees (equivalent to 6-1 parts to 
21-2 parts CaCO, per 100,000) with additions of 0-1 
per cent. to 0-8 per cent. of gelatine. The precipitate 
also partially adsorbed the gelatine, containing 5 per 
cent. to 13 per cent. of the latter. In the case of 
calcium sulphate solutions with excess of sodium 
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carbonate, not only was the degree of precipitation of 
the calcium carbonate reduced, but there was, in 
addition, a very far-reaching effect on the fineness 
of the precipitate. The tests showed that the presence 
of colloids in water-softening plants exerts a very 
disturbing effect. The time required for precipitation 
is increased, the final hardness is greater, while the 
precipitate is especially finely divided, the settling of 
the latter being thereby delayed or to some extent 
totally suppressed and filtration made more difficult. 
Under boiler conditions the formation of an adherent 
scale is partially or wholly prevented, the very small 
particles in which the colloids exist forming centres 
of crystallisation and giving a correspondingly fine 
precipitate. This result can only be attained by 
regular renewal of the colloid, which is also necessary 
since those organic colloids which were tested are not 
stable at high temperatures. 

In a note attached to this report, the Association 
(V.G.B.) stated that the tests had provided very 
valuable explanations and disclosures regarding the 
influence of colloids on the treatment of feed water and 
in boilers, but were not intended as a recommendation 
for the use of them. The position of the V.G.B., based 
on practical experience, is given very definitely as 
being opposed to the employment of organic colloids 
as regular practice for the prevention of scale in boilers 
working at high evaporating rates. Three fundamental 
disadvantages which are associated with this were 
stated. In the first place, the feed is rendered impure 
by the addition of organic matter, the mud from which 
may burn hard on the walls of the boiler. Secondly, 
the gases are not removed from the water by the use 
of colloids, so that the carbon dioxide is released in the 
boiler and passes into the steam ranges causing heavy 
corrosion in heating and other apparatus. Lastly, the 
quantity of flocculent matter is greatly increased, 
causing foaming and priming, and resulting in damage 
to superheaters, fittings and turbines. For such high 
capacity boilers it is maintained that the use of colloids 
cannot be permitted, and that the feed water should 
be treated to the maximum possible purification in plant 
quite separate from the boilers. Colloids already 
naturally present in the feed water should also be 
removed. The only means which can be considered in 
the light of present knowledge for dealing with the 
small remaining hardness in treated water is the addi- 
tion of alkaline phosphates, such as tribasic sodium 
phosphate. This applies to an even greater extent 
in the case of evaporators, which are specially liable to 
priming, owing to the small water and steam spaces in 
comparison with the large volumes of steam produced. 
In regard to small boilers where a proper softening 
plant is not practicable, the use of colloids can prove 
of advantage in preventing scaling. 





HAULAGE ACCIDENTS IN 
COLLIERIES. 


Durtine the ten years 1920-1929 inclusive, haulage 
accidents in coal mines in Great Britain resulted in 
387,993 persons being killed or injured, equivalent to 
24-4 per cent. of the total number of reported accidents 
in or about mines, a number only exceeded by two other 
categories of accident, viz., falls of ground responsible 
for 34-3 per cent., and miscellaneous accidents 32-5 per 
cent., the latter including accidents due to explosives, 
suffocation by natural gases, mine fires, irruptions of 
water, electricity, machinery and other causes. In 
view of the importance of haulage as a source of acci- 
dents the Safety in Mines Research Board appointed 
a Committee in February, 1930, to prepare a scheme 
for investigating the possibilities of reducing accidents in 
collieries in this connection. The report of this Com- 
mittee which has recently been published contains much 
statistical information not elsewhere available in such 
small compass.* 

At the outset it was considered necessary to study 
and analyse the available statistics closely, with the 
object of bringing to light any outstanding features. 
In a table of death rates covering the period 1873-1929, 
it is shown that whereas the death rate from accidents 
from other causes has fallen appreciably, the rates 
for haulage and for miscellaneous underground acci- 
dents have remained practically unchanged. Thus, 
in the ten-year period 1873-1882, for falls of ground. 
shaft accidents, explosions of firedamp or coal dust, and 
surface accidents, the death rates were per 1,000 persons 
employed were, respectively, 1-12, 0-32, 0-65, 0-92, 
whereas for the period of 7 years 1923-1929 these had 
fallen, respectively, to 0°65, 0:05, 0:05 and 0-47. In the 
first period mentioned, the haulage and miscellaneous 
rates were 0-32 and 0-16, and, in the second, no appre- 
ciable improvement with 0-30 and 0-15, respectively. 

An attempt was made to ascertain the causes of 
accidents by means of an exhaustive examination of 








* Haulage Accidents in Coal Mines. Safety in Mines 
Research Board, Paper No. 66. London: H.M. Stationery 
Office, Adastral House, Kingsway. Price 6d. net. 





existing information. Owing, however, principally to 
the official method of classification, the results of this 
investigation, which involved much labour, were only 
of limited value. The official returns classify haulage 
accidents under three class headings: (i) Ropes or 
chains breaking ; (ii) Run over or crushed by trams or 
tubs, with (a) mechanical haulage, (6) horse, (c) hand 
haulage, (d) runaway trams or tubs; and (iii) other 
haulage accidents. Ropes or chains breaking during 
1922-1929 only accounted for 0-4 per cent. of all haulage 
accidents, although the proportion of serious accidents 
(‘reportable forthwith to H.M. Inspectors”) was 
20 per cent., compared with 3 per cent. for all under- 
ground accidents. It is probable that some of these 
accidents were due to other causes than defective ropes 
or chains. But breakages of other gear such as draw- 
bars, axles, &c., are not included in this class. 

Under (ii) information is lacking as to the number of 
manshifts worked on each type of haulage, consequently 
the relative safety of the respective methods cannot be 
deduced. Runaway tubs only accounted for 1°6 per 
cent. of all haulage accidents in the period above 
mentioned, but since 27 per cent. of them proved 
serious (compared with 3 per cent. for all underground 
accidents) the subject of runaways is an important one 
for investigation. Although ‘‘ Other haulage accidents” 
account for 45-4 per cent. of all haulage accidents, 
this heading was too indefinite to enable any useful 
inferences to be made since the descriptive particulars 
provided were not sufficiently precise to indicate 
whether haulage operation was the primary cause or 
not. In practice, haulage accidents are sometimes 
returned under ‘‘ Other miscellaneous underground 
accidents,”—e.g., when haulage accidents occur at the 
working face. 

A special examination of the serious accidents was 
undertaken with the object of supplementing the infor- 
mation available in the ordinary annual reports. De- 
scriptions of those which were entered in the Inspectors’ 
registers, were reclassified under the three main head- 
ings: (i) Plant deficiencies; (ii) Human deficiencies ; 
(iii) Sundries. The percentage of all persons killed or 
injured in 1929 by haulage accidents ‘‘ reported forth- 
with ” gave the percentages under the above headings 
as 36-1, 27-0, and 36-9, respectively. The causes 
were sub-divided in the following manner: (i) Defec- 
tive tracks 11-3 per cent., defective roads 10-8 per 
cent., and defective appliances 14 per cent. ; (ii) illegal 
practices (illegal riding, travelling on haulage roads 
where forbidden, &c.) 9-5 per cent., unsafe practices 
(e.g. failure to use safety devices provided) 17-5 per cent.; 
(iii) all other haulage accidents including contact with 
moving ropes or tubs 13-6 per cent., uncertainty of 
ponies 6-5 per cent., slow-moving tubs colliding 3-9 per 
cent., various (¢.g., slipping when handling tubs) 
12-9 per cent. It should, however, be noted that 
these figures are open to objection; for instance, the 
percentage of accidents attributed to plant deficiencies 
is overstated because in at least one division all acci- 
dents caused by derailments are included, although 
some were due to uncertainty of ponies, curved roads, 
bad engine driving, &c. 

With the object of narrowing the front of investi- 
gation, the committee undertook a comparison between 
the coalfields to ascertain if the frequency of haulage 
accidents in general or of a particular kind of accident 
were greater in some districts than in others. The 
figures obtained which have been plotted as a graph 
and included in a chart attached to the report justify 
the general conclusion that high rates of haulage acci- 
dents persist in some districts. In a general way 
superficial reasons may be suggested for divergences 
from the average. The high rate of accidents in 
Northumberland and Durham may be due to the bord 
and pillar method of working, the use of horse haulage, 
and the youth of the personnel employed on this work. 
In Lancashire it may be due to the high inclination of 
the seams and the simultaneous working of several 
seams under the same surface area. There are, how- 
ever, wide variations from year to year in the haulage 
accident rates for the same district, and even at the 
same colliery. Admittedly this comparison does not 
approach sufficiently to the root of the problem ; special 
features are associated with certain areas; more 
than one method of haulage may be used at the same 
mine; natural conditions may vary locally which 
suggests the sub-division of districts according to 
underground conditions as was adopted by the Support 
of Workings in Mines Committee. 

In conclusion, the committee recommends the follow- 
ing programmes of work: Programme I. Local investi- 
gation of causes. To determine the kinds of accident 
that predominate in particular sub-districts or collieries, 
and to ascertain the remedies. These are essentially 
local problems which must be studied locally. A study 
made in a few districts and a few collieries may be 
expected to reveal information capable of wider utilisa- 
tion. Certain definite subjects for research would 
include: Derailments, runaways, methods and condi- 
tions of haulage, protective equipment. Programme II. 
Derailments. Research under this heading should 





include consideration of (i) the track, the section, 
weight and jointing of the rails, gauge, effect of curves, 
points, crossings, &c.; (ii) the roads—methods of 
support and clearance; (iii) the haulage gear—the 
wheelbase of the tubs, the height of centre of gravity 
of tubs, the mode and point of application of the pull. 
Methods of derailment should also be investigated. 
Programme III. Runaways, resulting from absence 
or failure of a stop block or other safety appliance, 
due to human deficiencies, or to inefficiency of the 
appliance; accidental detachment; breakages of 
ropes, lashing chains and other haulage gear. Pro- 
gramme IV. Methods and Conditions of haulage: 
Possible improvements in existing methods; new 
methods. Programme V. Protective Equipment. A 
study of the possibility of avoiding minor injuries by 
the wearing of protective equipment. 





CATALOGUES. 

Gaskets.—A catalogue of gaskets for motor vehicles 
is to hand from Messrs. J. Payen, Limited, Church-wharf, 
Chiswick, London, W.4. These gaskets are shaped and 

rforated to fit the cylinder head, manifolds, and other 
joints. Lists of washers, flanges, &c., and of material in 
sheet and other forms are also given. 


Plate Work.—Messrs. Thomas Piggott and Company, 
Limited, Lionel-street, Birmingham, have sent us a 
catalogue illustrating pipes, well-lining, suction tubes, 
gas holders, tanks, furnace flues and similar work. 
Examples of both riveted and welded work are shown 
and the application of special steels is also dealt with. 

Wire-Coiling Machines.—We have received from 
Mr. Frederick A. Perry, 63, Queen Victoria-street, 
London, E.C,4, a catalogue of machines made by Messrs. 
Sleeper and Hartley, Inc., Worcester, Mass., U.S.A., for 
coiling wire and heavier material to special helical forms 
for springs, concrete reinforcement, flexible tubes, 
tungsten filaments, &c. 

Ball Mills and Conveyors.—Messrs. Head, Wrightson 
and Company, Limited, Stockton-on-Tees, have sent 
us two further catalogues, one of which is a list of ball 
mills, in 27 sizes, from 3 ft. by 3 ft. to 7 ft. by 10 ft., 
with some useful notes on the use and limits of ball mill 
crushing and grinding. The second catalogue deals 
with elevating, conveying, and screening machines. 

Oil Engines.—We have received from Messrs. John Le 
Boutillier, Limited, 13, Rood-lane, London, E.C.3, a cata- 
logue of heavy oil or Diesel engines made by Messrs. 
Maschinenfabrik Augsburg-Nurnberg A.G. They are in- 
tended for electric generation up to about 2,500 b.h.p. 
and are of the four-cycle type with trunk ,pistons and 
airless injection. Very complete particulars of construction 
and operation are given. 

Mechanical Stokers.—A recently issued catalogue of 
mechanical stokers for power stations and industrial 
plants is to hand from Messrs. Taylor Stoker Company, 
Limited, Bush House, Aldwych, London, W.C.1. It 
contains several illustrations of furnace installations, a 
good description of the principal parts, with detail 
illustrations, some figures and diagrams of test results, 
and .some notes on the method of operation. 

Electric Motors.—Messrs. The Brush Electrical Engi- 
neering Company, Limited, Loughborough, have sent us 
a catalogue of a new series of induction motors of the 
slip ring and squirrel-cage types, wound for single two- 
or three-phase current, for any supply voltage and 
frequency. They are supplied in the open, totally- 
enclosed, pipe-ventilated, drip-proof and flame-proof 
types. The standard sizes range from 6 to 300 b.h.p. 

Air Preheater.—Messrs, Carrier Engineering Company, 
Limited, 24, Buckingham-gate, London, S.W., have 
issued a pamphlet describing the Carrier-Owen air-pre- 
heater and its application to steam boilers, The cells 
are made up of plates spaced apart so that the waste 
gases from the furnace and the combustion air to the 
furnace flow through alternate passages, The descrip- 
tion is clear, and much useful technical information is 
given. 

General Engineering.—The third number of the ‘‘ Arm- 
strong Whitworth Record,” issued by the Armstrong 
Whitworth companies from 22-26 Great Smith-street, 
London, S.W.1, contains articles describing the machines 
produced by the companies, and the processes to which 
they are applied as well as information on the commercial 
and social activities of the staffs at the various establish- 
ments. It is well printed and illustrated and extends 
to 140 quarto pages. 

Metallic Packing.—A leaf catalogue relating to the 
‘ Britimp ” metallic packing as applied to the glands 
of locomotives, marine turbine and reciprocating engines, 
oil engines, compressors, pumps, &c., is to hand from 
Messrs. British Metallic Packings (1929), Limited, 
7, Princes-street, London, 8.W.1. The packing is manu- 
factured by Messrs. Sir W. G. Armstrong Whitworth and 
Company (Engineers), Limited, at Scotswood, New- 
castle-upon-Tyne. 

Air Compressors.—A catalogue of high-pressure air 
compressors, to hand from Messrs. G. and J. Weir, Limited 
Cathcart, Glasgow, shows an extensive range of machines 
driven by steam, oil engines or electric motors. In the 
examples illustrated, the pressures range from 1,000 lb. 
to 3,500 lb. per square inch, though one is shown for a 
pressure of 600 lb. These compressors are mainly for 
fuel injection and starting on marine oil engines charging 
torpedoes, and compressing gases for various industrial 
purposes. An air servo-motor is also illustrated for 
barring or reversing the propelling engines of oil-engined 
ships, 
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THIRD CLASS NON-CONVERTIBLE SLEEPING CAR; L. & N.E.R. 
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THIRD CLASS NON-CONVERTIBLE | 
SLEEPING CARS ON THE LONDON 
AND NORTH EASTERN RAILWAY. 
Some three years ago when the railway companies | 

introduced third-class sleeping cars these were of the 

convertible type, and could be used as ordinary corridor 
carriages in the daytime. The service provided, 
having proved popular, it has become necesssary to 
supply additional stock for this traffic on the London | 
and North Eastern Railway, and the opportunity 
this has presented has been taken advantage of in 
order to provide better accommodation on trains on | 
which there is a regular demand for it. The adoption 
of non-convertible instead of convertible coaches has | 
made possible a number of improvements, some of | 
which will be evident from our illustrations, Fig 1 to | 
Fig. 4, above. 





H. N. GRESLEY, C.B.E., 





M.INST.C.E., CHIEF MECHANICAL ENGINEER. 
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as has also heating, radiators being fitted in the 
corridors as well as the compartments. There are 
separate lavatory and toilet compartments arranged 
at each end of the coach, a large size basin being 
furnished, with both hot and cold water. 

The body-work is of teak with natural finish teak 
panels, both outside and also in the compartments. 
Care has been taken to minimise noise by pads between 
the body and underframing, and by asbestos felt 
packing in the floor, side and roof spaces. 

Ten vehicles of this type have recently been put in 


The new stock, constructed to the designs of Mr. 
H. N. Gresley, C.B.E., is 66 ft. 6 in. long, being 5 ft. 
longer than the previous cars. Accommodation is 
provided for 32 passengers (4 to a compartment), 
compared with the former 28. Each compartment 
is finished with only one window in the body side, 
none being provided on the door side, so that greater 
privacy is assured. The fixed berths are furnished 
with ‘* Vito”? mattresses, and the upper berths are 
reached by means of a small stepladder and platform 
shown in Fig. 1. A large mirror is arranged on the 
sliding door and the usual racks, coat-hooks, &c., are | service, having been constructed at the company’s 
furnished. A large luggage shelf is provided by | works at York. 
roofing over the corridor. In the roof there is a three- =e 
light fitting, with two ordinary lamps for lighting, and 
a blue lamp which is switched on when the others are 
turned off. A head lamp is also arranged for each 
berth. Ventilation has been carefully attended 





GERMAN STEEL SLEEPERS For SoutH Arrica.—lIt is 
| reported that the South African Railways & Harbours 
| Board have placed an order with the German Steel 
to, | Works Association for 6,250 tons of steel sleepers. 
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THE CLARENCE DOCK POWER | into two compartments, from which the coal will | secondary air in this zone, the interaction between 
STATION OF THE LIVERPOOL | be delivered through 5 cwt. Avery weighers and | 


chutes to the stokers. The coa! for pulverising, on 
the other hand, can be passed through a 3-cwt. 
| weigher and crusher to the pulverisers. As, how- 
CONTINUING our description of the Clarence Dock | ever, it is proposed to use cutter dust, it should 
Power Station, Liverpool. we may next deal with | not normally be necessary to employ these crushers, 
the steam-raising plant. As has already been/and the fuel will ordinarily be delivered direct from 
stated, the existing boiler-house will be one of|the weighers to the pulverisers. The weighers on 
four, and is designed to accommodate eight steam-|the pulverised fuel bunkers are equipped with 
raising units, four of which are at present installed. | automatic cut-offs, so that there will be no risk of 
These are numbered 2, 4, 6 and 8, and are arranged | the crushers being “ flooded.” 
one alongside the other, as indicated in Fig. 4,; Each of the four boilers is equipped with two 
Plate II, of our own issue of July 10, and in Fig. 60| pulverisers, the individual outputs of which are 
on this page, which illustrates the boilers in course | 4,000 lb. per hour. On two of the boilers these 
of erection. When the temperature of the water | pulverisers, the position of which is shown in Fig. 61, 
at the economiser inlet is 300 deg. F., each of | are of the Atritor type and were manufactured by 
these units will be capable, under normal conditions, | Messrs. Alfred Herbert, Limited, of Coventry, while 
of supplying 160,000 lb. of steam per hour at a | on the others they are of the Fuller-Bonnot pattern 
pressure of 450 lb. per square inch and a tempera- | and were supplied by Messrs. Babcock and Wilcox, 


CORPORATION. 


(Continued from page 126.) 





ture of 750 deg. F. at the superheater outlet, though | Limited, London. The Atritor pulverisers, which 





Fic. 60. Borner Housk UNDER ConsTRUCTION. 


provision has been made for adding further tubes | are driven by 45-h.p., 400-volt motors running at | 
to the superheater, so that the latter figure can be | 1,450 r.p.m., are similar to those which are in use | 
raised to 825 deg. F. This output will be obtainable | at the Hams Hall station of the Birmingham | 
either by using stokers alone or stokers and pul- | Corporation,* except that, being of a smaller size, 
verised fuel in combination, and can be increased, | they are single- and not double-ended. The Fuller- 
under the same firing conditions, to 176,000 Ib. | Bonnot mills, are driven by 40-h.p. 400-volt motors, 
per hour on overload. This relatively small over- | at about 33-5 r.p.m. 
load capacity was chosen deliberately, so as to} The fuel from the pulverisers is supplied to two 
avoid unduly increasing the size of the fans. Using| Lodi burners on each boiler. As will be seen in 
pulverised fuel alone, an output of 60,000 lb. per} Fig. 63, Plate XII, these burners are arranged at 
hour will be obtainable from each boiler. It is|a central point on each side of the combustion | 
intended that the stokers shall be employed to take | chamber, and each has a normal duty of 40,000,000 | 
the base load, but as the output from the pulverised | B.Th.U. per hour. They are of the horizontal turbu- | 
fuel can be made available within two or three! Jent type, the coal and primary air entering through 
minutes it should be exceedingly useful in cases | acentral pipe where it has imparted to it a swirling 
of sudden fog or other emergency. | motion, owing to the action of deflector vanes. 
The arrangement of this part of the plant will) An important feature of the burner is the use of 
be clear from Figs. 61 and 62, Plate XII. The/a sharp-edged firebrick orifice which produces a | 
bunkers provided include for each boiler two 105-| zone of extreme turbulence at a distance about two 
ton hoppers for storing the coal for the stokers.| diameters beyond its mouth. The primary air and 
In addition, each pair of boilers is equipped with a| coal stream are mixed with the highly turbulent 
94-ton bunker from which the coal can be drawn for | 
pulverising. Each of the larger bunkers is divided 





* ENGINEERING, vol. cxxvii, page 103 (1929). 
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the two being such that a short flame of circular 
cross-section is produced. The secondary air is 
carried from the air heaters through a main steel duct 
as far as the floor level, whence a branch is led off 
to the burner. The same steel] main also supplies 
air to the stokers, a connection being made-to the 
latter through concrete ducts built integrally with 
the ash pits below the floor. 

Each boiler is also equipped with a mechanical 
stoker, two of which are of the Babcock Style 28 
compartment type and two of the Underfeed 
Stoker Company’s L pattern. The grate area 
in each case is 638 sq. ft. and the width 29 ft. 
A description of the former stoker has already been 
given in ENGINEERING.* These stokers are driven 
by 4-5-h.p. three-phase slip-ring motors, the speed 
being regulated by a four-speed gear box. Slip-ring 
motors have been adopted so that if automatic 
boiler control is subsequently installed, it will be 
possible to use it to vary the speed of the stokers. 





The L-type Underfeed stokers are 22 ft. long over- 
all by 29 ft. wide, but in this case the grate is divided 
into two portions, the clearance between which 


|is 5 in., so that space is left for a common central 


frame. The driving shafts. air distribution valves 
and fuel hoppers are similarly divided. Inside the 
furnace the space between the two grates is occupied 
by an air-cooled casting 4 in. wide, which is finished 
flush with the grate surface and extends from the 


| fuel hopper to the clinker dams, so that there is no 


place between the grates on which slag can collect. 
The air is supplied through large boxes in the 
furnace side walls, so as to reduce the velocity of 
flow to a moderate figure. The fire-bars are ar- 
ranged transversely and rest on each other, louvre 
fashion, spaces being left between them for the ad- 
mission of the air. These spaces are of uniform 
width throughout the grate. Loss of fuel, due 


|to the escape of riddlings, is prevented by in- 


clining the fire-bars and air-spaces downwards, 


land by turning the lower edges of the former 


* ENGINEERING, Vol. cxxvi, page 825 (1928). 
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upwards, so as to form a lip, which acts as a trap 
for such material as is heavy enough to fall down- | 
wards against the upward flow of air. These | 
riddlings are discharged into a hopper as the grate- 
bars overturn round the rear drum. Cooling of the 
bars is effected by the combustion air, which is | 
given a turbulent motion as it passes through the | 
inclined and curved spaces. To prevent the ash | 
being discharged while it still possesses a certain 
heating value, swinging clinker dams are installed | 
near the rear end of the grate, which at this place is | 
sharply inclined downwards. The ash, therefore, 
accumulates until all its heat has been liberated, and 
it then passes into the ash-hopper in a comparatively 
cool condition. These dams are accessible through a 
number of large doors at the back of the boiler. Each 
chain is driven by a sprocket, which is carried on a 
shaft running across the front of the furnace, there | 
being a separate shaft for each half of the furnace. 
At the rear end, the chains pass over drums which 
are mounted loosely on a stationary shaft. The front 
shafts are driven by 4-5-h.p. three-phase motors, 
running at a constant speed of 960 r.p.m., through | 
positive infinitely-variable speed gear. All the) 
stoker motors are remote-controlled from a central | 
position, as is explained later. 

The design of the steam-raising units themselves, 
which were constructed by Messrs. Babcock and 
Wilcox, Limited, Farringdon-street, London, E.C.4, 
will be clear from the side elevation which we 
reproduce in Fig. 63, Plate XII. This shows that | 
each unit comprises a boiler, air-heater, economiser | 
and interdeck superheater. 

The combustion chamber, a view of the interior of 
which appears in Fig. 65, on this page, is carried up 
to a height of 22 ft. above the stoker level; it 
measures 29 ft. 8} in. from wall to wall inside. and 
about 14 ft. across at the narrowest point between the | 
ends of the arches. The rear wall of the chamber is | 
inclined outwards, the front wall remaining vertical, | 
so that where the boiler tubes and combustion cham- | 
bers meet, their lengths are practically the same. The | 
volume of the combustion chamber provided is 17-2 | 
cub. ft. per sq. ft. of grate area. The unusual height | 
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Lister Drive No. 3 Station, where 
it was found that those tubes ‘8 (_ 


} 


i —-—— 





which were only 3 ft. above the 
stokers soon became covered 
with soot. This disadvantage 
was overcome by increasing the distance between 


‘the grate and the lowest tubes to 7 ft. 6 in., with 


the result that the boiler output was increased 
from 18,000 Ib. to 35,000 Ib. per hour. On certain 
other boilers in the same station, the minimum 
height between the grate and the tubes was raised 
to as much as 14 ft., the results obtained being so 


‘satisfactory that it was decided to adopt a height 


of 22 ft. at Clarence Dock, with the objects of secur- 
ing an increase in the efficiency and of maintaining 
the CO, content of the flue gases at between 15 per 
cent. and 16 per cent. 

The combustion chamber is equipped with Bailey 


water-cooled walls, the total heating surface of | 


which is 1,315 sq. ft. These walls consist of a series 
of 3}-in. tubes, to which cast-iron blocks are clamped 
on the fire side. At places where the temperatures 


are highest, these blocks are covered with a 1}-in. 
refractory facing, which is reasonably resistant to | 


slag. This facing is prevented from spalling by the 
blocks themselves, good connection between the 
two being ensured by machining the latter and by 
the interposition of a heat-conducting bond. The 
blocks on the straight tubes are 6 in. wide by 9 in., 
ample clearances being provided between them, 
so that expansion will not cause crowding. Tie 
clamps are fitted on every fifth row of blocks, so as 
to give lateral rigidity, while at intervals a clamp, 


|in conjunction with a pair of T beams, ensures that 


the whole construction is thoroughly braced and 
stayed. The outside of the wall is covered with a 
non-conducting material to prevent radiation, while 
a small booster fan, with an output of 8,500 cub. ft. 
per minute at 1} in. water gauge, is installed on the 
front wall with the object of controlling the turbu- 
lence and of ensuring that the rich gases from the 
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possible to maintain the refractory surface under the 
worst conditions at reasonable cost. As shown in 
Fig. 63, Plate XII, the tubes which form the front 
wall of the combustion chamber are connected, 
at their lower ends, to a common header through 
which the water is supplied. Connection is also 
made from this header to the upper ends of the 
tubes through a second header, so as to ensure 
efficient circulation. The arrangement in the case 
of the rear walls is similar. The tubes on the front 
and rear walls are spring-supported at the lower end, 
while those on the side walls are fixed at the bottom 
and free to expand at the top. 

The boilers proper are of the well-known Babcock 
and Wilcox cross-drum marine type, each being 
48 sections wide and 15 sections high, and are 
fitted with sinuous stepped headers. The tubes are 
of 4 in. external diameter and expose an aggregate 
surface of 16,646 sq. ft. to the gases. The steam 
drum is solid forged, with riveted ends, and is 4 ft. in 
internal diameter and 37 ft. 8 in. long. The super- 
heater is a three-pass unit, and is arranged above 
the first six sections of water tubes. It is made up 


|of 2-in. diameter tubes and exposes a surface of 





4,975 sq. ft. to the gases. The outlet from the 
superheater has an internal diameter of 12 in. The 
economisers on all four units are of the steel-tube 
type with return bends, and have a heating surface 
of 10,823 sq.ft. The air heaters on the two boilers 
which are fitted with Babcock stokers are of that 
firm’s tubular type, those on the boilers with Under- 
feed stokers being of the Carrier-Owen pattern. These 
were manufactured by Messrs. The Carrier Engineer- 
ing Company, Buckingham-gate, London, S.W.1. 
The heating surface of the Babcock heaters is 45,300 
sq. ft., and of the Carrier-Owen heaters 29,500 sq. ft., 


front of the stoker are properly mixed with the | so that the total heating surface of the two sets of 
of combustion chamber mentioned was selected /lean gases from the back. This also makes it/| steam-raising units is 99,000 sq.ft. and 83,000 sq. ft., 
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respectively, the plant being designed to give a|isolating valves on the steam range and also the 

final flue-gas temperature in the stack of 250 deg. F. | other valves, both on those ranges and on the feed 

A flap damper allows the economisers and air heaters | mains, were supplied by Messrs. Hopkinsons, 
to be short-circuited in case of need. | Limited. 

The boiler mountings include double and single-| To ensure flexibility in the range, steam from 

spring safety valves of the high-lift type, feed check | each boiler is taken separately through a 12-in. pipe, 

valves. blow-off valves for the boiler itself and the | which rises to the fan floor and then descends to a 

water walls, feed, isolating and regulating valves, | vertical receiver, of which there is one to each gene- 

Copes control and differential valves, water and | rating set, the proposal being that normally three 

pressure gauges, and high and low-water alarms. | boilers shall be in use, while one is laid off for clean- 

The superheaters are equipped with main, stop,|ing. These receivers, one of which is shown in the 

safety, drain and air valves, as well as with a pres- | background of Fig. 73, on page 258, are installed in 

sure gauge valve and cock, while the economisers | the annexe and are inter-connected by two pipes of 

} are fitted with feed inlet, outlet and regulating | the same diameter, while two similar connections are 

valves. a by-pass restoration valve, a back-pressure | used to supply the turbine. They were manufac- 

check valve, and safety, air and blow-off valves. | tured by Messrs. Babcock and Wilcox, Limited, and 

These fittings were supplied jointly by Messrs. | each consists of a solid forged-steel drum 3 ft. 4 in. 

Hopkinson, Limited, Huddersfield, Messrs. A. | in diameter by 2 in. thick and 12 ft. high. They are 

Cockburn, Limited, Glasgow, Messrs. Babcock and | arranged vertically instead of horizontally to reduce 

Wilcox, Limited, London, the Nationa] Boiler and | hogging and to facilitate operation from a special 

General Insurance Company, Limited, Manchester, | valve room on a higher level. This room is isolated 

Messrs. A. Turnbull and Company, Limited, Man- | by a concrete floor, so that the attendant would not 

chester, Messrs. Victory Valves, Limited, Stockport, | be exposed to any escaping steam. 

and Messrs. James Gordon and Company, Limited, | advantage of the vertical arrangement is that it 

London. With the exception of one supplied by| reduces the floor space required. Each receiver is 

Messrs. Victory Valves, the automatic steam-| anchored rigidly to gusset and base plates, so that 
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the thrust of the steam pipes between it and the 
boiler-house is not transmitted to the turbines. The 
successive lengths of steam and feed pipe are jointed 
by Spencer screwed and welded joints, while bolted 
joints are used for connections to the valves. 
The lay-out is such that all the pipes can expand 
freely. 

Each boiler is provided with mechanical draught 
equipment comprising two forced-draught and two 
induced-draught fans, which were manufactured by 
Messrs. Davidson and Company, Limited, Belfast, 
the latter being installed on the boiler-house roof, and 
the former on an intermediate fan floor, as shown in 
Figs. 61 and 62, Plate XII. The forced-draught fans 
are driven by 65-h.p., 3,300-volt motors running at 
725 r.p.m., are of the double-inlet centrifugal type, 
and have an output of 27,200 cub. ft. of air per 
minute, while the output of the induced-draught 
fans, which can be seen in Fig. 75, on page 258, is 
41,600 cub. ft. per minute, and they are driven by 
135-h.p. 3,300-volt motors running at 490 r-p.m. In 
both cases the motors are connected to the fans 
through Vulean-Sinclair hydraulic couplings, to give 
the necessary speed regulation, and are stopped and 
started by contactor gear operated from the firing 
floor, as will be described later. The efficiency of 
this method of speed regulation is said to be much 
higher than for damper control of fixed-speed fans, 
and there is the important added advantage that 
the erosion of the fan runner and the casing is 
substantially reduced, since for most of the time 
the fans can be run at less than full speed. In 
addition, the starting torque is, of course, lower. 
These couplings, which were manufactured by 
Messrs. The Hydraulic Coupling and Engineering 
Company, Limited, Isleworth, Middlesex, are a 
development of the Vuican coupling, which has been 
largely used in marine work and closely resemble 
that equipment, both in hydraulic principle and 
construction. As shown in Fig. 64, Plate XII, 
they consist essentially of an impeller A, which 





is mounted on the driving shaft, and of a runner B, 
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which is carried on the driven shaft. 
generated by the former is transmitted to the 


casing C, while an outer casing D is provided to 
form a chamber in which the stationary scoop tube 
E is housed. The impeller, inner casing and outer 
casing are bolted together and rotate as one unit, 
while the scoop tube, the housing F, and the elements 
lettered G and H are stationary, and are supported 
on brackets under the latter. The power is entirely 
transmitted by the kinetic energy of the liquid, 
which is discharged by the impeller against the 
blades of the runner, so that the speed of the latter 
is less than that of the former. When the casing 
is full of liquid, the driven shaft runs at its maximum 
speed, whichis about 2-5 per cent. less than that of 
the driving shaft. This speed can, however, be 
decreased continuously, and to any degree desired, 
by varying the amount of liquid in the casing. 
This is effected by continously circulating a small 
quantity of liquid which is supplied from a gravity 
tank through a control weir to the inlet branch 
of the manifold H. This liquid then passes through 
ports in F and the runner B into the working cham- 
ber, and is forced by centrifugal pressure through 
the ports J into the rotating chamber, in which 
is the scoop tube E. From here it is removed 
by the scoop action of the latter and ejected through 
ports in F and the manifold H, back to the tank. 
The quantity of liquid in the coupling, and hence 
the speed of the driven portion obviously depends 
on the setting of the control weir. The driven 
shaft always runs at a definite speed under constant 
load. 

When the motor is switched off, the closing 
of an automatic valve stops the circulation, which 
is resumed when the motor is restarted. If the 
system is entirely emptied, the motor can_ be 
started light. As regards the fans themselves, 
those supplying the induced draught are provided 
with special steel runners and cast-iron liners, the 
motors being of the totally-enclosed type, as they 
are installed on the roof of the annexe without 
further protection. ‘The motors driving the forced- 
draught fans are of the pipe-ventilated type, the 
cooling air being supplied through a duct in the 
roof of the fan floor. 

The motors operating the stokers and driving 
the induced and forced draught and booster fans 
on each boiler are to be remote-controlled, the 
necessary operations for this purpose being effected 
from a board which is installed in the firing aisle, | 
and may be seen in the background of Fig. 60. This 
board also carries the switches for controlling the 
motors operating the dampers and for adjusting 
the position of the hydraulic couplings of the fans, as 
well as various indicators and recorders. The relative | 
position of this apparatus will be clearfrom Fig. 66, 
page 246. The two hand-wheels visible at the 
lower part of the board in this illustration operate | 
drum controllers, which are placed behind the | 
board and form part of the rotor circuit of the two 
motors driving the mechanical stokers. The forced 
and induced-draught fans, which are, as has already 
been stated, in duplicate, are started and stopped 
by a series of push buttons, which are concentrated 
at the centre of the upper half of the board, while 
below them are a number of small switches, which 
control the servo-motors for regulating the motor- 
operated weirs of the Vulcan-Sinclair hydraulic 
couplings. A fan speed-indicator, which consists 
of a suitably calibrated voltmeter, connected in the 
circuit of a small generator mounted on the fan 
shaft, is placed above each of these switches, while 
below them are others which operate the con- 
trollers of the damper and economiser by-pass 
motors. 

These dampers are provided with sliding con- 
tacts, which are connected to suitably-calibrated 
voltmeters, so that their positions are also shown 
on the board. The position of the induced-draught 
fan and economiser dampers is shown diagram- 
matically in Fig. 72, page 247, from which it will 
be seen that the dampers in the air ducts to 
the pulverised-fuel burners and to the mills, are 
controlled by hand from the firing-floor level, and 
that the air gates on boilers Nos. 2 and 4 are worked 


The power 


latter by liquid which is contained by an inner 


| appropriately designed contact devices. In addition, 





Mr. P. J. Robinson, in collaboration with Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, and may be said to constitute an im- 
portant development in boiler-house practice. Not 
only should it save labour and increase the con- 
venience of operation, but it will allow the effect of 
adjusting the speeds and settings of a great deal 
of scattered equipment to be ascertainable at a 
central point and will thus facilitate the running of 
the plant at high efficiency. 

The instruments on these control-boards were 
supplied by Messrs. The Electroflo Meters Com- 
pany, Limited, Park Royal, London, N.W.10, and 








indicators and a flue-gas temperature recorder, 
the position of all of which will be clear by refer- 


| 
lence to Fig. 66. 
at the induced and forced draught fans and across 
the grates and combustion chambers of the boilers 
will be indicated on a six-point edgewise-type instru- 
ment, which is fixed at the centre of the top of 
the board. The pyrometers, for measuring the 
air temperatures at two points in the pulveriser 
| inlets, the gas temperatures at the boiler, economiser 
|and air-heater outlets, the air temperatures at the 





| air-heater inlet and at two points in the air-heater 
| cutlets, as well as the feed-water temperatures at 
the economiser inlet and outlet, are of the Electroflo 
high-resistance distance type, and their readings 
will be indicated on instruments placed on the right 
‘and left of the centre of the board. All these 
jinstruments are mounted flush on_ pressed-steel 
| panels. 
| The readings from certain of the instruments on 
‘the panels controlling the individual boilers will be 
| integrated on a central recording and integrating 
| panel, which was also supplied by Messrs. Electroflo 
| Meters Company, Limited. This is equipped with 


four continuous steam-flow integrators of the cyclo- | 


meter type, and the same number of electrically- 
operated steam-flow recorders, so that any variations 
in the total output are easily ascertainable. In 
addition, the board carries a continuous strip 
recorder, on which the CO, conditions in each of the 
four boilers are inscribed. This recorder is fitted with 
|a chart 12 in. wide, which will last for 1,200 hours, the 
records being produced in inks of contrasting colours 
by individual pens. It is fitted with a chart exten- 
sion slide, so that conditions recorded over a period 
of 24 hours are left exposed. These instruments 
/are also flush mounted. 
It may be added that No. 4 boiler is being equipped 
| with a system of automatic control, which has also 
been developed by Messrs. Metropolitan-Vickers 
Electrical Company, Limited. This utilises instru- 
ments manufactured by Messrs. The Electroflo 
Meters Company, Limited, and includes a steam- 
pressure regulator which adjusts the speeds of the 


'stokers and fans so that a constant steam pressure 


is maintained, the desired ratio between the steam 
and air flows being maintained by indicators with | 


there is a furnace pressure regulator, which will keep 
the draught balanced. 

The position of the Clarence Dock station in the | 
centre of Liverpool obviously rendered it necessary | 
that every precaution should be adopted to prevent 
the emission of grit and sulphurous fumes into the | 
atmosphere. As will be seen from Figs. 67 to 69, | 
page 247, the grit is removed by passing the gases 
from the air heaters through Pneuconex grit-catchers 
before they enter the induced-draught fans. These 
catchers, which were manufactured by Messrs. The 
Pneumatic Conveyance and Extraction (1929), 
Limited, Broadway, Westminster, London, S.W.1, 
work on the cyclonic principle, the uptake from | 
the air heater rising vertically to the catcher inlet, 
where the gases are given an initial swirl. On 
entering the catcher proper the gases flow round a 
semi-circular path, so that the solid matter is flung 
outwards by centrifugal action and is discharged 
through an extraction slot into a hopper below. 
Any gases, which are entrained through this slot 
along with the grit, are returned to the system 
through a pilot port, which is placed on the inner 
plate of the extraction cone at the inlet end, so 
that they undergo further treatment. The cleansed 





by a lever from the same position. The centralised 
system we have just described was designed by 












gases pass through the outlet box of the grit catcher 
to the induced-draught fans, which are mounted 


include steam-flow, CO, and steam-temperature | 


In addition, the air conditions | 


| other reagents, and used over and over again. 





immediately adjacent and, as already mentioned, 
are installed on the boiler-house roof. 

Each catcher consists of two independent twin- 
cone units, which are built side by side with a 
| common bulkhead between them. The sloping sides 
|of the cones, as weil as all the parts which are 
| subject to the erosive action of the solid impurities 
|contained in the waste gases, are manufactured 
|from steel plates with a Brinell hardness of 250. 
| This has the advantage that it is unnecessary to 
| provide renewable sections. The leading-in ducts 
| are made up of }-in. armour plate, while the hopper 
‘is built of ~-in. plate. Either half of the unit 
can be isolated by dampers. This enables the 
| plant and one fan to be inspected without difficulty, 
and has the further advantage that, on light loads 
when the volume of gas is low, sufficient velocity 
can be maintained in the grit-catching unit to 
ensure a high efficiency of extraction. 

As regards sulphurous fumes, after numerous 
experiments, Mr. Robinson has devised a special 
washing plant into which the gases are to be passed 
tangentially after leaving the induced-draught fans, 
the latter being so arranged that this can be 
done. This plant, a view of which is given in 
Fig. 75, page 258, and the arrangement of which 
will be clear from Figs. 67 to 71, on page 247. 
consists of a purifying chamber, which is fixed 
concentrically with, and at the base of, the chimney 
stack. The inlet to this chamber is so large that 
the gases enter it at a comparatively low velocity, 
and this velocity is uniformly maintained by the 
dimensions of the chamber itself. A short distance 
before the inlet to the purifying chamber, each 
stream of gas is treated by a fine water or steam 
spray, as shown in Fig. 71, so that a fog is produced, 
which first converts any sulphur dioxide that may be 
present into sulphur trioxide and then into sulphuric 
acid. An essential to the formation of this fog is 
the presence of a certain quantity of grit. and the 
catchers will, therefore, be adjusted so that they 
pass the correct proportion. The gases enter the 
purifying chamber tangentially, so that they are 
broken up into whirls and eddies, while the streams 
themselves are divided by three or more vertically 
| disposed baffles, as indicated at Figs. 70 and 71, so 
that they flow spirally upwards. As shownin Fig. 68, 
water-pipes with their outer ends turned downwards 
are installed in the upper part of the chamber, where 
it joins the chimney, and are supplied with water 
from an annular tank which surrounds the lower 
portion of the stack. As it falls, this water is 
broken up by splash plates into a series of large 
drops, which wash any solid particles that may 
still remain in the gases down into a sump, 
and also dilute the sulphuric acid that has been 
formed at the previous stage. The purified gases 
pass through a conical trunk into the outlet 
portion of the chimney. Arrangements are made 
whereby the liquor in the sump can be passed 
through a settling chamber, treated with lime or 
The 
washing water for this purpose is obtained from the 


|circulating-water inlet through one of two small 


Bailey-Jackson strainers, whence it passes by a “bus 
main to the inlets of two pumps which are installed 
below the feed-pump room and are driven by 70-h.p., 
400-volt motors. These pumps discharge through 
cast-iron pipes to the washer, returning thence 
through Staybrite pipes, which are provided with 
rubber connections, and a ’bus main which is also 
made of Staybrite, into the circulating- water outlets. 
It may be added that the pumps are provided with 
connections, so that, in emergency, they can be used 
for draining the hollow floors of the buildings, while 
the drains from the roof are also led into the discharge 
*bus main of the system. 

The chimneys, of which there is one to each boiler, 
are of Staybrite steel, and were manufactured 
by Messrs. Markham and Company, Limited, 
Chesterfield. They are divided horizontally, the 
lower half being carried by the roof, while the upper 
part is supported on a ring. The lower portions, 
which form the washery, are 19 ft. in diameter and 
the upper parts 9 ft. 6 in. in diameter. The tops 
are only 164 ft. above the ground level. The 
general appearance of these chimneys will be clear 
from Fig. 74, on page 258. 


(To be continued.) 
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STEADY TORSION COMBINED WITH 
ALTERNATING BENDING. 
By J. B. Kommers. 

IN a paper presented in 1930 before the South 
Wales Institute of Engineers, Professor Frederic 
Bacon analyses the stresses which rule when a 
rotating shaft subjected to bending moment is 
simultaneously subjected to a steady torque. He 
makes use of the equations which determine the 
resultant stress on any inclined plane when an 
element of the shaft is subjected to shearing stress 
from the torque, combined with tension or com- 
pression from the bending moment. In deter- 
mining the criterion for the situation when the 
fluctuations of stress on any inclined plane shall not 
exceed the fatigue limit, he uses Gerber’s parabola 
to define the fatigue limit. The equation of Ger- 
ber’s parabola is as follows :— 


S 
a S-,/ 1 ( 
u 


(1) 


in which 


a the alternating unit stress, or semi-range of 
stress ; 

S., = the endurance limit for completely reversed 
tensions and compression ; 

S = steady stress, or mean stress, which equals the 
maximum stress plus the minimum stress 
divided by two. 

u = ultimate tensile strength. 


This criterion of fatigue is then applied by 
Professor Bacon to cast-iron rolls used in rolling 
sheets and tin-plate. The present writer wishes 
to point out that, in his opinion, Gerber’s parabola 
is not the proper equation to use, because it does 
not fit experimental results for cast iron. Fig. | 
shows Gerber’s parabola plotted with semi-range of 
stress as the ordinate and means stress as abscissa. 
This graph shows that when the mean stress is 
negative or compressive the range of stress decreases. 
This can be shown to be quite incorrect for cast iron. 

The only experiments known to the 
on range of stress for cast iron in which the endur- 
ance limits were determined for various ratios of 
minimum to maximum stress are those of Moore, 
Lyons and Inglis, published in 1927 in Bulletin No. 
164 of the University of Illinois. These experi- 
ments gave the following results : 


a NS) 
3-46 3°46 
4-69 0 
8-57 5-72 
14-5 -14-5 


These results have been plotted in Fig. 2, which 
shows very conclusively that, when the mean 
stress is compressive, the semi-range of stress keeps 
on increasing instead of decreasing as required by 
Gerber’s parabola. Justification for connecting 
the points with straight lines will be discussed 
later. It may be stated, in passing, that the highest 
point shown in Fig. 2 is for the case when the 
minimum stress is zero. From this point on, for 
larger values of mean stress, the semi-range of 
stress would probably begin to decrease, but there 
are no data available to verify this conclusion. 

In Chemistry and Industry, of June 11, 1929, 
Professor B. P. Haigh makes use of the following 
equation for representing results of fatigue tests :— 


Ss 
a=s.,(1- =) . 


It will be noted that the form of this equation is 
similar to that of Gerber’s parabola, except that 
the exponent used is unity instead of 2.__The present 
writer has found that this equation applies very well 
indeed for those fatigue results on cast iron in which 
the mean stress is positive. 

In Fig. 2, the point plotted on the x axis is, of 
course, the ultimate tensile strength of the cast 
iron. The following table shows the results caleu- 
lated from formula (2) using the ultimate tensile 
strength of 14-1 tons per square inch reported by 
Moore, Lyons and Inglis. 


(2) 


a a 
Equation (2). Experimental. 


3°54 3-46 


author 


For S = 3-46, Gerber’s equation gives a value 
of 4:41, which is considerably higher than that 
given by formula (2). 

With respect to that portion of Fig. 2 for which 
the mean stress is negative, the present writer found, 
after some experimenting with several methods of 
plotting, that the following equation fitted the 
experimental points remarkably well :— 


28 
a “8 (1 - 25) (3) 


It should be understood that this equation holds 
only for that portion of the diagram from S = 0 
to that value of the mean stress which is equal to 
the semi-range of stress, the latter case being the 
one when the minimum stress of the cycle is zero. 
For the same cast iron mentioned before, the follow- 
ing table shows the experimental results and the 
values of a calculated from formula (3) 





g a “ 

: Equation (3). Experimental. 
— 5-72 8-5 8-57 
— 14-5 14-35 14-50 


Criterion for Combined Torsion and Bending.— 
The remaining discussion in this article consists 
in developing the criterion for determining what 
value of unit shear stress may be combined with 
Fug./. 41 









(2689.4) Mean Stress, Tons per Sq.lr-. 


“ENGINEERING 





4 8 712 


Mean Stress, Tons per Sg.In. 
“ENGINEERING” 


16 
(2689.8) 


the unit tensile or compressive stress so that the 
fluctuations of stress on any inclined plane shall 
not exceed the values of a defined by formulz (2) 
and (3) above. The method employed will follow 
the method used by Professor Bacon. 

The following equations hold for the steady or 
mean stress and the semi-range or alternating stress : 


S = qsin2 0 : (4) 
a=43(1-+cos26)p. (5) 
in which 
16T . ; 
Ce 7D? the unit shearing stress. 
32 M sea : 
Pp the periodic maximum stress 





“3 D3 © 
due to the bending moment. 

@ = the angle between the plane on which p 
acts and the inclined plane on which 
the resultant normal stress acts. 

When p is equal to the endurance limit for com- 
pletely reversed stress, then, in order that fluctua- 
tions of stress on any inclined plane shall not exceed 
the fatigue limit defined by formula (2), 


(1 - +) -4(1 + cos2 0) p 
Or, S.1 


S-, 


must be positive. since p and 


S=qsin 20: 
5 (= 20 
u 


) — 3(1+ cos2 6). (6) 


must be positive. 
Computations with formula (6) show that when 
£ = 0-208, the second term in the formula exceeds 





the first term by only 4-5 per cent. under the worst | 


conditions. The constant 0-208 was determined 


| moment. 





by considering the case when 2 @ equals 45 deg. 
0:208, the semi- 
range of stress will not exceed the value given by 
formula (2) if the value of p is made equal to S_, 
reduced by 4-5 per cent. 

For a solid shaft 


In practice, if the value of 4 


qd T 
Pp 2M’ 
So that if p = 0-955 S_, and ¢ = 0-208 u, 
0-208 u s 


0-955S., 2M’ 
0-435 u fT = 
=. = (7) 

Therefore, using formula (2) as a criterion of 
fatigue, and assuming that failure in fatigue on 
any plane is unaffected by the shearing stress on 
that plane, the result may be stated as follows :— 
When a constant torque T is superposed on a 
revolving circular beam of cast iron, which is 
simultaneously subjected to a bending moment M, 
the fatigue conditions remain unchanged so long 
as the ratio of T to M is as given by formula (7). 
If the applied torque exceeds this ratio, then failure 
in fatigue will occur on some inclined plane before 
it is due to occur on the transverse plane due to 
the bending moment M acting alone. 

Most of the results on cast iron in fatigue give 
values of endurance limit for completely reversed 
stress ranging between 0-4u and 0-5u. If, in 
formula (7), S_, = 0-435 u, then the torque which 
may be applied would equal the value of the bending 
Further, if S_, = 0:435 u, p = 0-416 u, 
0-208u, : 0:5. That is, 


shearing unit stress which may be applied is one- 
half of the bending stress. Here p is taken as 
95-5 per cent. of S_,. 

The Case When the Mean Stress is Compressive.— 
For the values of compressive mean stress varying 
between zero and a value equal to the semi-range of 
stress, formula (2) cannot be used as a criterion 
of fatigue. Instead of formula (2) it is necessary 
to use formula (3). 

Applying the same argument as before, 


28 
s4(1 - )— $1 + cos 2 0) p 
u 
must be positive. 
_-The plus sign is used in the first term because the 
steady stress will be compressive or negative. 
Since S_, = pandS = qsin2 @, 
2 qsin2G 
( re = qsin ‘) wT st By 
u 


Computations with formula (8) 


‘and q then the 


(8) 
must be positive. 
show that when 4 0-104, the second term in the 
formula exceeds the first term by only 4-5 per cent. 
under the worst conditions. 

In practice, if the value of 2 0-104, the semi- 
range of stress will not exceed the value given by 
formula (3) if the value of p is made equal to S_, 
reduced by 4-5 per cent. 

For a solid shaft, 


qd Hy 
u Pa 
So that if p = 0-955 S_, and g = 0-104 u, 
0-104 u T 
0-955 8 2M’ 


or 
0-218 uv ej 
fi. M 

Therefore, using formula (3) as a criterion of 
fatigue, and with the same assumptions as were 
used in applying formula (2) above, if the applied 
torque exceeds the ratio of T to M given by formula 
(9), then, as before, failure in fatigue will occur on 
some inclined plane before it is due to occur on the 
transverse plane were the bending moment M acting 
alone. If in formula (9), S_, = 0-436 u, then the 
torque which may be applied would equal one half 
the value of the bending moment. Further, if 
S_, = 0-436 u, p = 0-416 uw, and gq = 0:104 u, 
then 4 — 0-25. 

In order to determine whether the relations 
derived for the various combinations of steady 
torsion combined with alternating bending really 
hold for cast-iron shafts, it will be necessary to 
carry out experiments on cast-iron specimens. 


(9) 
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NEW YORK ELECTRIC SUBWAY 
CONSTRUCTION METHODS—V. 
By Frank W. Skinner, M.Am.Soc.C.E. 
(Continued from page 161.) 


At the Bank of America Office Building, a nine- 
storey building, there were, close to the William- 
street Subway, several 10-ft. by 14-ft. brick columns, 
each carrying a load of about 500 tons. These were 
supported on a continuous unreinforced concrete 
slab, 24 ft. thick and 12 ft. wide, standing on very 
fine compact sand and clay, 6 ft. above ground water 
level, and about 31 ft. above subgrade of the Subway 
trench. The latter ran about 4 ft. under the old 
foundations, as shown in Fig. 63. Operations were 
commenced by making oblique recesses in the oppo- 
site faces of the brick piers, and inserting in these 
short, crossed, inclined joists, which were embedded 
in a solid mass of concrete extending from one 
foundation to the next, so as to distribute the heavy 
column loads over the portions of the concrete 
footings between the piers, in a more thorough and 
reliable manner. This work is indicated in Fig. 62. 
The longitudinal face of the footing was next marked 
off into 24 4-foot lengths, each for one underpinning 
pit. These were numbered consecutively, the pits 
being sunk in eight sets. As far as possible these 
were taken in piling groups, as follows :—Nos. 
5-12-20, 8-16, 4-13-21, 9-17-22, 3-10-18-23, 2-6-11-19, 
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1-7-14, and in the eighth group No. 15 only. The | 
pits were dug down to water level and were then | 
extended under the old footing to the building line. 
As a preliminary a temporary pile was jacked down 
in each, as indicated in Fig. 62, and wedged to 
bearing against the old foundation to take up an 
80-ton load. which would compensate for the 
25 sq. ft. of soil excavated, at the rate of 3 tons per 
square foot pressure. Each pit was then extended 
2 feet farther, and two permanent piles were driven 
and wedged to bearing, and then the pit was 
extended 24 ft. farther still, and two or three more 
piles driven in it and wedged; all of them were | 
finally concreted and grouted through holes drilled | 
in the old footings. The piles were driven to 
bearing in hardpan, 29 ft. below the old foundation, 
and each was tested to refusal with an 80-ton load, 
though they were designed for working loads of only 
30 tons. After all the piles were driven, the over- 
hanging portion of the old foundations was removed 
to the neat line of the subway. 

When underpinning the foundations of the 
Mutual Life Building, twenty-six 16-in. steel piles , 
were employed, the length required to reach hard- |, 
pan being 40 ft. 

An interesting underpinning case occurred at, 
93, Broad-street, where eight old foundation piers 
were each supported on from 25 to 40 wooden piles. 
This job is illustrated by means of Figs. 64 and 65. 
The original concrete footings capping these wooden | 
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SECTION 2, ROUTE 45. 
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| piles were first connected by pairs of horizontal 
| I-beams, parallel with the Subway, set up against 
| the underside of the footings. Between each pair 
| of the old piers, two 14-in. sectional steel piles were 
'next driven to hardpan by jacking against the 
|I-beams. These afforded sufficient additional 
| support to permit of the removal of some of the old 
wooden piles, and the excavation under the old 
Pstaresent of working chambers. In the latter, 4 ft. 
| by 4 ft. pits were carried down to hardpan, filled 
|with concrete, and grouted against the under 
|surface of the old footings, thus leaving the piers 
| supported, partly by the original wooden piles, and 
partly by the new piers. 

In this locality a number of the underpinning 


| piles were driven by Messrs. Spencer, White and 
| Prentis, sub-contractors, who used hydraulic jacks 


weighing about 50 Ib. each, and capable of exerting 
a pressure of 5,000 Ib. per square inch. Packing 
between the jacks and the reaction surface above was 
usually provided for by assorted lengths of short, 
heavy steel pipe, called dice. with carefully faced 
ends, capable of being easily assembled to fill 
any required space, and giving very stable and rigid 
bearing. The work was done in two eight-hour 
shifts, with an average force of 23 three-men gangs, 
each of which could drive about 20 linear ft. of 
piling daily. 

Tn the Woodbridge Building, again in the William- 
street district, Manhattan, eight columns loaded 
with about 435 tons each, required underpinning. 
In this work, excavation between the piers was 
carried down to the bottom of the grillages, which 
were exposed by stripping the concrete from the 
I-beams. Vertical holes were then drilled in the 
concrete between the grillage beams, and in them 
were grouted a number of hooked steel dowels which 
engaged longitudinal horizontal steel reinforcement 
bars spanning the space between adjacent piers. 
Short horizontal holes were also drilled in the faces 
of the brick piers, and reinforcement bars were 


| grouted into these, the projecting ends being bent 


down to engage the top flanges of the old grillage 
beams. The reinforcing bars, weighing in the aggre- 
gate 7,000 lb., were enclosed in forms which were 
filled with 70 yards of concrete. This constituted 
what is believed to have been the first heavy 
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at the Cedar-street corner of Nassau-street, adja- 
SUBWAY CONSTRUCTION METHODS ; NEW YORK. [eent to the subway, there were three massive 
concrete foundation piers bearing on sand about 
1 ft. below ground water level, and 12 ft. above 
subway subgrade. These piers extended from 
about 2 ft. to 9 ft. beyond the neat line of sub- 
way excavation, making it necessary to remove 
portions of the concrete. This reduction of the 
supporting area, and the fact that it was so high 
above the bottom of the subway trench excavation, 
rendered thorough underpinning essential. This was 
accomplished by driving under the piers some 
80 sectional steel-concrete piles, 15 in. in diameter. 
Small transverse excavations, 6 ft. deep, were 
drifted to a maximum distance of about 16 ft. under 
and beyond the face of the footings, and extended 
longitudinally to permit of the installation of the 
piles in succession. The piles were driven from 3 ft. 
to 6 ft. apart in three staggered rows 3 ft. apart. 
They were jacked down, against the old foundations, 
and were pre-tested by loads 50 per cent. in excess 
of their designed loads, which were maintained until 
the final wedging was completed ; after this the pile 
tops, short columns, plates and wedges were all 
enclosed as shown in Fig. 66, in concrete of a mini- 
mum thickness of 8 in., and the part of the old foot- 
ings that encroached on the subway location was 
removed. 

In Section No. 1, of Subway Route No. 45, in 
Nassau-street, 52 buildings, from four to 24 storeys 
in height, with a maximum column load of 1,700 
tons, were underpinned with 14-in. No. 10-gauge 
cylindrical steel piles driven in 4-ft. sections, con- 
nected by electrically welded inside sleeves. They 
had lengths up to 30 ft., and the interior cores 
were washed out with a 1-in. hydraulic jet as the 
piles were driven by hydraulic jacks operated in an 
inverted position. The jacks were worked by power 
pumps, and were provided with special racks, en- 
abling them to be quickly released and set. Fig. 67 
illustrates work under one of these buildings, 
and is of interest as showing clearly the permanent 
packing by lengths of joists, as well as the tem- 
porary “dice ” packing referred to above, and the 
quick-setting rack on the jack. 

In conclusion we may refer to Figs. 68 annexed, 
and 69 on page 252. The striking view in Fig. 68 is 
of a column carrying an 800-ton load in a Nassau- 
street building, 14 storeys high. This was under- 
pinned by twenty 14-in. piles. Fig. 69 is another 
interesting example. It .shows the 100-ft. wall of 
the Times. Building, Nassau-street, underpinned 
by 145°14-in. piles close together in three staggered 
rows. The subway trench is shown carried down to 
the required depth in the foreground. 


FILTRATION PLANT AT REDCAR 
BATHS. 


It is essential that the water in swimming baths 
should be kept clear and transparent, and filtration 
and treatment-for the destruction of harmful bacteria 
are therefore a necessity. This is recognised by the 
Ministry of Health which will not make grants 
towards the cost of constructing such baths unless 
suitable filtration plant forms part of the equipment. 
With such resources, and the adoption of chlorination, 
it is possible usually to meet every requirement. 
There are certain difficulties encountered, however, 
when heated sea water is used in covered baths. In 
such cases, offensive smells have arisen at times and 
the water has taken a darker hue of bluish-green. 
With suitable plant, arranged to allow of easy control, 
such effects should never be encountered. A good 
example of modern practice is afforded by the recent 
installation of filtration plant at the Redcar swimming 
baths by the Pulsometer Engineering Company, 
Limited, of Nine Elms Iron Works, Reading. In 
this case, sea water is used in a covered bath, and is 
heated. The equipment comprises filters, strainer, 
circulating pump, coagulation plant, chlorinating plant 
and an aerator. The capacity is such that 93,000 
gallons of salt water may be treated in a 4 hours’ 
working period. 

The water is drawn from the bath through a strainer 
box, located on the floor at the deep end. This is 
designed to avoid the possibility of the occurrence 
of air locks, and is of suitable dimensions to deal 

i 7s run, wit t i the strai i 
Fic. 68. Cotumn Carrying 800-Ton Loap AND UNDERPINNED WITH SECTIONAL PILEs. bg pcg a pe wires og 
’ P ‘ made with a horizontally split casing to permit of easy 
under-pinning grillage ever built entirely of steel] As another example, the 19-storey National Bank | inspection. Three filters, constructed of mild steel and 
rods and concrete. of Commerce Building may be mentioned. Here, | each of 7 ft. diameter, are provided. They deal with 
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Fig. 69. 


204 gallons of water per square foot of filtering area | 


every hour of use. As coagulants are injected into the 
water under treatment, to bring together such minute 
particles of foreign matter as might individually pass 
through any filter, a film of these substances forms on 
the surface of the filter beds and grows in thickness. 
Eventually, this accumulation would result in the 
reduction of the capacity of the plant. One of the 
most important features of a filter is, therefore, the 
means provided for the removal of this deposit. In 
the Redcar installation a steam blower is used to 
deliver air to nozzles, through which it passes to be 
brought into contact with the particles of sand in 
the filter. By shaking up the sand, the accumu- 
lated dirt is released as a result of the continuous 
hammering together of the neighbouring particles that 
results. Once the foreign matter is freed, it is forced 
away into a drain pipe, by the admission of water in 
the reverse direction to that of normal working. The 
agitation of the sand in the filter bed should be caused to 
take place uniformly throughout the system. Even 
distribution of the air is consequently arranged for, by 
its passage from the bottom of the central pipe in the 
filter, into separate connections for each nozzle, the 
dimensions of which are suited to give the same pressure 
at every point of emergence. 

The water is chlorinated in a plant made by Messrs. 
Wallace and Tiernan. After thus being freed from dirt 
and living bacterial organisms, the treated water is 
finally passed through an aerator to give it an attractive 
sparkling appearance, before it is returned to the shallow 
end of the bath. 








Tue Late Mr. J. H. BroaDHEAD.—We regret to note 
the death, on August 20 last, of Mr. J. H. Broadhead, 
for the past 23 years outside representative of Messrs. 
T. F. and J. H. Braime, Limited, sheet-metal pressing 
manufacturers, Hunslet, Leeds. Mr. Broadhead passed 
away at the age of 49 years, after an illness extending 
over a period of nine months. 


100-Fr. Watt UNDERPINNED WITH 145 SEcTIONAL PILEs. 


METALLIC-ARC WELDED MILD- 
STEEL PIPES. 


THE manufacture, on a commercial scale, of mild- 
steel pipes by the automatic metallic-arc process, at 


|the Pipe Works, Stockton-on-Tees, of Messrs. South 





Durham Steel and Iron Company, Limited, is a new 
development, which will be of interest not only to 
welding engineers, but also to those in charge of 
gas and water undertakings. The machines employed 
can accommodate pipes having diameters of from 
15 in. to 100 in., and 30 ft. in length. Briefly, the 
procedure is as follows: The bent mild-steel plate, 
from which the pipe is made, is prepared for welding, 
and then passed over a horn and under joists in the 
machine, the horn having a series of pneumatically 
operated rams, which force the seam against the 
under side of the joists. This arrangement, it is 
pointed out, not only holds the pipe rigid, but gives a 
backing on the inside of the pipe, thus ensuring a 
reasonably smooth bore. A welding head, which 
carries two arcs, moves along the seam, and the 
electrode is fed at a speed to suit the rate of travel 
of the welding head. The welding takes place at a 
uniform speed, and thé’ weld is completed in one 
operation. We are informed that pipes welded in 
this manner can be expanded’ at he ends so as to 
form spigot and socket joints, and can also be upset 
at the ends to form the firm’s spigot and faucet joint, 
without injury to the weld. It is claimed that pipes 
made by the new process are of equal or greater 
strength than those made .by the older water-gas 
welding process. Furthermore, plates of a much 
greater tensile strength than could hitherto be welded 
by the water-gas process can be successfully welded 
by the electric process. Hence, it is pointed out, pipes 
can now be manufactured for equal duty, but with a 
smaller wall thickness. 

It may be of interest to mention that an order for 


| 15-in. diameter pipes for a main 5 miles in length has 
| been received from the Sunderland Gas Company. The 
main is having its joints welded in situ, thus converting 
it, in effect, into one continuous pipe. All joints 
made in situ are tested by means of compressed 
air, and this work is also being carried out by the 
South Durham Company. 


Economic Conpirions In Latvi1a.—The chief exports 
from Latvia are timber, butter and flax, while the 
principal imports are foodstuffs, chemicals and minerals, 
textiles, machinery, and tools. It is shown in the 
Report on Economic and Trade Conditions in Latvia, 
published recently by the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, that of the 
imports for 1930, the total value of which was 11,800,000/., 
Germany supplied 37-2 per cent., Poland 10-5 per cent., 
and the United Kingdom 8-5 per cent. Exports for 
1930 were valued at 9,900,000/., and of these, the United 
Kingdom took 28-4 per cent., Germany 26-6 per cent., 
and the Soviet Union 14-1 per cent. 

WIRELESS ROTATING-BEACON STATION AT RANGOON, 
Messrs. Marconi’s Wireless Telegraph Company, Limited, 
Marconi House, Strand, London, W.C.2, have acquired 
from the British Air Ministry the full rights and drawings 
for the design and erection of wireless beacon stations of 
the rotating type. The first station of this type to be 
built as a commercial contract is to be erected by the 
Marconi Company at Rangoon, to the order of the 
Rangoon Port Trust, as a guide to the shipping using the 
channel to the port. It will be similar to the station 
recently built by the Air Ministry at Farnborough, which 
is of the most recent design and incorporates a number 
of improvements. It will operate on the wave- 
length of 1,050 m. with a maximum power of 2 kw. to the 
anodes of the transmitting valves. As practically all 
ships of any size using the port of Rangoon are fitted 
with wireless receivers, it is considered that, when 
navigators have become accustomed to the operation 
of the rotating beacon, it may be possible to dispense 
with the lightship which at present serves the channel 
for navigation purposes. 
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LABOUR NOTES. 


REPRESENTATIVES of the Shipbuilding Employers’ 
Federation and representatives of the shipyard trade 
unions again discussed the question of wages at a con- 
ference in Carlisle, on Thursday last week. The 
employers amended their proposals by postponing 
for a month the date on which the new terms would 
take effect and splitting them into two equal instal- 
ments, the first to operate from the beginning of October, 
and the second from the beginning of January. The 
men’s representatives stated that they could not 
accept the proposals even as amended, and the em- 
ployers thereupon intimated that the new terms 
would be put into operation at the dates indicated in 
all federated shipyards and repairing establishments. 





In a statement issued at the close of the conference, 
the effect of the proposals, as amended, was explained. 
In the case of plain time workers, no alteration is, in 
general, to be made in any of the large shipbuilding 
districts, as virtually all the workpeople in these areas, 
both on new work and repair work, are already in 
receipt of the national uniform time rates. In one 
or two cases in new shipbuilding districts and, more 
generally, in certain ship-repairing districts, where 
plain time workers are receiving wages in excess of the 
agreed national uniform rates, the excesses, up to a 
maximum reduction of 2s. 6d. per week, are to be 
removed in two instalments. These excesses range 
from 6d. to 10s. per week, but the maximum reduction 
involved in any case will be 1s. 3d. from the beginning 
of October and the balance from the beginning of 
January. For men on piecework and other than plain 
time rates, the proposals involve the withdrawal of a 
time work bonus of 7s. per week, but in last week’s 
negotiations the employers agreed that the withdrawal 
should be in two equal instalments, one in October 
and one in January. 





In a number of districts, a special scheme of consoli- 
dation and simplification of payments is to be intro- 
duced for riveting squads employed on piecework, 
and, as a set off to the withdrawal of the 7s. bonus, 
a compensatory percentage payment is to be made. 
The whole of the bonus is to be withdrawn in October 
and the compensatory percentage payment is to come 
into force at the same date. Certain war-time pay- 
ments to pieceworkers in the form of a percentage on 
piecework prices are to be discontinued in the case of 
some pieceworkers in a number of districts. These 
payments, known as the standard ships cycle advances, 
were originally much higher, but in 1921 three-fourths 
of them were withdrawn. Under the proposals, the 
remainder is to be withdrawn from all classes of piece- 
workers except riveters. It is understood that the 
refusal of the men’s representatives to accept the 
proposals does not mean a stoppage. The employers’ 
establishments are to be open as usual for work at the 
modified rates from the beginning of October, and the 
men, it is stated, are to be advised to offer no resistance 
to the changes. 





According to the Ministry of Labour Gazette, employ- 
ment during July showed a further decline in most 
industries. Among workpeople insured against un- 
employment in Great Britain and Northern Ireland, the 
percentage unemployed in all industries taken together 
was 22-6 at July 27, 1931, as compared with 21-8 
at June 22, 1931, and 16-7 at July 21, 1930. For 
males alone the percentage at July 27, 1931, was 23-8, 
and for females 19-5. At June 22, 1931, the corres- 
ponding percentages were 23-2 and 18-4. It is esti- 
mated that on July 27, 1931, there were approximately 
9,174,100 insured persons between the ages of 16 and 
64 in work in Great Britain. This was 97,000 less than 
a month before, and 549,500 less than a year before. 





At July 27, 1931, there were 1,877,543 persons on 
the registers of Employment Exchanges in Great 
Britain, who were out of a situation. This was 26,122 
more than a month before, and 651,139 more than a 
year before. The total included 1,381,980 men, 53,293 
boys, 399,039 women, and 43,231 girls. It was made 
up approximately of 1,274,760 insured persons who had 
paid at least 30 contributions during the preceding 
two years, and therefore satisfied the full contributions 
condition for the receipt of unemployment benefit ; 


508,450 insured persons who had paid less than 30 contri- 


butions during the preceding two years; and 94,330 
uninsured persons. The claimants for benefit, number- 
ing 1,709,621, included 240,714 men, 5,484 boys, 
48,068 women, and 2,918 girls, who had been on the 
register for less than one month. 





There were also registered as unemployed in Great 
Britain, 501,109 men, 17,250 boys, 193,378 women and 
12,953 girls, who were on short time or were otherwise 





suspended from work on the definite understanding 
that they were shortly to return to their former em- 
ployment. The total of 724,690 was 62,549 more than 
a month before, and 72,239 more than a year before. 
Of persons who normally seek a livelihood by means of 
jobs of short duration, there were on the registers in 
Great Britain 108,668 men, 257 boys, 2,171 women, 
and 21 girls; these are mainly employed in dock, 
harbour, river and canal service. The total of 111,117 
was 2,707 less than a month before, but 17,242 more 
than a year before. 





There was a further decline in coal-mining, general 
engineering, and motor vehicle manufacture; also in 
most of the textile industries, the clothing trades, and 
in building and public works contracting. Unemploy- 
ment also increased in slate quarrying, shipbuilding 
and ship-repairing, boot and shoe manufacture, and in 
shipping service. There was a slight improvement in the 
iron and steel and tinplate industries. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation in 
July resulted in an estimated decrease of about 84,0001. 
in the weekly full-time wages of 614,000 workpeople, 
and in an increase of 7251. in those of 22,500 workpeople. 
The principal bodies of workpeople affected by reduc- 
tions in rates of wages included those on systems of 
payment by results, night-shift workers, and two and 
three-shift workers in the engineering, &c., trades ; 
various classes of lower-paid men on the railways ; 
textile bleachers, dyers, &c., in Yorkshire, Lancashire, 
and Scotland; wool textile operatives employed by 
various firms in Yorkshire (chiefly in the Bradford 
district); men employed by civil engineering con- 
tractors; drug and fine chemical workers; steel 
sheet millmen and galvanisers ; electrical cable makers ; 
cutlery and edge tool makers at Sheffield; and the 
employees of various local authorities in the London, 
Lancashire and Cheshire areas. Increases occurred, 
under sliding scales based on selling prices or the pro- 
ceeds of the industry, in the wages of iron puddlers and 
millmen in the North-East Coast and West of Scotland 
districts, as well as of coal-miners in Warwickshire. 





The number of trade disputes, involving stoppages 
of work, reported to the Department as beginning in 
July, was 38. In addition, 13 disputes, which began 
before July, were still in progress at the beginning of 
the month. The number of workpeople involved in all 
disputes in July (including workpeople thrown out of 
work at the establishments where the disputes occurred, 
but not themselves parties to the disputes) was about 
36,800, and the aggregate duration of all disputes in 
July was about 194,000 working days. 





The dispute in the Darlaston nut and bolt industry 
ended last week-end, the various works resuming 
operations on Monday. A workers’ deputation to the 
employers agreed to accept the terms laid down by the 
manufacturers, provided no further reduction of wages 
took place within the next twelve months. The 
employers verbally agreed to give an undertaking to 
that effect on the understanding that the arrangement 
was to be made applicable throughout the country 
and form part of a national agreement. 





At the end of July, 26,497 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society were 
“signing the books,” compared with 25,685 a month 
earlier. The number of members in receipt of super- 
annuation benefit increased from 5,002 to 5,086, and 
the number in receipt of sick benefit decreased from 
2,070 to 1,996. The expenses in June were 9,4311. 
lls. 2d.; in July, which had to bear five weeks’ 
outlay, they were 11,4287, 12s. 





Members of the Boiler Makers and Iron and Steel 
Shipbuilders’ Society are to vote next month on 
alternative proposals to reduce the superannuation 
benefits payable tomembers. The late general council 
and the executive council, in a joint statement on the 
subject, say that if one or other of the proposals is 
not adopted, the result must be a stoppage of super- 
annuation benefit, as the balance available for this 
purpose will ‘‘ be exhausted at the end of the present 
year if the present scales of benefit are continued.” 
‘* All of us,” they go on to say, “‘ regret the need to 
put a limit to the period of superannuation, but it 
should be remembered that as a result of past efforts 
by the Trade Union Movement, limited State provision 
has been made for all insured persons from the age 
of 65, and the present proposals will still cover our 
members beyond that age. Many of our members 
who will be affected have been over 20 years on super- 





annuation. Some of them came on superannuation at 
the age of 55, and their rates of contributions and levies, 
when they were working, were lower than they are 
to-day. Many of them have already drawn in super- 
annuation alone three or four times more than all they 
ever paid into the Society, in addition to any sick, 
unemployment or other benefits they may have 
received. Even on the present scale of 8s. per week, 
a member in seven years would draw 145. 12s., which 
is more than the total average of contributions of a 
first-class member for 40 years.” 





“Let us never forget,” the statement continues, 
‘ that friendly benefits are only a subsidiary function 
of our Society. It was not for friendly benefit that 
our brave pioneers founded our Society. It was to 
resist oppression, and to lift wages and conditions to 
just standards—to obtain for us the full value of our 
labour. There never previously was a time in the 
history of our Society when the united forces of capital 
made a common attack in every section at the same 
LL ar Our fighting funds have gone in 
benefits. Now we must either provide a fund to 
sustain our members in the struggle, or submit to 
reductions which are not only unreasonable but 
unjust and brutal.” 





At August 17, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
1,942,836 wholly unemployed, 664,801 temporarily 
stopped, and 111,739 normally in casual employment, 
making a total of 2,719,376. This was 5,017 more 
than a week before, and 701,419 more than a year 
before. The total comprised 1,970,430 men, 75,222 
boys, 613,388 women, and 60,336 girls. 





According to The T'imes’ correspondent at Rome, 
Tuesday’s issue of the Fascist Party Order Sheet 
announced that, in order to cope with unemployment 
during the winter, the sum of 857,000,000 lire 
(95,000,000/.) has been allocated for various public 
works which will absorb 100,000 workmen. The 
Ministry of Public Works will itself spend only 
196,000,000 lire, of which nearly 153,000,000 lire are 
devoted to hydraulic works, whereas 606,000,000 lire 
are to be spent by the independent Road Board. From 
the long list of the proposed works, it is clear that the 
Government has aimed at distributing the money so 
far as possible throughout every Province of Italy. 





Cables from New York state that the Amtorg Soviet 
Trading Corporation are arranging for the migration 
of 6,000 skilled American workers, including miners, 
machinists, railwaymen, bricklayers and carpenters, 
to Russia before the end of the year. The workers 
are to pay their own expenses. In Russia, they will 
have the rights and privileges of Russian workers, and 
their wages will be paid in roubles. Over 100,000 
applications, it is stated, have been received, and 
already 2,000 men have been selected. 





In their report to the Trades Union Congress, which 
is to meet at Bristol on September 7, the General 
Council deal with economic policy. A fuller report 
is, it is stated, to be submitted to the 1932 Congress. 
But ‘‘ it has been considered advisable, in view of the 
alarming increase in unemployment and the absence 
of any immediate prospects of recovery, to submit 
to the Bristol Congress a statement outlining an 
immediate course of action.” ‘‘ Unemployment,” it 
is pointed out, “‘ now stands at over 2} millions, or 
21 per cent. of the insured population. Many people 
believe the coming winter will see an increase to three 
millions or more, and that there can be no rapid or 
substantial improvement in the situation.” 





‘“The General Council, therefore,” the Council’s 
weekly official organ says, ‘‘ have given careful study 
to the causes of and remedies for this problem, and 
have outlined a policy which, they suggest, is capable 
of immediate adoption. The main points of this 
policy are that the League of Nations should be urged 
to call an International Conference with the object of 
prescribing steps to be taken immediately by the 
leading central banks for raising the world level of 
wholesale prices; failing the immediate adoption of 
this suggestion, that measures should be taken by the 
Government, in conjunction with the Bank of England, 
to raise the British level of wholesale prices, either by 
raising the bank price for gold or by other appropriate 
means. Itis also urged that full international co-opera- 
tion in the economic field is essential to the realisation 
of world prosperity, and that the reorganisation of our 
basic industries on the most efficient lines, with the 
maintenance and progressive improvement of the 
standard of living of the workers is essential to economic 


recovery.” 
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30-CWT. OVERHEAD TRAVELLING CRANE WITH 164-IN. HEADROOM. 


CONSTRUCTED BY MESSRS. PICKERING, LIMITED, ENGINEERS, 


STOCKTON-ON-TEES. 
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30-CWT. OVERHEAD TRAVELLING | which has proved very successful in practice, is also 


shown in Figs.6 to9. The motor is of 24 h.p., running 
CRANE WITH 16}-IN. HEADROOM. at 700 r.p.m., and, as will be seen, two step-down spur 
An overhead electric travelling crane of quite unusual | gears are incorporated between the motor and the 
design is illustrated in Figs. 1 to 9 on this and the | chain-drive. Fabroil pinions are used for these, and 
opposite pages. Two cranes of this type were recently | all similar drives on the crane. As will be noted, 
designed and constructed by Messrs. Pickering, Limited, | an extension shaft is provided between the motor and 
of Globe Elevator Works, Stockton-on-Tees, to meet | the first step-down gear. This arrangement is necessi- 
the special requirements of the building in which they | tated by the fact that, in order to arrange for the 
were to be installed. Each crane is of the three-| travel specified for the lifting hook, it has been 
motor type and is designed to lift a load of 30 cwt. at | necessary to reverse the normal proportions of the crab 
a speed of 18 ft. per minute. The span is approximately | so that the width available was not sufficient to allow 
33 ft., and the cross traverse and longitudinal travelling | of the cross-traverse motor being mounted alongside 
speeds, are 60 ft. and 200 ft. per minute, respectively. | the lifting motor. The reversal of the crab has also 
The unusual arrangement of the crane has been | resulted in the distance between the two main crane 
conditioned by the fact that there was only a headroom | girders being rather greater than usual. 
of 164 in. available between the gantry rail and the} The hoisting motion, which is operated by a 6 b.h.p. 
roof principals. Further, the crane hook had to be} motor running at 935 r.p.m., consists of a combined 
arranged to approach within 1 ft. 10 in. of one gantry | worm and spur drive, the worm drive having a reduction 
rail and 2 ft. 10 in. of the other, as indicated in Fig. 1.| of 30 to 1 and the worm wheel having 30 teeth of 
In order to suit the conditions imposed by the limited | j-in. pitch. The arrangement will be clear from Figs. 
headroom, the crab was constructed in two parts,|6 and 8. The longitudinal traverse is operated by 
consisting of two steel frames mounted one above the | a 2} b.h.p. motor, running at 700 r.p.m. It is mounted 
other. The upper frame on which the travelling wheels | on one of the main crane girders, as shown in Figs. 
are mounted is connected to the lower frame, forming | 2 and 4, and drives a pair of the main travelling 
the crab proper, by four vertical angle bars, so that | wheels through spur reductions. The main girders 
one frame lies about 2 ft. 2 in. below the other. The | are made from 18 in. by 6 in. rolled steel joists, stiffened 
arrangement is clearly shown in Fig. 4, and is illustrated | with plates and gussets at the ends and hung from the 
in detail in Figs. 6 to 9. In consequence of this arrange- | undersides of the end carriages in order to allow the 
ment, it was found convenient to adopt a final chain | construction to conform to the small headroom condi- 
drive for the cross-traverse motion. This arrangement, tions. The arrangement is clearly shown in Figs. 1 to 4. 
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The load is carried on two wire ropes, 1} in. in 
circumference, which pass round the twin sheaves of 
the snatch block and are carried over a common 
barrel at the top. The hook is free to turn on a roller 
bearing. 

The motors, which were supplied by Messrs. 
Crompton-Parkinson, Limited, of Guiseley, are of the 
slip-ring type and work on a three-phase, 400-volt, 
50-period circuit. The controllers are arranged 
underneath the lower crab frame, so that they can be 
operated from the floor by ropes, as illustrated in Fig. 5. 
The collector conductors, which consist of round copper 
wire, are carried along one side of one of the main 
girders as shown in Fig. 5. The collectors are of the 
spring-loaded slipper type. 





Locomotive CoNnsTRUCTION IN CuHINA.—The first 
locomotive to be built at the Tangshan railway work- 
shops of the Pekin-Liaoning Line, China, has recently 
been completed. The test run from the shops to Tientsin 
station is stated to have been satisfactory, and four 
more locomotives are to be constructed at the Tangshan 
shops in the immediate future. 

MARKET FOR INTERNAL-COMBUSTION ENGINES IN 
Tunis1a.—Firms interested in the export of internal- 
combustion engines of British manufacture, who are 
desirous of receiving a copy of a report prepared by H.M. 
Consul at Tunis on the market for internal-combustion 
engines in Tunisia, should communicate with the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1, quoting reference No. G.X. 10,640. 
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30-CWT. OVERHEAD TRAVELLING CRANE WITH 163-IN. HEADROOM. 


CONSTRUCTED BY MESSRS. PICKERING, LIMITED, ENGINEERS, STOCKTON-ON-TEES. 


(For Description, see Opposite Page.) 
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LETTER TO THE EDITOR. 


—_-—— 


TRACING PAPERS. 


To THE EpiTor oF ENGINEERING. 

Sir,—Every engineering drawing office uses tracing 
paper, and has to buy it in fair quantities. When 
buying tracing paper the deciding factors in the 
selection of a paper, on looking through a salesman’s 
sample book, are (1) transparency, and (2) stoutness 
or strength combined with non-brittleness. 

Experience shows that any paper having a smell 
or a greasy, shiny surface will, after about two or 
three years in a drawer, turn green and fall to pieces 
in the hand, whereas the non-shiny paper will last for 
years as good as when first bought. The reason for 
this is that the shiny paper is manufactured opaque 
and then run through a bath of oil or grease to make it 
transparent, while the other paper is pulped so fine 
during manufacture that on being rolled into a sheet it 
is transparent without being oiled. Or, in other words, 
one is a mixture of grease and paper which undergoes 
chemical change with time, while the other is a pure 
paper practically everlasting. 

It is noticeable that practically all the pure paper 
samples come from Germany or Belgium, while the 
British manufactured tracing paper is usually of the 
greased variety. The small number of British pure 
paper samples submitted to one (usually only one) 
are so opaque that a draughtsman would need X-ray 
eyes to see through it. It is therefore to be concluded 
that the British paper manufacturer is losing trade 
to the German tracing paper manufacturer, because 
he will not pulp his paper fine enough for it to be 
transparent without oiling—a very regrettable state of 
affairs. Or does it mean that British engineers never 
store their drawings or tracings away in drawers, 
and hence never undergo the experience of these 
records turning yellow and disintegrating ? I do not 
think the latter can be the fact. 

Yours faithfully, 
Tuos. H. Wesster, A.M.Inst.C.E. 
16, Homecroft-road, Sydenham, S.E.26. 














PERSONAL. 


Mr. Paut SIppENs, who has for long been associated 
with Messrs. B.S.A. Tools, Limited, has been appointed 
manager of the London branch of Messrs. Burton, 
Griffiths and Company, Limited, Birmingham. He 
will be assisted by Mr. J. McDonnell. The London 
Office remains at 64-70, Vauxhall Bridge-road, S.W.1. 

Messrs. DUNFORD AND ELLIoTT (SHEFFIELD), LIMITED, 
are transferring the whole of their Dunelt motor- 
eycle works and offices from Birmingham to their head- 
quarters at Sheffield, early in September. All com- 
munications in connection with Dunelt motor-cycles 
should, in future, be addressed to Messrs. Dunford and 
Elliott (Sheffield), Limited, Motor Cycle Department, 
Attercliffe Wharf Works, Sheffield. 

Messrs. Matrerson, Limitep, Healy Works, Shaw- 
clough, Rochdale, have appointed Messrs. Tom Smith 
and Clarke, Limited, of Gower Chambers, Gower-street, 
Swansea, to be agents for the whole of their specialities 
in South Wales, and Mr. Robert Sell, of 33, Coleys-lane, 
Northfield, Birmingham, to be their agent for Warwick- 
shire, Worcestershire and Staffordshire. 








THE IRON AND STEEL INstTITUTE: SWANSEA MEETING. 
—As previously announced in ENGINEERING, the annual 
autumn meeting of the Iron and Steel Institute will be 
held at the Royal Metal Exchange, Swansea, from Sep- 
tember 29 to October 2. The papers to be read and 
discussed, in the order in which they will be taken, com- 
prise: ‘The Constitution of the Iron-Tin Alloys,” 
by Professor C. A. Edwards, F.R.S., and Mr. A. Preece ; 
“The Diffusion of Tin into Iron with Special Reference 
to the Formation of Columnar Crystals,’ by Professor 
C. O. Bannister and Mr. W. D. Jones; ‘“‘ The Effect of 
Molybdenum on Medium-Carbon Steels Containing 1 to 
2-5 per cent. of Manganese,” by Mr. G. Burns; ‘‘ The 
Influence of Silicon on Nickel Steel,’’ by Mr. R. Harrison ; 
‘Mottled Tin-Plates,” by Mr. J. C. Jones; ‘“‘ The 
Equilibrium of Certain Non-Metallic Systems,” Part I, 
by Professor J. H. Andrew and Messrs. W. R. Maddocks 
and D. Howat, and Part II by Professor J. H. Andrew 
and Messrs. W. R. Maddocks and E. A. Fowler; “ Alloys 
of Iron Research. Part X.-—The Chromium-Iron Con- 
stitutional Diagram,’’ by Mr. F. Adcock; ‘‘ The Effect 
of Surface Conditions Produced by Heat Treatment on 
the Fatigue Resistance of Spring Steels,” by Mr. G. A. 
Hankins and Dr. M. L. Becker; ‘‘ The Solidification 
and Crystallisation of Steel Ingots; the Influence of the 
Casting Temperature and the Undercooling Capacity 
of the Steel,” by Mr. B. Matuschka ; ‘‘ Production Eco- 
nomy in Iron and Steel Works. Part II.—Costs of 
Production,” by Dr. O. Cromberg; ‘‘ The Surface 
Hardening by Nitrogen of Special Aluminium-Chromium- 
Molybdenum Steels on a Production Basis,” by Messrs. 
W. H. Cunningham and J. 8S. Ashbury ; “‘ The Structure 
of Nodular Troostite,’’ by Colonel N. T. Belaiew; and 
** A Critical Study of the Origin of the Banded Structure 
of a Hot-Worked Hypo-Eutectoid Steel,’ by Professor 
F, C. Thompson and Mr. R. Willows. Additional 
Meetings will be held on October 6 at Scunthorpe, on 
October 20 at Sheffield, on October 21 at Manchester, and 
on October 30 at Glasgow. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of ten- 
ders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Crude-Oil Engine.—The supply of a 70-75 h.p. crude- 
oil engine. The engine should be cold starting and may 
be either vertical or horizontal and must work on the 
four-stroke cycle. Speed should not exceed 300 r.p.m. 
The Ministry of Public Works, Delta Barrage Directorate, 
Delta Barrage, Egypt; September 26. (Ref. No. 
G.X. 10,686.) 

Shovels and Forks.—The supply of shovels and ballast 
forks required for the year 1932. The South African 
Railways and Harbours Administration, Johannesburg ; 
October 6. (Ref. No. G.X. 10,678.) 

Garden Tools.—A firm in Galveston, Texas, U.S.A., 
desires to be placed in touch with British manufacturers 
of metal parts or shapes of hoes, forks, rakes, spades and 
other garden tools. (Ref. No. G.X. 10,694.) 








BOOKS RECEIVED. 


The Romance of Electricity. By Witrrip L. RANDELL, 
London: Sampson, Low, Marston and Company, 
Limited. [Price 10s. 6d. net.] 

Air Ministry. Meteorological Office. The Observatories’ 
Year Book, 1929. London: His Majesty’s Stationery 
Office. [Price 31. 3s. net.] 

United States Bureau of Mines. Mineral Resources 
of the United States. 1:15. Gold, Silver, Copper, 
Lead, and Zine in Idaho and Washington in 1929. 
Mine Report. By C. N. Gerry and T. H. MILier. 
[Price 10 cents.] 1:17. Bauxite and Aluminium in 
1929. By C. E. Juxiun. [Price 5 cents.] 1: 18. 
Lead and Zine Pigments and Salts in 1929. By E. W. 
Peurson. [Price 5 cents.] 1:19. Copper in 1929 
(General Report). By C. E. Jutrmn and H. M. MEYER. 
[Price 10 cents.] 11:25. Mica in 1929. By B. H. 
StoppDaRD. [Price 5 cents.] Washington; Govern- 
ment Printing Office. 

Mines Department. Safety in Mines Research Board. 
Paper No. 69. The Ignition of Firedamp by Coal- 
Mining Explosives. I. Gallery Experiments. By 
H. C. GrimsHaw and W. Payman. London: His 
Majesty’s Stationery Office. [Price 1s. 6d. net.] 

Transactions of the Liverpool Engineering Society. Vol. LII. 
Fifty-seventh Session. Edited by F. W. GaskIN and 
Dr. A. M. Ross. Liverpool: Offices of the Society. 

Einfiihrung in die Mechanik fester elastischer Kérper und 
das zugehérige Versuchswesen. By Dr. R. GIRTLER. 
Wien: Verlag Julius Springer. [Price 29 marks.] 

Department of Overseas Trade. Economic Conditions in 
Chile, 1930. Report. By E. M. Harvey. London: 
His Majesty’s Stationery Office. [Price 3s. net.] 

Materials of Construction, their Manufacture and Pro- 
perties. By the late Professor A. P. Mitts. Fourth 
Edition. Edited by Professor H. W. HAywarp. 
New York: John Wiley and Sons, Incorporated. 
London: Chapman and Hall, Limited. [Price 20s. 


net. 

fgasine and Problems of Aircraft Engines. By M. M. 
FarRLEIGH. New York: John Wiley and Sons, 
Incorporated. London: Chapman and Hall, Limited. 
[Price 15s. net.] 

Wavelength Tables for Spectrum Analysis. Compiled by 
F, TwyMAn and D. M, Smitu. Second Edition, 1931. 
London: Adam Hilger, Limited. [Price 14s. 6d. net.] 

The Problem of Fluctuating Loads on Boilers. By G. E. 
Hiper. London: Charles Griffin and Company, 
Limited. [Price 7s. 6d. net.] 

Dredging of Harbours and Rivers. By E. C. SHANKLAND. 
Glasgow: Brown, Son and Ferguson, Limited. [Price 
21. 2s. net.] 

Tacheometric Tables. By Professor F. A. REDMOND. 
London: Crosby, Lockwood and Son. [Price 8s. 6d. 
net. 

A jo Konstruktion und des Materials an dem wirt- 
schaftlichen Ausbau niederer Wasserkraft-Gefalle. By 
Dr.-Inc. OSKAR SPETZLER. Berlin: Julius Springer. 
[Price 5:40 marks. ] ‘ 

The National Physical Laboratory. Report of the Engi- 
neering Department for the Year 1930. London: His 
Majesty’s Stationery Office. [Price 2s. net.] 

Air Ministry. Aeronautical Research Committee. Reports 
and Memoranda. No. 1379. Biplane Fins on a 
Model of R.101. By Dr. R. Jones and A. H. BELL. 
[Price 9d. net.] No. 1891. Measurements of Lift and 
Drag of Southampton Seaplane. By A. S. CRrovucn. 
[Price 6d. net.] London: His Majesty’s Stationery 
Office. 

Warmelehre und Wéarmewirtschaft in Einzeldarstellungen. 
Vol. X. Wérmewirtschaft in der Zementindustrie. By 
Dr.-Inc. Hans BussMEYER. Dresden and Leipzig: 
Theodor Steinkopfi. [Price 6 marks.] 

Bogenbriicken. Vol. XI. Fourth Edition. By Pro- 
FESSOR Dr. J. MELAN and Dr.-Inc. TH. GESTESCHI. 
Berlin : Wilhelm Ernst und Sohn. [Price 6-60 marks. ] 

Causes and Cures of Unemployment. By Sir W. H. 
BEVERIDGE. London: Longmans, Green and Com- 
pany, Limited. [Price 2s. 6d. net.] 

United States Department of Commerce. Coast and 
Geodetic Survey. Special Publication No. 173. Lati- 
tude Redeterminations. By F.W.Dartiinc. Washing- 
ton: Government Printing Office. [Price 10 cents. ] 

Canada. Dominion Bureau of Statistics. Transporta- 
tion and Public Utilities Branch. Census of Industry, 
1929. Central Electric Stations in Canada. Ottawa: 
The Bureau. [Price 25 cents.] 





ENGINEERING TRAINING AND 
EDUCATION. 


Lectures on Iron and Steel_—A course of 25 lectures on 
iron and steel will be given at the City of London 
College, Ropemaker-street, Moorfields, London, E.C.2, 
on Thursdays, from 6 to 7 p.m., commencing on 
September 24 next. The syllabus covers such subjects 
as production and resources of iron-producing coun- 
tries, ores, pig-irons, wrought-iron, malleable cast-iron, 
ferro-alloys, steel processes, classification of steels, 
forged, rolled and cast steels, tin-plates, galvanised 
sheets, scrap, specifications, mechanical tests, the 
structure of steel, and Imperial and foreign markets. 
The fees for the course, for students resident in London 
and certain home counties, is 25s. 6d. An examination 
will be held at the conclusion of the lectures and Short- 
Course certificates awarded to successful students. 
The J. Gray Buchanan Prize of 31. will be given on the 
results of the examination. Further particulars are 
obtainable from the Secretary of the College. 

Course of Study in Industrial and Commercial 
Administration.—With a view to providing a compre- 
hensive course of study in the principles and practice 
ot business as a whole, a series of lectures and classes 
in industrial and commercial administration was 
commenced in September of last year at the College of 
Technology, The Newarke, Leicester. The course, 
which extends over two years, is to be continued when 
the College re-opens for the new session on September 21, 
and, accordingly, there will be two groups of students, 
first-year and second-year. The course is a part-time 
day and evening course and occupies four hours a week, 
together with a further two hours for those who decide 
to study a language also, as is strongly recommended. 
The subject-matter of the course is divided into five 
sections, dealing with commercial principles and policy, 
commercial administration, accountancy, commercial 
law, and applied economics. The course is open to 
students who are 18 years of age and upwards, or 
who possess the matriculation certificate or its equiva- 
lent. The fee for the course is 2 guineas per annum, 
and full particulars may be obtained from the Registrar 
at the College. 








CONTRACTS. 


Messrs. HARLAND AND Wo trFrr, LIMITED, have secured 
orders for a twin-screw passenger steam ferry for the 
Wallasey Corporation, to run across the River Mersey 
and capable of carrying 2,000 passengers, and for a 
twin-screw, self-propelled steam floating crane pontoon 
for the South African Railways and Harbours Administra- 
tion. This last order has been received from Messrs. 
Cowans SHELDON AND CoMPANY, LIMITED, crane 
builders, Carlisle. 

Messrs, GLENFIELD AND KENNEDY LimiITeD, Kil- 
marnock, have recently secured the contract, through 
Messrs. GwYNNES Pumps, LimiteED, Hammersmith, 
for the manufacture and erection of all the water-control 
equipment required on the new graving dock which is 
at present under construction at Southampton, and is 
intended for the use of the new 73,000-ton Cunarder. 
The contract includes eleven 10-ft. diameter, six 6 ft. 6 in. 
diameter and four 54-in, four 60-in. and four 36-in, 
electrically operated sluice valves. 

Messrs. THe British THomson-Houston Company, 
LIMITED, Crown House, Aldwych, London, W.C.2, have 
been successful in securing from the General Post 
Office a 12 months’ contract for the supply of Mazda 
vacuum and gas-filled lamps, commencing September, 
1931. 

Messrs. Macrintop, LimiteD, Cambridge-street, Man- 
chester, have received orders for the rubber flooring of 
the new headquarters of Martin’s Bank in Liverpool and 
for rubber tiling in the Mansion House, London. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—While the position is beset with many 
difficult problems, the opinion is expressed that the 
institution of a National Government may help to restore 
confidence generally. The uncertainty which has sur- 
rounded the financial situation of the country during the 
past few weeks has been responsible for prospective 
buyers withholding contracts until the air had cleared 
somewhat. Consumers, despite the offer of attractive 
quotations, cannot be induced to enter into forward 
buying. The majority are content to purchase sufficient 
material to cover immediate requirements. Raw and 
semi-finished materials are in a depressed condition, and 
a large amount of plant is out of commission. Thescrap 
market has undergone little change, and values show a 
downward tendency. As compared with September a 
year ago, basic scrap shows a reduction of 13s. per ton, 
and with 1929 over ll. per ton. Latest quotations :— 
Siemens acid steel billets, 97. 2s. 6d.; hard basic billets, 
6l. 12s. 6d. to 81. 128. 6d.; soft basic billets, 6/.; Derby- 
shire foundry pig iron, 63s.; Derbyshire forge iron, 
60s. 6d. ; crown iron bars, 9/. 15s. ; iron hoops, 111. 15s. ; 
soft wire rods, 7/. 10s. Rolling mills, forges, and press- 
shops are badly in need of new orders. The current call 
for railway rolling-stock does not reach the level of a 
year ago. Makers of ship steel forgings and castings are 
in a similar position, and experience great difficulty in 





maintaining output. Agricultural machinery is in 
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demand, though the home call shows a falling off. Few 
orders have been received from Russia. Colonial re- 
quirements are on the small side. The Admiralty have 
placed orders locally for drills, drill sockets, hammers, 
and steel sheets, the War Office for steel bars, the Air 
Ministry for steel wire, the Crown Agents for the Colonies 
for laminated springs, and the Office of Works for heating 
apparatus. The motor industry, while taking a fairly 
large tonnage of high-class steel and fittings, is not such 
a good customer as a few months ago. Progress continues 
to be made in electrical engineering products. Develop- 
ment schemes in this country and abroad are calling for 
large supplies of products of various descriptions, includ- 
ing dynamos, generators, cables and magnetos. The 
demand for cold-rolled strip has declined, and keen 
competition is being experienced from the Continent. 
The output of stainless steel and rustless iron is well 
maintained. Order books at representative toolmaking 
establishments are not very attractive in appearance. 
Engineers’ small tools are capable of showing big im- 
provement, while the present demand for plantation 
implements, files and saws is unsatisfactory. Farm and 
garden implements do not make headway, and are in a 
stationary position. The light foundries could com- 
fortably handle a much greater volume of business. 

South Yorkshire Coal Trade.—The position of the coal 
trade generally in this area has undergone little if any 
change. In some classes of fuel there is a scarcity owing 
to Quota restrictions. Export requirements fail to 
expand. The inland call, however, shows signs of 
increasing. The demand for industrial fuel shows only 
a very slight improvement following resumption of work 
at iron and steel concerns after the holiday stoppage. 
The demand is far below that of normal times. House 
coal is fairly consistent, and a fair amount is being 
bought for stocking purposes, country and metropolitan 
users being good customers in this direction. The 
coke market is still somewhat depressed. The con- 
sumption of coke for central-heating purposes is on the 
increase. Foundry sorts are in poor request, and furnace 
varieties do not come up to expectations. Gas coke, 
however, is fairly firm, and is realising from 23s. to 
25s. f.o.b. at the Humber ports. Quotations :—Best 
branch hand picked, 24s. 6d. to 25s. 6d.; Derbyshire 
bright house, 19s. to 20s.; best house coal, 18s. 6d. 
to 20s. ; sereened house coal, 17s. to 18s. ; screened house 
nuts, 14s. 6d. to 15s.; Yorkshire hards, 15s. to 16s. 6d. ; 
Derbyshire hards, 15s. to 16s. 6d.; rough slacks, 8s. 6d. 
to ne 6d.; nutty slacks, 6s. to 7s. 6d.; smalls, 4s. to 
5s. 6d. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The resignation of the Gov- 
ernment, and the possible effect of the event on trade 
has absorbed attention on ’Change this week. Recent 
further curtailment of Cleveland pig iron output has 
reduced the make to a low ebb, but has hardly lowered 
production to a level likely to be fully taken up for the 
present. Additions to stocks, however, are now small, 
and accumulations of iron at the blast furnaces are not 
of embarrassing size. Second hands are not able to put 
through business of moment as they are precluded, under 
their terms of contract with ironmasters, from supplying 
principal home consumers, and inquiries from overseas 
are as light as ever. They have, however, resumed 
dealing, to a small extent, in Midland iron, odd parcels 
of which they have sold for use on Tees-side. Makers 
hold to the following fixed figures for home trade in 
Cleveland pig : No. 1 quality, 61s. ; No. 3 g.m.b., 58s. 6d. ; 
No. 4 foundry, 57s. 6d.; and No. 4 forge, 57s. 

Hematite.—Unsatisfactory and discouraging accounts 
are still given of the East Coast hematite-iron trade 
In this branch, also, production has been reduced, but 
remains excessive, and stocks are already heavy. Prices 
are not definitely fixed, and vary a good deal after in- 
dividual bargaining. Unless the demand expands almost 
immediately, more furnaces will probably be put out of 
action. Merchants are not at liberty to undersell 
makers in home markets, and are doing very little 
export trade. Producers report occasional smail business 
with customers in the Sheffield district and in the Mid- 
lands. Sellers put ordinary qualities at 61ls.; and 
No. 1 at 61s. 6d., but lower rates are understood to have 
been accepted. 

Foreign Ore.—Beyond sales of spot cargoes, there is 
nothing doing in foreign ore. Nominally best rubio 
remains at 14s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
abundant, and difficult to dispose of, but sellers keep 
market prices on the basis of good average qualities at 
15s. delivered to local users. 

Manufactured Iron and Steel.—There are no quotable 
changes to report in the manufactured iron and steel 
trades. Departments engaged in the production of 
constructional steel have quite a lot of work on hand, 
but most other branches are much in need of orders. 
Common iron bars are 101. ; best bars, 10/. 108. ; double 
best bars, 11/.; treble best bars, 117 10s.; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 52. 15s. ; steel billets (medium), 61. 12s. 6d. ; steel 
billets (hard), 77. 2s. 6d.; iron and steel rivets, 11/. 5s. ; 
steel ship plates, 8/. 158.; steel angles, 8/. 7s. 6d.; steel 
joists, 8/. 15s.; heavy sections of steel rails, 8. 10s., 
for parcels of 500 tons and over, and 9/. for smaller lots ; 
fish plates, 127. 10s.; black sheets (No. 24 gauge), 71. 
15s.; and galvanised corrugated sheets (No. 24 gauge), 
91. 5s. 

Scrap.—There is little demand for scrap. Borings 
are 22s.; turnings, 26s.; light cast iron, 31s. 6d. ; 
heavy cast iron, 40s.; machinery metal, 42s, ; and heavy 
steel, 37s. 6d. 











NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—The resignation of the Labour 
Cabinet and the formation of a National Government to 
balance the Budget has created hopes of a change in 
policy in regard to the coal trade of the country, 
which, since the passing of the Coal Mines Bill re- 
ducing working hours from 8 to 74, has been steadily 
diminishing in volume. No change is expected to come 
with the present Constitution, but a general election may 
see a complete alteration, so that the question of working 
hours and amalgamations in the industry may also be 
revised. Meanwhile, although many pits are working 
short time and others are closed down, production remains 
excessive to meet a quiet demand. Bad weather, too, has 
aggravated the difficulty of collieries, as the result of 
ships not reaching port to time. This has upset colliery 
stems and caused temporary stoppages owing to the 
lack of empty wagons due to the non-clearance of wagons 
held up by the non-arrival of shipping. Shipments to 
France were still fairly brisk owing to the special con- 
cession of the French Premier in regard to August deli- 
veries, but with the import restrictions in full operation 
after the end of the month, clearances are expected to be 
substantially reduced. Total shipments of coal in the 
past week amounted to only 386,820 tons, or 80,000 tons 
less than were dealt with in the previous six days, and 
137,000 tons less than were handled in the corresponding 
period of last year. The huge reduction in coal exports 
will be gathered from the fact that to date this year 
only 13,917,000 tons have been sent abroad, or 4,439,000 
tons less than were shipped in the corresponding period 
of 1930. In the circumstances, it is not surprising that 
shippers can secure their coal requirements without diffi- 
culty on the basis of the minima schedule of 20s. per 
ton f.o.b. for best large and 13s. 6d. for best bunker 
smalls. The problem of small coal continues as acute 
as ever. It is impossible to cut large without small, 
and as there is no market for small, hundreds of thousands 
of tons of the latter are being dumped adjacent to the 
collieries in order to clear wagons which must be supplied 
to move production from the pithead. The problem of 
securing space for the banking of small is, moreover, 
becoming increasingly difficult. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—While no improvement can yet 
be reported in the Scottish steel trade, there is a very 
hopeful undertone all round that a change for the better 
is highly probable at no distant date. Such will be most 
welcome, but the fact remains that at present the 
conditions are far from bright. Consumers of steel 
material generally are badly off for work and are not in 
a position to specify for anything beyond their imme- 
diate requirements, which in most cases are of small 
dimensions. The demand from the shipyards is still 
poor, but the report of the placing of one or two new 
orders lately has improved the outlook and has given 
more hope for the possibility of better times ahead. 
In the black steel sheet trade the conditions are unchanged, 
and those makers who secured a number of good orders 
for abroad some time ago are still fully employed, but 
other makers, not so fortunate, report a certain amount 
of broken time. The quotations for black and galvanised 
sheets are down by 5s. and 15s. per ton respectively, 
and current prices are as follow :—Boiler plates, 10/. 10s. 
per ton ; ship plates, 8/. 15s. per ton ; sections, 8/. 7s. 6d. 
per ton; black steel sheets, 4 in., 7/. 5s. per ton; and 
galvanised corrugated sheets (No. 24 gauge), 10/. 12s. 6d. 
per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—There has been no change of 
any kind in the state of the malleable-iron trade of the 
West of Scotland during the past week, and so little 
business is going through that it is well-nigh impossible 
to keep plant in operation for more than half the normal 
working week. e re-rollers of steel bars are also 
finding things rather difficult, as orders are scarce and 
very keen competition still prevails for all business 
coming on to the market. The current market quota- 
tions are as follow :—‘‘ Crown” bars, 10/. 5s. per ton 
for home delivery and 9/. 10s. per ton for export; and 
re-rolled, steel bars, 67. per ton for home delivery and for 
export. 

Scottish Pig-Iron Trade.—Conditions in the pig-iron 
trade of Scotland have not altered in the slightest since 
last report, and so poor is the demand that there is little 
possibility of any increase in production yet. Fairly 
large stocks are held by makers, and as the home con- 
sumers and foreign buyers are placing very few orders, 
the prospects of the trade are not good. The export 
side is only a shadow at the moment, and one of the 
most disturbing factors is the almost regular shipments 
arriving here from India and also from England. The 
following are to-day’s market quotations :—Hematite, 
70s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 738. 6d. per ton, and No. 3, 71s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 22, was of little impor- 
tance, as it only amounted to 15 tons. Of that total 
7 tons went overseas and 8 tons coastwise. During the 
corresponding week of last year the figures were 337 tons 
overseas and 310 tons coastwise, making a total shipment 
of 647 tons. 

Shipbuilding.—The shipbuilding industry is more or 
less under a cloud at the present time, and although 
Scottish shipbuilders have little work on hand at the 
moment, they recognise that they are relatively no worse 
off than those in other districts at home or abroad. The 





new turn in the affairs of the nation by the formation of 
a Government made up of all parties, with the sole 
object of putting the finances of the country on a sound 
basis and re-establishing our credit in the eyes of the 
world, will go a long way towards improving our overseas 
trade. This will be the first factor leading towards a 
betterment in industry all round. Contracts for new 
vessels have been very scarce for some time back, but 
this month several have been reported and others are 
under consideration. Messrs. Lithgows, Limited, Port- 
Glasgow, have fixed up three orders this month, the 
latest being a 6,000-ton fruit-carrying vessel for the 
Jamaica Direct Fruit Line, Limited, the managing agents 
of which are Messrs. Kaye, Son and Company,' Limited. 
Messrs. Ferguson Brothers (Port-Glasgow), Limited, are 
reported to have been successful in securing orders for a 
dredger for London owners and a river boat for Colonial 
service. 

Greenock Dock-Improvement Contract Fixed.—The 
scheme for the reconstruction of the existing obsolete 
entrance to the Garvel Graving Dock, Greenock, has now 
gone a stage further, and, subject to certain details to be 
approved by the consulting engineer, Mr. N. G. Gedye, 
London, the Greenock Harbour Trust have accepted 
the tender of Messrs. Melville, Dundas and Whitson, 
contractors, 224, St. Vincent-street, Glasgow, to carry 
out the work. The estimated expenditure is 27,000/., 
part of which will be met by a grant from the Exchequer. 
When the scheme is completed—in from twelve to fifteen 
months—the Harbour Trust will lease the dock to the 
Greenock Dockyard Company, Limited, for a period of 
fifteen years. The alterations will make the Garvel 
Graving Dock available for use to its utmost capacity 
by large vessels of modern design, and as the leasing 
company is associated with the Clan Line, it is fully 
expected that these liners will receive any repair work 
or overhaul in the reconstructed dock, the length of 
which is 635 ft. 

Railway Contract.—Messrs. H. M. Murray and Com- 
pany, public works contractors, 121, West Regent-street, 
Glasgow, have secured a contract from the London and 
North Eastern Railway Company for the widening of 
1 mile 69 chains of line between Arbroath and Montrose. 








NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

General Outlook.—Inquiry continues slow in most 
branches of the iron and steel and heavy engineering 
industry in the North-Western area, and few sections 
are in a position to report an improvement in inquiry of 
late. Machine-tool makers, who in the last few weeks 
have booked a number of small orders, state that pros- 
pects are a little brighter, but conditions are still extremely 
difficult in textile-machinery manufacturing and boiler- 
making circles. The recent improvement in motor 
vehicle output locally is being well maintained, and 
the continued substitution of tramways by motor 
omnibuses in an increasing number of municipalities 
is bringing more work for firms in this area. At Wigan, 
Messrs. Walker Bros. (Wigan), Limited, of the Pagefield 
Ironworks, are engaged on the construction of mobile 
cranes and motor lorries for leading railways and local 
authorities ; and at Huddersfield, recent orders for their 
new ‘mechanical horse’’ are keeping the works of 
Messrs. Karrier Motors, Limited, fairly well employed. 
Aeroplane builders, too, are obtaining useful new work. 

Constructional Steelwork Orders.—While orders for 
structural steelwork, on the scale of those placed in the 
last few months with leading Manchester firms, are not 
now maturing, there is a reasonably good demand for 
materials for smaller schemes, and several firms report 
steady additions to their order books. Messrs. Edward 
Wood and Company, Limited, of the Ocean Ironworks, 
Trafford Park, Manchester, whose works are now operat- 
ing at capacity on two large contracts for an aggregate 
of 5,000 tons of steelwork, have further improved their 
outlook for the immediate future by orders from the 
Manchester Corporation for 500 tons of steelwork for 
motor omnibus depot extensions at Parr’s Wood, Dids- 
bury, and the production of 300 tons of stanchions, 
roofing and girders for a new cinema at Eccles. Messrs. 
Joseph Parks and Son, of Northwich, Cheshire, are 
engaged on the construction of a 250-ft. span swing 
bridge for the River Weaver Navigation Trustees for 
erection at Acton Bridge. At Chester, Messrs. The 
Hydraulic Engineering Company, Limited, are fairly 
well employed. Messrs. R. White and Sons, of Widnes, 
Lancs., have recently completed an aerial ropeway 
installation for distributing refuse at the Ashington 
(Northumberland) Colliery. There is little change in the 
North-West iron industry. A proportion of the make 
is being absorbed by the local steel works, who are engaged 
on rail orders, but there is little prospect of any immediate 
improvement in outside demand. 








REGISTRATION OF MoTOR VEHICLES IN GREAT BRITAIN. 
—According to a return issued by the Ministry of 
Transport, the number of new motor vehicles registered 
in Great Britain during the month of June, 1931, was 
23,849, compared with 27,233 in June, 1930. 





Port MarcHEeRA: THE NEw INDUSTRIAL PorRT oF 
VENICE: ErratumM.—We regret that at the end of the 
article on Port Marghera, Venice, which appeared in 
our issue of last week (page 221 ante), we incorrectly 
stated the positions held in relation to that work by 
Professor Cagli and Mr. Pagan. As will be evident 
from statements elsewhere in the article, Professor 
Enrico Coen Cagli was responsible for the plan and 
layout of the whole port, the work being carried out 
under his direction. Mr. Luigi Pagan acted as resident 
engineer for the undertaking. 
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THE LATE MR. JAMES ADAMSON. | 


To write an account of the late Mr. James Adamson 
whose death, we regret to record, took place on August 
20, is almost to relate the history of the Institute of 
Marine Engineers, since for 40 of his 81 years of life he 
had been intimately connected with it, first as one of 
its founders, and later, until February, 1930, as its 
very active honorary secretary. Mr. Adamson, born 
in Stirlingshire in 1850, came of a maritime stock, his 
grandfather, grand-uncle and father all having had 
shipbuilding yards in various Scottish seaports. The 
latter’s yard was at Alloa, and there Mr. Adamson’s | 
early years were spent, his education being received 
at schools at that place, at Falkirk, and at Dollar 
Academy. His first introduction to practical work 
was with the construction of marine engines in a 
smith and millwright’s shops at Falkirk. Then 
followed service in the drawing offices of the firm of 
Messrs. Alexander Stephen and Sons, Messrs. Rait and 
Lindsay, and Messrs. James Howden and Company. 
During this period of his life he attended courses in 
technical subjects for three sessions at the University 
of Glasgow. Mr. Adamson’s next move was to London, 
where he acted as draughtsman to Messrs. J. and W. 
Dudgeon for some years, but death having caused some | 
changes in the firm he then became a seagoing engineer. | 
Giving up the sea about 1878, Mr. Adamson was | 
appointed draughtsman and assistant to Mr. Malcolm 











Campbell, superintendent engineer to the British | Fic. 75. Inpucep-Draucut FANS AND WASHERY. 


India Steam Navigation Company and the Ducal Line, | 
becoming in 1889, on the death of Mr. Campbell, | 
superintendent engineer to the company at the Royal | 1889, the Institute of Marine Engineers arose from this 
Albert Dock, London. In this capacity he took | modest beginning, and on January 31, 1890, it is 
special interest in the boilers of his ships, and quickly | recorded as possessing 253 members. Steady progress 
became a reliable source of advice to many concerned | was made, and finally the time arrived when the 
with the subject of marine steam generation. | Institute was able to consider premises of its own, 
Recognising the importance of professional co-|the present handsome and convenient building near 
operation in technical matters, Mr. Adamson, in the | the Mint on Tower Hill being occupied in 1914. It 
autumn of 1888, joined with some other engineers,/may be noted, in passing, that the membership at 
superintendents and engine builders, to form a society | the end of 1930 was 3,289, a very creditable advance 
for the study of such matters amongst marine engineers, | on the original figures. Throughout these changes 
and to Mr. Adamson fell the task of preparing the first |Mr. Adamson continued his enthusiastic and pains- 
circular regarding it. Early in February, 1889, the | taking work for its benefit, and from 1917 the Institute 
scheme was successfully launched, a reading room| benefitted by practically the whole of his time and 
being rented by the founder committee and furnished | energy. Fora very long period he was responsible for the 
by it with books and papers, Incorporated in July, ' preparation of the transactions and the annual reports, 





contributing also to the discussions and papers. A 
notable paper by Mr. Adamson was delivered in 1912 
on the celebration of the centenary of steam navigation 
on the Clyde. He served on the London Committee 
for the World Engineering Congress at Tokyo in 
1929, and was, also in that year, presented with the 
Honorary Freedom of the Worshipful Company of 
Shipwrights. Apart from his unstinted work in the 
interests of marine engineering, for which not only the 
members, but others concerned with its prosperity 
will hold his name in grateful remembrance, Mr. 
Adamson was a strong supporter of several religious 
and philanthropic organisations, a fact which no 
doubt contributed to the conscientious manner in 
which he conducted his professional life, 
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MAN POWER. 


In times such as these, when few things are as 
they should be, and projects for bettering them are 
more numerous than usual, it is useful occasionally 
to rehearse the fundamental facts in which measures 
of amendment will have to work. Such considera- 
tions may serve to keep those who are considering 
them in touch with the respective orders of magni- 
tude of the several factors, just as it is prudent to 
supplement detailed calculations by an over-all 
estimate of the quantities involved. This precaution 
is particularly appropriate to measures that are 
concerned with the use of man power. The popula- 
tion of a country is primarily a liability to itself, 
seeing that it has to procure the means of sub- 
sistence ; but at the same time, if the country is to 
prosper, it has also to make itself an asset by 
earning more than it consumes. The wealth 
earned by the country, which is all its citizens 
have to divide, is just so much as they earn in 
excess of what they consume. Its amount depends, 
therefore, on the efficiency with which their energies 
are used, and in principle the need for efficient 
working is now taken generally as axiomatic. The 
ideal conditions for efficient industrial working can 
be defined without difficulty. Every man should 
work on what he can do best, and have received 
or be receiving the education that will fit him to 
make the best use of his ability, while every works 
should be so organised to make the best use of 
its men. These, indeed, are counsels of perfection, 
which it may be impossible to apply fully, but at 
least they are coming to be recognised as ideals to 
be aimed at. They can be realised only piecemeal, 
and by slow degrees. Some of the measures by 
which it is sought to attain them can only be 
tentative, and will have to be defined ultimately 
in the light of the experience obtained in the earlier 
attempts. It is, however, an encouraging feature 





of the present situation that its hardships are 


leading industry to a persevering search for means 
of amending not only the symptoms from which 


_|it is suffering, but also the defects in its own 
» | methods which prevent it from doing the best with 


its resources. 

Of the three conditions of efficient working least 
has been done towards assuring that every man 
works at what he can do best, or even at what he 
can do as well as first-class men. Nevertheless, for 
an industry to be efficient, every job must be done 
by a man who is first-class at it. In the long run, 
a shopful of second-class men cannot compete 
against another with first-class men. In practice, 
indeed, the second-class men may sometimes 
manage to carry on by using greater effort, or 
taking lower wages ; but even where circumstances 
allow such sacrifice to be successful, it leaves the 
man worse off than if they were first class, and the 
industry less able to progress. When, moreover, 
competition is at its keenest, the second-class men 
will not succeed in holding their own, whatever 
sacrifices they make. The shop that employs 
them must necessarily fail in competition with 
first-class shops, and drag down with it its own 
first-class men while they remain there. This, 
perhaps, is among the ugliest, as it is among the 
most certain, results of natural competition, and 
the only way to avoid it is to eliminate all but 
first-class men. The only way in which this can 


5| be done economically in a civilised community is 


to see that, as far as possible, every man should be 
first class at his own job. Experience only can 
show how far this is practicable, but as an encourage- 
ment, it may be remembered that the pioneer of 
efficient working in modern times, F. W. Taylor, 
once declared that he had never found a man who 
could not be first class at some job. This, doubt- 
less, was an obiter dictum, which is difficult to accept 
as a general proposition. In its favour, however, 
it must be remembered that Taylor, as his work 
on high-speed steels and other technical matters 
shows, was an unusually industrious and careful 
observer, and his.dictum may probably be accepted 
as proved in regard to his own not inconsiderable 
experience. 

However far Taylor’s statement may be from 
general application, it is certain that, although all 
men are not equally fitted for all jobs, at least a 
large proportion of the recruits to industry, under 
existing conditions, take the first job that offers, 
which may or may not be suitable to their individual 
abilities. The high proportion of misfits that must 
result is injurious to industry, and must often 
be tragical in its effect on the workers. Chief 
among the causes of this practice is that as yet there 
is no sufficiently established way of distinguishing 
the vocations for which individuals are best fitted 
by their natural abilities, and for some years past, 
enquiries have been proceeding as to whether it is 
possible, by some simple tests, to ascertain the 
fitness of individuals for various vocations. A 
report recently published by the Education Com- 
mittee of the City of Birmingham, illustrates the 
practical interest that these investigations have 
been exciting. It relates to the selection of skilled 
apprentices for the engineering trades, and describes 
the nature of two experiments made with the 
object of ascertaining how far it is practicable to 
use psychological tests on the one hand for selecting 
boys suitable for the engineering trades, and on the 
other hand for guiding them in their choice of 
a vocation when they leave school. The recent 
report gives the results of the experiments addressed 
to the question of selection. They were conducted 
for the Committee by an officer of the National 
Institute of Industrial Psychology in conjunction 
with a member of the Committee’s staff, and con- 
sisted in effect in applying to apprentices at the 
Central Technical College, and to boys in various 
stages of attendance at certain technical and 
secondary schools, a series of tests devised by the 
Institute, comparing the results with the ratings 
of the same individuals, as assessed by the instructors 
under whom they were working. Some attempt 
was also made to measure and take account of 
individual temperaments, but further data are 
said to be necessary before results in this respect 
can be used safely, except in exceptional instances. 





So far as the experiments went, they showed an 
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appreciable concordance between the results of 
seven out of the fifteen tests applied and the ratings 
of the instructors. This result is of the same 
character as that which seems to have been the 
outcome of other similar and more extensive 
investigations conducted by the Institute, still in 
progress, on which the results of the tests are 
being checked against the boys’ subsequent careers. 
It is significant of the increasing attractiveness of 
the guidance offered by such indications that the 
number of applications for vocational tests by the 
Institute last year was 50 per cent. greater than in 
1929. The calibration of tests of this kind to 
determine the extent to which they may be accepted 
as predicting the practical ability of those who pass 
them, is necessarily a matter for prolonged observa- 
tion. Such observations are proceeding, but the 
results up till now make it probable that, whether 
all the present tests ultimately retain their place, 
those who have passed them can be introduced 
into engineering occupations with appreciably more 
confidence than those who have not. 

The general sense of the need for revision in 
educational arrangements has been indicated 





industrial organisations were about 25 per cent. 
larger than in 1929, and during the same period 
twelve firms have either extended the period of their 
investigations or called in the services of the Institute 
for a second or third time. The subject matter of 
the industries with which it has had to deal has been 
extremely various, including many branches of 
engineering manufacture, and, apart from numerous 
examples given of specific savings on a large scale 
effected as the result of its investigations, the 
repeated occasions on which its clients have called 
on it for further help in other departments of their 
business is evidence that they had found its services 
satisfactory. In the process of these varied investi- 
gations the Institute has, moreover, accumulated a 
large volume of experience, which necessarily must 
be increasing, and is available for dealing with 
| analogous problems in fresh works, sometimes by 
;methods adapted from those of other industries. 
Similarly a body of investigators who are engaged 
| constantly in surveying the lay-out, organisation and 
| methods of production in many industries must have 
exceptional advantages in applying their experience 
in conditions that are likely to be similar to one or 





sufficiently by the recent report of the Committee | another set of those previously encountered. The 
on Education for the Engineering Industry, to Institute has in fact a compendium of data and a 
which we referred in our issue of April 24. The | Critical apparatus, derived from intimate experience, 


Committee itself was widely representative of 


most branches of the industry, and was assisted | V 5 
It is clear, |improvement. Without being a Government body, 


| it offers moreover an equal guarantee of indepen- 


by evidence from some 280 firms. 
therefore, that the enquiry has excited a widespread 
interest. The details of what is desirable, and 
sometimes even of what is practicable, will doubtless 
vary with different industries and different districts, 
but, as we have already pointed out, it is necessary 
for some mechanism to be instituted for setting on 
foot the required measures if the benefit of the 


important information contained in that report is | 


to be obtained. In a report by Inspectors of the 
Board of Education on Day Classes for Engineering 
Apprentices, published in 1928, it was suggested 
that the organisation of courses would be facilitated, 
and better schemes produced if, in arranging to 
send apprentices to local technical schools or 
colleges, engineering employers in a district acted 
jointly rather than independently. Mr. Berriman, 
in a note to the recent Committee’s report, expressed 
views stil! more general in urging that the relation 
of technical education to the supply of engineering 
apprentices should be recognised as coming within 
the scope of the local engineering employers’ 
associations. It is, perhaps, particularly in regard 
to part-time day classes that such co-ordination is 
necessary. The earlier report drew attention to 
the circumstances which since the war, had led to 
the growth of part-time education, and quoted 
the striking example of Coventry, in which the 
number attending part-time day classes had more 
than trebled in ten years. The report of the 
recent committee emphasises the importance of 
such classes. Arrangements for releasing appren- 
tices to them without detriment either to the work 
or to their own training, must usually involve some 
difficulty, and it is therefore the more important 
to secure by co-ordinated action that the courses 
should cover the ground which is required for those 
who attend them. 

When, however, a person has been put to his most 
appropriate job and educated most effectively for it, 
the results of his labour will depend largely on the 
works organisation. Taylor’s interesting results, 
showing the improvements which could be made on 
ordinary methods of working, came at a time when 
the understanding between employers and employed 
was less satisfactory than it is now, and the force of 
economic laws was less generally understood. Of 
recent years, however, the situation has improved 
in these respects, and, at least in the United States, 
the work of “‘ efficiency engineers ’’ has been proceed- 
ing so actively as to show beyond question that there 
is a demand for it. It is perhaps recognised less 
generally that in this country the National Institute 
of Industrial Psychology has been undertaking 
similar work for some years past, and the annual 
report of that body for last year shows that this 
work has now attained substantial proportions, and 
in spite of the unfavourable times, seems to be 
steadily increasing. The fees received last year 
for such investigations in factories and other 


| 


which it would be impossible for any firm to impro- 
ise when they thought their own methods needed 


dence, as by its constitution it is debarred from 
distributing profits in any form among its members. 
It appears, therefore, to be well fitted to act as a 


| clearing house of practice in the revision of working 


methods, and if its investigations are supported by 
the technical and trade knowledge of its clients, it 
should be an effective centre, fertilising each branch 
of industry by experience acquired systematically 
from all. 








ECONOMIC CONDITIONS IN 
POLAND. 


The report of the Commercial Secretary of the 
British Embassy in Warsaw, Mr. R. E. Kimens, 
C.M.G., recently issued, on the economic situation in 
Poland for the year 1930 (H.M. Stationery Office, 
price 1s. 6d.), gives as a useful preliminary, partic- 
ulars regarding the various means of travelling from 
London to Warsaw, overland, by sea and by air. 
There is not much difference between the costs of 
the three methods of travel, although, naturally by 
air, government subsidies cover much of the outlay. 
Business men contemplating a visit to the country 
will also find useful notes on the cost of travel and 
hotels, the different public holidays, and the location 
of Chambers of Commerce and British Consulates. 
This first section has also been printed separately in 
the form of Hints for Commercial Visitors to 
Poland, such as we have noticed from time to time 
in our columns. 

Poland has not been unaffected by the wave of 
world depression; indeed local conditions have 
tended somewhat to aggravate the situation. There 
has been some shrinkage of the reserve of gold held 
by the Bank of Poland, although no fear has been 
entertained in banking circles for the stability of ex- 
change. Asin some other countries the troubles have 
been not so much due to the tightness of money as 
to the lack of confidence. There has been a falling- 
off in industrial production, due to reduced local 
consumption, following a drop in the purchasing 
power of the country, and a reduction in exports due 
to increased competition and reduced prices in the 
world’s markets. Imports and exports relating to 
British trade fell off in 1930, but the percentage of 
the whole was maintained. Agriculture was depressed 
owing to low corn prices and obstacles to the export 
of livestock and food products. There was a rise 
in unemployment, which took place at the end of 
the year. It is considered that the resources of the 
country are sufficiently large and that the Polish 
nation has the necessary energy and character to over- 
come present difficulties. A paradoxical feature lies 
in the fact that the rural population which accounts 
for 65 per cent. of the inhabitants, is largely 
self-supporting and in this feature lies the strength 





of the country. It is thought that, provided the 


necessary caution is exercised, the openings for 
advantageous business are not less favourable than 
in other countries. During the year the Polish 
banks refused foreign short date credits which were 
continuously offered from abroad at reasonable 
terms, but repaid to a material extent short term 
loans, as they could not make use of the money. 
No very important internal or external loan trans- 
actions were made during the year; the Swedish 
Match Trust, which exploits the monopoly in 
matches, put up a loan of 32,000,000 dols., with a 
monopoly extension to 1965. The payments in 
connection with internal and external loans were 
carried out by the Government accurately and to the 
full. The public debt is about 102,000,000/., of which 
92 per cent. is foreign, the debt per inhabitant being 
31. 4s. 9d., which is a reasonable figure. During 
the year, there was a small excess of revenue 
over expenditure, and the same is expected for 
1931. The surplus of exports over imports was 
4-3 million pounds, the former being about 
56,000,000/.; the exports were smaller by about 
9,000,000/., and the imports by nearly 20,000,000/. 
During the year there was a curtailment of pro- 
duction, with the consequent reduction in goods 
traffic, in bank discounts, and in trading licences. 
The financial standing of many companies has 
become less satisfactory, handicapping trade and 
increasing the necessity for caution. There has been 
a tendency to decrease credit business and increase 
cash transactions. 
Progress relating to agriculture, public works, 
roads and buildings, was to a material extent held 
up by the absence of long term credits. Political 
anxieties at home and tension with Germany caused 
a temporary flight of capital, increased by the repay- 
ment of short loans. The fiscal policy of the country 
is definitely protective, tariffs being designed to meet 
competition, while export bounties are granted. 
The country serves the 1927 stabilisation loan by 
means of the customs duties. The representatives 
of the Government at Geneva and elsewhere have 
expressed a willingness to lower tariff walls should a 
general movement take place towards reciprocity. 
Some authorities attribute much of the present- 
day depression in Poland to excessive taxation, 
especially to the 24 per cent. turnover tax; there 
are other countries besides Poland about which 
such complaints have been made. Progress has 
been made towards the development of foreign 
trade by the formation of export organisations, the 
syndication of certain industries such as coal, iron, 
steel, cement and timber, and the standardisation 
and control of perishables for export. Russian 
competition has affected Polish trade in foreign 
markets more than at home. Losses incurred by 
some British traders in Poland through bad debts 
must be considered in relation to world trade 
depression. The British Commercial Secretary 
again brings forward certain factors which would 
help towards success, such as competitive prices and 
the need for goods corresponding more to local 
requirements. Credit should be given, provided 
the security is good. Reliable local men with 
special trade knowledge should be engaged as agents. 
A considerable number of British firms doing 
business in Poland are from year to year increasing 
their turnover without augmenting their losses. 

Efforts are being made to bring about a better 
organisation of Polish industry in the use of modern 
equipment, improved commercial methods, and the 
organisation of syndicates. Depression has been 
felt in the textile and steel trades; the building 
trades have been retarded by want of funds. The 
production of coal fell off from 46 million tons to 
37-5 million tons. The sale price for Polish coal 
f.o.b. averaged lls. 6d. a ton; the exports were 
12-8 million tons, of which 8-5 million tons were 
exported by sea, via Gdynia and Danzig. There 
were no coal strikes. Timber exports were affected 
by Soviet dumping and the smaller demand from 
Germany. The output of oil is sufficient for the 
present requirements of the country, and it is 
considered that exports could not be pressed and 
output increased without the acceptance of non- 
remunerative prices. The industry of making petrol 
out of natural gas has made progress. 

Regarding communications, bad trade has affected 





railway traffic, and motor-bus competition has 
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affected passenger traffic. The handing over of 
the railways to an independent company for their 
operation is now under consideration. Two sections 
of the Silesia-Gdynia Railway of a combined length 
of 307 km. have been opened for traffic, and the 
remaining 200 km. is well advanced. It is thought 
that there should be enough export trade to keep 
both Danzig and Gdynia busy. At the latter port 
further progress has been made with regard to 
construction and equipment. Road traffic is 
increasing, there being now about 45,000 motor 
vehicles on the register, of which 4,100 are omni- 
buses and 6,700 motor-cycles. Bad roads and 
careless driving affect the life of vehicles, so that the 
demand for spares is greater than in some countries. 
Many bus owners have only one vehicle. There is 
often a lack of mechanical knowledge on the part 
of the drivers, and the vehicles are often in bad 
repair. An English firm has opened a depot at 
Warsaw for the supply and service maintenance of 
omnibuses and lorries. The motor-cycle trade is 
largely in the hands of British firms. International 
telephone communications have been improved. 

Efforts are being made to bring about the electri- 
fication of the country, but little progress has been 
made since the breakdown of negotiations about 
two years ago. The co-operative movement is 
making headway, cautious management is shown 
by the fact that only 27 per cent. of profits were 
distributed as dividend refunds. It is estimated 
that the cost of living, including rent and clothing, 
for a working class family of five all told at Lodz 
was about 2/. a week in December, 1930. The 
population of Poland is now about 31,500,000, or 
217 to the square mile, the number of unemployed 
is a little over 1 per cent. of the population. 

In examining the report, it is noticeable that 
in connection with trade and industry too much 
stress is often laid on the cost of labour per unit of 
time, as if that were the only factor of competition, 
whereas, in Poland, business is being held up for 
want of capital and its high cost. At present, 
attention is being directed towards Germany, and 
while it is of the utmost importance to that country, 
if not to the whole of Central Europe, that trade 
should increase, there may be noted in the German 
Press, and on the platform, constant criticism of 
that country’s Eastern neighbour, coupled with a 
reluctance to fix up commercial treaties; this 
actually makes it easier for other nations to compete 
in Poland. More friendly trade conditions would 
increase the buying power of both nations all 
round, and relieve the conditions in East Prussia, 
which are due, not so much to the “ Corridor” as 
to the natural refusal of Polish people to buy 
from people who continually -criticise them. In 
view of the present state of German finances, no 
excuse remains for British concerns to continue 
passing their business with Poland through Berlin. 
A strong and stable Poland could become a valuable 
factor in re-establishing the stability and prosperity 
of Central Europe, and everyone will wish the Polish 
people and their leaders well in their efforts to deal 
with their present difficult situation. 
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New Buildings—The main block of the new 
Physics Building, which was completed early in the 
year, marks the first stage of a comprehensive 
scheme to centralise an important Department 
the various sections of which have hitherto been 
inconveniently scattered. An account of the new 
laboratories, which appeared in our columns at the 
time of the official opening,* contains a description 
of many novel and valuable features of design and 
general arrangement, for which Dr. G. W. C. Kaye, 
Superintendent of the Physics Department, has 
been responsible. The transfer of the Heat and 
General Physics Division, previously accommodated 
in Bushy House, is now complete, and includes 
some of the apparatus in use for research work in 
sound and radiology. As regards the remainder of 
the Department, the new architectural layout has 
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been designed with a view to extensions, and it is 
hoped that, in due course, wings will be added to 
house the whole of the Temperature Standardisa- 
tion and Radiology Divisions. The quadrangle will 
be completed by a building for the Acoustics 
Division, and it is expected that a start will be made 
in the coming autumn with the erection of labora- 
tories for the measurement of reverberation and 
sound transmission. 

For this last class of work, experimental chambers 
as far as possible sound-proof are requisite, and it is 
proposed to support the new laboratories on piers 
having an insertion of resilient material in order 
to minimise interference from ground vibrations. 
Dr. F. Aughtie, of the Engineering Department, 
has made tests of five proprietary materials to com- 
pare their suitability for this purpose. These 
tests comprise measurements of compression 
under prolonged static loading, made with the 
object of determining a suitable intensity of loading 
under practical conditions; and measurements 
of the ratio of transmitted to applied amplitude of 
vibration whilst the materials are subject to the 
loading indicated by the first, tests. 

For the static tests, flat slabs of the different 
materials, ranging from 1-5 in. to 3 in. in thickness, 
were compressed in an ordinary testing machine. 
Each sample was taken through a cycle of loading 
between definite limits, and it has been found that, 
except for an initial stage where the deformation 
is relatively large, an approximately linear relation 
holds between load and deflection over a consider- 
able range. At still higher loads, the proportional 
deflection becomes smaller and the material is 
apparently overloaded. In the method of vibration 
testing adopted, a sample of the material is placed 
on a platen carried by a beam, and from a second 
platen resting on top of the sample a load is 
suspended by means of a stirrup. The beam and 
lower platen are caused to vibrate along a vertical 
axis through an amplitude of about 0-001-in. 
Tests have been carried over, a frequency range from 
8 cycles to 35 cycles per second, the wave form 
being closely sinusoidal. Records are taken of the 
amplitude of vibration of both platens. Some of 
the results obtained are summarised in Fig. 17, on 
page 262, in which the ratio of transmitted to applied 
amplitude is plotted against frequency. Starting 
from unity at zero frequency, this ratio rises to a 
well-marked maximum indicating resonance of the 
specimen at a frequency which varies with the 
compression of the material. Beyond resonance, 
the ratio falls rapidly to a fractional value and, at 
the highest frequencies reached in the tests, is 
still decreasing. Experiments now in _ progress 
indicate that the curves for certain materials may, 
under particular conditions, show two or three 
peaks. The effect of doubling the thickness of 
material is mainly to raise the resonance frequency, 
as shown by a comparison of curves 2 and 4. A 
similar influence of increased load on material A 
is shown by curves 1 and 3. The results confirm, 
on the whole, that considerable reductions of 
transmitted amplitude are possible with these 
materials provided the resonance frequency of the 
insertions actually employed in the construction 
of supporting columns is well below that of the 
sustained vibration due to running machinery. 

Sound.—To an increasing extent, the attention 
of the Acoustics Division is being directed towards 
the problems of noise. In this connection, two 
principal avenues of inquiry may be distinguished. 
On the one hand there is the study, by laboratory 
methods, of sources of sound, closely bound up 
with which is the development and _ perfecting 
of methods and apparatus for measuring sound 
intensities. On the other hand, there are the 
investigation of noises under actual field conditions 
and the search for means of reducing human dis- 
comfort. One of the essential preliminaries to a 
systematic inquiry of this sort is a scale on which 
different intensities of sound can be compared. 
In the scale at present employed, loudness is 
expressed as a value in decibels, the significance of 
this “ division” or “ degree” being as follows: If 
two sounds be compared, one of which is n times 
as loud as the other, the range between their 
intensities is log,yn “‘bels’’ or 10 log, n decibels. 
For example, the level of conversational speech 








is about 50 decibels, whilst that of a tube train is 
about 80 decibels. On the basis of these values, 
noise in the tube train is logy ( od (= 1,000) 
times as loud as that of conversation. The audible 
range, from the threshold of normal hearing up to 
noises which are physiologically painful, extends 
over some 130 decibels, and the decibel is approxi- 
mately the least change in loudness perceptible 
to the human ear under ordinary conditions. 

Considerable progress has been made during the 
year in the use and standardisation of portable 
audiometers of the Barkhausen type. In these 
instruments an electrically controlled buzzer pro- 
duces a sound of very constant intensity in a single 
ear-phone. The magnitude of this sound can be 
varied very simply by means of a potentiometer 
wire and sliding contact. The observer listens, 
with one ear, to the earpiece of the instrument, and, 
with the other, to the noise under estimation, and 
adjusts the slider until both sounds appear to be 
of equal intensity. The adjustable contact is 
provided with a dial conveniently graduated in 
decibels. Several of these instruments, in use for 
laboratory work, have been adjusted to a standard 
condition and calibrated by measuring the acoustical 
pressures set up by the telephone note. The 
later patterns have a buzzer note in the region of 
800 cycles persecond. Investigations are in progress 
to determine the settings of these instruments 
corresponding to the average threshold of human 
audibility which is a convenient zero point on the 
decibel scale. 

A lengthy research into the transmission of 
sound through partitions of different materials has 
recently been extended by experiments in which the 
sound is communicated directly to the structure 
of the partition by a mechanical blow as distinct 
from an air-borne vibration. On either side of a 
simple partition, such as a 4} in. brick wall, the 
sound emitted is approximately the same. 

Measurements of the acoustical absorption coeffi- 
cients of materials by a reverberation method have 
confirmed the interesting fact, first observed by 
W. C. Sabine, that the absorbing power of fresh 
plaster wall surfaces increases with the passage 
of time. The loud-speaker used as a source of 
sound, and the microphone for indicating rever- 
berant sound after the cessation of the source, 
are shown in Fig. 18, on page 263. Promising results 
are forthcoming from a chronographic method, in 
which a clock is started at the instant the source of 
séund is switched off. When the reverberant sound 
has decayed to a predetermined intensity, the clock is 
stopped by a relay operated by the microphone 





amplifier. The experiment is repeated with a 
different degree of amplification between the 


microphone and the relay, and the difference gives 
the time required for the sound energy to decay 
by an amount determined by the ratio of the 
amplifications employed in the two cases. By this 
means it is, at present, possible to obtain the time 
required for a decay of about 30 decibels. 


At the request of the Aeronautical Research 
Committee, a detailed study of aircraft noise is 
being made by Dr. A. H. Davis and Mr. E. J. Evans. 
Audiometer estimations have been made both 
during flight, under normal passenger conditions 
in various types of air liners, and on the ground, 
inside and outside the machines. The noise level is 
found to vary considerably according to the type of 
machine, and ranges, on the whole, from 80 to 110 
decibels above the threshold. From the correlation 
of the noise determinations with structural and 
engine features, steady progress is being made in the 
qualitative ascription of noise to such factors as 
engine position, airscrew tip speed and cabin wall 
construction. With regard to the last, which appears 
most readily susceptible of remedial measures, 
laboratory experiments are in progress on the trans- 
mission of sound through light constructions, 
especially those of a composite type, suitable for 
cabin wall construction. Materials already tested 
include panels faced with aluminium or sailcloth, 
the cavity being filled with balsa wool, fine cork 
shavings, or “alfol”’ (a form of aluminium foil 
hung in crinkled folds inside the panel). As in all 
previous tests of this nature,. weight is found 
to be the dominating factor in the reduction of 
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sound transmission. The composite panels show, 
however, a tendency to be better than simple par- 
titions with respect to sounds at high frequencies. 

A few tests, on behalf of the Ministry of Transport, 
of the relative noisiness and stridency of motor 
horns have revealed that sheer loudness is prin- 
cipally responsible for objectionable sound in such 
cases. The demand for model investigations of 
architectural acoustics continues, and tests of this 
character have been carried out in respect of a 
number of public buildings, notably the Salle 
Electorale for the League of Nations at Geneva. 
In the case of the Ulster Parliament Building, now 
in course of construction, tests of the architectural 
features, made some years ago, have recently been 
supplemented by a study of the sound absorption 
due to the upholstery. 

Heat and General Physics.—Dr. G. W. C. Kaye 
and Mr. W. F. Higgins have recently extended their 
fundamental work on the thermal conductivity of 
single crystals of bismuth to ascertain the effect of 
the application of powerful magnetic fields ranging 
in strength up to 23,000 gauss. On account of the 
small air gap between the poles of the electro- 
magnet, the crystal is in the form of a bar, some 10 
em. long by 0-2 sq. em. cross section. This method 
does not lend itself to absolute determinations of 
conductivity, but yields relative values with and 
without the influence of the magnetic field. Tem- 
perature coefficients for single crystals of bismuth, 
for heat flows either perpendicular or parallel to 
the trigonal axis, have also been determined between 
35 deg. and 160 deg. C., and the work is now being 
extended to other materials. 

The importance, in engineering design, of data 
relating to the physical properties of materials 
employed under conditions of high temperature has 
led Mr. R. W. Powell to an investigation, at tem- 
peratures up to 800 deg. or 900 deg. C., of the 
thermal] and electrical conductivities of a number of 
alloys which exhibit good mechanical properties 
at high temperature. With the object of providing 
a standard of comparison for the alloys, repeated 
tests have been made on a specimen of nickel- 
plated Armco iron, for which the electrical and 
thermal conductivities both decrease steadily with 
increase of temperature. 

The maintenance of standard instruments for the 
measurement of temperature is, of course, one of the 
primary functions of national laboratories in this 
and other countries, and the closeness of agreement 
achieved by the various responsible authorities is 
a matter of considerable importance. Great 
interest attaches, consequently, to an international 
intercomparison of the various sections of the inter- 
national temperature scale which is now in progress. 
In connection with this work, Mr. F. H. Schofield 
has recently completed a precise calibration of six 
platinum thermocouples, readings having been taken 
at the melting points of zinc, antimony, silver and 
gold. The thermocouples have already been cali- 
brated at the Bureau of Standards and are now under 
test at the Physikalisch-Technische Reichsanstalt. 
For use in similar work on the resistance-thermome- 
ter section of the international scale, Mr. J. A. Hall 
has designed two quartz-frame platinum thermome- 
ters which are of greatly improved appearance and 
mechanical strength. They will be submitted, in 
due course, for international comparative calibra- 
tion. 

The continued researches of Dr. E. Griffiths and 
Mr. J. H. Awbery on behalf of the Food Investiga- 
tion Board include, at the present time, an investi- 
gation of the heat transmission from a current of 
air at normal temperature to pipes maintained below 
freezing point. Under such conditions, the problem 
is greatly complicated by the deposition of snow on 
the pipe. Changes in humidity and air speed 
produce variations not merely in the thickness, 
but also in the shape, of the snow deposit, both of 
which factors influence the rate of heat transmission. 
A feature of incidental interest is the form of the 
snow deposit. On a cylindrical pipe normal to the 
direction of flow the deposit is not circular, but 
always shows a ridge at the top of the pipe which 
may, doubtless, be associated with the turbulent 
character of the airflow. 

Work in connection with the New Zealand frozen 
meat industry, with which the Physics Department 





has been closely concerned during a number of 
years, has now been completed. The Annual 
Report, for 1930, of the Food Investigation Board 
contains a summary of the broad lines of investiga- 
tion dealing with the transport arrangements and 
storage conditions in New Zealand and Great 
Britain. Experimental work auxiliary to the 
main inquiry, which the Laboratory has undertaken, 
includes the determination of the porosity to water 
vapour of materials suitable for wrapping meat. 
Measurements have also been made of the thermal 
conductivity of the variety of pumice which is the 
principal heat-insulating material in New Zealand 
cold-storage practice. In fact, the industry as a 
whole has been subject to a detailed scrutiny, 
and corresponding improvements may be anticipated 
in the condition and food value of frozen meat sold 
in the home market. Physical problems arising in 
connection with the preservation of fish are now 





some of the light scattered from this surface by the 
deposition of dew. The method appears to be 
highly sensitive and obviates the disadvantages 
frequently attendant on visual observation. The 
task of comparing the wet and dry bulb hygrometer 
with gravimetric and dew-point instruments has 
now been completed, and tables giving the moisture 
content of saturated air from 40 to 100 deg. C. will 
shortly be published by the Physical Society. 
Determination of the Water Content of Fogs.—The 
amount of water present in fogs—a factor influenc- 
ing opacity—is the subject of an investigation for the 
Atmospheric Pollution Research Committee. The 
early stages of this work are concerned with the 
development and trial of suitable apparatus, pre- 
ferably of a portable type for use in natural fogs. 
On account of the infrequency of opportunities for 
work to be carried out in natural fog, a small 
chamber has been equipped for the provision of 




































































Fig. 17. COMPARISON OF VIBRATION INSULATING PROPERTIES 
OF MATERIALS WITH VARYING FREQUENCY 
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beginning to demand attention. By way of example, 
brief reference may be made to a series of tests of 
the drying power of a stream of air under various 
conditions, undertaken to provide a means of com- 
paring the efficiencies of various types of fish- 
smoking chambers. The rate of evaporation from 
a glass bulb, covered with a moistened linen jacket, 
has been found to be proportional to the exposed 
area. At any given air speed, the rate of evapora- 
tion varies with the humidity of the drying stream, 
being proportional to wet-bulb depression. The 
ratio of the rate of evaporation to the wet-bulb 
depression is, however, a function of air speed only, 
and is independent of humidity. It is interesting to 
note that the same evaporation laws hold good, 
whether the material being dried is soaked in water 
orin brine. The accurate determination of humidity 
is, of course, particularly important for experi- 
mental work on fish preservation. At the Torry 
Research Station of the Food Preservation Board, 
an experimental fish-smoking kiln has recently 
been installed, and the Laboratory has been con- 
cerned with the hygrometric equipment necessary 
to indicate, not only the humidity of the ingoing 
and outcoming air, but also the distribution of water 
vapour concentration throughout the smoking 
chamber. An interesting development in humidity 
determinations is the use of a photo-electric cell to 
detect the deposition of dew in hygrometers of the 
dew-point type. In the instrument constructed 
at the N.P.L., light is reflected from a cooled surface, 
and a photo-electric cell is placed so as to receive 
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artificial fog, with an air-circulating plant to which 
steam is supplied. The admixture of a little 
smoke, derived from smouldering sacking near 
the intake of the circulating system, provides 
nuclei for the formation of droplets and produces 
a continuously dense fog. Experiments at present 
in progress are intended to improve on the two 
well-known methods of water-content determination 
proposed by Kohler and Owens. The basic principle 
of the Kohler apparatus is the measurement of the 
humidity of the air by a wet and dry bulb hygro- 
meter after the air has been electrically heated 
sufficiently to evaporate the water droplets consti- 
tuting the fog. Owens’s method consists in measuring 
the differential pressure set up by heating two 
equal volumes of air, one consisting of fog free air 
and the other containing the additional water vapour 
produced by evaporating the fog particles. As 
alternatives to these methods, which exhibit certain 
disadvantages, attention has been directed, in 
particular, to gravimetric and dew-point apparatus. 
In the gravimetric apparatus which determines, 
not the total water content, but only the water 
present in the form of droplets, the foggy air is 
aspirated, at the rate of about 1 cub. ft. per minute, 
through U-tubes containing wetted glass wool, 
which are weighed before and after the passage of 
a known volume of air, as measured by a compact 
form of dry gas meter. The entire apparatus 
constitutes a self-contained unit, and may be 
mounted on a carriage for convenience of transport. 
The proposed dew-point method, which is similar 
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to that of Kohler, save for the manner in which 
humidity is determined, has the advantage that the 
foggy air need not have the high rate of flow essen- 
tial for accurate wet-bulb readings, and there is, 
consequently, less danger of droplets being carried 
over unevaporated. 

Radiology.—The radiological work of the Physics 
Department embraces an increasing range of 
application, and is concerned, nowadays, not only 
with physical research and experimental technique, 
but also with questions arising from medical, engi- 
neering and general industrial practice. To meet 
these demands, the Division is gradually being 
re-equipped with more powerful X-ray generators. 
These are mostly of the valve rectified, condenser 
smoothed type, and have been found satisfactory 
in operation for the production of both heavy 
currents and high voltages. It has also become 
necessary to install new X-ray tubes of higher 
powers than those previously available. 





dioxide trap being inserted between the pump and 
the tube. In amplification of this aspect of the 
research, an oscillograph study is being made, in 
conjunction with the Electricity Department, of the 
behaviour of various types of X-ray tubes under 
different modes of excitation. In the experimental 
method adopted, simultaneous records are taken of 
the voltage across and the current through the 
tube. A few experiments have also been made to 
compare the photographic effects of X-rays excited 
by alternating and constant voltages. 

The work of Dr. G. Shearer and his colleagues, 
Messrs. W. A. Wood, J. Thewlis and C. Wainwright, 
on the utility of X-rays for the solution of industrial 
problems merits the closest attention, not only for 
the new, and often fundamentally important, 
knowledge that is being accumulated, but also for 
the rapidity with which the scope of this technology 
is expanding. The identification of compounds 
from their characteristic X-ray patterns is, of course, 























Fie. 18. APPARATUS FOR ACOUSTICAL MEASUREMENTS BY REVERBERATION. 


The general research on X-ray spectrometry, 
which Mr. I. Backhurst has continued during the 
past year, has an important bearing on engineering 
problems of elasticity and fatigue. It consists, 
mainly, in the determination of the orientation of 
the principal crystal planes of large metal crystals. 
By the rotating-crystal method, previously des- 
cribed,* X-ray analyses of aluminium, iron, silver 
and bismuth have now been completed. A determi- 
nation has also been made of the nature of the 
orientation of the small crystals in a disc cut from 
a bar of rolled aluminium. Laue photographs of 
different parts of the disc, taken at a number of 
orientations, revealed diffraction spots and bands 
indicating the existence of a well-marked (III) 
fibring direction nearly parallel to the axis of the 
disc, together with a much less marked fibring 
direction approximately radial. The orientation in 
a rolled aluminium bar appears to be similar to, 
though somewhat more complex than, that in a 
wire. 

Research into the energetics of X-ray production 
has been extended in two directions. As an initial 
step, an attempt is in progress to obtain evidence 
as to the source of the rays, and more particularly 
with regard to the depth below the surface of the 
target at which the rays originate, so that this 
absorption may be estimated. A special hot- 
cathode X-ray tube has been constructed for the 
purpose, in which the target takes the form of a 
thin foil or leaf of the material under investigation. 
The tube is continuously evacuated by a three-stage 
mercury-vapour pump, an acetone and solid carbon- 
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well-established as an auxiliary to the standard 
procedure of chemical analysis. Circumstances 
occasionally arise, indeed, in which’ the X-ray 
analysis yields distinctly more satisfactory results. 
A case in point is provided by a recent study of a 
number of tungsten-steel residues, which was 
undertaken with a view, firstly, to identifying the 
compounds present, and, secondly, to ascertaining 
how far these compounds were representative of 
the constituents in the untreated steel. In the 
residues, which were prepared by electrolytically 
dissolving the iron in dilute acid and collecting 
the insoluble remainder, were found a tungsten 
carbide, a double carbide (Fe,W.C) and a third 
substance attributed to the silicon content of the 
steels. An estimate of the validity of the residue 
method was secured by comparing the spectra of 
residues obtained under different conditions of 
electrolysis with the spectra of the parent steels. 
It was shown that chemical analysis of the residues, 
as a method of deducing the steel constituents, 
might yield doubtful conclusions. The X-ray 
method, however, controlled by spectra from the 
untreated steel, permitted the elimination of 
spurious substances produced during electrolysis 
and led directly to consistent results. In connection 
with a research into the structure of tungsten 
magnet-steels, as affected by heat-treatment, a 
technique is being developed for obtaining X-ray 
diffraction patterns from steels at high temperature. 
A special camera has been constructed, in which the 
specimen may be heated in an atmosphere of 
argon to a temperature approaching 1000 deg. C. 
without overheating the photographic film. Photo- 
graphs of steel at 900 deg. C. have already been 





taken, and when a systematic collection of photo- 
graphs is complete the results should prove of 
material assistance in the interpretation of existing 
data on the properties of heat-treated materials. 

The effect of grain size on the properties of 
steels is readily susceptible of X-ray analysis. For 
example, grain size as a factor influencing hysteresis 
loss in silicon transformer steels is at present under 
investigation. From another aspect, it has been 
established, by an examination of a series of stainless 
steels of similar composition but varying hardness, 
that the inverse square of the grain size bears a 
linear relation to the hardness number. Thus, for 
the grain sizes studied (of the order 10-5 to 10-6 cm.) 
the hardness of the steel varies inversely as the 
superficial area of the grain. X-ray researches on 
aluminium and copper, to observe the effects of 
rolling and wire-drawing, are now in progress. 
In the case of constantan wire, an influence of 
selective crystal orientation, due to drawing, on the 
temperature-resistance coefficient has been observed. 
Further examples of the range of industrial applica- 
tions of X-ray technology are provided by the 
researches at present proceeding in connection with 
electrolytic deposition of metallic plating, with 
lithophones and paint material, and with the 


-| nature of catalytic agents and the conditions under 


which catalytic action is most effective. 

During the year, the Laboratory has taken an 
active share in the operations of the National 
Radium Commission, involving the testing, storage 
and distribution of some thousands of containers, 
aggregating about 20 grammes of radium of a value 
approaching a quarter of a million pounds. In 
the course of this work a re-determination has been 
made of the wall absorption corrections for the metal 
containers, such as needles and tubes of platinum 
or monel metal, in which radium salts are generally 
enclosed for therapeutic purposes. Experiments 
are also in progress to determine the intensity of 
the radiation which penetrates the protective 
screens and walls of self-protected X-ray tubes used 
in medical practice. For this purpose, a “‘ thimble ” 
chamber, affording entry to rays from all directions, 
has been designed and constructed of thin cello- 
phane coated internally with graphite. As a 
concluding instance of the radiological work of the 
Physics Department, mention may be made of an 
investigation of the crystalline structure of teeth 
which has been undertaken at the request of the 
Dental Research Board. The examination shows 
that, whilst the principal constituent of normal 
teeth is apatite, differences between the dentine and 
the enamel occur in the selective orientation of the 
crystals of which they are composed. 

Optics.—Apart from a considerable volume of 
test work on optical instruments, perhaps the most 
immediately applicable investigations of the Optics 
Division are concerned with colour measurement. 
An analysis of spectrum observations and other 
data has led to specific proposals for the adoption 
of a standard set of mixture curves to define the 
“normal” eye for colorimetric purposes. The 
British Engineering Standards Association has now 
issued a schedule of 57 standard colours for ready- 
mixed paints in which the N.P.L. Specification of 
each colour is given. Assistance has also been given 
to the Fuel Research Station in the specification of 
a set of standard colours for testing coal ash. Since 
individual observers’ departures from normal 
colour vision are, in varying degrees, unavoidable, 
work has been started on the preparation of correct- 
ing filters to eliminate, as far as possible, errors of 
this kind. The theory of such correction was worked 
out some time ago, but its practical development 
has been awaiting a definite criterion of normality. 

On the death of Professor Callendar, the Labora- 
tory undertook the future responsibility for radiation 
measurements formerly carried out by him, including 
the calibration of radiometers for measuring solar 
radiation, testing gas fires and the like. Some of 
the apparatus employed by Professor Callendar 
has been transferred to the Optics Division for 
this purpose, and a considerable amount of pre- 
liminary work has been. carried out during the 
past year in connection with the calibration of these 
instruments and the development of the technique. 


(To be continued.) 
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THE BREAKAGE OF THE _ SIDE 
FRAMES OF LOCOMOTIVES AND 
OF BOGIE TRUCKS. 


By J. D. Twinsrrrow, A.M. Inst.C.E., M.I.Mech.E. 


A DETAILED examination of a number of broken 
frames led to the conclusion that such fractures 
usually resulted from insufficient provision for the 
safe transmission of the horizontal forces which are 
developed by the interaction of the wheels and the 
rails. There is a lack of accurate information 
concerning the intensity of the forces developed at 
running speeds with various wheel arrangements. 
It is, however, obvious that these must be suffi- 
ciently intense to cause the treads of the wheels to 
creep transversely on the heads of the rails, or 
actually to slide thereon when passing over sharp 
curves. 

Mr. A. W. Gibbs, writing on ‘“‘ Characteristics of 
Locomotives” in the Journal of the Franklin 
Institute, October, 1921, states that, on a special 
track fitted with recording devices for indicating the 
lateral forces exerted on the rails, a modern steam 
locomotive at 96 m.p.h. produced impactive forces 
of which the maximum intensity did not exceed 
15 per cent. of the axle load. On the same track 
an electric locomotive, fitted with nose-suspended 
motors, developed lateral pressures amounting to 
40 per cent. of the axle load at 68 m.p.h. This 
result confirms the impression, which is now 
becoming general, that the nose and axle support 
of motors should be eliminated from all schemes for 
electrical operation. Alternative methods of con- 
nection, whereby impact through gear teeth is 
obviated and the lateral play of the axle is not 
hindered by the mass of the motor, are found to 
prolong the useful life of the tyres by 100 per cent., 
with a corresponding reduction in the wear of track. 

A lateral force amounting to 3 tons per axle may 
be about the normal average for British locomo- 
tives. A comparatively light and simple form of 
lateral bracing will suffice for transmitting the shear. 
The bracing should form a continuous structure in 
preference to the application of a number of separate 
self-contained cross-bars. The shear across unbraced 
bays of considerable length imposes secondary 
bending moments on the frame plates, which neces- 
sarily produce high stresses and large deflections in 
material of which the thickness is usually limited 
to 1} in. 

Bogie trucks for passenger and for freight service 
often lack the strength necessary for the trans- 
mission of the horizontal forces with low stress 
and with small deflection. This is particularly 
disadvantageous in passenger cars, where sensible 
deformations of the structure are a frequent cause 
of bad riding and of expenditure on maintenance. 

Cracks, and occasionally complete fractures, are 
frequently observed in the frame plates and in the 
ends of the cross members. These are invariably 
due to the bending moments caused by the shear 
of the horizontal forces when transmitted through 
a structure of rectangular form. 

The efficacy of the lateral bracing may be tested 
by placing the complete frame on its side, with the 
outer edges of the horn-blocks supported on level 
packings, and by measuring the deflections when the 
upper side is loaded by a concentrated dead-weight, 
amounting to, say, 25 per cent. of the gross load 
on the wheel treads. 

Some fractures which occurred in the pressed- 
steel side frames of bogie trucks under passenger 
cars of about 42 tons gross weight, pointed to the 
desirability of estimating the stresses produced by 
the bending moments due to the action of the 
horizontal forces upon the rectangular structure 
represented by the plan of the bogie truck. The 
part plan is shown in Fig..1. The two side 
frames, with axles spaced at 8 ft. 6 in. on a track 
gauge of 5 ft. 6 in., are united by two headstocks 
and two transoms, the width over the frames being 
6 ft. 9 in., and the length overall 14 ft. The position 
of the fractures was at the point where the ends 
of the transom gusset plates land on the flanges of 
the side frame. 

The nature of the deflections arising from the 
application of a horizontal force at the axle-guards 
is indicated in Fig. 2, and that modified by the 
addition of diagonal bracing is shown in Fig. 3. 











Vertical Loads.—The influence of vertical loads|3-7 tons per square inch. There is, in addition, 
can be determined without difficulty. The maxi-| the torsional stress occasioned by the overhang of 
mum load supported by each bearing spring is| each spring bracket, giving a moment of 2-175 tons 
about 4-35 tons, the moment of resistance of the| by 3} in., which is, however, taken up by direct 
side frame where it is not reinforced by the gusset! bending of the headstock at the outer end, and 
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plates is 25 in.*, and in the middle of its length | by the reinforcement of the gusset plates at the 
between the transoms 34-1 in.*. The resulting | inner end without occasioning an important addition 
bending stress at a distance of 27 in. back from the | to the stress. The vertical reaction of the loads 
centre of the axle is 4-7 tons per square inch, |on each brake-block hanger will amount to about 





and on the part between the transom landings |0-5 ton acting at a leverage of about 3} in., the 






















































cnt Ee 











er PS 








Aug. 28, 1931.] 


ENGINEERING. 


205 








resulting torsional moment being taken by the 
side frames at the inner hangers and by the corner 
of the headstock at the outer hangers. The gussets 
between the frame and the transom will provide 
for the transmission of the torsion from the inner 
hangers, but the connection between the upper 


flanges of the headstock and the side frame will | 
| obtained by integrating the areas between each 


require reinforcement at the outer corners. 
Horizontal Loads.—The interaction of the wheel 
treads and the rails communicates a horizontal 
force which, acting on the axle guards at the level 
of the journal bearing, produces a bending moment 
of variable intensity throughout the frame and 
headstock, accompanied by shearing forces acting 
about 3} in. below the middle of the depth of the 
side frame, hence giving rise to additional torsional 
moment therein. The distribution of the bending 
moments depends upon the relative stiffness of the 
different parts of the framing in a horizontal plane. 
It is, therefore, necessary, in the first place, to 
determine the moments of inertia of the frame 
members about a vertical axis. These are indi- 
cated in Fig. 1, and in Figs. 2 and 3 the nature 
of the resulting deflection is shown both for the 
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Fig.5. 
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existing framing and for a modified form with 
diagonal! bracing. 

The method of ascertaining the resulting moments 
is given in Fig.4. The second transom is taken as a 
datum line on which the side frames are assumed to 
be freely supported. Horizontal forces at the axle 
are assumed to act equally on ¢ach side frame with 
equal reactions at the second transom, involving 
reactions amounting to 1-5 times the value of each 
applied load acting through the side frame at the 
corner of each headstock, their directions being 
inwards from one corner and outwards from the 
other. Reactions are imposed upon the first 
transom and on the headstock, and these reactions 
involve similar shears at the second transom and 
proportionate reactions outwards and inwards on 
the ends of the side frames. , 

In order to determine the influence of the one-unit 
load at the axle and of one-unit reaction at the 
transom and at the headstock, respectively, it is 
convenient to imagine the side frames, with the 
loads applied thereto, as rotated through an angle 
of 90 deg., in order that the frames and headstock 
may lie along one straight line and be considered 
as a girder continuous over the abutments and over 
two intermediate points of support. As the loading 
is assumed to be symmetrical, a diagram is drawn 
for one-half only of this girder. 

The moments of inertia are plotted to any con- 
venient scale. The bending moments due to one- 
unit load at axle, to one unit load at transom, and 
to one unit at headstock corner are plotted on 
curves 2, 6, and 10. The resulting curvatures, 
ascertained by dividing the bending moments by 
the moments of inertia, are given by curves 3, 7, and 
1l. By integrating the areas bounded by these 
curves, the slopes are determined, as given by the 
curves 4, 8, and 12. As these slopes are plotted 
from the datum line, the zero of slope is the inclina- 
tion at which the side frame leaves the datum line, 
where it is supposed to be freely supported, but it 
is more convenient to refer this slope to the trans- 
verse axis of the bogie frame, and from Fig. 2 
it will be noted that the middle point of the head- 











stock and its two extremities lie on a line parallel 
to the transverse axis. The required zero of slope 
is, therefore, given by a line which will intercept 
equal areas with the curve of slope between the 
middle point and the extremity of each headstock. 
These zero lines are marked on the diagram. 
Deflections corresponding to the slopes are 


curve and its zero line. The results are given: by 
curves 5, 9, and 13. 

The method of finding the number of units of 
reaction in the transom and in the headstock 
corresponding to one unit of applied force at each 
pair of axle guards is as follows :— 


1 unit load at axle produces a slope in the 
1 





middle of the length of the side frame of 


E x 3845 
1 unit load at transom landing produces a 
slope in the middle of the length of the 
. 1 
side frame of Ex 1370 
1 unit load at junction of side frame and 
headstock produces a slope in the middle 
= 1 
of the length of the side frame of Ex 4730 


In the existing bogies, the force exerted at the 
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axle with the reaction of the transom (R) must 
produce zero slope at the centre point of the frame. 


1370 R = 3845 
8 


The forces which produce horizontal bending 
moments on one-half of the length of each side 
frame and headstock are then :— 


1 unit at axle. 
2-8 units reaction at transom landing. 
1-5 units backward reaction on frame at headstock 
junction. 
2-8 x 0-45 = 1-26 units forward reaction on frame 
at headstock junction. 
The resulting moments are indicated in the 
diagram. The deflections with respect to the datum 
line at the remote transom produced by the applica- 
tions of a load of one unit at the axle and at the 
transom and headstock landings, respectively, are 
as given in the following table :— 











| 
Between Between | 
Headstock Headstock | Between 
_— and Second | and First | Transom 
Transom Transom Landings. 
Landing. Landing. 
1 unit ataxle .. a 255,000 185,000 | 70,000 
1 », transom ay 85,500 A 24,500 
1 », headstock .. 324,500 238,500 86,000 











Note that the actual figures are to be multiplied by the factor 
1/ElI in order to express the result in inches. 

In the case of the braced frame, let the reaction 
against transverse displacement provided by the 
headstock be P,, and that provided by the transom 
be P,. 

Now the slope at the middle of the sideframe 
must be zero. 

1370 Pe + 4730 Pa = 3845 
Pe = 2-8 — 3-45 Ppa 
Also, the resulting deflections between headstock 
and first transom must be equal. 
61 Pz + 238-5 Pa = 185. 
61 (2-8 — 3-45 Pr) + 238-5 Pa = 185 
28-05 Pa = 14-2 
Pr = 0°55 
and Pz = 2:8 — 3:45 x 0-55 = 0°9, 








Also, the reaction of P; at the headstock junction is 


2S * 2. 0-405, and that of P, at the head- 


80 
stock junction is 2 ZO ON 

The resulting curves of bending moment for the 
braced and unbraced frames, respectively, are given 
in the diagram Fig. 5, and the stresses at any 
point are given by the division of the bending 
moment by the moment of resistance of the member 
at the point of reference. 

Deflections under Test Load.—One of the original 
undamaged bogie frames was tested for lateral 
deflection by placing it upon the side, the support 
being a fulcrum bar across the face of the side 
frame and in the same vertical plane as the pivot- 
pin. The lower corner of one headstock was held 
rigidly to a foundation block, and a load of 4,000 lb. 
was applied to the edges of the upper axle guards 
at the end remote from the anchored corner. The 
deflection of the free lower corner was observed at 
the far end of the frame, giving the bending of the 
entire structure when supporting the load of 
4,000 lb. at an overhang of 4 ft. 3 in. 

The deflection produced by the added load was 
0-8 in. A second bogie truck was fitted with 
diagonal stays, as indicated in Fig. 3, and when 
tested in the same manner the observed deflection 
was 0-156 in. 

The result of the investigation and test appeared 
to indicate that the side frame of a bogie truck, 
when in the form of a single rolled or pressed 
member having the web in a vertical plane and with 
self-contained flanges, was deficient in lateral 
strength and rigidity, and that the addition of 
effective horizontal bracing was desirable when 
this type of frame was retained in service under 
vehicles of which the gross weight exceeded 25 
tons. 
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LITERATURE. 

High Speed Steel. By Marcus A. GrossMANN and 
Epear C, Baty. New York: John Wiley and Sons. 
London: Chapman and Hall, Limited. | Price 17s. 6d. 
net. | 

Hicu-sPeep steel may well be regarded as one of 
the most important developments of modern metal- 
lurgy, although it has been in use with little change 
in composition or heat treatment since the begin- 
ning of the present century. Messrs. Grossmann 
and Bain have provided, in the first section of their 
book, a useful review of its manufacture and use, 
based mainly on American practice. In the first 
chapter, they refer to the difference between the 
carbon control in crucible melting in America and 
in this country, due to the respective use of graphite 
and clay pots, the latter giving more uniform 
results. The necessity for care in heating and 
cooling, and also in cogging, is emphasised, including 
the removal of surface defects in the early stages 
of manipulation. This care in heating has to be 
exercised at all stages, while, to secure a satisfactory 
structure, finishing, whether by hammering or 
rolling, must not be carried out at too high a tem- 
perature. The authors deal with annealing, har- 
dening and tempering practice, and the production 
of tools from the bar by forging, machining and 
grinding. 

In the second part, they discuss the nature and 
properties of high-speed steel. They have gathered 
together and arranged systematically a large amount 
of information, supplemented by further experi- 
ments the results of which are lucidly presented. 
The essential property of high-speed steel is the 
possession of red-hardness. It is stated that “ the 
representative metal for practical high-speed cutting 
tools appears to be composed of a matrix, hard at 
elevated temperatures as well as at room tempera- 
tures, which possesses at least traces of plasticity. 
and of very hard particles distributed within the 
matrix.” 

By means of physical tests, equilibrium diagrams 
and numerous photomicrographs, the authors 
examine the constitution of this matrix and the 
hard particles in it, with the effects of different 
treatments and variations in composition, the hard 
particles being a double carbide of iron and tungsten. 
In discussing the constitution of high-speed steel, 
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to secure a simplified diagram, it is considered as a 
ternary alloy, chromium, vanadium and molyb- 
denum being treated as increments of tungsten, 
while cobalt is regarded as an increment of iron, 
the third constituent being carbon. The binary 
diagram for iron and the double carbide is also 
discussed, and a temperature section of the ternary 
diagram given showing the effect of different carbon 
contents on the 25 per cent. tungsten alloy, which 
may be regarded as equivalent to the basis alloy of 
18 per cent. tungsten, 4 per cent. chromium, and 
1 per cent. vanadium. Diagrams are given showing 
the effect on the hardness of different quenching 
and tempering temperatures, clearly demonstrating 
the importance of both. Tempering not only 
removes the internal stresses due to quenching, but 
in almost every case slightly hardens the steel, pro- 
viding the temperature be above about 900 deg. F., 
this effect increasing to a maximum at about 
1,100 deg. F. If, however, the period of tempering 
be unduly prolonged, the steel gradually softens. 
The function of the individual alloying elements is 
next considered, the result of varying the carbon 
content being shown by series of tests on four 
“ 18-4-1 ” alloys with carbon ranging from 0-21 per 
cent. to 0-60 per cent. In the concluding chapter 
an account is given of some of the magnetic 
properties, the X-ray crystallograms, and chemical 
analysis using electrolytic decomposition cells to 
separate the carbide from the solid solution. 





Speisewasser und Speisewasserpflege im neuzeitlichen 
Dampfkraftbetrieb, By R. Stumper. Berlin: Julius 
Springer. [Price 9-60 marks] 

THE ideal feed water for use in steam-boiler instal- 
lations is extremely difficult to obtain in sufficient 
quantity from any natura] source, and although 
some water supplies are of a comparatively high 
degree of purity, most of them require some treat- 
ment in order to ensure that the steam boilers 
using such water suffer the minimum of corrosion. 
Previously, distilled water, free from dissolved 
oxygen, was considered the feed water par excel- 
lence, but more recently, some authorities have 
questioned the practical desirability of using a 
feed-water consisting wholly of chemically pure 
water. Rain water, which is the nearest natural 
approach to distilled water, during its passage 
through the atmosphere dissolves a considerable 
amount of oxygen, which is again liberated when 
the water is heated and exerts powerful corrosive 
effect on the metallic surfaces of the boiler. In the 
vicinity of large towns and industria] areas, rain 
water absorbs the sulphur oxides emitted from 
domestic and factory chimney gases, resulting in 
the formation of small quantities of sulphurous and 
sulphuric acids, which have deleterious effects on 
steam boiler plants. 

This subject has been extensively studied in 
Germany from the theoretica] and practical] points 
of view, and the title of the volume under review 
indicates very clearly the wide and important field 
covered in this work by the author, who is of inter- 
national repute, and who has made a lengthy study 
of problems relating to feed-water treatment. This 
is a further contribution to the already numerous 
works dealing with the subject, and gives a clear 
and highly practical discussion of the fundamental 
principles and many practical problems associated 
with the treatment and use of feed-water in modern 
boiler installations. Reference is made to the 
recent advances in the subject, which have necessi- 
tated an extensive revision of methods and proce- 
dure. The author gives a detailed account of the 
corrosive action exerted by the various impurities 
contained in industrial feed water, particular 
reference being made to the chemical action of acids, 
salts and gases, together with the role of hydrolytic 
and electrolytic action. Valuable data are given in 
a section on molecular dispersion and colloidal 
phenomena in aqueous media. Physical and 
chemical methods of water treatment are discussed ; 
modern methods of feed-water purification and 
treatment are described ; and detailed specifications 
are given for a suitable feed water for industrial 
use. On the whole, satisfactory discrimination 
has been exercised in the selection of the more 
important methods and processes for description. 
In the cases of methods of less importance, references 


to the original papers or to the standard works are 
furnished. The text is profusely illustrated with well- 
drawn diagrams and charts, which considerably 
enhance the value of the volume. Numerous 
references are made throughout the book to the 
original literature, and a full bibliography appears 
as an appendix. 

Few men have had the Jong and varied practical 
experience of modern boiler installations which the 
author of this book has enjoyed, and the distinctive 
value of his work is that he has given us the full 
benefit of his long practical and commercial] study. 
No attempt is made to supersede previous works 
on the subject, and Dr. Stumper has certainly 
carried out very completely his expressed purpose 
of supplementing them. The volume will appeal to 
a wide circle of technica] readers and can be 
thoroughly recommended, as it is the most impor- 
tant recent addition to the literature dealing with 
the treatment of feed-water for steam boilers. 





Electric Clocks. By F. Horr-Jongs, M.I.E.E., F.R.A.S. 

London : N.A.G. Press, Ltd. [Price 12s. 6d. net.] 
ELECTRICAL systems for the operation of clocks 
have found extensive application, there being 
15,000 clocks on the Synchronome system in 
London alone. Electric clocks may be divided 
into three main classes, namely, those in which 
electrical current is used to impel the pendulum 
and rotate the indicating hands so that the winding 
of a spring is dispensed with; weight or spring- 
driven clocks in which the vibrations of the pendulum 
are controlled and regulated by electrical currents 
transmitted automatically from a standard time 
recorder ; and clocks which possess uncontrolled 
mechanism, the proper position of the hands being 
ensured by periodical electrical currents originating 
from a standard. Bain and Wheatstone expended 
considerable time and ingenuity in attempting to 
elaborate systems of electrically-driven clocks in 
circuits, but none of these has secured a lasting 
place. In this volume the author shows how great 
an advance has taken place in the theoretical 
and practical applications of electricity to time- 
recording appliances. As stated by Sir Frank 
Dyson, H.M. Astronomer-Royal, in a well-written 
foreword to the volume, “the application of 
electricity to horology has taken the best part of 
a century to reach success, electricity being more 
easily applied to other problems in connection 
with time than to clocks themselves.” The author 
possesses exceptional qualifications for the task 
he has essayed, having devoted himself to a study 
of the application of electricity to clocks for 35 
years, being, together with the Synchronome 
Company, with whom he is associated, largely 
responsible for the progress made in the electrical 
control and winding of standard clocks used in 
observatories, and in the general mechanism of 
clocks which depend for their operation on electric 
contacts. The development of numerous devices, 
particularly that of the pendulum system used in 
the measurement of mean solar time and its close 
regulation, due to the use of such clocks for the 
transmission of wireless time signals, is one of 
the most important developments in the technology 
of electric clocks in recent years. New material 
has accumulated so rapidly that a full statement 
and discussion of the modern development of 
electric clocks had become desirable, and, as a 
result we have a well-balanced account of the 
subject, embodying the latest developments on the 
theoretical and practical sides. 

The present national electrical engineering 
developments for the generation and distribution of 
light and power, and the linking up of stations, 
implies standardisation of periodicity and consequent 
accurate synchronisation which provides the means 
of wholesale distribution of uniform and accurate 
time records. The author commences with a short 
historical review of the early development of 
electric clocks, and then proceeds to. discuss the 
sympathetic pendulum and synchronisation systems 
in general, which are illustrated and described with 
admirable lucidity and in attractive fashion. 
Subsequent chapters are devoted to an account of 
the independent self-contained clock, of which there 
are several types. A description is given of typical 





methods of maintaining the swing of a pendulum 








by the electro-magnetic attraction or repulsion of 
its bob, controlled by contacts made by the pendu- 
lum itself at every vibration or semi-vibration. 
Further chapters are devoted to self-winding 
clocks, the use of momentum as a means of securing 
the rapid break of an electric current, and the auto- 
matic control of duration of contact by self induction 
of electrical impulse dials. A description of free 
pendulum systems is also given. The book has been 
well produced, the line drawings add to its usefulness, 
and the discriminating reader will find the perusal 
of the volume both stimulating and informative. 





Elements of Chemical Engineering. By W. L. BADGER and 
W. L. McCase. London: McGraw-Hill Publishing 
Company, Limited. [Price 25s. net.] 


TuE establishment of Chairs of Chemical Engineer- 


ing at the University of London and the Imperial , 


College of Science and Technology have focussed 
attention on the rapid progress made during recent 
years in this field of applied science, which is based 
on the fundamental sciences of mathematics, 
physics and chemistry, and their application to the 
solution of the practical problems of industry and a 
knowledge of empiric information which has been 
accumulated by long experience in dealing with 
materials and energy. Chemical engineering should 
not be confused with industrial chemistry, the differ- 
ence between them being brought out very clearly 
by Dr. A. D. Little in the preface to this volume. 
Chemical engineering, although a comparatively 
recent product of our scientific and industrial 
development, has penetrated modern industry, the 
demand arising from the development of those 
manufacturing processes for whose operation a 
knowledge of chemistry was necessary. It is parti- 
cularly concerned with efficient and economical 
production in industrial processes and operations, 
based on the unit operations which constitute a 
chemical process on the industrial scale. 

In reviewing a volume on chemical engineering, 
one is immediately reminded of the classic volume 
and standard work on the subject which appeared in 
1923, namely, The Principles of Chemical Engineer- 
ing, by Walker, Lewis and McAdams, the publication 
of which established the position of chemical 
engineering as a separate entity and formed the 
nucleus of a new study. The volume under review 
has much in common with the older volume, yet 
the theoretical matter is presented from a widely 
different standpoint. Both books cover very 
largely the same ground, the mathematical treat- 
ment of the subject being very similar. However, the 
present volume possesses features which render it 
conspicuous, the methods of studying unit operations 
being presented tersely and lucidly. The descrip- 
tions of various types of equipment and their modern 
development are exceptionally good, and writtenin a 
masterly style, without the aid of intricate chemical 
equations or complicated flow sheets. No reference 
is made to furnace design or gas producers which 
have an indirect connection with unit operations, 
but consideration is given to such unit processes as 
mixing, crystallisation, and conveying, which are 
not included in the earlier work referred to. 
In the section dealing with ‘‘ Humidity and Air 
Conditioning,” a well-reasoned statement is made 
covering the fundamental properties of mixtures 
of air and water vapour, the mechanism of such 
processes and the apparatus in which these pro- 
cesses are carried out. A section of considerable 
interest is devoted to a study of “The Flow of 
Heat,” in which the authors deal with the basic 
mechanisms of heat flow, the general factors in- 
fluencing film coefficients, a consideration of Stefan’s 
Law covering the transfer of heat by radiation, and 
the use of graphical integration in solving heat 
transfer problems. The emphasising of heat transfer 
fundamentals in such a clear manner is an important 
part of this section, and worthy of study. 

The authors are to be congratulated on the clear 
and logical ‘manner in which they have presented 
the fundamentals of the modern mathematical and 
theoretical conceptions of a rapidly developing 
science. The work makes a valuable addition to 
chemical engineering thought by writers who have 
a thorough knowledge of the subject, and who have 
made notable contributions to chemical engineering 
literature in the United States. 
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THE ‘“ TALON ’’ SUSPENSION HOOK. 


In many branches of engineering, the necessity 
rises for some form of adaptable suspension hook 
which can be easily and quickly secured to structural 
steelwork. In steel framed buildings for instance, 
after the first stanchions are erected, some form of 
support is required for water pipes to concrete mixers, 
air pipes to riveters, telephone lines, power cables, 
shuttering for concrete floors, &c. In all cases some 
form of attachment is necessary which can be quickly 
and safely applied to steel joists. The particular 
service required is frequently obtained by using wire 
or tarred string, but these are unsightly and not 
always safe. Iron cleats made to fit the joists can be 
used, but these are rather expensive and frequently 
result in a good deal of lost headroom. In coal mines 
and similar places where cables and pipes have 
to be hung, in almost total darkness, from the girders 
which support the roof, the difficulties are accentuated. 

A simple and ingenious self-locking suspension 
hook, to which the name “‘ Talon”’ has been applied, 
has recently been introduced, and already these hooks 
have been widely adopted in service in coal mines, and 
they have been applied to a considerable extent in other 
industries. The Talon which is made from gal- 
vanized steel, is supplied in two forms known as the 
top and bottom types, respectively. The top type, 
as its name implies, is made for fitting on the top of 
steel joists and as shown in Fig. 1 and Fig. 2, which 
illustrate its application for supporting cable slings. 
It can easily be fitted or removed with one hand without 
the use of any tools. This type of hook makes the 
maximum use of the available height, as cables or pipes 
can be made to sit close to the underside of the joists 
from which they are hung. The bottom type of 
Talon hook, shown in Fig. 2 and Fig. 4, can be 
slipped over the bottom or open flanges of a joist with 
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the same facility as the top type. It will support 
cables or pipes from beams fixed at any angle, and, 
as shown in Fig. 4, will even lock itself in position on a 
vertical flange, additional weight only serving to 
tighten the grip. These fittings, which are produced in 
this country, can be made to fit wooden beams or any 
section of steel joist, They are supplied by Messrs. 
A. B. Steele of Reculver-road, Beltinge, Herne Bay, 
Kent. 


INSTITUTION OF ENGINEERS, AUSTRALIA,—At a recent 
meeting of the Institution of Engineers, Australia, the 
Peter Nicol Russell Medal, one of the highest honours 
in the gift of the Institution, was presented to Mr. H. H. 
Dare, Senior Commissioner for Water Conservation and 
Irrigation, in token of his long and able service in the 
engineering profession. Mr. Dare, who is 64 years of 
age, has been in the service of the New South Wales 
Government for 43 years. 


PROFESSIONAL CLASSES Atp Councit.—The tenth 
annual report, for the year ending April 30, 1931, of the 
Professional Classes Aid Council shows that the year’s 
work reflected the prevailing state of difficulty and depres- 
sion. Not only was the number of applications for assist- 
ance received during the year, namely, 1,095, greater 
than last year, but the amount spent in relief exceeded 
that of any previous year. During the twelve months 
under review, 49 boys and 34 girls received educational 
grants, and 45 students were assisted by grants for training, 
mostly in co-operation with other funds or individuals. 
The Council exists for the relief of distress among the 
professional and other highly-educated classes ; it aims 
at thoroughness of method, and, while immediate 
pecuniary help is given when needed, the aim of the 
Council is to set professional men and women on their 
feet and help them to find permanent employment. The 
Council is composed of representatives from nearly all 
the leading professional bodies, Its offices are at 251, 
Brompton-road, London, 8.W.3. 





EXPERIENCES WITH HIGH- 
PRESSURE BOILER PLANTS. * 
By Dr. MARGUERRE. 

THE description in the course of this lecture of the 
various troubles which we have encountered may give 
the first impression that the operation of a high-pressure 
plant is difficult and expensive. It must, however, be 
definitely made clear that such an opinion is wrong. 
If a similar full statement were made of all the troubles 
experienced with plants working at pressures of 15 
or 16 atmospheres (213 lb. or 228 lb. per square inch), 
it would not give undiluted satisfaction to a third party. 
Besides, our plant at Mannheim? was the first, and the 
operating conditions, due to the high temperature of the 
pulverised fuel firing and the very variable load, were 
exceptionally onerous. Further, the extensive experi- 
ence in America has shown that such fears are abso- 
lutely without foundation. In presenting our experi- 
ence, especially the mistakes made and the means by 
which they have been overcome, I do so in the belief 
that it is not in the general interest that they should not 
be known. 

The greatest difficulties we had were with the corrosion 
of boiler tubes. While the corrosion as such has dis- 
appeared, the different phenomena have not been 
entirely cleared up, so that a somewhat full description 
may be of service in other cases. 

These occurrences happened during 1929, up till the 
beginning of 1930, at a time when the heavy corrosion 
in plants at 30 and 15 atmospheres (427 and 213 Ib. 
per square inch) pressure which has since been made 
public, was still unknown. Our task would have been 
simplified, but for the continually recurring idea that 
we had to deal with something essentially connected 
with a pressure of 100 atmospheres (1,422 lb. per 
square inch). Since about May, 1930, the quantity 
of steam generated corresponded approximately to the 
normal load, being round about 50,000 tons per month. 
The decrease to just over 40,000 tons in November and 
December was due to the increased power supplied 
from hydro-electric plants, and had nothing to do with 
the technical conditions at the works. 

The first boiler, K102, had been in service, about 
1,000 hours when a roof tube ripped open and two 
neighbouring tubes in the combustion chamber showed 
bulges. These three defects lay all together suggesting 
local overheating, although no other indication of this 
was to be found. The bulges were completely filled 
with a mass consisting essentially of iron oxides and 
sodium sulphate. In addition, the tubes had a layer 
of scale 0-3 mm. (0-012 in.) thick on the fire side, 
which contained over 30 per cent. silica and a total of 
about 40 per cent. iron oxides, approximately in equal 
proportions of Fe,0, and Fe,0,. The feed during this 
starting-up period had been practically condensate, 
but one of the turbines had a chronically-leaking con- 
denser. Otherwise, we believed that the chemical 
conditions recommended for extra high-pressure 
operation by the Feed Water Committee of the Associa- 
tion of Boiler Owners (V.G.B.) had been maintained, 
with some addition of sodium sulphate based on the 
experiments of Berl. 

To prevent the formation of scale, the use of phos- 
phate and a soda alkalinity of 200 parts per million, 
was recommended, the existing scale being cleaned out 
and the boiler put back into commission. After 48 
hours. a hissing noise was heard in the combustion 
chamber, in spite of which the boiler was kept at work 
for a further couple of days. No less than eight 
evaporating tubes in the inclined portion of the front 
row were found to be damaged, all the defects being 
again more or less together. The material lodged in the 
bulges consisted almost entirely of iron oxides, approxi- 
mately 66 per cent. Fe,O0, and 20 per cent. Fe,O,. It 
was definitely established that these oxides were not 
produced at the points where they were found, but 
rather that they had accumulated there. After 
scaling, the boiler was again put into service, the 
damaged tubes being replaced. This time sodium 
phosphate was not used, to ensure that there was no 
connection between the latter and the failures. Again, 
after 48 hours further defects appeared, partly in the 
vertical portion of the evaporating tubes and partly 
in the front wall of the combustion chamber, the con- 
dition of the tubes being as before. 

The explanation arrived at for the sudden failure 
after commencing the use of phosphate was that the 
scale loosened by the action of the phosphate settled 
again in the tubes, causing overheating. The loose 
scale had obviously not been all removed on the first 
shut-down after using phosphate. Examination of 
the drums showed that they contained a certain amount 
of sediment. and we decided not only again thoroughly to 
clean out the tubes, but also to scale the drums with the 
utmost care. Thereafter, the boiler was restarted and 

* Abstract of a report presented at the annual meeting 
of the German Association of Boiler Owners, on April 22, 
1931. See page 241, ante. 

{ ENGINEERING, vol. exxviii, 1929, pages.225 and 312. 











268 





ENGINEERING. 





[AuG. 28, 1931. 











ran for 830 hours, when one of the side cooler tubes | peared in the evaporating tubes. Those in the tubes 
bulged and failed exactly as formerly. After a further | lying towards the front were intermediate in character 


700 hours, a tube failed on the other side of the com- 


between the two types already mentioned. In the 


bustion chamber, followed by a similar failure after | meantime, local failures occurred in the back portion 
another 200 hours. The cause of these troubles was} of the side walls of the combustion chamber. These 


considered to be that the tubes had not been thoroughly 
cleaned out, as it had been shown that it was possible 


furnished the first evidence that the local defects were 
due to faulty circulation, the previous irregular wander- 





for a thin layer of scale to be left at bends, even after | ing about of the failures throughout the boiler having 
being run through twice. The whole boiler was, there- appeared to exclude this cause. An indication of the 
fore, again most thoroughly scaled to ensure removal | enormous variations in the processes inside the boiler 


of all traces of old deposits. 


| is given by the scale found inside these tubes. Several 


A further test was made using phosphate, the drums | layers of quite different constitutions were found over 
being opened after eight days’ working. Since nothing | one another in the bulges, some of them showing well 
of import was to be seen, the use of phosphate was | over 70 per cent. of copper oxide, whilst others con- 


continued on this boiler, K102, and also commenced 
on boiler K101. Within 48 hours quite serious damage 
occurred in the latter boiler, no fewer than 40 large 
bulges appearing on the evaporating tubes. It need 
cause no surprise that we gave up the use of phosphate, 
especially as a few days later a defect was found in 
boiler K102, experiments being then conducted in an 
autoclave at 100 atmospheres pressure to clear up the 
contradictory results. About the same time, we found 
that our boilers—without phosphate—were producing 
sulphuretted hydrogen, this being first noticed by the 


smell. Experiments by Professor Mohr have shown | 


that this is not due to the high pressure. 


The picture was not made any clearer by a failure | 


at the back corner of the combustion chamber 550 
hours after the use of phosphate was discontinued. In 


| tained practically none. The layers which contained 
| only a little copper oxide consisted mainly of Fe,0,. 
| In these cases also there were corrosion grooves in the 
| tubes. 

Although we naturally continually sought to reduce 
the quantity of oxygen in the water we 
did not consider that a decisive factor in 

| regard to the corrosion was to be found 
| in this, especially as published results 
|were available from America (Mil- 
| waukee*), according to which entirely 
satisfactory operation ought to be pos- 
| sible with 0-14 mg. of oxygen per litre. 
The amount by which this was exceeded 
|in our plant did not appear to us to be 


| sufficient to explain the exceptionally 


Fig. 7. WATER CIRCULATION IN BOILER K.102 
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Fi ig. 2. WATER VELOCITY AT THE TUBE INLETS INBOTTOM 
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this case, instead of the thick bulges filled with an | 
insulating mass. behind which the tube walls had a 
definite thickness, the material of the tube had simply 
vanished with the formation of a groove, the thickness 
near the crack being less than | mm. There was no 
sign of the pockmark corrosion, nor of accumulations, 
as formerly. The tubes which first failed in this 
manner had already been once changed, having only 
been in service for about 770 hours, and there was no 
question of defective material or manufacture. After 
a further 225 hours, failures occurred, which, for the 
first time, were not in the combustion chamber, but 
in the 4th, 5th, and 6th rows of tubes. The defects 
were on the fire side of the inclined portion of the tubes 
and lay together in a group. The period of operation 
up to the first appearance of this second type of failure 
was about 4,000 hours. In this case also the material 
appeared to vanish, the comparatively thin black 
crystalline layer consisted almost exclusively of Fe,O,. 
A little scale was also found. 

After a further quite short period of service of only 
300 hours, similar defects to those last described ap- 






















indirectly, sodium sulphate being employed as a pro- 
tection against any leakage of oxygen, in spite of all 
carefulness. We do not object to sodium sulphate, 
as this gives a certain amount of protection, as shown 
by Berl’s investigations, confirmed by our own experi- 
ence during the initial period. We, therefore, draw 
the conclusion that it is necessary to reduce the oxygen 
to less than 0-02 mg. to 0-03 mg. per litre, which is 
quite possible by exercising care in operation and using 
sodium sulphite. My observations in America have 
completely confirmed this value obtained by experience, 
although various differences in practice occur there 
as between one plant and another. I might take this 
opportunity of pointing out that the difficulties in 
keeping the oxygen at a low figure are greatest when 
using evaporating plants for make-up feed. 

The water circulation, as well as the condition of the 
| feed, had naturally always been kept in mind as a 
| possible cause of corrosion. So far as the failures in 





Fig. 6. WATER CIRCULATION IN BOILER K.101. 
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ALTERATIONS IN THE TOP DRUM OF BOILER K !02. 
BEFORE ALTERATION. 





rapid corrosion, as also the fact that this corrosion was 
always localised on each occasion, but wandered about 
the whole boiler from one failure to the next. Further, 
during the first 1,000 hours, when the amount of oxygen 
was, without doubt, higher, nothing happened; it is 
true that at that time sodium sulphate was added to 
the feed water. Experience showed, however, that 
approximately coinciding with the reduction of the 
oxygen in the feed water to considerably less than 
0-1 mg. per litre, the failures with the large accumula- 
tions of corrosion products disappeared, although at 
the same time the failures of the other type commenced. 
The soda alkalinity was increased at this period, 
although the measurement of this was open to 
question. 

I would, however, call attention to the fact that 
we have again reduced the soda alkalinity, now cor- 
rectly determined, the average value being 100 parts 
per million, and at the same time increased the pro- 
portion of sodium sulphite. The latter has been done 








* See ENGINEERING, vol. cxxv, page 56, (1928). 





AFTER ALTERATION. 





the combustion chamber were concerned, insufficient 
circulation was out of the question, in view of the ex- 
ceptionally generous proportions we had adopted for 
the downtakes, but the failures in the rear evaporating 
tubes brought this subject again to the fore. In the 
tube rows in which the failures occurred, the undamaged 
tubes contained large amounts of corrosion products. 
Fig. 1 shows the circulation in boiler K102, and Fig. 2 
the water velocity in the different rows of tubes, as 
calculated by Professor Loschge. The amount of 
scale from row No. 6 immediately in front of the 
partition wall, was considerably greater than that 
from neighbouring rows. Calculation showed that 
this tube lay in the region in which circulation was 
reversible, and it is probable that the partition wall 
caused it to be excessively heated. We, therefore, 
concluded that the failures in the rear portion of the 
boiler were due to stagnation, combined with high gas 
temperatures. In the meantime, however, tube 
failures occurred in the combustion chamber of the 
third boiler K104, which had been put into commission 
at the beginning of 1930. In this boiler,a different 
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system of water circulation had already been adopted, 
and, further, no oxygen had been admitted with the 
feed. The failures in this case were intermediate 
between the two main types found in boiler K102. 
The experiments with the autoclave not having con- 
tributed much to a solution of the troubles, it was 
decided to study the conditions in America, where 
there were many extra high-pressure plants in opera- 
tion. The result can be stated briefly that in the 
boilers in America, no tubes in which the circulation 
was doubtful were strongly heated. All boilers had 
well-cooled combustion chambers, so that the gases 
were already at moderate temperatures when they 
reached the first rows of tubes. This was not possible 
with the short flame fine coal which we use ; our circu- 
lation troubles might not have arisen with another fuel, 
an interesting indication of the many-sided relation- 
ships within a boiler. The only high-pressure plant 
in America in which considerable difficulties arose with 





sections axially, definitely separating the front rows of 
tubes from the feed supply, so that they cannot act as 
downtakes. The axial divisions further served to 
prevent local short-circuiting through neighbouring 
rows, which are, of course, heated to different extents. 
In this case also the rear rows of tubes were partly 
increased in cross-section. The combustion chamber 
tubes in boiler K104 were connected to the bottom 
drum, with the result that they acted as risers in parallel 
with the front rows of tubes. From the failures which 
occurred, it must be assumed that the front evaporating 
tubes did not get sufficient water. They were first 
replaced by tubes of molybdenum steel of larger section, 
after which failures of the former nature did not occur 
again. Subsequently, the water to the combustion 
chamber was provided by special external downtakes 
from the top drum, small distribution chambers being 
partitioned off at the ends of the bottom drum. This 
method of connecting the top drum to the combustion 


ALTERATIONS IN THE TOP DRUM OF BOILER K IOI. 
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Fig. i1. ALTERED WATER.CIRCULATION IN BOILER K 104. Fig.13. CIRCULATION SYSTEM FOR THE 
l PROTECTION OF THE SUPERHEATER. 
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regard to corrosion, is the one at Milwaukee. These 
have disappeared since all traces of oxygen have been 
removed from the feed water. 

Although all the causes for corrosion were not satis- 
factorily explained, the importance of the water 
circulation and of the temperature distribution seemed 
to us to be so definite that the circulation must be 
altered; the section of the downtake tubes was in- 
creased, in order to withdraw the ‘“ neutral’ tubes 
into the zones of cooler gases, and, in addition, altera- 
tions were made in the drums to ensure that the tubes 
acted either as downtakes or risers. In the case of 
boiler K102, the original arrangement inside the drum, 
shown in Fig. 3, was altered to that illustrated in 
Figs. 4 and 5. From this it will be seen that the down- 
takes were directly connected to the feed trough, 
while provision was made to reduce the priming to 
which this boiler was liable. The conditions were 
more difficult with boiler K101, owing to the longi- 
tudinal arrangement of the drums, as in Fig. 6. This 
boiler had at first a simple feed distributor, while 
the tubes from the combustion chamber were extended 
to deliver above the water level, as in Figs. 7 and 8. 
Instead of this, the whole front of the drum, to beyond 
the partition wall, was provided with a trough-like con- 
struction, shown in Figs. 9 and 10, divided into 
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chamber was adopted for constructional reasons. In 
addition, the rear rows of downtakes were replaced by 
molybdenum steel tubes of larger section. The altera- 
tions in the circulation in this boiler are shown in 
Fig. 11. 

These alterations, which have had the desired effect, 
in view of subsequent experience, have shown that 
it is possible to obtain absolutely satisfactory circula- 
tion at the highest pressures with two-drum boilers, 
without having recourse to the expensive constructions 
which have been adopted elsewhere. 

I wish to refer again briefly to the chemical side of 
operation. The failures due to faulty circulation first 
arose after more than 4,000 hours’ operation, and seem, 
therefore, to belong to those things which take a long 
time to make themselves apparent. They were already 
much reduced before the constructional alterations 
were made. In this period we had considerably 
decreased the soda alkalinity, whilst there was further 
hardly any trace of oxygen in the feed; what there was 
being neutralised by sodium sulphite. It cannot be 
assumed that the lower alkalinity reduced the tendency 
to corrosion; it was rather adopted to decrease the 








possibility of priming. The reduced circulation attack 
can either be attributed to the effect of even small 
traces of oxygen in facilitating the commencement of 
corrosion or to the fact that sodium sulphate, which 
we now have constantly in the boiler in not inappreci- 
able concentrations, does actually exert a protective 
influence. 

Oxygen and defective circulation mutually assist 
in causing corrosion. The conclusion must not be 
drawn that defective circulation can be overcome by 
excessive care in regard to oxygen content during 
operation, so that, for instance, corrosion troubles first 
arise after the expiry of the guarantee period. On the 
contrary, in my opinion, the purchaser of a boiler is 
absolutely justified in demanding that the circulation 
should be beyond dispute, and can reject complaints 
on the part of the supplier that corrosion is due to 
oxygen in the feed. In our case the oxygen in the feed 
water is now less than 0-01 mg. per litre. No corrosion 
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has so far been found in the economisers, the 
feed water being heated from 200 deg. C. to 
270 deg. C. (392 deg. F. to 518 deg. F.) in 
wrought-iron coils. 

We are still not quite clear on the question 
of the use of phosphate. Our experience that 
considerable damage arose through loosening 
of scale, following the addition of phosphate 
is strongly supported by the fact that the 
Americans, who use phosphate throughout, 
treat the cleaned boiler completely with 
caustic before putting it into service. This 
procedure we decided upon after the 
alterations to the circulation in our boilers. 
We use phosphate, but have not yet attained 

' the desired result. Scale is occasionally 
Boller formed, due to the condensers, which are 
still not always free from leakage. The 
reason for this formation of scale requires 
further investigation. It is assumed that 
there is some connection with the sulphate 
concentration resulting from the use of 
sulphite. 

Whilst explanations are not yet available 
for all details, we can certainly conclude 
that the operation of high pressure boilers 
is to-day absolutely free from objection, and 
no longer offers difficulties. Comparing our 
corrosion troubles with those in plants at 
pressures of 15, 30 and 40 atmospheres 


Grculating Pump (213 lb., 427 lb. and 569 lb. per square 
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inch), it may be regarded as established 
that there is no fundamental connection between 
corrosion and high pressure as such. 

It would have been hardly possible to carry out the 
alterations already described had we not adopted 
molybdenum steel tubes. These had been employed 
experimentally in the combustion chamber of the 
third boiler. These special steels had been’ formerly 
mainly used for superheaters, whilst we have employed 
the steel TH31 of the United Steel Works, a chrome- 
molybdenum and a molybdenum steel of Krupp’s. 
The principal advantage of the molybdenum steel is 
that appreciably thinner tubes can be used owing to the 
higher yield point when hot. Tubes with an external 
diameter of 70 mm. (2} in.), which require a thickness 
of 8-5 mm. (0-335 in.) in mild steel, have a higher 
factor of safety under working conditions with a thick- 
ness of 5-5 mm. (0-216 in.) in molybdenum steel, giving 
an increase in sectional area of 24 per cent. The 
working stresses in the combustion chamber tubes are 
less, owing to the reduction in the expansion stresses 
due to the transmission of heat. Finally, the tubes, 
owing to being lighter, are no more expensive than 
those of ordinary steel. 








ENGINEERING. 


[AuG. 28, 1931. 








Our plant, besides having high pressure, was one of 
the few in which the temperature was at the same 
time raised to 470 deg. C. (878 deg. F.). In operation, 
it has been kept on the average between 460 deg. C. 
and 470 deg. C. Two questions disturbed us from the 
first, in connection with the superheater, apart from 
that of the general durability. From economical con- 
siderations there was that of the uniformity of super- 
heat at reduced loads and, secondly, the possibility of 
excessive temperature, especially in starting up. In 
order to attain the high temperature, the superheater 
had to be brought nearer to the combustion chamber 
than usual, and also worked in the neighbourhood of 
temperatures which were unfavourable to the material. 

In order to maintain a constant temperature, the 
superheater was made in two sections from the start, 
with water injection between them, controlled by a | 
thermostat. The superheater was designed to give 
excess temperature at full load, which could be reduced | 
to the normal value by spraying. The boiler generally | 
operated at high loads, so that water injection would 
have been in use most of the time. Owing to the corro- | 
sion troubles, various chemical additions were being 
made experimentally to the feed water, and we feared | 
that the superheater, no longer receiving pure water, 
would gradually scale up; consequently, this system 
of regulating the temperature was only employed to a 
limited extent. The superheater was adjusted to 
give a temperature of 470 deg. C. at a load of 134,400 Ib. 
of steam per hour, so that water injection was only 
needed at maximum production. At partial loads we 
contented ourselves with the reduced temperatures 
which were obtained. No fouling of the superheater 
was established. 

The section of the superheater working up to 400 deg. 
C. (752 deg. F.) was made of mild steel, while the 
higher temperature section was made of 3 per cent. 
nickel steel for lack of a better material at the time. 
Only one of the two nickel steel superheaters has been in 
operation for a long period, the other, owing to excessive 
pressure drop, having had to be replaced, use being then 
made of chrome-molybdenum steel which had become 
available in the meantime. Subsequently, a number 
of coils of Sicromal 8 (United Steel Works) were in- 
stalled. 

The question of creep in the case of nickel steel is by 
no means without practical considerations. The two 
tubes shown in section in Fig. 12, were originally the 
same diameter, but one of them expanded in operation ; 
the outer surface in the neighbourhood of a split is 
shown in the top portion of the illustration. Such 
expansion in the course of a few thousand hours indi- 
cates that even with nickel steel the frequently- 
recurring temperature of at least 550 deg. C. (1,022 | 
deg. F.) is too high. This expansion was not distri- | 
buted uniformly throughout the whole superheater, | 
but cases occur which can be explained, apart from 
irregularities, by the length of the oil flame used in 
starting up and by the flow of the flue gases through the 
superheater passages. 

On account of the long time required to attain the 
pressure of 100 atmospheres (1,422 lb. per square inch) 
in starting up, and the closeness of the superheater to 
the combustion chamber, special precautions are 
necessary when heating up from cold. Not only did 
we fill the superheater with water, but a complete | 
circulation system was arranged as shown in Fig. 13. | 
It was intended to change over at a pressure of 80 to 
90 atmospheres (1,138 lb. to 1,280 lb. per square inch), 
all the water to be then quickly forced out of the super- | 
heater. A closer examination made after the first 
discovery of the enlarged tubes showed that there was 
a difficulty in this. If the major portion of the super- 
heater is clear of water, but from any cause some 
remains in a number of the tubes, there is only available 
for emptying them the pressure drop of the steam in the 
tubes through which it is already flowing. So long as 
the steam produced is not much, this pressure drop is 
by no means sufficient to empty the vertical coils 
having a length of 6 m. to 7 m. (19 ft. 8 in. to 23 ft.). 
We had accordingly to alter our starting-up programme, 
changing over at much lower pressures, of 30 to 50 atmos- 
pheres (427 lb. to 711 Ib. per square inch), at which 
the volume of steam is greater; whereby the object 
desired in filling the superheater is partially lost. This 
and the following remarks only apply to starting up 
from cold. After an over-night shut down of 6 hours to 
8 hours, in which the pressure only falls by 20 to 30 
atmospheres (284 lb. to 427 Ib. per square inch), the 
boiler is put into service again without filling the super- 
heater and without any difficulty. This difficulty in 
emptying did not explain the expansion of large por- 
tions of the nickel steel superheater, and a thorough 
investigation showed that temperatures of 550 deg. C. 
(1,022 deg. F.) and more are attained unless very 
special care is taken. It was found, however, quite 
possible to keep the superheat within reasonable limits, 
so that there was no risk, by employing suitable means, 
especially by increasing the flow of steam and by in- 
creasing the time allowed for starting up. In any case, 
it cannot be regarded as a poor performance to put a 








‘of dealing with this situation. 


|increased, causing instability and shocks which en- 


156,800 extra high-pressure boiler on the steam main in 
about an hour and a half from cold. 

Finally, reference may be made to the obvious 
objection that the use of expensive steels, such as 
Sicromal, increases the cost of the boiler. If these are 
only used for the high temperature section, bearing in 
mind the reduced weight, the extra only amounts to 
about 1 per cent. of the total cost of the complete 
boiler. 

The constant pressure steam accumulator at Mann- 
heim has a capacity of 5,000 kw.-hr. and has been of 
special importance in the operation of our high- 
pressure plant. It is possible to increase the load 
from 14,000 kw. to 24,000 kw. (the average being 
20,300 kw.) to meet the peak of the lighting load, or 
alternatively to tide over until further boilers have 
been started up in the event of failure of supply to 
the grid from other sources. Owing to the present 
low station load, the medium pressure boilers are com- 
pletely shut down, so that there is no reserve at this 
stage to smooth out fluctuations in demand. The 
constant pressure accumulator has proved fully capable 
The capacity in kilo- 
watt-hours per cubic metre is twice to three times that 
of a Ruths accumulator. 

The feed pumps are a very important factor in high- 
pressure plants, both from constructional considera- 
tions and on account of the power required. In our 
case, the feed pumps have to work at a temperature 
of 200 deg. C. (392 deg. F.), causing considerable 


Fig.14, 5" FEED REGULATING 
VALVE 
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tendency to erosion of the impellers, &c. The operat- 
ing difficulties on this account have been mainly a 
question of maintenance costs, no interruption in 
service having been occasioned. On the other hand, 
the question of the power absorbed by the pumps has 
not been satisfactorily solved. Originally, the delivery 
head of the pumps did not fall steadily as the quantity 


dangered the operation. A satisfactory characteristic 
curve was only secured after a number of experiments 
and only at the expense of a lower efficiency at reduced 
loads, the guaranteed figure of 60 per cent. at full load 
being practically attained with a delivery of 157,000 
to 180,000 lb. per hour. A flat characteristic, which has | 
been secured in modern pumps by Messrs. Klein, 
Schanzlin and Becker, is especially important for a 
high-pressure boiler. In the first place, there is the 
saving in power at low loads. Further, the charac- 
teristic of a feed pump is exactly the opposite to what 
it should be. Owing to the reduced resistance in the 
feed piping, the pressure required to force the water 
through is reduced at low loads, whereas, under these 
conditions, the pump delivery pressure at constant 
speed increases. The result is that the feed valve has to 
control pressure differences which fluctuate between 5 
and 20 atmospheres (71 lb. and 284 lb. per square 
inch), or even more, increasing the difficulties of auto- 
matic feed regulation. 

So far as the reliability of the pumps is concerned, I 
may state that we have been able to abandon the original 
intention of always running two pumps together. Two 
pumps are now only used when necessitated by the 
demand for feed, a matter of some economic impor- 
tance on account of the poor efficiency at low loads. 

The cut-off apparatus for steam at 100 atmospheres 
(1,422 Ib. per square inch), and 470 deg. C. (978 deg. F.), 
which has been considerably used owing to fluctuations 
in operation, has not been altogether satisfactory, 





mainly on account of temperature rather than pressure. 
The inserted jointing rings made of V2A material have 
all split. The difference of expansion between these 
special steels and the casings is so great at 470 deg. C. 
that durability is impossible. Better results were 
obtained with rings of ordinary steel on to which ribs 
of V2A had been welded, though these were also not 
altogether satisfactory. Tests with so-called elastic 
joint rings of Klingerit covered with nickel have not 
led to a final c6nclusion. We consider the metallic 
rings are most likely to be successful, especially perhaps 
using V5M material instead of V2A. In comparing our 
experience with that of others, it must be borne in 
mind that our fittings have diameters of 125 mm. and 
175 mm. (44% in. and 6% in.), whilst in America the 
temperature rarely much exceeds 400 deg. C. (752 
deg. F.). At the same time, the effect of these troubles 
is not great on the economy of the process, the main- 
tenance costs of the high-pressure fittings being about 
4d. higher per 2,240 lb. of steam than for a pressure of 
20 atmospheres (284 lb. per square inch). We have 
also had some erosion of water fittings, but only where 
these are used for regulating. Fig. 14 shows the 
alteration made to a 5-in. feed regulating valve, the 
erosion being removed from the valve seat to a special 
throttling extension. 

In addition to the leakages at valves, those at flanges, 
especially in starting up, are to be noted. Under present 
conditions of low load, these leakages possess a certain 
importance from the point of view of economy. It is 


Fig.15. ORIGINAL TYPE OF FLANGE 
CONNECTION 









(2765. kK) 
“ENGINEERING” 


Fig.16. LATEST TYPE OF FLANGE 
CONNECTION. 
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to be borne in mind that although the critical relation 
of pressure exists, 7.e., the velocity through a leak is 
constant, the quantity of steam lost is approximately 
proportional to the pressure, owing to the greater 
density of the escaping steam. The first type of flange 
connection employed by us is shown in Fig. 15, this 
being used for most of the plant. This was based on 
tests of the expansion of flanges and bolts, but leakages 
occurred regularly during heating up the pipes, due to 
unequal heating inside the pipes, such as through 
condensed water at the bottom of a pipe. For the most 
part, the flanges became tight when fully warmed up, 
but not in every case. The best jointing material 
found, so far, has been soft grooved iron; Monel-metal 
joints have split completely. We are still experi- 
menting with other jointing materials. The conditions 
are much better with the new type of flange connection, 
Fig. 16. The welded connection of the jumped-up 
tube ends is absolutely satisfactory, as are also the 
connections to the casings of fittings. 

The difficulties with high-pressure plants call, not 
only for first-class construction, but, even more, for 
first-class maintenance. The necessity for accurate 
workmanship is greater with high pressure, and it 
takes a really long time for the workmen and their 
superiors to get accustomed to this. The more this 
is recognised, the more do the maintenance costs fall. 
It may be of interest that during the past year, when 
everything was not in proper working, especially in 
regard to the firing, the maintenance and service costs 
amounted to about 6d. per 2,240 lb. of steam produced, 
using hard coal. This figure does not include the 
maintenance of the pulverising plant, but covers 
repairs and renewals to the combustion chamber which 
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THE JINJA BRIDGE OVER THE NILE, UGANDA. 
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were considerable owing to the high temperature 
resulting from the use of short flame coal. The costs 
would have been considerably lower had a coal rich 
in gas been used. From our experience, we can 
associate ourselves with the statement made by Mr. 
George Orrok, at the World Power Conference, that 
the maintenance costs of high-pressure plants are on 
the average no higher than those of medium-pressure 
plants. 


RAILWAY DEVELOPMENTS IN EAST) 


AFRICA. 


As is perhaps only natural on a continent, large 
tracts of which still remain, if not altogether undis- 


covered, at least unsurveyed, railway development in | 


Africa has spread inland from the coast on widely 


divergent lines, and has been mainly directed to pro- | 
viding convenient, rapid and economic communication | 


between the hinterland and the ports, so that produce 
can be brought down for shipment overseas, and the 
necessary imports conveyed in the reverse direction. 
Working on these limited lines, however, the mileage 
constructed is not inconsiderable, and, taking East 
Africa as an example, reaches 1,393 in Kenya and 
Uganda and 1,249 in Tanganyika. These two systems 
are based on the ports of Mombasa, Tanga and Dar-es- 
Salaam, and are also connected at Moshi, some 220 
miles inland, an arrangement which, for some reason 
that is not altogether clear, has resulted in the majority 
of the high-price imports being handled by the Kenya 
and Uganda Railways and the less profitable goods 


by the Tanganyika system. The effect has been that 
| while the gross receipts of the former amount to 
| 1,661-471. per mile, those on the latter are as low as 
| 618-20, 

| he position is, in fact, so unsatisfactory, that 
| the Colonial Office recently appointed Brigadier-General 
| F. D. Hammond to inspect and report on the whole 
| problem, and this expert reached the conclusion that 


| the gross receipts could only be increased by expend- | 


|ing further capital; in other words, by adopting a 
| well thought-out programme of development. In 
addition, it is suggested that the line from Tanga to 
| Arusha in Tanganyika, with the port at the former 
| place, should be handed over to the Uganda Railway 
for operating purposes, and we understand that the 
ways and means of effecting this transfer and of 
| securing the economies which, it is hoped, will 
result therefrom, are being considered by the general 
managers of the two railways concerned. Closer 
| working between the two systems is also envisaged 
in a proposal to construct a railway from Kahama, just 
south of Mwanza, and running round the west side 
of Lake Victoria to the Uganda border, while this idea 
is carried still further by the suggestion that the rail- 
ways of Kenya, Uganda, Tanganyika and Rhodesia, 
| should be connected by an “ Imperial Link.’ At the 
present time this, however, seems too ambitious a 
project, for, as General Hammond points out, for 
| geographical reasons, any such line would mainly be 
used for passenger purposes and would not have the 
strong economic justification that made the Cape to 
‘Cairo railway attractive. 


In Uganda itself, an important development is the 
recent extension of the Kenya and Uganda Railway, 
from Jinja to Kampala. shown in the map Fig. 2 annexed. 
Kampala, is the chief commercial centre of Uganda, 
| with thickly-populated country surrounding it. It thus 
obtains direct railway connection with Mombasa, while 
| the new line will serve districts which are already pro- 
ducing sugar, power alcohol, coffee, rubber and timber, 
and should help to stimulate settlement in the southern 
Kyagwe district. Until the opening of this extension, 
| communication from the east, both with Kampala and 
| Entebbe, the Government administrative headquarters, 
| was maintained by steamer from Ki-umu, the original 
| 
| 


terminus of the Kenya and Uganda Railway. This 
service will still be continued for tourist purposes, 
| but it lost its commercial importance when the railway 
| was extended from Nakuru Junction to Jinja in 1928, 
| and still more when a bridge was recently opened across 
| the Nile, just below the Ripon Falls. 
| As will be seen from Fig. 1, above, the appearance of 
| this bridge renders it not unworthy to span one of the 
| most historic of the world’s rivers. It is also interest- 
ing from the fact that it is the only bridge across the 
Nile between its source and Kosti, some 1,300 miles 
down stream. It consists of a spandril arch, 260 ft. 
2 in. long, which is connected at each end to a 100-ft. 
approach span. The railway is carried on a top deck, 
so that it is 69 ft. above the flood level, while a 20-ft. 
roadway is suspended therefrom, as shown, 24 ft. below. 
| In addition, there are two footways, one on each side 
|of the roadway. At present, the railway is laid on 
a metre gauge, but the bridge has been designed to 
| accommodate a 3-ft. 6-in. gauge, if widening is decided 
| upon in future. The bridge was completely erected 
|in the builder’s yard in England, being afterwards 
| dismantled and shipped to Uganda in sections. The 
| cost of the bridge was, approximately, 80,000/., and 
its construction had the result that the outlay on the 
|extension from Jinja to Kampala was as high as 
| 8,2511. per mile. 


| British STANDARD SPECIFICATION FOR HIGH-VOLTAGE 
| INsuLATORS.—-The British Engineering Standards Asso- 
ciation has issued a specification, designated No. 223- 
1931, and dealing with bushing-type insulators for indoor 
and outdoor use, including cable-terminating bushings, 
suitable for the range of declared voltages from 600 volts 
to 200 kv. In general arrangement, the specification is 
similar to that dealing with insulators for overhead lines 
and designated No. 137-1930. An important differ- 
ence, however, is that the ‘“‘ rating number ”’ assigned 
to each bushing is equal to the voltage, expressed in 
kilovolts, used in the one-minute dry test, whereas in 
Specification No. 137 the rating numbers are based on 
the voltage used in the 30-seconds’ rain test. For this 
and other reasons it is clearly stated in the specification 
that it must not be assumed that for a given transmission 
system the same, or nearly the same, rating number 
will represent both the approximate bushing and line 
insulator. Each rating number is associated with 
certain test voltages, and information regarding the 
selection and application of bushings is given by means 
of notes and bushing selection tables. The notes deal 
with such matters as the relative strength of bushings 
and associated apparatus, the effect of details and con- 
ditions of installation, and the corrections to be applied 
for conditions other than the standard service con- 
ditions. Copies of the specification may be obtained on 
application to the B.E.S.A. Publications Department, 
28, Victoria-street, London, S.W.1, price 2s. 6d. post free. 
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THE DAYLIGHT ILLUMINATION OF | 
OFFICES. 


A prrriccLty in providing adequate illumination 


ELECTRIC SHUNTING 





LOCOMOTIVE. 





heating, ventilation and any other provision that is 
appreciated by the senses, what is sufficient for one 
man may be too little for another and too much for a 
third. and any “ minimum tolerable ” can be assessed 
only at an arbitrary figure, based on the general view 
of average people. This is true of both artificial and 
natural lighting, but with natural lighting account has 
to be taken of the fact that the photometric value of | 
the illumination at any point in a given room varies | 
with the meteorological conditions, the time of day, | 
and the season of the year. In all ordinary conditions, 
however, the internal illumination at any point of a | 
room is found to stand in a constant ratio to the simul- | 
taneous illumination of a horizontal surface exposed 
outside the room to the complete hemisphere of the 
sky, and in modern practice this ratio, known as the 
daylight factor, is used as a measure of the natural 
lighting of the room. | 
Through observations made some time ago, it | 
appeared that the sufficiency of interior natural illumi- | 
nation at any point in a room did not depend merely 
on its absolute value, but that within wide ranges of | 
absolute illuminating values it was determined by the 
daylight factor. If this result was confirmed, it would | 
evidently be possible, by predetermining the daylight 
factor according to modern methods, to calculate at | 
once what part of a room of given design could be used 
satisfactorily for the working area of an office, and how | 
much must be reserved as applicable only to storage 


for any purpose is to define what is adequate. 4 











and similar purposes. In areport by Mr. A. K. Taylor, | 
issued by the Illumination Research Committee of the | 
Department of Scientific and Industrial Research,* ELECTRIC SHUNTING LOCOMOTIVE 
observations on the subject are recorded, the effect | 

FOR POWER STATION. 


of which is on the whole to confirm the view already 
suggested as to the value of the daylight factor, and! Ty electric shunting locomotive, which we illustrate 
to lead to the proposal that a minimum specified | herewith, has recently been supplied by the British 
daylight factor should be adopted as a standard of | Thomson-Houston Company, Limited, Rugby, to the 
adequate illumination for offices. Electricity Department of the Southampton Corporation 








The observations were made on twenty rooms in 
the new Government Building, Whitehall, of very 
varied size, shape, location of windows, and aspect, 
and distributed over the five floors of the building. 
From careful photometrical surveys of these rooms, 
plans were prepared showing the contours in each of 
them corresponding to daylight factors of 0-5, 0-25, 
and 0-1 per cent. for points at a height of 2 ft. 6 in. 
from the ground. <A “jury” of seven observers was 
empanelled for the first part of the investigation, com- 
posed of three architects, two illuminating engineers, 
one accommodation officer of the Office of Works, and 
one engineer. The same panel, less one architect, 
served for the second part, on which also the ordinary 
occupants of the rooms were consulted. For each 
room each individual drew on a blank plan without 
daylight-factor contours a line which, in his judgment, 


divided the adequately from the inadequately lighted | 


space, and each of these lines was then compared with 
the daylight-factor contours, and classed as being of 
the daylight factor to the contour line of which it was 
nearest. 

The first series of observations were all made 
on the same day, which was bright, with a certain 
amount of sunshine. The work must, however, have 
occupied a large part of the day, involving correspond- 
ingly large variations in the amounts of illumination, 
and such variations were still more notable in the 
second series, which were made on different days, prac- 


tically all of themdull. Apart, therefore, from personal | 
idiosyncrasies of the observers, there was bound to | 


be a good deal of variation between the assess- 
ments of the rooms by different observers. These 
discrepancies were averaged out by taking means of 
the assessments of all rooms by each observer, and 


of the assessments of each room by all observers, and | 


the mean of these means gave, finally, a single figure, 


for hauling coal wagons from the railway sidings to the 
power station. It has a haulage capacity of 8 tons at 
a speed of 18 m.p.h., and of 212 tons at a speed of 
6? m.p.h. As will be seen, the locomotive is of the 
four-wheel type, and weighs approximately 12 tons, 
all of which weight is available for adhesion. It is 
approximately 16 ft. over the buffers, 9 ft. wide and 
12 ft. long over framing, with a 7-ft. wheelbase and 37}-in. 
driving wheels. The equipment includes two 45-h.p. 
motors, which are designed for operation from a 550- 
volt circuit, and are controlled from a centrally- 
mounted controller of the series-parallel type. Rheo- 
static braking is available, if required. The locomotive 
conforms in all respects to the load gauge of the 
Southern Railway, and was built to the specification 
of the borough electrical engineer, Mr. W. G. Turner. 
CATALOGUES. 

Arc-Welding Machines.—Messrs. Laurence-Scott and 
Electromotors, Limited, Norwich, have issued a descrip- 
tive list of a portable arc-welding machine made in two 
standard sizes, for 150 amperes and 300 amperes, respect- 
ively. A stationary plant is also dealt with. 

Shears.—Messrs. Henry Pels and Company, Limited, 
140, Osnaburg-street, London, N.W.1, have sent us a 
| further catalogue of presses, punches, shears, &c., illus- 
| trating over thirty machines with lists of sizes in each 
| 











case. Some hand-lever machines are included, though 
power drives predominate. 

Paint.—We have received two circulars from Messrs, 
The Walpamur Company, Limited, Darwen, describing 
|their anti-corrosion paint for iron and steel, named 
“ Arcanol”’ and containing a new pigment consisting 
principally of metallic lead. It is grey in colour and dries 
in from eight to fourteen hours to a tough elastic con- 
| dition. : 

Nut-Lock.—The Palnut safety lockwasher is a sheet 
metal washer with spring action, which is screwed on 


which could be taken to represent, in the composite | the bolt on top of the nut. Tightening by less than half 


opinion of all observers on all rooms, the minimum 
daylight factor which gave just adequate illumination. 
The conclusion suggested in the report is that adequate 
illumination is obtained when the daylight factor is 
not less than 0-2 per cent., which, for the sky brightness 
of 500 foot-candles to be found in the towns in this 
country on days not extremely bright or extremely dark, 
would correspond to an illumination of 1 foot-candle. 
This figure is somewhere about midway between what 
the means of the two series of observations would 
respectively suggest. and doubtless may be acceptable 
provisionally as a useful working basis. In several 
rooms, however, it appeared to be substantially higher 
or substantially lower than the mean estimates of the 
observers. 


* Illumination Research: Technical Paper No. 12. 








The Daylight Illumination Required in Offices. H.M. 
Stationery Office. [Price 3d. net.] 


}a turn puts compression on the root of the thread and 
{the nut. The washer is fully described, and priced lists 
are given in a catalogue to hand from Messrs. The Palnut 
Company, Limited, 30, Holborn-viaduct, London, E.C.1. 

Flexible-Drive Tools.--A new catalogue of flexible- 
drive tools is to hand from Messrs. F. Gilman, (B.S.T.), 
Limited, 221, High-street, Smethwick. All the usual 
drilling, grinding and similar operations are provided 


Variable Speed Gears.—Messrs. Crofts (Engineers), 
Limited, Thornbury, Bradford, have issued a catalogue 
dealing specially with variable speed gears and presenting 

|@ large range of sizes and speed ratios. The standard 
| ratios are about ten in number, varying from 2:1 to 
| 16:1; several sizes or powers are made and an electric 
motor or countershaft, or both, may be incorporated in 
| the unit. The units are made in horizontal or vertical 
frames and, if required, may be totally enclosed. The 
standard sizes transmit from 1 to 150 h.p. Examples 
of the application of the gear to many machines, including 
| textile machines and machine tools, are referred to, and 
| prices are stated. 


Stone Breaking Machines.—Messrs. Edgar Allen and Co., 
Limited, Sheffield, have sent us copies of new editions of 
their catalogues of hammer mills and of rotary screens. 
In both cases there is a good range of types to suit the 

| material dealt with and the local conditions in which 
the machines are operated. It is claimed that the 
hammer mill produces pieces of nearly cubical shape as 
compared with the more flaky forms often produced by 
the jaw crusher. The rotary screen is operated from over- 
head chain pulleys, the screen itself being slung in two 
or more of the chains. Elevating and delivering appara- 
tus is fitted where required and special steels are selected 
for the various parts. 


Water Fittings.—A new edition is'to hand of the cata- 
logue of water and sewage pipes and fittings issued by 
Messrs. Glenfield and Kennedy, Limited, Kilmarnock, 
It covers an exceptionally large range of items for con- 
veying, measuring, pumping, storing, screening, &c., 
and is divided into eleven sections, each of which is 
fully illustrated and indexed and furnished with brief 
explanatory notes. All the usual types of measuring, 
indicating and recording instruments are dealt with, and 
valves, filters, hydrants, gulley grates, ventilators, pipe 
lengths, &c., are shown as well as hand tools and testing 
apparatus. The range of sizes extends to the largest 
public equipment. The catalogue, which contains 500 
pages, strongly bound, will form a useful reference book 

| for contractors and engineers. 


Gear Units.—Two new catalogues of gear units are 
to hand from Messrs. J. Stone and Company, Limited, 
Deptford, London, S.E.14. One deals with gears of 
| the opposed-cone type in which the drive is transmitted 
by a chain, side projections from the chain engaging 
teeth or slots on the cones. The cones resemble opposed 
bevel wheels, but the teeth are differently formed. The 
standard ratios are from 2:1 to 6:1. The second 
catalogue deals with worm-gear units of high-reduction 
ratios. In one type the driving and driven shafts are 
co-axial. The compound drive includes three worms 
| and three worm wheels, and the ratios are from about 
8:1 to about 1,000: 1, though much higher ratios are 
| possible. A number of machines with electric motor drive 
| in conjunction with these gears are illustrated. 


Diesel Engine and Air Compressor Data,—An excellent 
|example of a summary of a firm’s products combined 





for, with a good range of powers and types of machine and | with the specific technical data concerning those products 
an excellent variety of tools, wheels, attachments and | j, to be found in a handy little clothbound pocketbook 


Prices are stated. 
David 


multiflex shafts. 
Helical Gears.—Messrs. 


| just issued by Messrs. Bernard Holland and Company, 


Brown and_ Sons | 17, Victoria-street, London, S.W.1, the British representa- 


(Huddersfield), Limited, Lockwood, Huddersfield, have | tives of Messrs. The Swiss Locomotiveiand Machine Works, 
issued a catalogue of helical single speed reducing or | Winterthur. The book gives technical information con- 


increasing gear units specially compiled for reference by | 
designers of machines and plant. Allithe data are given in 
a form convenient for designers, and the usual catalogue 
particulars are also included. There are practical | 
notes on erection, maintenance and horse-power rating, 
and illustrations of machines to which the gear units have 
been applied. 











cerning other of the firm’s products, e.g., locomotives and 
vacuum pumps. A large amount of matter has been got 
into a small space without sacrifice of legibility. The 
numerous formule and tables provided are of direct utility, 
examples being compressor efficiencies at various altitudes, 
loss of pressure from pipe friction, air flow through 
orifices, &e. 
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TWIN 20-IN. VISUAL AND 24IN. PHOTOGRAPHIC 
CONSTRUCTED BY MESSRS. SIR HOWARD GRUBB, 1 


(For Description, see 











Fig. 2. 
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PLATE XIII. 





APHIC REFRACTING TELESCOPE FOR STOCKHOLM. 
RD GRUBB, PARSONS AND COMPANY, NEWCASTLE-ON-TYNE. 


Description, see Page 273.) 
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l 
TWIN VISUAL AND PHOTOGRAPHIC 


REFRACTOR FOR STOCKHOLM. 


In our issue of February 20 last, we described, on 
page 257, a 40-ft. revolving dome designed and con- 
structed by Messrs. Sir Howard Grubb, Parsons and 
Company, of Walker Gate, Newcastle-on-Tyne, 
which was one of two supplied by the firm for the new 
observatory at Saltsj6baden, near Stockholm. These 
two domes formed the roofs for the buildings 
housing, respectively, a 40-in. reflector and a twin 
refractor having 24-in. photographic and 20-in. 
visual objectives, both of which telescopes have also 
been designed and constructed by Messrs. Sir 
Howard Grubb, Parsons and Company, to the 
requirements of Professor Bertil Lindblad, the 
director of the observatory. The reflector, which 
was completed in December last, is generally similar 





Fia. 1. 








A photograph of the instrument erected in the 
makers’ works is reproduced in Fig. 1, on this page, 
in which its appearance is well shown, while the 
general design can be followed from an examination 
of the section, Fig. 2, Plate XIII. From these illus- 
trations, it will be seen that the centre piece is a 
casting in the form of a figure 8, and to this the 
steel tubes are attached by means of bolted flanges. 
The tubes are of }-in. plate, electrically welded and 
fitted with steel diaphragms at intervals for stop- 
ping reflections from the inner walls. Holes are cut 
at each end of the tubes, as shown in Fig. 2, to permit 
the free circulation of air and those at the object- 
glass ends are made sufficiently large to enable a 
man’s arm to be inserted for cleaning the backs of 
the flint lenses. Both the object glasses are of 
320 in. focal length, and the glass for them, which is 
of the ordinary telescope crown and flint class, was 





LES LEP 


INSTRUMENT ERECTED IN MAKERS’ SHOPS. 


in design to the 36-in. reflector of the Cassegrainian | made at the Parsons Optical Glass Works, Derby. 
type, supplied by the firm for the Edinburgh | Dew caps, fitted with double shutters operated 


Observatory, of which a detailed 
appeared in ENGINEERING, vol. cxxviii, pages 288, 
371, 431 and 488 (1929). The Stockholm reflector, 
it may be mentioned, can be used either as a Casse- 
grainian or a Newtonian, but the differences between 
this instrument and that for Stockholm are not 
sufficient to justify the publication of a full descrip- 
tion of the latter. The twin refractor, which we 
now propose to describe, with the aid of drawings 
and photographs placed at our disposal by the 
makers, is also similar to the Edinburgh reflector 
in some respects, such, for instance, as the general 
design of the main mounting, the polar and declina- 
tion axes, and the declination quick-motion and 
clamping gears, so that, to avoid repetition, we 
shall confine our attention more particularly to 
the parts of the instrument which differ materially 
from those dealt with in the previous article above 
referred to. 





description | from the eye end of the instrument, are provided, 


as shown in Fig. 2. 

In connection with the mounting of the object 
glasses, it should be mentioned that both cells are 
provided with an improved form of adjustment, that 
for the 24-in. photographic object glass being 
illustrated in Fig. 9,on Plate XIII. There are three 
sets of screws and screwed sleeves of the design 
illustrated for each objective, and by adjusting these 
it is possible to square the object glass with the 
axis of the tube as a complete unit, to square the 
crown lens independently with respect to the flint 
lens and also to centre it, as well as to adjust the 
separation between the crown and flint lenses. It is 
also possible to move the crown lens forward, away 
from the flint lens sufficiently for a man’s hand to be 
inserted between them for cleaning the surfaces. 

Fig. 15, on page 275, is a view of the eyepiece end 
of the instrument, and on the right will be seen the 





finder which is provided with a 4-in. object glass of 
4-ft. focal length. The breech piece of the photo- 
graphic tube is illustrated separately in Fig. 13, on 
page 274. It is provided with focussing gear having 
a range of 4 in., on which is fitted a double-slide plate 
holder arranged to take plates 160 mm. square. The 
plate holder is mounted on cross slides with guiding 
microscopes, and is fitted with a slow motion in 
azimuth to correct for the rotation of the field. An 
occulting device, in the form of a disc with adjust- 
able segmental cuts, and visible in Fig. 13, is fitted, 
the disc being rotated at 1,200 r.p.m. by means of a 
Warren synchronous motor during a photographic 
exposure. Its object is to reduce the light from the 
brighter of a pair of stars when engaged on parallax 
work, so that during a long exposure the images will 
be equally impressed on the photographic plate. 
A similar double-slide plate holder has been supplied 
for attachment to the visual tube when required, a 
colour screen being used in this case, since the visual 
object glass is not corrected for photographic rays. 
When, however, the visual tube is used for observa- 
tion or for guiding purposes, a special guiding breech 
piece mounted on cross slides, as shown in Fig. 14, 
on page 274, is employed. The eyepieces provided 
have focal lengths of 0-4 in., 0-6 in., and 0-8 in., 
giving magnifications of 800, 533 and 400 diameters, 
respectively. A low-power eyepiece giving a magni- 
fication of 160 diameters, and a bifilar micrometer 
interchangeable with the visual eyepieces, are also 
provided. 

The tube centre piece is bolted to the inner tube 
of the declination axis, which is supported in ball 
bearings in the outer tube, a ball thrust race at the 
lower end taking the thrust, as will be clear from the 
section, Fig. 2, Plate XIII. The quick motion for 
the declination axis is obtained by an electric motor 
mounted on the counterweight end of the outer tube, 
and driving through worm and spur reduction 
gearing in a similar manner to that employed on 
the Edinburgh telescope; the slow-motion gear, 
however, is different. The arrangements employed 
on the Stockholm instrument are illustrated in 
Figs. 10 and 11, on Plate XIII. and in Fig. 17 on 
page 275. Two speeds are obtained with this gear, 
the motor driving the shaft either directly through 
a worm gear and dog clutch or through differential 
gearing. The dog clutch, shown on the right in 
Figs. 10 and 11, is put into engagement by means of 
a solenoid to give the higher speed, while the lower 
speed is obtained by clamping the toothed wheel 
on the left by means of an electromagnet, and thus 
holding the sun wheel of the differential gear station- 
ary. The clamping gear through which the slow- 
motion is effected is shown in section in Fig. 2. 
The declination circle can be read from the eyepiece 
end of the telescope by two readers fitted with 
micrometers. The quick motion in declination 
gives one revolution in four minutes, and the slow 
motion about seven and a-half minutes of are in 
one minute of time. These figures, it may be noted, 
also apply to the motions in right ascension, while 
the guiding movements for both co-ordinates are at 
the rate of about 15 seconds of are in one minute of 
time. 

The polar axis is shown in section in Fig. 2, and 
since its general design is similar to that of the 
Edinburgh telescope, it need not be described in 
detail. The quick motion in right ascension and 
the clamping gear for the clock drive have a number 
of novel and interesting features to which a brief 
reference should, however, be made. The quick- 
motion driving gear is shown in detail in Fig. 3, 
Plate XIII, while a photograph of it is reproduced 
in Fig. 18, on page 275. From these illustrations 
it will be seen that a motor drives, through a worm 
gear and a slipping clutch, a shaft on which a pinion 
is mounted on ball bearings. The shaft is made to 
drive the pinion when the motor is switched on by 
means of a dog clutch operated by a solenoid, and 
the drive is then transmitted through spur and bevel 
gearing to a pinion which engages with a spur wheel 
keyed on to the polar axis; reference to the general 
drawing, Fig. 2, will make this clear. 

The drive is transmitted from the clock to the 
axis through the gear plate, the function of which is 
to regulate the rate in accordance with the beats 
of a standard pendulum, while still maintaining a 
perfectly uniform drive. This device, which is 
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clearly shown at the back in Fig. 16, on the oppo- | 
site page, and can also be seen inside the vertical | 
column of the main mounting in Fig. 2, is an 
improved form of that illustrated and described | 
in detail on page 432 of our 128th volume, but that 
description may be referred to in order to follow 
the principles of its design. An accurately cut 
worm on the gear-plate engages with the teeth of a 
worm-wheel, or driving circle as it is called, mounted 
on ball-bearings on the polar axis, as shown in 
Fig. 2, and when it is required to drive the telescope 
by the clock, a clamp is operated to transmit the 
drive to the axis through the large spur-wheel 
used for the quick-motion drive in right ascension. 
The pinion on the worm-driven shaft of the quick 
drive is, of course, rendered free to rotate on the 
shaft by disengaging the dog clutch, above referred 
to, when the clock drive is in use, and electrical 
interlocking devices are provided to prevent any 
possibility of the two drives being put into engage- 
ment simultaneously. 

Details of the clamping mechanism for the clock 
drive are illustrated in Figs. 4 to 8, on Plate XIII, 
and these, in conjunction with the section given in 
Fig. 2, should enable its method of operation to be | 
followed. From Figs. 4 and 5, it will be seen that | 
a small motor, mounted on the face of the main | 
spur wheel of the quick-motion gear, drives, through | 
worm gearing, a short shaft which passes through 
to the other side of the main gear-wheel and carries 
at its free end an eccentric. A short spring link 
working on this eccentric, and clearly shown in 
Figs. 5 and 7, is pivoted to the radial arm of a 
ring which is free to turn on the hub of the driving 
circle, although it is bored considerably larger, 
and from this ring three adjustable hinged rods, 
located 120 deg. apart, extend in a nearly radial 
direction. Each of these rods is formed, at its outer 
end, with cam surfaces which engage with similar 
cam surfaces on the backs of the adjacent ends 
of a pair of clamping levers pivoted to the rim of 
the main spur-wheel, as shown in Figs. 5 and 6, 
while the fronts of the levers are formed with shoes 
of triangular section to fit a vee-shaped groove in a 
ring mounted on the driving circle. This grooved 
ring is shown in section near the top right-hand | 
corner of Fig. 4. It will now be clear that, if the 
eccentric shaft is turned through half a revolution, 
the ring carrying the three radial rods will be 
turned in a clockwise direction, as drawn in Fig. 5, 
thus moving the rods into more nearly radial 
positions and forcing the shoes of the clamping 
levers into the vee-groove. As the clamping ring is 
practically floating, there will be an equal pressure on 
all the shoes and the driving circle will be firmly 
clamped to the main gear-wheel without any side 
strain so that the clock drive from the former will be 
transmitted through the latter to the axis. On the 
other hand, if the clamps are released by rotating the | 
eccentric shaft another half-revolution, the quick- | 
motion gear can be employed to rotate the telescope | 
about the polar axis while leaving the driving circle | 
stationary. The interlocking device, which, as | 
already stated, is provided to prevent either drive | 
from being operated until the other is disengaged, | 
is obtained by finger contacts bearing on brass rings 
mounted on a disc carried by the eccentric shaft, 
and shown in section on the left in Fig. 4. 

The driving clock, a section of which is given in 
Fig. 12, on Plate XIII. is generally similar to that | 
for the Edinburgh telescope previously described. 
The Huyghen’s loop is employed for winding, and 
the same device is used for controlling the speed 
of the winding motor. The governor, however, 
is different, crossed arms being employed in place 
of a pair of segmental weights pivoted on opposite 
sides of a horizontal rotating disc. The operation 
of the governor illustrated in Fig. 12, will be clear 
without explanation. 

An interesting feature of the instrument, to which 
attention may be called, is that all the motors are 
controlled by switches operating with direct current 
at 6 volts, the motor circuits being made and broken 
by tilting mercury switches operated by relays in 
the 6-volt circuits. A group of the mercury switches, 
conveniently arranged in the main pedestal of the 
instrument, can be seen in Fig. 16, on page 275. 








| 





Alternating current at 6 volts is used for the 
numerous small lamps. proyided for reading 


DETAILS OF TWIN REFRACTOR FOR STOCKHOLM. 
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Fie. 13. Breecu Piece AND PLATE HOLDER. 

















Fic. 14. GuipEer BREECH PIECE. 


micrometers, &c., in various parts of the instru-|one at the entrance door of the building, one on 
ment. | the side of the floor itself, and one near the observer’s 
In conclusion, we may mention that the observa- | chair, the last-mentioned set having flexible con- 
tory building in which the twin refractor is housed | necting leads. 
at Saltsjébaden is furnished with a rising floor | —— 
designed and constructed by Messrs. Sir Howard |THE DESIGN OF PILED RETAINING 
Grubb, Parsons and Company. The floor, which is | WALLS 
37 ft. in diameter and has a vertical movement of | : x ; 
about 12 ft., is operated by an 8 h.p. motor with | By Rotanp J. Grant, Assoc.M.Inst.C.E. 
push-button control. The floor, which is of lattice-| THe factors which govern the design of any kind 
girder construction and weighs about 5 tons, is of retaining wall are so indeterminate, owing to the 
suspended by wire ropes passing up over pulleys | varying nature of the soil retained, and on which 
and descending to counterweights, the ropes being | the wall is bedded, and the unsatisfactory nature 
attached to the floor at points spaced at equal|of the various formule employed, that where 
distances around the circumference. There are | experience has been obtained of a suitable design 
three of these balancing ropes, and three additional iin a given situation, it is better to work on that 
ropes equally spaced between them are taken | experience than on any theoretical considerations. 
round pulleys to a winding drum located under the | This is especially so in the case of piled retaining 
floor. Six vertical guide rails are provided, and | walls, owing to the additional factor of bending 
on these the floor is guided by three fixed rollers} being introduced into the calculation. Cases fre- 
and three spring-mounted rollers. Three sets of | quently occur, however, especially for estimating 
push buttons are provided for operating the floor, ' purposes, where there are no available data to assist 
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Fia. 17. DercrtinatTion Stow-Motion GEAR. 


the designer, other than a general knowledge of the 
class of soil, and to obtain a suitable section various 
assumptions have to be made, such as the weight 
and angle of repose of the ground, and a reliable 
formula chosen for calculating back and front 
pressures, bending moments and their incidence. 
The weight and angle of repose of the ground 
have also to be assumed in the case of mass retaining 
walls, and a co siderable amount of experience has 
enabled these to be fixed for various classes of soil 
with a reasonable degree of accuracy, so that an 





Fig. 18. 


experienced engineer can as a rule decide on the 
angle of repose to be used with the particular for- 
mula he favours, and in any particular case he may 
have to deal with. 

A reliable method of calculating the maximum 
bending moment in a piled retaining wall, and the 
pull in the ties when these are used, is not, however, 
so readily discernible, and it is not infrequently 
assumed that the piles act as though rigidly fixed 
at the lower ground level. The following investiga- 
tion from a theoretical point of view will show that 








Rigut-AScENSION Quick MoTIon. 


this is an unjustifiable assumption, and will evolve 
a means of calculating both the maximum bending 
moment and the depth to which the piles should 
be driven on the assumption that the soil is of the 
nature presupposed by the usual three primary 
assumptions ; viz., the angle of repose, the weight 
of the soil, and the earth pressure formula. 

Case I.—When a pile is driven into a flat surface, 
the effective pressure on the back and front of the 
driven portion are equal. When additional pressure 
is applied at the back it tends to press the pile 
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forward, and a resistant pressure is produced to 
withstand the forward movement. The pile will 
bend under the pressure from behind, and the deflec- 
tion being greater as it approaches the surface, the 
resisting pressure will be the greatest that the ground 
can offer at the surface, and for a certain distance 
below the surface, until the increasing resistance 
overtakes the diminishing deflection. It will then 
decrease in proportion to the deflection of the pile 


See 
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6z+6y+3 
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and centre of gravity of B H K from B 
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to the curve for g, we read on bottom scale that 
@ = 0°12. 

... The maximum bending moment per foot 
width of pile= 9 x AB x a= 0:12 x 8 x 0:05 


are 8 in. wide, the bending moment per pile will 


| 
hs 0-048 ft.-tons per foot width. Since the piles 
| 


be < 0-048 = 0-032 ft.-tons 


which the size of pile can be readily calculated. 
Similarly, tracing from @ = 3 on side scales to 


a per pile, from 









































under the back pressure until a point is reached ; a | ee h 
where the deflection of the pile is nil, and the back oa ( 6Q - Ares yeni ¥ (4 A x) } |* + y curve, we read the value le Pepe = 
and front pressures are balanced. a Js: a a —<- — + 1 Te eee 

Thus if A B C in Fig. 1 represents a pile driven into a ( es. \(5 sta ) | AB = 1-525 x 8 = 12-20 ft. as the total depth 
the ground from B to C, and using Rankine’s formula me by " hg below lower ground level . which the piles must 
for earth pressures, where w— the weight per 2P a+ y+ 3ayO be driven to obtain equilibrium, and this plus the 
cube foot of soil, AC and BC the heights in feet, 3 A(x 8 + y) | height of the bank, viz., (1 + Tr y) AB, equals 
and « the angle of repose, draw from C, C F equal sOz+y (5) i. ae oe i ee eee 

. l—sina . 1 — sina 30 | total length of the pile. 

towAC ——— ;, and C Dequal tow BC ;--_— 1A The position of maximum bending moment 
Then the triangles AC F and BCD represent the 4 7 will be rarely required, but is given by the z 
active pressures on the back and front of the pile \ curve, reading from @ on the side scales to the 
respectively. Under these pressures the pile will | \ lower top scale, and in this case is 0-49. This 
deflect and take up a position A’ B’C. Make C E Fig.J. CASEI. ! multiplied by AB, viz., 0-49 x 8 = 3-92 ft., 
C Dand join BE. Then since triangles B C D and : gives the depth below the lower ground level at 
BCE are equal, the figure A B E F represents the which the maximum bending moment occurs. 
active pressure on the back which has to be resisted | | Similarly, « and yare given by their respective 
by a passive resistance on the front of the pile. Let) —— OK By curves and are read on the same scales as z, and 
H P represent the maximum resistance which can |_| in this case are 0-57 and 0-955 respectively. 
be exerted at the point P, a distance x below the) & i | Therefore, the dimensions shown on Fig. 1 as 
lower ground surface. This will be, by Rankine’s | oa Cf &.0f Pres. uy x and y = 0-57 x 8 = 4-56 ft. and 0-955 x 8 
formula o x : ~ —— “4 and let this pressure, less the an a = 7:64 ft., respectively. 
pressure P O, i.e., w x (; = -—<), be such that the Ss ~~ Therefore, the triangle of pressure HO B 
deflection at P = dP causes the pile to exert an S \ = wx (a = *) 5 
equal pressure on the ground in front of it, and let) i" } 1 4-56 
the dotted line H D represent the deflection curve of / 0:05 x 4°56 x ( oa ) ee 
the pile between P and C to base line O D and to +. / ~ 508 tena eer 46 wath 7 
such a scale that d P HO. Then BHD repre-| (725174) 4D Cc : pane ante” ag 
sents the resistant pressures on the front of the pile. “ENGINEERING” and the triangle of pressure H OK 
If the pile is driven below the point C at which no | Fig.2. CASEI. PILES WITHOUT TIES. 
deflection of the pile occurs the active pressure on Values of (x +y) =Total depth of Pile 
the back is balanced by a passive resistance on the below Lower Ground (intervening height of bankj)Level. 
pace equal intensity, so that the stresses pro- | OR ST. TE ad red a _ = = al 
duced in the pile are unaffected. aa : ° ; : 

Now, since the pile is in equilibrium under the | Values of “x” y” &°z” fpee Figlixige Albee govacmeatingls 
forces acting on it, the pressure BHD must be | ee , 
equal to the pressure A BE F, and the resultants | . 
of these pressures must be on the same horizontal pel 
line or rotation would take place, and as the forces Q-25° 
are balanced on each side of this point the maximum @-30° LS 
bending moment of the pile must occur here. 

It is difficult to calculate the deflection of a beam a-35° 
subject to a uniformly distributed load less a load 2 
proportional to its own deflection, but as the curve oer 
will vary according to the resistance of the earth it | 
will be near enough for practical purposes if a | Q-45° 
triangle H O K is substituted for the area HOD, | 
O K being made equal to O D : S = ia To obtain | 
equilibrium we then have the following conditions eee 
to satisfy. The areas BH K and A BEF must | $0 a “2 ‘3 - * 
be equal, and their centres of gravity must be on | Values of Q where M maz.-9. AB. u. 
the same horizontal line. : | (2517.8) per ft. of pue. “ENGINEERING” 

Let BP = 2 PC y; then x + y will equal| (Combining 4 and 3. 1 y 3 
BC, and let }+8i"2 6. x, y and z will vary « ka. a kin, Sate wa(o-g)x4 x 9 

» pe - «x, y and z will vary as | 3 (2+ y) 1 20xy (6) , ve ' 

A B, and if we, therefore, make A B = 1 we have | ‘ern +* +e = 0°05 x 4°56 x (s i eae = 


only to multiply the values obtained, by the actual | 
height A B to get the true values of x y and z in 


By substituting the value of y from equation (3) 
in terms of x in equation (6), the value of x can be 
determined and y and z can easily be calculated 





any particular case. Let AB, therefore, 1. | 
Then area A BE F 

EF {(x+y)+4AB) 

w P 

7 (x + y + 0°5) 


and area BH K 


r uv 
HO (5 7 ;) 


wer (6 -- 


and 
2024 
and 


y 


0(@ — 1)2*~ 262-0 
20 —(F —1)< 


The centre of gravity of A BE F from B = z 


ale | nt 
20y+ 0= 0(@ — 1)a2?—zy(@— 1) 


(3) | and since « = 30 deg. 0= - 


|from 2, and the curves shown in Fig. 2 have been 
| plotted from the results so obtained. The maxi- 
|mum bending moment on the pile which occurs at 


(1) | point P can also be calculated, and equals 


| + 2)8 AB OS 
| ie ye sight id 
| 64 6 
6 23 
go = —- 


6 


-w.AB.4@, 


| where 


“)' The curves for ¢ is also shown on Fig. 2. 


The following examples will illustrate the use of 
the diagrams :— 
| Example 1.—Determine the length and strength 
| of piles without ties, required to form a sheet-piled 
| retaining wall 8 ft. high when the angle of repose of 
| the ground is 30 deg. and its weight 1 cwt. per 
| cubic foot. The piles are to be 8 in. wide. 
| AB (see Fig. 1) = 8 ft., o= 1 ewt. = 0-05ton, 
1+ sina 
——— = 3, 
1 — sina 


| Tracing from @ = 3 on either side scale of Fig. 2 











== 0-775 tons per ft. width. 
If these two triangles of pressure are balanced 
against the pressures represented by the figure, 


ABEF = AB > x 0-5 above lower ground level 


and AB 3 (« + y) below lower ground level 


0-05 
ww 
1-626, respectively, we obtain the actual load 
diagram for the whole of the pile, from which the 
bending moment can be calculated at any point. 

When there is a superload on top of the bank, 
it may be treated as in the following example. 

Example 2.—A superload of 2 cwt. per super- 
foot is supported on the ground at the top of the 
bank in Example 1. Find the length and strength 
of pile required. 

The superload may be viewed for practical 
purposes as an increase in the height of the 
bank equal to an equivalent weight of earth. Thus, 
the length AB, instead of being 8 ft. will be 


0-05 BS 
— § x < 0-5 = 0°53, and 8 x — x 1525 








(Ca Raia. 
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2 ewts per sup. ft. superload _ 5 ft sn | be slightly affected by the above-mentioned error, 
1 ewt. per cub. ft. of earth, — “ " “| but. will be approximately 0-49 x 10 = 4-9 ft. 
height, and will therefore be 8 + 2 = 10 ft. below the Jower ground level. 

This, of course, ignores the small triangle of| Case IJ.—When a tie is introduced at the top 
pressure which would be produced on the additional | end of the pile, the pile acts as a beam with reactions 
2 ft. of pile if the bank was 10 ft., instead of 8 ft. | at the tie and the resultant of the passive resistance 





increased by 


high, but the error is small unless the superload | pressures on the front of the pile in the ground. It |’ 


is very large, and as it is on the safe side, it is not | is, therefore, not necessary to prolong the pile in 


serious. |the ground to prevent rotation, although, as we 
shall see later, it is sometimes advantageous 
to do so. The conditions if the pile is not 
prolonged are as shown in Fig. 3, where 
AP BCis the pile, Tt the tie. ACD the 
t active back pressure, and BCE the front 
eee resistance. Under these forces the pile tends 
to bend in the form A, P,C, and the 

maximum bending moment is at a point P 

somewhere between A and B, or at T. 
If BC=2, AT=p;AP=n;1t#8n¢ 
Bed p3t n; 

1 — sina 
= 0; t= the tension in the tie, and © and 
A B = 1, as before. 

Then 
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Fig.3. CASE I. ) 
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\ .‘. Since the back and front forces must be 

\ equal, 
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Fig.4. CASE Il. PILES WITH TIES; & DRIVEN TO MINIMUM 
DEPTH FOR EQUILIBRIUM. 
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The maximum bending moment on 12-in. width | or 
is therefore increased to 0-12 x 10 x 0-05 =| (7 +1) 622 
- t ee () 


0-06 ft.-ton, or on one pile to 0:06 1 20 “ 


— 0-04 ft.-ton per pile instead of 0-032 ft.-ton,,| Taking moments about R, the resultant of BC E, 





and the length is increased from 20-20 ft. to| We get 

(1+ 2+ y)AB= (1+ 1-525) x 10 = 25-25 ft., ‘ca riiaiebeerge. <a 

or, subtracting 2 ft., the assumed increase in height 20. ( > 3) 

to 23-25 ft. t= - ——;; 
The position of maximum bending moment will | ad ei is 





| 


| the values of ”- 
66 





= ke OER 
20(3—3p+2a) ° ° &) 
Combining (7) and (8), we get 
(7 +1? 022 (e +1) 
os 2 20(8—3p +22) 
2 2 2 GE 
wt I= tne ™ 


From equation 9, can be calculated for any given 
values of @ and p, and ¢ can then be determined 
from equations 7 or 8. x must, of course, be multi- 
plied by the actual length of A B, and ¢ must be 
multiplied by # A B*d, where d equals the distance 
between ties to give the actual pull on any par- 
ticular tie. 

The bending moment on the pile at any point 


| between T and B will be 


; n3 
{¢ «x (2% — Pp) — japoa Bs 


and this will be a maximum when 
dM n> 
O= = 3 
a (« 3 5) wAB 
iux= S268 . : . (10) 
and the maximum bending moment between these 
points will be 


60 
w A B bn ‘ - ‘ - - 


At T the bending moment 


Mmax waA B{ (v2 00 = P) . e 0 s } 


OAM 6 an ss 4 QS 

When p = 0-5 or more, this may be greater than 
Max obtained from equation 11. 

The values of 2, t, n and ¢, for given values of 

6 and y are shown on Fig. 4, and also in dotted lines 


9%, for p = 0-5 and 0-6, 


To illustrate the use af the curves, take the 
following example (Figs. 3 and 4). A piled retain- 
ing wall 18 ft. high is tied back to an anchor block, 
the tie being 4 ft. below the surface of the ground, 
which has an angle of repose of 30 deg. and weighs 
1 cwt. per cubic foot. The ground is required to 
take a superload of 2 ewt. per square foot, and the 
ties are to be spaced 10 ft. apart. Find the mini- 
mum depth to which the piles must be driven, the 


| pull on the ties, and the maximum bending moment 


per foot width of piles. 

The superload of 2 cwt. per square foot may be 
viewed as an increase in height of the pile as in 
the case of Example 2, and will be 2 ft. as before. 

Therefore, AB= 18+ 2= 20 ft. p, or the 


| proportionate depth of the tie below assumed top 


ground level, 7.e., the actual depth below top 


| ground level plus the assumed height for superload 


|ground level = 20 « 0-365 


| 


| 





4 ft. + 2 ft. 
divided by AB aa. 1 Sik. )°3., d 10 ft 
acts a 3,and = lewt. = 0-05 tons. 


l sin 30 deg. 

Tracing from #6 = 3 on bottom scale to x curve, 
p = 0-3, we find x on left-hand side scale = 0-365. 

Therefore minimum depth of driving below lower 
- 7-3 ft., and the 
minimum length of pile for equilibrium will be 
(1 + 0-365) 20 — 2 = 25-3 ft. Continuing from 
3 on bottom scale to ¢ curve, p = 0-3, we find ¢ on 
outer left-hand scale = 0-111. 

Therefore tension in ties = t » A B?d = 0-111 X 
0:05 « 20? x 10 = 22-2 tons. 

Similarly, from 3 on bottom scale to » curve, 
p = 0:3, we find n on left-hand side scale = 0-814. 

Therefore the maximum bending moment will 
occur at 0:814 x 20 —2= 14-28 ft. below top 
ground level, and will be 


n? 
w, A B { t(n — p) 60 } 
0:05 x 208 J 0-111 (0-814 — 0-3) __ 0-814)? \ P 
ogre 5 18 J 
== 10-84 ft. tons, 
or this may be obtained directly from the ¢ curves 
by tracing from @ = 3 on top scale to ¢ curve, p = 
0-3, when ¢ is read on the right-hand side scale as 
0:0271, and the bending moment = » A B°¢ = 
0-05 « 20° x 0-0271 = 10-84 ft.-tons. 

The bending moment at T in this case is only 
w X (p. A BY 0-05 x (0-3 « 20)8 

60 ; 6x3 
but if p had been 0-6 x 20= 12 ft. below the 


~ 


0-6 ft. tons, 
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PRESS FOR CHASSIS SIDE 
- MEMBERS. 


THE press which we illustrate in Figs. 1 to 5, on the 
opposite page and on page 286, has been constructed 
by the Maschinenfabrik Weingarten vormals H. Schatz 
A.G., of Weingarten, Germany, for the production of 
chassis side members up to 19 ft. 9 in. long. By the 
selection of suitable material, it has been found possible 
to employ cold pressing with an increased production 
rate, and careful examination of the side members pro- 
duced has shown that they are in no way inferior to 
hot-shaped pressings, the fatigue limit being the same 
in the two cases. In addition, it is stated that faulty 
material may be more readily detected when cold 
pressing is employed. 

The press illustrated is capable of exerting a pressure 
of 1,100 tons, and both blanking and punching can be 
performed in one operation. The general construction 
of the main frame will be clear from Figs. 1, 2 and 4, 
but it may be mentioned that the side members, which 
take the thrust reaction, are strengthened by four 
heavy steel rods encased and shrunk in the columns. 
The latter are 6,000 mm. (19 ft. 8 in.) apart, and carry 
the slides for the ram head, which are adjustable for 
wear in the usual way. The crankshaft is provided 
with a bearing on each side of the two connecting rods, 
making four bearings in all, and is carried through the 
end frames and driven at both ends by heavy spur 
gearing, any distortion due to driving from one end only 
being thus avoided. The crankshaft bearings are of 
phosphor-bronze. The crank pins are 14} in. in dia- 
meter, and have a throw of 6in. The connecting-rods 
are threaded at the lower ends, and engage with nuts 
mounted on the ram head to enable the height of the 
latter to be varied. The main driving motor is of 
87-h.p., and runs at 1,450 r.p.m. It is mounted on 
the top of the machine, as shown in Figs. 1, 2 and 4, 
and drives the flywheel shaft by a belt passing over a 
jockey pulley. The flywheel shaft runs at 350 r.p.m., 
and drives the crankshaft at 7 r.p.m., through the 
gearing at each end already referred to. A friction 
clutch is provided to transmit the drive from the belt 
pulley to the flywheel shaft, and if the machine is 
stalled due to the tools being incorrectly set, or from 
any other cause, this clutch slips and prevents 
damage to any part of the mechanism. 

The height adjustment of the ram head is effected 
by means of a 10-h.p. flanged reversing motor, which 
can be seen on the front of the ram head in Fig. 4. 
This motor is coupled to the nuts on the ends of the 
connecting-rods. through spiral and worm gearing. 
As the motor is mounted directly on the ram head, 
no universally-jointed shafts are necessary to transmit 
the drive to the nuts. The press is provided with a 
pneumatically-operated clutch, which may be set 
either for continuous operation or for bringing the 
head to rest at the end of each stroke. Four pneu- 
matic cylinders, two of which can be seen in Fig. | 
and also in Fig. 4, are provided for counterbalancing the 
weight of the ram head with its associated tools. 

The drawing apparatus consists of a number of 
double-acting air cylinders, located in the bed and 
controlled by piston valves connected to the crank- 
shaft. During the descent of the ram, air is admitted 
below the pistons and the blank is held firmly in place. 
When the lowest position of the ram is reached, the 
valves are moved to admit air above the pistons, so 
that the latter remain in their bottom position during 
the upstroke of the ram. Shortly before the crank- 
shaft reaches the dead centre position, the valves are 
again moved, so that the pressure above the pistons is 
released, and the work is ejected from the bottom tool 
by again admitting air into the lower chamber. 

Typical pressings are shown in Figs. 3 and 5, the 
tools and their holders being shown in the background 
in each case. The tools shown in Fig. 5 serve for the 
simultaneous blanking and punching of the work, 
and can be seen in position in the machine in Fig. 4. 
The operation in this case has already been described. 
The tool shown in Fig. 3 is of special construction, and 
is intended for drawing side members up to 19 ft. 9 in. 
long. In this case, the pneumatic blank holder and 
ejector are embodied in the tool stand itself. 

It is stated that experience has shown that the 
pneumatic equipment, while being as reliable as a 
corresponding hydraulic installation, enables a con- 
siderably higher output to be obtained. The total 
weight of the machine is about 170 tons. 





MeEcHANICAL MisHaps to Moror-Cars.—A revised 
edition of a little book entitled First Aid for the Car 
has recently been published by Messrs. Sternol, Limited, 
Royal London House, Finsbury-square, London, E.C.2. 
It is intended to assist the owner-driver to ascertain the 
cause of mechanical troubles and to indicate a remedy. 
The information is given in tabular form under such 
headings as engine troubles, oiling-system troubles, 
ignition-system troubles, and water-cooling system 
troubles. The booklet contains 28 pages and measures 
4} in. by 3in. Copies are obtainable from the Publicity 
Department of Messrs. Sternol at the address given above, 








THE K.B.B.-LUMSDAINE LIQUID- 
LEVEL GAUGE. 


In a number of conditions, the use of the ordinary 
gauge glass is impossible or of little value, and prefer- 
ence would normally be given to some form of level 
indicator of the float type. The latter generally 
suffer, however, from the difficulty of transmitting 
accurately and without fear of derangement, the 
motion of the float itself to its accompanying indicating 
gear outside the vessel concerned. The use of a gland, 
of course, in these circumstances, is almost bound to 
introduce inaccuracy if leakage is to be avoided. 


(2822.4) 
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Fig.3. 
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Messrs. Kelvin Bottomley and Baird, Limited, of 
18, Cambridge-street, Glasgow, C.2, have recently 
introduced the liquid-level gauge illustrated by Figs. 
1 to 3, herewith, which overcomes these difficulties, 
making use of the positive motion of a solid float, the 
movement of which is communicated to the outside of 
the vessel without the introduction of glands or other 
hindrances to accuracy. 

The means adopted comprise a torque tube worked 
by the movement of the float. The principle will be 
clear from Figs. 1 and 2, in which it will be seen that 
the float F is suspended from a counterbalanced lever 
LW on a spindle T consisting of a light tube of Monel 
or other metal. In some cases the tube may be as 





much as 8 in. long. At one end a co-axial extension 


is carried in a simple Vee bearing A, close to the boss 
B of the lever. At the other the tube is expanded or 
otherwise fixed in the side V of the vessel. It will be 
obvious that any vertical movement of the float, due 
to the rise or fall of the level of the liquid in the vessel, 
will result in applying a torque to the tube. The 
amount of twist is indicated by a rod R, fixed at the 
inner end of the tube and brought to the outside of the 
vessel, where it is connected to an indicator C of 
normal design with or without multiplying gear. The 
torsional stresses are all within the elastic limit. 
As an example, with an aluminium displacer, 9} in. 
long, in water, and 4 in. rise or fall, with an 8-in. 
Monel metal tube # in. in external diameter, and of a 
thickness of No. 20 gauge, the torsional stresses 
developed are only + 3,000 lb. per square inch. 

Fig. 2 shows the gear as applied to a steam boiler, 
the displacer, torque tube, &c., being housed in a 
stand pipe connected with the boiler. The indicator 
shown is of the edgewise type, to suit modern condi- 
tions. Fitted as shown in Fig. 3, the appliance can 
be employed to give indication and alarms, or alarms 
only, when high and low levels are reached in a vessel. 
In this case, two solid displacers are used, connected 
by means of a light spindle and set the required distance 
apart to give the necessary signal. The rest of the 
apparatus, in this instance, is similar to that already 
described. 


LETTER TO THE EDITOR. 
FINE TESTING SIEVES. 


To THE Eprror oF ENGINEERING. 

Str,—Following my article on “Fine Testing 
Sieves’’ in your issue of May 22 last, page 659, you 
published a letter in your issue of July 3, on page 22, 
from Mr. R. H. Morris, Associate Editor of Power 
Plant Engineering, protesting about my remarks 
concerning the American Bureau of Standards series 
of test sieves. I have since been in communication 
with Mr. Morris on the subject, and he has very 
courteously supplied me with some helpful information. 

It appears that it is no longer true that the Bureau 
of Standards series, now slightly modified and adopted 
as the A.S.T.M. standard series, is not manufactured, 
although it is still fighting for supremacy over the 
Tyler series of sieves. The main point of my 
reference still persists, however, inasmuch as the table, 
as published, is inconsistent and misleading. The 
instance I quoted was the 170-mesh sieve, aperture 
0-0035 in., wire diameter 0-0025 in. To get the 
aperture right with 0-0025-in. wire requires 166-7 
meshes per inch, whereas the same result is obtained 
with 0-0024-in. wire and 170 meshes per inch. No 
question of wire-gauge series can come in, because the 
American table makes use of wires from several series 
of wire gauges, and some which I cannot trace in any 
series. It would, therefore, appear to have been 
better had they specified a 0-0024-in. diameter wire. 
It is realised that the huge tolerances on wire diameter 
(— 15 per cent. to + 35 per cent.) give a wide latitude 
of choice, and probably advantage is taken of this to 
achieve the desired end, but in a standard series the 
ideal conditions should be arrived at and stated. 
There are other similar instances of inconsistency in 
the table, and it would have been better, in my opinion, 
to have omitted the column quoting the “‘ Sieve Series 
Number,” which obviously was originally purely a 
mesh number. 

I have sought an explanation in the metric foundation 
of the table, but the sieves in question do not work 
out to a simple number of meshes per centimetre. I 
have no doubt that American manufacturers achieve 
the desired results in aperture sizes, but a standard 
which allows more than one type of sieve for any 
specified opening is unsound. 

Apart from the two weavings I have quoted, to 
get a 0-0035-in. aperture it would be permissible to 
use 0:0034-in. diameter wire (35 per cent. on 0-0025 
in.) of 144 meshes per inch. Similarly, for an aperture 
of 0-0083 in., wire of 0-0055-in. diameter at 72 meshes 
per inch could be used, or wire at 0-0060-in. diameter 
at 70 meshes per inch. Full use of tolerance would 
enable other wires to be used. The British Standard 
series, by defining the meshes per inch, aperture and 
wire diameter in clearly related figures, allows no such 
variations. 








Yours truly, 
P. Masters, A.M.Inst.C.E., A.M.I.Chem.E. 
‘** Merrow,”’ Links Road, 
West Wickham, Kent. 
August 18, 1931. 








AEROPLANE CONSTRUCTION IN SHANGHAI.—Two am- 
phibian aeroplanes, equipped with 165-h.p. Wright 
Whirlwind engines, have recently been completed at 
the aeroplane factory of the Chinese Naval Ministry at 
Shanghai. With the exception of the engines, the 
machines have been built entirely from materials pro- 
duced in China. 
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THE LATE SIR THOMAS STANTON, 
F.R.S, 


TuHE news of the death of Sir Thomas Stanton, 
D.Sc., F.R.S., which occurred on Sunday last, at 
Pevensey Bay, near Eastbourne, where he was 
recuperating after an operation, will have come 
as a severe shock to the engineering profession, in 
which he was highly esteemed, both for his personal 
characteristics and for the valuable contributions 
he had made to the scientific side of engineering 
work. Sir Thomas, it will be remembered, retired 
from the position of Superintendent of the Engineer- 
ing Department of the National Physical Laboratory, 
in December last, having then attained the age 
limit. He was, however, offered, and took advan- 
tage of, facilities for continuing some of his personal 
research work at the Laboratory. 

Thomas Ernest Stanton was born at Atherstone, 
Warwickshire, on December 12, 1865, and received 
his general education at Atherstone Grammar 
School. After serving a pupilage of three years 
with Messrs. Gimson and Company, engineers, 
Leicester, from 1884 to 1887, he studied for the 
same period at Owen’s College, Manchester, obtain- 
ing the B.Sc. Engineering Degree in 1891. For the 
next five years, he worked as a demonstrator in the 
Whitworth Engineering Laboratory of Owen’s 
College, acting as assistant to Professor Osborne 
Reynolds, and it was doubtless during this period 
of his training that he acquired much of the experi- 
mental skill and ingenuity that has characterised 
his career. In 1896, when Dr. Hele-Shaw required 
a senior lecturer in engineering for University 
College, Liverpool, the post was offered to and 
accepted by Mr. Stanton, though we believe that 
Professor Osborne Reynolds parted with him with 
considerable reluctance. He remained at Liver- 
pool until 1899, obtaining his doctorate in 1898, 
and was then appointed Professor of Civil and 
Mechanical Engineering at University College, 
Bristol, remaining there until appointed Super- 
intendent of the Engineering Department of the 
National Physical Laboratory, when inaugurated in 
1901. 

Here he was engaged in research work in connec- 
tion with hydrodynamics, the strength of materials, 
heat transmission, lubrication, &c. His early work 
dealt with the flow of water in channels of varying 
cross-section, of which an account was given in our 
columns in 1902.* About a year later, he con- 
tributed a paper to the Institution of Mechanical 
Engineers on the “ Efficiency of Centrifugal Pumps.” 
His well-known alternating-stress testing machine 
was described in our issue of February 17, 1905, and 
his repeated impact-testing machine in ENGINEER- 
inc for July 13, 1906. In November, 1908, he 
described, with Dr. L. Bairstow, their joint work 
on the resistance of materials to impact, in a paper 
read before the Institution of Mechanical Engineers, 
but it is probable that his name will be best remem- 
bered for his classical work on the laws of fluid 
flow in pipes, carried out jointly with the late Mr. J. 
R. Pannell, and published in 1914 in the Transac- 
tions of the Royal Society. This work established 
experimentally the laws previously enunciated by 
Professor Osborne Reynolds, and is still constantly 
referred to in investigations on this subject. Among 
other work in hydrodynamics, mention should be 
made of his investigations on the resistance of 
thin plates and models in a current of water, which 
formed the subject of a paper read before the 
Institution of Naval Architects in 1909. Another 
paper contributed to that Institution in 1912, dealt 
with the law of comparison for surface friction and 
eddy-making resistance in fluids. He also carried 
out, in 1911, a research on the mechanical viscosity 
of fluids as affected by the speed and by the dimen- 
sions of the channel, using air which was forced 
through cylindrical pipes at speeds above the 

critical. An account of this work will be found 
in the Proceedings of the Royal Society, A, 
vol. Ixxxv, and also in his book on Friction, pub- 
lished in 1923. This book was largely concerned 
with the author’s work on lubrication, the latter 
part developing the boundary theory. 

Much of the earlier work of the National Physical 

Laboratory in aerodynamics was due to Dr. Stanton, 


* ENGINEERING, vol, Ixxiv, page 664 (1902). 


since aerodynamics was, for several years, a sub- 
sidiary division of the Engineering Department of 
the Laboratory. Reference to this work was made 
in the first report of the Advisory Committee for 
Aeronautics for 1909-10, and the early equipment 
designed by Dr. Stanton for experimental aero- 
dynamic work, including a vertical wind channel, 
whirling arm and towers for wind velocity investi- 
gations, was also then dealt with. Although aero- 
dynamic work eventually outgrew the capacity of the 
Engineering Department, and was transferred to a 
separate department, Dr. Stanton’s interest in aero- 
dynamics by no means ceased. As an instance of this, 
we may mention that comparatively recently he was 


at speeds in the neighbourhood of the velocity of 
sound in air; this work was dea/t with in Reports 
and Memoranda, No. 1130, dated January, 1928. 
Of perhaps more direct engineering interest were 
the experiments on hardness tests carried out by 
Dr. Stanton and Mr. R. G. Batson for the Hardness 
Tests Committee of the Institution of Mechanical 
Engineers, which formed the subject of a report 
presented to the Institution in the 1916-17 session. 
Dr. Stanton also suggested the design of the appa- 
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ratus from determining the viscosity of liquids at 
high pressures, which was developed and used by 
Mr. J. H. Hyde. With Mr. Hyde, also, he carried 
out the experimental work for the Cutting Tools 
Research Committee of the Institution of Mechanical 
Engineers, the report on which was printed in our 
issue of January 30, 1925. 

Dr. Stanton became an associate member of the 
Institution of Civil Engineers in 1894, being made 
a full member ten years later. In 1899, he was 
awarded a Telford Premium by this Institution 
for a paper on “ The Efficiency and Design of Sur- 
face Condensers,” while in 1906, he received the 
George Stephenson Gold Medal for his joint paper 
with Dr. Bairstow, on ‘‘ The Resistance of Iron and 
Steel to Reversals of Direct Stress.’ For his paper 
on “ Notched-Bar Impact Tests” he received the 
Telford Gold Medal in 1921, and he was awarded 
the Howard Quinquennial Prize in the following 
year in recognition of his researches and writings 
on the properties of iron and steel. As recently as 
May last, he delivered the James Forrest Lecture, 
choosing for it a subject on which he was particularly 





competent to speak, viz., ‘‘ Engineering Research.” 


engaged in tests for the Airscrew Panel on aerofoils’ 


He was elected a member of the Institution of 
Mechanica] Engineers in 1919. 

In the above we have been able to give only a 
brief outline of the life work of Sir Thomas Stanton, 
Reference to our own columns covering the last thirty 
years and other records, would bring to light much 
more. What we have mentioned, however, should 
give some indication of the directions in which he 
has served the engineering profession and industry. 
That his efforts were not unappreciated by the 
former may be gathered from the awards he 
received, some of which have been mentioned 
above, and that they were also recognised by the 
nation is evidenced by the fact that he received a 
Knighthood in 1928, having previously been made 
a C.B.E. for his work during the war. He was 
elected a Fellow of the Royal Society in 1914, 
serving on the Council from 1927-1929. He also 
served on a number of Government Committees and 
in an advisory capacity during the restoration of 
St. Paul’s Cathedral. 


THE LATE MR. STAFFORD RANSOME. 


WE regret to note the sudden death, on August 26 
last, at Walmer, of Mr. James Stafford Ransome, 
well known as a consulting engineer and author. A 
son of the late Mr. Allen Ransome, of Newark-on-Trent, 
Mr. Stafford Ransome was born in London on December 
6, 1860. After completing his general education at 
Rugby, he spent some eight months in 1879, at an 
engineering works at Malton, Yorkshire. In 1880, he 
entered the shops of his father, at Stanley Works, 
which, at that time, were in Chelsea, with a view to 
continuing his engineering training. In November 
of the same year, however, he proceeded to Bordeaux, 
France, to take over the position of assistant engineer 
in connection with the erection of a large factory for 
making casks by machinery. Subsequently he became 
engineer-in-charge of the construction works, and in 
that capacity, designed and carried out a number of 
mechanical improvements. Returning home in 1883, 
he re-entered his father’s firm, Messrs. A. Ransome 
and Company, Limited, first as assistant engineer 
to his father, the responsible head of the firm, and 
afterwards as his technical representative, particularly 
in relation to foreign work. In this capacity, he visited 
many countries abroad, residing for long periods on the 
Continent and in Brazil and other countries. In 
August, 1896, he went to the Far East where he designed 
saw mills and gave advice on forestry exploitation 
and on other questions affecting timber. The two 
years of 1900 and 1901 were spent in Australia, New 
Zealand, the Philippines, Japan and India, and, in 
1902, he proceeded to South Africa. 

At different periods of his life Mr. Ransome acted 
as special commissioner for our contemporary The 
Engineer, and as special correspondent for a number of 
London daily newspapers, in several different countries. 
He became editor of the journal African Engineering 
in 1905, and of Eastern Engineering in 1910, and con- 
tinued to occupy both of these positions until 1912. 
In that year he founded the British Engineers’ Associa- 
tion, the main object of which was then to promote 
British engineering trade in China, and remained its 
chief executive officer until 1917. During the European 
war he founded and organised the London and Eastern 
Counties Association of Controlled Establishments, 
and subsequently went to France for the purpose of 
promoting co-operation between the industrial associa- 
tion of Great Britain and of her French and Belgian 
allies. Mr. Ransome was the author of various works 
on engineering and economic subjects, one of the 
first of which, entitled Modern Labour was published 
in 1893, and among the last, Cutters and Cutter-Blocks, 
was published in 1927. A former student member of 
the Institution of Civil Engineers, he became an 
associate member on January 12, 1886, and was 
elected to full membership rank on November 29, 1898. 














TRAFFIC IN THE PANAMA CANAL.—During the fiscal 
year ending June 30, 1931, ships to the total of 5,529 
passed through the Panama Canal. These represented 
27,792,146 net tons, Panama Canal measurement. The 
corresponding totals for the fiscal year 1930 were 6,185 
vessels and 29,980,614 tons, and for 1929, 6,413 vessels 
and 29,837,794 tons. The German liner Columbus, of 
20,079 net tons, was the largest vessel which passed 
through the Canal during the year 1930-1931. 





PROJECTED BRIDGE OVER THE RIACHUELO RIVER, 
ARGENTINA.—We understand that the Departamento de 
Estudios y Obras del Riachuelo has laid before the 
Minister of Public Works, Buenos Aires, Argentina, a 
project for the construction of a new bridge over the 
River Riachuelo, to replace that now known as the 
Alsina bridge, which is no longer able to cope with the 
road traffic between the city and province of Buenos 
Aires. It is stated that the projected bridge will be 
557 ft. long and 78ft. wide. Its construction is estimated 





to cost 3,000,000 dols. 
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LABOUR NOTES. 


A NOTE in the Railway Review, the organ of the 
National Union of Railwaymen, discusses the question 
of the limitation of apprentices in railway workshops. 
The problem was not so difficult years ago, the writer 
says, when craftsmen were craftsmen, and not so much 
sectionalised as they are to-day. The rapid growth 
of the use of machinery has produced a type of crafts- 
man who specialises on a section of work, as compared 
with the type who could complete a particular operation. 
In other words, the machinist is becoming more and 
more a factor in the workshop. ‘‘ The relationship,” 
the contributor of the note proceeds, ‘‘ between the 
number of apprentices employed to the number of 
craftsmen has become out of all proportion during 
the past few years by reason of the large number 
of dismissals of craftsmen which have taken place. 
Indeed, a census taken in some of the larger shops 
shows an extraordinary disparity compared with 
what is normally looked upon as reasonable. The 
question is one of some consequence, because of its 
effect upon the employment of adults, and the 
employees’ side of the shopmen’s council have shown 
their recognition of it by the inquiries they have been 
conducting over a period of time.” 





It is admitted that the problem is not a simple 
one. Among a number of suggestions which present 
themselves to the writer is one ‘‘ that there should 
be a cessation of admission of apprentices over a given 
period of time,’’ which would “ bring the proportion 
more into line with accepted theories.” ‘‘ There are,” 
he adds, “‘ more and more serious proposals, but the 
one quoted will, no doubt, give a line for men to 
consider. The subject is needing special attention, 
and if we can focus the minds of men on the problem 
it will materially assist those whose duty it is to 
represent them to apply a test to some proposals in 
order to go forward in the reports for solution of some 
of the difficulties.” 





The latest issue of the International Cotton Bulletin 
estimates, on nearly complete actual returns from all 
countries, that Lancashire has 678,794 ordinary looms, 
hitherto worked on the system of four looms to a 
weaver, and only 14,105 automatic and semi-automatic 
looms. Her chief competitors have much larger pro- 
portions of automatic plant. The United States has 
133,631 ordinary looms, 532,176 automatic, and 33,148 
semi-automatic looms ; Germany has 24,626 automatic 
to 199,451 ordinary looms; France 17,500 automatic 
to 182,600 ordinary ; Japan 15,000 automatic to 57,466 
ordinary; and Italy 26,800 automatic and semi- 
automatic to 119,700 ordinary. The world totals 
are 2,335,296 ordinary, 661,023 automatic, 53,459 
semi-automatic. 





The proposals of the Lancashire employers, which 
are under consideration, include the provision of 
automatic attachments to a large proportion of the 
existing plant, and not a wholesale substitution of auto- 
matic for ordinary looms. 





An organising district delegate of the Amalgamated 
Engineering Union mentions the case of a Yorkshire 
firm, with whom negotiations have taken place on the 
wages question. In a letter inviting the Union to 
meet him, the managing director said :—‘* Now that, 
apparently, there is a general agreement on time 
and piecework rates in the engineering trade (although 
we are not members of the Engineering Federation), 
we find that our industry is in such a deplorable condi- 
tion that we are compelled to put forward a request 
to our employees to adopt a similar basis for our 
wages in these works.” A meeting took place between 
the parties to discuss the matter, and at its close the 
managing director agreed to submit his proposals in 
writing. 





The proposals were as follows :—‘ (a) That inasmuch 
as many of our piecework prices have been fixed on a 
basis allowing an average worker to earn time and a 
half upon datal rates, and, in other cases, have, by 
subsequent introduction of improved methods and 
machinery, lost their original relationship with datal 
earnings, we now propose to revise all piecework 
operations, fixing new prices which shall provide 
earnings at the rate of time and a quarter upon the 
datal rate for the output of an average worker. (4) 
That as these new prices are satisfactorily arranged 
and supercede our present rates as the basis of payment, 
we will cease in such cases to deduct the 10 per cent. 
from piecework earnings which has been deducted in 
accordance with the agreement of July 8, 1930.” 
Clause (c) is not given in the delegates’ report, but 
Clause (d) was as follows :—‘‘ In cases where, in spite 
of these adjustments, orders can only be obtained 
at less than cost price, we propose temporarily sus- 
pending any existing piecework prices, and in place 


thereof will mutually agree with the men concerned 
a reduced price, and, with the assistance so given, 
endeavour to obtain the work.” ‘‘ The above pro- 
posals,”” the delegate says, ‘‘ have been submitted to 
a meeting of the local representatives and received 
the fate they deserved.” 





The Belgian National Committee for Scientific 
Management recently issued to its members a question- 
naire dealing with one of the items on the agenda 
of the Congress, to be held in Amsterdam in 1932, 
dealing with the relative value of the different means 
employed to interest the worker in increasing his output. 
The letter accompanying the questionnaire states that 
the Belgian National Committee is anxious to make a 
contribution to the study of this question, and intends 
to base its report on the replies forwarded to it by per- 
sons experienced in industrial or commercial affairs. 
It reminds the members that the important point 
is not so much whether the means employed has 
yielded the result expected, but rather whether and 
how far it has led the workers to take an interest in 
increasing their output. The information asked for 
relates to the method of payment of wages, measures 
of discipline, material and moral conditions rendering 
work more agreeable, fatigue, the training of the 
professional conscience, welfare work by employers, 
individual or collective dealings with the staff, and 
industrial relations. 


Among the questions discussed at a recent con- 
ference in Lausanne, of the Committee on Women 
Workers, of the International Federation of Trade 
Unions, was the employment of women in industry. 
A report on the subject was submitted by Miss Hanna 
(Germany), who stated that the transition from craft 
production to industrial production, and the consequent 
conversion of the masses into a proletariat, had brought 
about an increase in the number of women dependent 
on employment for alivelihood. Inindustrial countries 
the number of women working for their own support 
represented on an average one-third of the labour 
force. At the present time, industrial work had become 
an economic necessity for thousands of women. In- 
dustrial work for women was a result of the use of 
machinery, and rationalisation had encouraged it by 
opening new avenues of employment. It was obvious 
that this would affect the position of male workers, 
who feared that they would be replaced by lower-paid 
female workers. 





In that connection, Miss Hanna recalled that the 
International Federation of Trade Unions had re- 
peatedly declared that no solution would be found 
by opposing the employment of women, but that efforts 
should be made to improve the economic position of 
workers of both sexes, and that this object could only 
be achieved by the organisation of women workers. 
The dangers arising from the present standards of 
payment of women workers could only be avoided 
if they were organised more effectively than at present 
in trade unions. At the present time less than one- 
tenth of the women wage-earners belonged to national 
trade-union organisations affiliated to the International 
Federation of Trade Unions. The Committee should, 
therefore, repeat its urgent request to the national 
bodies to devote more care to the organisation of 
women workers, and to give fuller consideration to the 
question of adapting their conditions of employment 
to their needs, 





A discussion took place on the report, in the course 
of which all the members present expressed their 
regret that no trustworthy and properly comparable 
statistics were available for the leading industrial 
countries of the world. With a view to remedying 
this defect, which placed great difficulties in the way 
of effective propaganda for the improvement of the 
conditions of women workers, the Committee drew 
up a series of suggestions to be forwarded to the 
executive officers of the International Federation of 
Trade Unions. 





The Commissariat of Labour of the Russian Federa- 
tion of Soviet Republics has drawn up a list of occupa- 
tions in which women must be employed either by 
preference or exclusively, and this list has been 
approved by the Council of People’s Commissaries of 
the Russian Federation. Among the occupations in 
which women must be employed exclusively, the most 
important are certain branches of the textile, chemical, 
electrical engineering and clothing industries, while a 
large number of posts are reserved for them in offices 
and commercial undertakings. Plans are in prepara- 
tion for the substitution of women for men in these 
occupations, and the distribution of the labour thus 
released among the various branches of industry, 





Addressing a meeting of the Czechoslovakian 





Academy of Agriculture, attended by foreign members, 





Mr. Milan Hodza, the president, referred to the increase 
of mechanised agricultural productionin North America, 
and maintained that this had led directly to a surplus 
of production, which was now endangering the small 
peasant farms of Europe, so that something approach- 
ing a social catastrophe was not unlikely to occur 
in certain parts of Eastern and Central Europe. There 
was, he believed, a great opportunity in this connection 
for criticism by persons interested in economic theory 
and social and philosophical questions. 


A recent issue of the International Labour Office’s 
weekly organ contains a condensed account of a pro- 
gramme of industrial development, which has been 
drawn up by the Chinese Ministry of Industries. 
The object of the programme, stated briefly, is the 
transformation of China within ten years into one of 
the principal industrial countries of the world. It is 
to be executed in part by the Government, and in 
part by private enterprise under the direct supervision 
of the Government. Among other things, the plan 
calls for the placing under cultivation of 300 million 
acres of arable land not at present utilised, the develop- 
ment of transport and communications, the establish- 
ment of manufacturing industries throughout the 
country, the improvement of harbours and the con- 
struction of a merchant fleet of at least eight million 
tons, with engines aggregating five million horse-power. 
To meet the needs of these projects, it will be requisite 
to increase the output of coal from 30 million to 200 
million tons a year, and that of iron and steel to 12 
million tons a year; the amount of power required 
for industrial undertakings will be increased from 
1,750,000 h.p. to 20,000,000 h.p. 


The plan involves an annual expenditure on 
machinery during the ten-year period of 1,120 million 
dols. In order to supply the skilled labour necessary 
for the manufacture of the machinery required, the 
Ministry of Industries suggests the establishment in 
Nanking of model engineering works where mechanics 
could be trained under foreign supervision. Although 
the plan has not yet been approved by the Chinese 
Government, it merits, Industrial and Labour Informa- 
tion believes, close study, since even the partial 
execution of the programme would exercise a con- 
siderable influence on the labour situation in China, 
and possibly also in foreign countries, apart from other 
economic repercussions which would follow directly 
or indirectly. The Government has already adopted 
the regulations governing the organisation and func- 
tions of the Economic Council, which will doubtless 
be called upon to play an important part in the adapta- 
tion and execution of the programme. 


At August 24, the numbers of persons on the registers 
of employment echanges in Great Britain were 1,958,395 
wholly unemployed, 661,829 temporarily stopped, 
and 113,558 normally in casual employment, making a 
total of 2,733,782. This was 14,406 more than a 
week before and 694,080 more than a year before. Of 
the total number, 1,986,208 were men, 75,908 boys, 
610,729 women, and 60,877 girls. 


The Minister of Labour, after consultation with the 
General Council of the Trades Union Congress, the 
National Confederation of Employers’ Organisations, 
and the Treasury, has appointed the following Advisory 
Committee under the Unemployment Insurance (No. 3) 
Act, 1931, to consider and report on regulations to be 
made under that Act to deal with anomalies which 
have arisen in the operation of the Unemployment 
Insurance Acts, regarding certain classes of claimants : 
Viscount Burnham (chairman), Mr. F. C. Allen, Sir 
Albert Ernest Bain, Sir William Beveridge, Miss Hilda 
Cashmore, Mr. W. Kean, Mr. W. A. Lee, Mr. A. Shaw, 
Miss Julia Varley, Mr. J. B. Forbes Watson. The 
secretary of the committee will be Mr. H. H. Wiles, 
of the Ministry of Labour. 





INTERNATIONAL Motor VEHICLE SHOWS IN PARIS,— 
The Paris International Motor Show is to be held in the 
Grand Palais from October 1 to 11, and following after 
this, from November 28 to December 6, and on the same 
premises the International Commercial Vehicle Show 
will take place. In both cases, the exhibitions are being 
organised by the Chambre Syndicale des Constructeurs 
d’Automobiles, 59, Avenue Hoche, Paris, 8e. 


EL@aR SCHOLARSHIP IN NAVAL ARCHITECTURE. 
The Council of the Institution of Naval Architects has 
awarded the Elgar Scholarship in naval architecture for 
1931, which has a value of 130/. per annum, and is tenable 
at Armstrong College, Newcastle-upon-Tyne, to Mr, H. 
Lackenby, of Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne. The Earl of 
Durham Prize has been awarded to Mr. J. A. Price, 
of H.M. Dockyard, Sheerness. 
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INFINITELY-VARIABLE FRICTION GEAR. 


CONSTRUCTED BY MESSRS. DISKON GEAR, LIMITED, ENGINEERS, LONDON. 
























































For these, it is now customary to use the much more 
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current motor could be used for driving certain classes|the position illustrated, IN 
of machinery, of which the running speed must be | both discs stand at equal S 
altered as the character of the work to be done changes. | distances from the centre \ = 
of the driving disc. Hence, Ky My 


costly direct-current motor. There are also many 
recording instruments of the integrating type for 
which a reliable variable-speed friction drive would 
meet a long-felt want. Kinematically, the problem 
presents no difficulty. All that is necessary is to 
arrange for one dise to slide over the face of the other, 
which drives the former by frictional contact. If the 
dise which acts as driver is kept at a constant speed of 
rotation, the speed of the driven dise will vary with 
its distance from the centre of the driving disc. Nothing 
could be simpler, but in practice difficulties arise from 
the fact that our materials of construction are not 
infinitely rigid, neither are they infinitely strong. Hence, 
instead of a point contact between the two, there is 
a surface of contact. This consideration is immaterial 
when the driven disc is well away from the centre of 
the driving disc, but its importance increases rapidly 
as the centre is approached. Moreover, in the stopped 
position, when the point of contact coincides with the 
centre of the driving disc, there is continuous rubbing 
of the two surfaces, which tends to wear a flat on the 
circumference of the driven disc. 

By the introduction of what appears to be an entirely 
novel idea, this drawback is completely eliminated from 
the Diskon gear sections of which are shown in Figs. 
1, 2 and 3 on this page. Its makers, Messrs. 
Diskon Gear, Limited, of 64, Victoria-street, S.W.1, 
will show it in action at the Shipping, Engineering 
and Machinery Exhibition which opens at Olympia 
on Thursday next. It is the subject of patents 
by Dr. H. 8. Hele-Shaw and Mr. T. EK. Beacham, 
who have been at work leading up to this develop- 
ment for some years. It may be mentioned that 
Dr. Hele-Shaw has been interested in this subject 
for something like 45 years and one of his early friction 
gears is in the South Kensington Museum. The vital 
features on which the success of the Diskon gear 
depends have been thoroughly tested in operating the 
machine shop of the company for 24 years without 


showing any signs of wear. Although this gear 
is infinitely variable and the direction of motion 
can be reversed, the zone within which contact 


occurs between the two driven discs used and the 
driving disc is confined to a narrow belt on the 
latter, the centre of which is never closely approached 
by the driven discs. Moreover, in the stopped position 


since the two follower discs 
C and D will be running at 






equal speeds, the shaft B SS 
will be stationary. If, how- f eisse 


ever, the whole system were 
pushed, say, to the right, 
the dise D would run faster I) 
than the disc C, and to iy 
accommodate this difference 
of speed, the arm carrying 
the bevel wheel E would 
have to move round, carry- 
ing with it the shaft B, 
which would thus rotate at 
a speed depending on the 
relative positions of the 
follower discs. If, on the 
other hand, the whole 
system were traversed to 
the left instead of to the 
right, the dise C would run 
faster than the disc D, and the bevel wheel E would 
be carried round in the opposite direction, thus revers- 
ing the motion of the shaft B. 

Vig. 4 is, of course, purely diagrammatic, the arrange- 
ment actually used being represented in Figs. 1, 2, 
and 3. The dises C and D are clearly shown in Fig. 3. 
They are mounted on ball bearings and are integral 
with their respective bevel wheels. They are held in 





| position by the casting K, instead of being strung on 


the follower shaft, as indicated in the diagram Fig. 4. 
In place of the one wheel EK shown in this diagram, 
there are four mounted in a cage L, Fig. 2, thus 
automatically centring the whole set, whilst at the 
same time reducing to one-fourth the maximum loads 
which have to be taken by one set of teeth. At 
one end, the driven shaft B is arranged to slide freely 
in a rectangular recess formed in the inner end 
of the external shaft shown. At its other end, the 
driven shaft B is coupled up to the cage by a square, 
}as indicated at I, Figs. 2 and 3. The faces of this 
square are rounded so that B can tilt a little in any 
direction, whilst still rotating rigidly with the cage L. 
The object of this arrangement is to make provision 
for a very simple and ingenious method of traversing 
the discs C and D across the face of the disc A. The 





of the follower shaft, the two driven discs are still | device, as fitted, has, moreover, the property that, 
running freely, so that there is no possibility of a flat | should the torque on the driven shaft increase, not 


being worn on them. 


only is the pressure between the driving and the 


The general principle which has made this result | driven discs also increased, but at the same time the 
possible will be most readily understood on reference to | whole system is automatically traversed so as to alter 


the diagram Fig. 4, on the opposite page. 


Here the | the gear ratio. In the extreme case in which the follower 
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shaft is locked, the two travelling discs C and D will 
automatically move into their central positions, in 
which they rotate freely, though the follower shaft 
is stationary. Indeed, when the speed is altered 
by hand, the traversing of the discs is also, in a 
sense, automatic, The principle involved will be clear 
on reference to Fig. 5. 

In the ordinary working position, the two follower 
dises touch the driving disc A along the horizontal 
diameter X Y. Suppose, however, that the frame in 
which they are mounted is lowered so that they touch 
A along the lower line shown, the points of contact 
being respectively V and W. At V, the instantaneous 
motion of an element of the driving disc is along the 
tangent shown. Let the velocity here be represented by 
VU. Then this can be resolved into two components V 'T 
and U T, where V T represents the speed of the rim of 
the disc D, whilst the component U T tends to move the 
dise bodily to the lett. Similarly, at W there is a com- 
ponent motion S R, which tends to move the dise C to 
the left, and, moreover, these transverse components are 
exactly equal to each other, whatever the position of 
the discs. The effect of these two component velocities 
is to carry the two discs and the frame on which they 
are mounted to the left, and if this frame be hung so 
that, in making this traverse, it has to climb up an 
inclined plane, the two discs C and D will ultimately 
be brought back again on to the horizontal diameter 
XY. Moreover, in making this traverse they will tend 
to set themselves more nearly at equal distances from 
the centre of A. As will be explained later, advantage 
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is taken of this feature to automaticaily adjust the pres- 
sure between the driving and driven discs in accordance 
with the torque being transmitted by the followershaft B. 
Referring to Figs. 1, 2 and 3, which are reproduced 
from the working drawings, it will be seen that the 
whole frame K is supported partly on the bar M (see 
Fig. 2 on the right) and in part by a lever N, which 
carries a roller running in a slot machined in the 
casting O (Figs. 1 and 2). This slot is inclined at an 
angle to the horizontal, so that if the frame travels to 
the right it will be raised, carrying with it the discs C and 
D, whilst if it travels to the left it will be lowered. 
The casting O is mounted on an eccentric, which is 
shown dotted in Fig. 2. Let us assume that the gear is 
in the neutral position with both discs C and D touching 
A along a horizontal diameter. To start the gear, the 
control lever Z is moved, say, so as to lower the slot O, 
which carries with it the two discs C and D. These 
immediately start to traverse in a horizontal direction, 
as explained in connection with Fig. 5. The roller at 
the end of the lever N is thereby carried up the slot, 
and thus brings back the two discs C and D on to the 
horizontal centre line. But the two will now be at 
different distances from the centre of the driving dise A, 
and will run at different speeds, thus setting the shaft 
B into rotation. The response to the movement of 
the starting handle is said to be practically instanta- 
neous, and an almost infinitesimal lowering of the 
frame carrying the discs C and D suffices to ensure the 


| traverse. We are informed, in fact, that, in practice, the 
maximum displacement of the points of contact of 
C and D above or below the horizontal diameter of A 
does not exceed ,), in. 

The pressure needed to ensure the driving of C and D 
by Ais applied by means of the roller P. This is mounted 
on an eccentric, as best seen in Fig. 3. At the point 
of contact of this roller with the bar M its face is 
concentric with the axis of the driving dise A, so that 
the roller is not cylindrical. As a consequence, when 
the frame L is lowered or raised, the whole system 
rolls about the rail M rather than pivots about it, 
and consequently the pressure applied is not affected, 
as the horizontal distance of the disc A from the point 
of contact with the rail M is unchanged. 

As already mentioned, provision is made by which 
the pressure between the driving and the driven discs 
is automatically varied with the torque on the second 
motion shaft. The method employed will be best 
understood by referring to the diagrammatic sketches, 
Figs. 6 and 7. Here the lever N is represented as 
passing between two guide rods which are equivalent 
to the slot O (Fig. 2). At a@ the lever N is pivoted to 
| the frame K, which carries the two dises C and D. 
The roller P is mounted eccentrically on a shaft b having 
its bearings in K. From each end of 6 there is a crank 
the other end of which makes contact with an extension 
to the lever N. 

Suppose now that the torque on the shaft B is 
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increased, the direction of its rotation being as indi- 
cated by the arrow in Fig. 6. This increase of torque 
will tend to depress the whole casting K, thus pressing 
the upper end of the lever N against the lower of the 
two bars shown. The lever N will thus tilt slightly 
about its pivot a, and its other end will press with 
increased force against the upper of the two cranks on 
the shaft B. This pressure will turn the eccentric 
slightly, and thus increase the pressure between the 
driving and the driven discs. At the same time, the 
slight lowering of the frame will set the automatic 
traverse into action, as already explained, and the 
whole system will move so as to increase the gear ratio. 
If the shaft B is rotating in the opposite direction and 
the torque on it increases, the frame K is slightly 
raised instead of lowered, and the lower of the two 
cranks on } is now actuated, the eccentric being rotated 
in the same way as before and the disc pressure again 
increased. Corresponding adjustments occur when 
the torque on the second motion shaft is reduced. In 
the mechanism, as actually made, the frame K_ is 
coupled to the lever N by the spring shown in Fig. 2, 
which, however, merely takes part of the weight of the 
frame and discs. 

Lubrication is provided for by flooding the bottom 
of the casing with oil; a guard, prevents any excess of 
oil from being thrown on to the face of the driving disc. 
A photograph showing the gear coupled to a con- 
stant-speed electric motor is reproduced in Fig. 8. 








THE ORFORDNESS ROTATING 
BEACON. 

DiRECTIONAL wireless methods are used extensively 
in marine navigation. Before 1920, wireless direction 
finders were provided at special shore stations erected 
for the purpose, and on request supplied bearings to 
ships which made special transmissions for the purpose. 
According to later practice, radio direction finders 
have been placed on the ship itself, which thus could 
take radio bearings upon any transmitting station of 
which the position was known. In this way, the ship 
is independent of operators on shore stations, and, as 
an alternative, a rotating-beacon transmitter was 
developed some years ago by the Air Ministry, to enable 
bearings to be taken without the use of special apparatus 
and without communication between the vessel and 
the shore. A long series of experiments carried out 
on such a beacon by the Radio Research Board of the 
Department of Scientific and Industrial Research 
gave reason for thinking that such a beacon would 
be a useful and reliable aid in marine navigation, and 
one was accordingly erected at Orfordness, in Suffolk, 
intended for the general use of the mercantile marine. 
An extended trial has now been made of this beacon, 
and the results of observations onit have been analysed 
on behalf of the Board of Trade by the Radio Research 
Board. A report * by Dr. R. L. Smith-Rose serves to 
confirm the anticipations with which the beacon was 
erected. 

The transmitter consists of a closed loop or frame 
coil, about 10 ft. square, mounted on a vertical spindle 
and rotated at a constant speed about its vertical axis. 
The strength of the signal received from it at a distant 
receiver varies according to the cosine of the angle 
between the plane of the coil and the direction of trans- 
mission, so that it passes through a minimum when the 
plane of the coil is perpendicular to the great circle 
through the transmitter and the receiver. The 
rotation of the coil being uniform, the minimum, and 
likewise the maximum, values occur at equal intervals 
of time. At Orfordness, a complete rotation is made 
in 60 seconds, so that the coil moves at the rate of 
6 deg. per second. The transmitter is arranged to emit a 
characteristic signal—the Morse letter V followed by two 
dots and a long steady dash—when the line of maximum 
radiation is in the north direction and the plane of the 
loop is thus pointing east and west. Accordingly, 
the operator at the receiver has only to start a stop 
watch on receiving the beginning of the dash, and to 
note the interval of time which elapses before the 
received signal passes through its minimum. As 
there are two minima in each revolution of the beacon, 
bearing observations can be made at half minute 
intervals during the operation of the beacon. From 
the series of line bearings so obtained, coupled with a 
knowledge of the speed and the course of the ship, the 
position of the ship can be plotted, or if the ship is 
stationary and two or more beacons are available, the 
average of several bearings observed on each beacon 
will enable an accurate position fix to be obtained. To 
provide against the case in which the receiver happens 
to be directly north and south of the transmitter, so 
that the signal intensity would therefore be at a 
minimum, a second characteristic signal is given by 
the beacon at intervals of a right angle from the 


* Department of Scientific and Industrial Research. 
Radio Research: Special Report No. 10. The Orfordness 
Rotating Beacon and Marine Navigation. By R. L. 
SmirH-Rose, D.Sc. H.M. Stationery Office. Price 6d. 
net. 
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primary signal, and, with a correction of 90 deg., can 
be used as the starting point of the observation. 
As the coil moves at the rate of 6 deg. per second, the 
bearing of the transmitter can be obtained by multi- 
plying by 6 the interval in seconds between the north 
signal and the minimum signal. By providing the 
stop watch, with a compass-card dial, however, and 
starting the watch with the seconds hand in the zero 
position on receiving the north signal of the beacon, 
the position of the seconds hand when the signal 
passes through its minimum will give the bearing direct 
without any calculation. An auxiliary automatic 
recording apparatus has been developed, with a drum 
rotating at the same speed as the beacon, by means 
of which the bearings are recorded without the atten- 
dance of an operator. Under normal conditions of 
operation, and at ranges up to 100 miles or probably 
more, the accuracy of the bearings obtained on this 
recorder were considered to be well within one degree. 

The net effect of the numerous observations that were 
made at ranges up to as much as 900 miles, though 
mostly not exceeding 100 miles, has been to show that, 
when the observer has had some experience at the work, 
the beacon can provide bearings to ships at sea to an 
accuracy of the order of 2 deg. Apart from coastal 
deviations, which at Orfordness amount to 1 to 2 deg. 
over an arc of about 5 deg. from either side of two 
directions, the maximum error associated with the 
beacon does not appear to exceed 0-5 deg. The reliable 
service range of the beacon for a ship equipped with 
the ordinary type of two-valve receiver is from 50 to 
100 miles at all times, or up to 250 miles in day time 
under favourable conditions. As with other systems 
of wireless direction finding, fog or other bad-weather 
conditions do not affect the observed bearings, and, 
moreover, they are independent of the motion of the 
ship and of the accuracy of its compass. It is hoped 
that investigations in progress in regard to night errors, 
which restrict the range of accurate reading to 100 
miles, may suggest means of removing this limitation. 


ENGINEERING TRAINING AND 
EDUCATION. 

Lectures for Teachers.—The Education Officer of the 
London County Council has recently issued a handbook 
of lectures and classes for teachers, to be held during 
the 1931-32 session. These lectures are designed to 
bring London teachers into touch with the latest 
developments in educational methods, and to give 
them opportunities of hearing leading authorities in 
various branches of learning and on current questions 
of importance. The courses arranged are numerous 
and cover a very wide field, and, among them, may be 
cited, “ Principles of Teaching for Teachers of Technical 
Subjects; ‘*‘ Pedagogic Course for Evening Institute 
Instructors’; ** The Teaching of Mechanics,” ‘“‘ Recent 
Advances in Science,” and refresher courses in chemis- 
try, physics, &c. Persons engaged in teaching in 
London, Croydon, Kent, Middlesex, and Essex, are 
eligible for admission at fees, which average less than 
ls. per lecture. Other teachers are admitted at fees 
50 percent. higher. Further particulars can be obtained 
from the Education Officer, The County Hall, West- 
minster Bridge, London, S.E.1. 

Chelsea School of Metallurgy.—Full time, part-time, 
and evening courses of study in metallurgy and assaying, 
intended for candidates for the London University 
degree in metallurgy, for the examinations of the Insti- 
tute of Chemistry, for the associate membership ex- 
amination of the Institution of Mechanical Engineers, 
and for other examinations, are available at the School of 
Metallurgy, Chelsea Polytechnic, Manresa-road, London, 
S.W.3. <A prospectus giving full particulars of all these 
courses has recently been published. Details are given 
of a two-year evening course for engineers, entitled 
Engineering Metallurgy, the time required being one 
or two evenings per week. The ground covered includes, 
besides the metallurgy of engineering materials, such 
subjects as the mechanical working and testing of 
metals, heat treatment, foundry work, pyrometry, 
metallography, the study of corrosion, and electro- 
metallurgy. Copies of the prospectus can be obtained 
from the principal of the Chelsea Polytechnic, at the 
address given above. The autumn term of the forth- 
coming session begins on 3eptember 21 next. 


Ratt Moror-Cars rv Curna.—According to an article 
which appeared in a recent issue of the Far Eastern 
Review, petrol rail motor-cars are being employed on the 
Sunning Railway in China. A rail car and trailer is 
now running between Toishan and Pakshah, a distance 
of 32 miles. Four return trips are made daily, and the 
average number of passengers carried is 1,000 a day. 
Another rail motor-car, without trailer, is in service 
between Toishan and Kungyick, a distance of 20 miles, 
and the daily average of passengers carried is 400. The 
chassis were manufactured by Messrs. Dodge Brothers, 
and, it is understood, were imported complete from the 
United States. The bodywork of the car and the trailer 
were constructed in China, 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Motor Tractor and Trailers.—The supply of one motor 
tractor and two trailers for service. on the roads of 
approach to the Port of Antwerp. The Port Equipment 
Department of the Antwerp Municipality, Antwerp ; 
September 14. (Ref. No. G.X. 10,702.) 

Transmission-Line Steel Towers.—The supply of 
approximately 270 galvanised-steel transmission-line 
towers, complete with arms, ground stubs and acces- 
sories. The Public Works Department, Wellington, 
New Zealand ; December 15. (Ref. No. G.X. 10,703.) 








BOOKS RECEIVED. 


Department of the Interior, Canada. Dominion Water 
Power and Hydrometric Bureau. Water-Power Re- 
sources Paper No. 65. Surface Water Supply of 
Canada. Pacific Drainage. British Columbia and 
Yukon Territory, Climatic Year 1928-29. By C. E. 
Wess. Ottawa: Dominion Water Power and Hydro- 
metric Bureau. 

Mechanism. Third Edition. By R. McA. KrEown. 
Revised by V. M. Farres. London: McGraw-Hill 
Publishing Company, Limited. [Price 12s. 6d. net]. 

Die thermodynamische Berechnung der Dampfturbinen. 
By Dr.-Inc. G. Forner. Berlin: Julius Springer 
[Price 7-50 marks.] 

Economics for Engineers. 
RowntREE. London: 
Ltd. [Price 1/. net.] 

Hydrogenation of Organic Substances, including Fats and 
Fuels. By C. Euuis, Third Edition. London: George 
Routledge and Sons, Limited. [Price 3/. 3s. net.] 

The Quest for Power, By H. P. and M. W. Vow Les. 
London : Chapman and Hall, Limited. [Price 15s. net.] 

Department of Scientific and Industrial Research. Sum- 
mary of Progress of the Geological Survey of Great 
Britain and the Museum of Practical Geology, for the 
Year 1930. Part II. London: His Majesty’s Station- 
ery Office. [Price 2s. net.] 

Mines Department. Ninth Annual Report of the Safety 
in Mines Research Board. 1930. London: is 
Majesty’s Stationery Office. [Price 2s. net.] 

United States Bureau of Standards, Circular No. 392. 
Testing of Timepieces. Washington: Government 
Printing Office. [Price 15 cents.] 

United States Bureau of Mines. I: 21 Gold, Silver, 
Copper, Lead and Zinc in Nevada in 1929. Mine 
Report. By V. C. Herkes. [Price 10 cents.] II: 28. 
Asphalt and Related Bitumens in 1929. By A. H. 
REDFIELD. [Price 10 cents.] Technical Paper No. 
500. Relationship between Volatility and Consumption 
of Lubricating Oils in Internal-Combustion Engines. 
By G. WabE and A. L. Foster. [Price 10 cents.] 
Washington : Government Printing Office. 

Department of the Interior, Canada. Dominion Water 
Power and Reclamation Service. Annual Report 1928- 
1929. Ottawa: Dominion Water Power and Hydro- 
metric Bureau. 


By E. L. Bowers and R. H. 
McGraw-Hill Publishing Co., 











INTERNATIONAL CONFERENCE ON BITUMINOUS CoAL.— 
As previously recorded in our columns, the third Inter- 
national Conference on Bituminous Coal will be held at 
the Carnegie Institute of Technology, Schenley Park, 
Pittsburgh, Pennsylvania, U.S.A., from November 16 
to 21 next. A preliminary programme has been issued, 
and it is therein stated that the subjects for discussion 
comprise cleaning and preparation, hydrogenation, by- 
products, fertilisers, low and high-temperature carbonisa- 
tion, gasification, combustion, railway and steamship 
fuel, smoke abatement and dust removal, classification, 
competition between coal and other fuels, storage, and 
miscellaneous matters. Contributions to the pro- 
ceedings are to be made by Messrs. W. R. Chapman, 
J. I. Graham, D. G. Skinner, and P. C. Pope, Drs. M. 
Barash, E. 8S. Grumell and W. H. Cadman, Professors 
A. W. Nash, W. A. Bone, and H. G. A. Hickling, and other 
British representatives. 

NATIONAL SMOKE ABATEMENT Socrety.—The third 
annual conference of the National Smoke Abatement 
Society will be held at Liverpool from September 18 to 20. 
On the first day, at 8 p.m., a reception will be held at the 
Town Hall by the Lord Mayor. The business meetings 
will be held in the lecture theatre of the School of 
Hygiene, Mount Pleasant, commencing at 9.45 a.m. on 
Saturday, and at 11 a.m. on Sunday, September 19 
and 20. The papers to be read and discussed on Septem- 
ber 19 comprise ‘‘ The Progress of the Electrical Grid,” 
by Mr. R. Blackmore, and *‘ Some Notes on the Produc- 
tion and Use of the new Smokeless Fuel ‘ Dryco’ in 
Liverpool,” by Mr. R. E. Gibson. In the afternoon, a 
motor tour is to take place, and visits will be paid to the 
housing estates, to the new Clarence Dock power station 
and other places of interest. On the morning of 
September 20, several short papers on the development 








and activities of the several regional smoke abatement 
committees will be read by members of those com- 
mittees, and these will be followed by a demonstration 








of the apparatus employed for the measurement of atmos- 
pheric impurities. A council meeting will be held in the 
afternoon. Further information regarding the Con- 
ference can be obtained from the secretary of the Society, 








Central offices, 23, King-street, Manchester, to whom 
reply forms should be returned not later than Sep- 
tember 14. 





CONTRACTS. 


Messrs. THE LANCASHIRE DYNAMO AND Moror 
Company, Limitrep, Trafford Park, Manchester, have 
received an order, through Messrs, The Whitehall 
Securities Corporation, Limited, London, for a further 
large quantity of their Maxtorq motors for use at Athens, 
Greece. 

i Messrs, ELECTROFLO METERS CoMPANY, LIMITED, Abbey- 
road, Park Royal, London, N.W.10, have secured the 
order for the complete instrument equipment for applica- 
tion to the boiler and turbo-alternator plant at the 
Battersea Power Station of the London Power Company, 
Limited. The instruments ordered are for the measure- 
ment of the boiler and turbine steam, turbo-condensate 
and circulating water, temperature, pressure, CO,, 
steam flow-air flow ratio, draught, &c. 

Messrs. THE British THomson-Houston Company, 
LimiTeED, Crown House, Aldwych, London, W.C.2, 
have received orders from the Admiralty for Mazda 
vacuum and gas-filled lamps, and from the Southern 
Railway Company for the part supply of Mazda vacuum 
and gas-filled lamps for the year commencing September 1. 

Messrs. THE D,P Bartrery Company, Limirep, 
Bakewell, Derbyshire, have secured the contract for 
Kathanode batteries for two battery-operated loco- 
motives to be used for shunting work in connection with 
the extensions to the Underground Railway. Each 
locomotive will be fitted with a Kathanode battery, 
comprising 220 cells, type K.L.21, the capacity being 
228 ampere-hours at the 5-hour rate of discharge. 

Messrs. Davry, PAxXMAN AND CoMPANY, LIMITED, 
Colchester, have received a number of orders from 
various parts of the United Kingdom for their three, 
six, and eight-cylinder totally-enclosed heavy-duty 
oil engines. Other orders include two 45-kw. Paxman 
marine auxiliary sets, with generators, for the Great 
Western Railway Company, propulsion engines with 
reverse gears for Messrs. The Eagle Oil and Shipping 
Company, Limited, and direct propulsion sets for the 
Egyptian Government. 

Messrs. Waites Dove Bitrumastic LiMiTED, Colling- 
wood Buildings, Newcastle-upon-Tyne, have been 
awarded the sub-contract for the application of their 
‘** Bitumastic ’ anti-corrosive materials to the new 
73,000-ton liner now being built for The Cunard Steam 
Ship Company, Limited, at the Clydebank yard of 
Messrs, John Brown and Company, Limited. 








PERSONAL. 


Mr. H. L. ARMsTRONG has been appointed general 
manager of Messrs. The British Mannesmann Tube 
Company, Limited, Baldwin House, 67, Queen Victoria- 
street, London, E.C.4, in succession to Mr. L. Hatt, 
who has resigned after many years’ service. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel.—Complaints of the unsatisfactory 
state of business are general throughout the engineering 


and steel trades. Here and there progress is reported 
in specialised lines, but the older established sections 
find very great difficulty in maintaining outputs at the 
reduced levels recorded during the past twelve months. 
Quiet optimism is, however, maintained in most of the 
staple branches, there being a widespread feeling that 
a turn must sooner or later be reached in the tide of 
depression, and that those establishments which have 
kept their equipment up-to-date will reap a well-de- 
served reward. Orders for iron-works and steel-works 
machinery are obtainable only in face of the fiercest 
competition at home and abroad. Owing to the exist- 
ence of so much excess capacity, there appears little 
hope of an early improvement. Several of the oldest 
established engineering firms who specialise in industrial 
plant are turning their attention to such alternative 
lines as oil-firing equipment for central-heating plants, 
and the production of patent machines for drying washed 
slack for pulverising purposes and extracting moisture 
from brewers’ grains and damaged wheat. In these 
connections ol contracts have been booked. The 
growing tendency among provincial corporations to 
employ mechanical appliances for municipal services 18 
providing Sheffield works with a steady stream of orders. 
Sheffield Corporation has just sanctioned the purchase 
of tipping wagons, petrol locomotives, refuse collectors, 
and electrical generating sets. The placing of contracts 
for road rollers, air compressors, and a considerable 
variety of tools, including hacksaw blades and files, 1s 
also under consideration. In what are termed com- 
mercial steels, there is no dearth of orders from the 
numerical standpoint, but in the majority of cases the 
tonnages specified are exceptionally small, and incline to 
diminish. Production of large numbers of varying 
qualities, shapes, and sizes involves excessive cost, both 
on the manufacturing and commercial sides. Russia, 
who recently placed orders for nearly 100,000 files, has 
now agreed to take supplies of stainless steel from 
Sheffield makers, and further business with the same 
market is in prospect. The tool trades are decidedly 
patchy. Sales of farm and garden implements are 
stated to have been below the average, and, according 
to reports received locally, distributors still have con- 
siderable stocks on hand. There is a moderate demand 
for building and road-making tools. One ot the 
healthiest sections is that devoted to hacksaw production. 
Home sales of British hacksaws have expanded sub- 
stantially at the expense of American rivals, while @ 
larger share of Continental trade is finding its way: to 
local works, Conditions in raw and semi-finished 
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materials are mainly stagnant. Alloy consumption is 
at alow level. Quotations :—Siemens acid-steel billets, 
9]. 2s. 6d.; hard basic, 61. 12s. 6d. to 81. 12s. 6d.; soft 
basic, 61. ; crown iron bars, 91. 15s. ; iron hoops, 110. 15s. ; 
steel hoops, 91. 10s.; Derbyshire foundry pig iron, 
63s. 6d. ; Derbyshire forge iron, 60s. 6d. ; soft wire rods, 
71. 10s.; basic scrap, 36s. 6d. 

South Yorkshire Coal Trade.—Household business has 
been exceptionally active during the past week, owing 
to this week’s advance of 2s. per ton as on September 1. 
Under a decision reached by the South Yorkshire Coal- 
owners’ Association, this advance is to apply to all 
classes of coal despatched on and after September 1, 
whether in respect of sales made prior to or after that 
date. Merchants and collieries have mutually benefited 
by the revival; in some instances, the rush on colliery 
supplies has been so great that these have been insuffi- 
cient to meet the demand. Good bookings are in pros- 
pect for autumn and winter stocking purposes. Indus- 
trial fuel shows moderate movement. The inland demand 
is unsatisfactory. There is a fair inquiry for export, 
and prices are firm, so far as best grades are concerned, 
though there is some irregularity in inferior qualities. 
Sales of smalls have eased. The textile trades are buying 
sparingly, while the export demand is readily met. 
Blast-furnace coke is an unsatisfactory market; gas 
cokes are steady. Quotations: Best branch handpicked, 
25s. 6d. to 278. 6d. ; Derbyshire best brights, 20s. to 21s, ; 
Derbyshire best house, 19s. 6d. to 21s. ; screened house 
coal, 18s. to 19s. ; screened house nuts, 15s. 6d. to 16s. ; 
Yorkshire hards, 15s. to 16s. 6d.; Derbyshire hards, 
15s. to 16s. 6d.; rough slacks, 8s. 6d. to 9s. 6d.; nutty 
slacks, 6s. to 7s. 6d. ; smalls, 4s. to 58. 6d. 








NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

General Outlook.—Business in the iron and steel and 
kindred industries in the north-western neighbourhood, 
as elsewhere, reacts acutely to political emergencies, 
and last week’s change of Government is already respon- 
sible for a feeling of greater optimism. It is realised, 
of course, that little, if any immediate benefit can accrue 
from the change, but at the same time prominent indus- 
trial leaders are of the opinion that the promised 
economies, if carried into effect, cannot do otherwise 
than strengthen the general industrial outlook. While 
seeing in the new National Cabinet a purely emergency 
measure to tide the nation over its period of immediate 
difficulty, they are not without the hope that the ultimate 
outcome will be the establishment of a form of Govern- 
ment which will introduce tariffs. In their opinion, these 
alone can lead to any substantial and lasting improve- 
ment in the iron and steel and allied industries. Foundry 
iron orders passing at the moment are only for small 
quantities, but it is hoped that these will expand as 
autumnal requirements become necessary about the 
middle of September. Orders being placed at the moment 
are only for relatively small quantities for immediate 
use. 

Motor Manufacturers Still Busy.—Firms in the 
motor-vehicle section continue to secure useful new 
orders. Messrs. Crossley Motors, Limited, of Gorton, 
Manchester, and Messrs. The Leyland Motors, Limited, 
of Leyland, near Preston, have further strengthened 
their order books with instructions from leading north- 
country municipalities for early motor omnibus deliveries, 
and the Gorton firm are hopeful of further expanding 
their business by the introduction of a new 10-h.p. 
chassis of particularly light petrol consumption, which 
will, it is anticipated, bring further work in the course 
of the next few months. Electrical plant manufacturers 
continue to secure work which ensures continuity of 
employment at their respective establishments until well 
into next year. 

The West Coast Hematite Position.—Business in the 
West Coast hematite iron market is dull all round, and 
there is at present little, if any, sign of improvement. 
Make continues in excess of demand and the local steel 
trade, usually the largest consumer, is at present experi- 
encing difficult times. At Barrow, the only activity 
is in the hoop departments. Rail mill and producing 
plant are idle, and there is little prospect of new orders 
for some time to come. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

_The Cleveland Iron Trade—Prompt action of the 
Government with a view to strengthening the financial 
position is regarded as having cleared the way forthe return 
of confidence and stability, and whilst actual transac- 
tions in iron are still on a very limited scale, and 
customers continue to complain that prices are too high, 
some little expansion of inquiry is gratifying and 
encouraging after the lengthy period of deadly depression, 
Merchants’ opportunities to negotiate are as restricted as 
ever, as their terms of contract with producers prohibit 
second-hand transactions with principal home users, and 
no improvement in demand from abroad can be reported. 
Stocks of Cleveland pig are not inconveniently large, but 
are gradually increasing, notwithstanding efforts of 
makers to regulate as far as possible output to current 
requirements, Iron is still offered freely to firms in 
Scotland on specially low terms, but with little or no 
Success, in face of the keen competition by dealers in 
overseas products. For home purposes makers quote 
No. 1 Cleveland, 6ls.; No. 3 g.m.b., 58s. 6d.; No. 4 
foundry, 57s. 6d. ; and No. 4 forge, 578. 


Hematite-—The statistical state of the East Coast 


Output is at a very low ebb but is more than ample to 
the very moderate needs, and the already embarrassingly 
heavy stocks are slowly but steadily increasing. Almost 
immediate expansion of demand is needed to prevent 
more plant being laid idle. A few further sales to Midland 
and Sheffield consumers are reported, and merchants, by 
accepting very low terms, manage to sell occasional 
small parcels to overseas customers. Prices are down 
6d. Ordinary qualities are now no more than 60s. 6d. 
and 61s. is a full figure for No. 1 hematite. 


Foreign Ore.—With no business passing in foreign 
ore, 14s. 6d. is purely a nominal price for best rubio. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
abundant and difficult to sell. Good average qualities 
are offered freely at 15s., delivered here. 

Manufactured Iron and Steel.—There is little new to 
record of the various branches of manufactured iron and 
steel. Some descriptions of steel are in just a little 
better demand. Among the principal market quotations 
are: common iron bars, 10l.; best bars, 107. 10s. ; 
double best bars, 11/.; treble best bars, 11/. 10s. ; pack- 
ing (parallel), 8/.; packing (tapered), 10/.; iron and 
steel rivets, 11/. 5s.; steel ship plates, 82 15s.; steel 
angles, 8/. 7s, 6d.; steel joists, 81. 15s.; heavy sections 
‘of steel rails, 8J. 10s., for parcels of 500 tons and over, 
and 9/. for smaller lots; fish plates, 12/.; *'ack sheets 
(No. 24 gauge), 7l. 15s.; and galvanised corrugated 
sheets (No. 24 gauge), 97. 5s. 

Tees Iron and Steel Shipments.—Not since the coal 
strike period of 1926 have Tees loadings of iron and steel 
been so low as in August when they totalled only 35,410 
tons. July total shipments amounted to only 42,993 tons. 
Of last month’s clearances 8,382 tons were pig iron, 
1,293 tons manufactured iron, and 25,735 tons steel. 
Scotland took most pig iron, 2,681 tons, while Denmark 
accepted 1,350 tons. The chief customer for manu- 
factured iron was the Irish Free State with an import of 
293 tons. Principal receivers of steel were: Portuguese 
East Africa, 2,599 tons ; India, 2,491 tons ; The Union of 
South Africa, 2,399 tons; Southern Rhodesia, 1,879 
tons; Sierra Leone, 1,720 tons; and Argentina, 1,327 
tons. 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

Egyptian Coal Contract.—The only cheering feature in 
the market is the news that the Egyptian State Railways 
have placed the whole of their order for 200,000 metrical 
tons of large coal on a c.i.f. basis at 24s. ld. delivered 
at Alexandria. This business has been under negotiation 
since the beginning of June when prices were submitted 
for 100,000 tons on a f.o.b. basis and a similar quantity 
c.i.f. It was then decided to postpone adjudication 
until the end of June when the c.i.f. portion of the con- 
tract was placed with T. Beynon and Company Limited, 
Cardiff, the f.o.b. quantity being left in abeyance on 
account of the formation by the Egyptians of a national 
fleet, since accomplished. Though it was fully expected 
that the order would eventually come to South Wales, 
it was thought that the Egyptians might put off taking 
the 100,000 tons until later in the year. The placing 
of the whole of the contract for delivery between now and 
October is welcome news and has already been reflected 
in the chartering of vessels to carry over 60,000 tons of 
coal to Alexandria. 

The Coal Trade.—Generally conditions show no 
change of note. If anything, demand is quieter than 
ever and collieries are compelled to rely on old contract 
commitments to clear wagons; large coals, except the 
best qualities, are fairly comfortably stemmed on the 
basis of present production which has been brought in 
line with the current demand, but even so shippers 
experience no difficulty in securing their supplies at 
schedule prices, while deliveries are insufficient to main- 
tain regular working. The demand for small is, however, 
so poor that banking is still necessary in order to provide 
trucks for the transport of other classes, which cannot 
be mined without making small. The bright spots are 
cobbles and nuts which find a ready inland sale. Beans 
and peas, however, are plentiful to meet a poor demand, 

Shipping Transfer—An_ interesting exchange of 
ships has been made between Swansea, and London 
firms. The Brynymor, 7,750 tons deadweight, launched 
in 1929, belonging to the Brynymor Steamship Company, 
Limited, Swansea, has been sold to the Chellew Naviga- 
tion Company, Limited, London, and the Pensilva, 
7,300 tons deadweight, built in 1913, has been sold by 
the Chellew Navigation Company, Limited, to the Bryny- 
mor Steamship Company, Limited. Both vessels are 
lying at Cardiff and have had their names and funnel 
markings changed, the Brynymor being renamed Pensilva 
and Pensilva renamed Brynymor. 

Iron and Steel.—Exports of iron and steel goods last 
week were increased by nearly 4,000 tons to 12,544 tons, 
shipments of tinplates and terneplates rising from 
3,627 tons to 8,651 tons, and blackplates and sheets 
from 623 tons to 2,527 tons, while those of galvanised 
sheets decreased from 2,030 tons to 238 tons and of 
iron and steel goods from 2,521 tons to 1,128 tons, 














INTERNATIONAL CONGRESS ON EDUCATION FOR 
ComMERcE.—The next International Congress on Educa- 
tion for Commerce will be held in London in July, 1932, 
as the result of the invitation given by the British 
delegation to the last triennial International Congress, 
held in Amsterdam in 1929. The Congress is being 
organised by the British Association for Commercial 
Education, which is being formed as the outcome of 
the Amsterdam Congress. Sir Francis Goodenough, 
C.B.E., has been elected chairman of the British Associa- 
tion for Commercial Education and of the British 





hematite department is unsatisfactory and perturbing. 


committee organising the International Congress. 


NOTICE OF MEETING. 





InsTITUTE OF MARINE ENGINEERS.—Tuesday, Sep- 
tember 8, 6 p.m., 85, The Minories, E.C.3. Presidential 
Address, by Mr. F. E. Rebbeck. Friday, September 11, 
3 p.m., Shipping, Engineering and Machinery Exhibition, 
Olympia, W.14. ‘‘ Marine Engineering as a Marketing 
Proposition,” by Mr. A. C. Hardy. ‘‘ History of Marine 
Refrigeration,” by Mr. A. R. T. Woods. 








NOTES FROM THE NORTH. 


GiasGcow, Wednesday. 

Scottish Steel Trade.—Although the hopeful feeling 
continues to prevail in Scottish steel trade circles, the 
conditions have shown little or no change over the 
week. The fact that some eight new shipbuilding 
orders have been reported during the past month will 
help the steel trade to a considerable extent, though in 
anything like normal times these contracts would not 
raise the same amount of enthusiasm. Every order is 
needed at present, as output is very far short of capacity, 
and much plant is idle. The immediate prospects are 
certainly a little brighter, but no decided improvement 
can be looked for until world conditions take a turn for 
the better. It is fully anticipated that the prompt 
tackling of the financial problems of this country by 
the new Government will have a steadying influence 
both at home and abroad. Little expansion of business 
can be expected in any direction until the new legis- 
lation is passed into law, and all realise what sacrifices 
have to be made. In the black steel sheet trade condi- 
tions are unaltered, but a very healthy demand from 
Japan for thin gauges still prevails. In other directions, 
business is quiet, both on home and export account, 
and the inquiry for galvanised sorts is poor. The follow- 
ing are the current market quotations :—Boiler plates, 
107. 108. per ton; ship plates, 8. 15s. per ton ; sections, 
81. 7s. 6d. per ton; black steel sheets, 4 in., 7/. 58. per 
ton; and galvanised corrugated sheets (No. 24 gauge), 
107. 128. 6d. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—No change of any kind can be 
reported in connection with the malleable-iron trade of 
the West of Scotland, and much difficulty is being 
experienced in keeping plant moving, on account of the 
scarcity of orders. The same cause, coupled with 
severe competition, is operating against any improve- 
ment in the steel re-rolling trade, and makers are very 
quiet at present. Prices are nominally unchanged, and 
are as follows:—Crown bars, 101. 5s. per ton for 
home delivery, and 9/. 10s. per ton for export; and 
re-rolled steel bars, 6/. per ton for home delivery and for 
export. 

Scottish Pig-Iron Trade.—A dull tone still prevails in 
the Scottish pig-iron trade, and very little fresh business 
is going through. The production continues small, and 
both the home and the export demand is limited in 
tonnage. The following are the current market quota- 
tions :—Hematite, 70s. per ton, delivered at the steel 
works ; foundry iron No. 1, 78s. 6d. per ton, and No. 3, 
71s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 28, only amounted to 
65tons. Of that total, 55 tons went overseas and 10 tons 
coastwise. During the corresponding week of last year 
the figures were 120 tons overseas and one ton coastwise, 
making the total shipment 121 tons. 


Shipbuilding.—While the past month was a very poor 
one from the standpoint of output, it was quite satis- 
factory as regards the booking of new contracts; at least 
eight orders were reported as being placed on the Clyde. 
These consist of four cargo vessels, two coasting steamers, 
a pontoon barge, and a dredger. Four of these vessels 
are to be built, at Port-Glasgow, so that yards in the 
lower reaches of the Clyde have done well during the 
month of August. Nevertheless, the outlook in the 
shipbuilding industry is still rather uncertain. The 
tonnage launched last month consisted of four vessels 
of 15,755 tons, which was made up as follows :— 


Vessels. Tons. 





The Clyde 1 14,000 
The Forth 1 780 
The Tay oe wae — _ 
The Dee and Moray Firth 2 975 

Total 4 15,755 





The Clyde figure is one of the lowest on record for the 
month of August, and only brings the total for the eight 
months up to 43 vessels of 134,412 tons, which is the 
lowest output for that period for very many years. 
Last year the total for the same period was 144 vesse.s 
of 384,549 tons, : 








RESTRICTION oF Imports, UrucuAy.—H.M. Consul- 
General at Montevideo, has forwarded to the Depart- 
ment of Overseas Trade, by cable, some particulars 
regarding the law recently passed with the object of 
restricting imports into Uruguay. The Uruguayan 
Government has decided to cancel the prohibition of 
imports contemplated under that law, and to confine 
itself to a 50 per cent. increase in the duty upon certain 
classes of merchandise for one month dating from 
August 27. H.M. Consul-General is officially informed 
that this increase will not be applied to British com- 
merce, and conditions for this country will remain 





in statu quo ante. 
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RAILWAY TRACTION. 


SomE two years or so ago, Mr. Lloyd George 
produced a scheme for curing unemployment which 
involved the raising of 200,000,000/. to be spent on 
an extravagant road development programme. 
The pass to which this country has now arrived, 
seems to point to the futility of any such proposal, 
and we may be thankful that it was not committed 
to such an addition to its indebtedness. More 
lately we have had the suggestion that the electrifica- 
tion of our railways at a cost, which, it is estimated, 
might run to 340,000,000/., would not only put 
them so to speak, on their feet, but would provide, 
spread over some 15 years, employment for an 
average of 60,000 men. This proposal claims 
attention for the reason that the investment would 
be, according to estimates, directly remunerative, 
whereas the scheme propounded by Mr. Lloyd 
George, in our opinion, can only have been so very 
indirectly, if at all. 

The Weir report, it will be remembered, made no 
recommendations, but claimed merely to state the 
case, as seen by the Committee. Nevertheless, 
electrification would seem, according to their 
presentation, to be the most logical and remunerative 
direction for development to take. We do not 
propose now to discuss this broad question, though 
there are one or two matters which may appro- 
priately be touched upon. The first is the question 
of capital expenditure involved. Even supposing 
the promise to be all that could be desired, it is 
interesting to speculate on the possible courses 
open for financing, at the present time, a scheme 
on the scale proposed. With the returns on ordinary 
stock fallen to so low a level, it is not very likely 
that the necessary capital would be put up by the 
private investor, or even by financial corporations. 
And, with the recent turn taken by political affairs, 
it is scarcely more probable that assistance could be 
sought from the Government, although the case 





may be supported by estimates of profits, whereas 
road developments or social extravagances can 
point to no direct return. 

The great difficulty with electrification lies in 
this matter of capital expenditure. Conversion, to 
be effective, must be on a very considerable scale, 
and once having become committed to it, there is 
no going back, without destroying large quantities 
of capital. Under present circumstances, it is, of 
course, essential to husband our resourses, and, 
while excessive caution may equally bring ruin in its 
train as would excessive boldness, it is more than 
ever necessary that, in view of the very problematical 
return, all alternatives to electrification should be 
carefully weighed and investigated. 

The Weir Committee’s report touched on this 
aspect, but, on the whole, that body was clearly not 
much impressed with alternative possibilities. 
The case of steam was dismissed somewhat sum- 
marily, with the conclusion that extra maintenance 
would probably wipe out the economies of high- 
pressure machines. The case of the oil-engine loco- 
motive was also briefly settled, and the oil-electric 
type of machine given but little more space. There 
is no doubt that the oil-engine locomotive is an 
attractive proposition. It has constantly been 
paraded before the public as if it were on the point 
of carrying everything before it. As long ago as 
the decision to construct the Transcontinental line 
in Australia we were assured that lack of water 
would prove no difficulty, since the internal-com- 
bustion locomotive to be adopted would need none. 
Recently, it has been put out in the daily Press 
that the oil-engine locomotive is seriously being 
considered by the railways as showing a saving of 
190,000,0001. on the Weir report figures. Constantly, 
the subject forms a topic for papers before technical 
institutions, the case being frequently presented in a 
way suggesting that all its problems had already been 
solved, and that it only remained for enterprising 
railway managers to adopt the system in order to 
show immediate profits. Closer scrutiny, however, 
discloses quite another state of affairs, and that 
whatever the fuel or other savings, the large internal- 
combustion locomotive, capable of sustained main- 
line operation, has yet to make good its claims. 
In the few cases in which single locomotives of the 
type have been tried, either the railways have 
been insufficiently: satisfied for a large conversion 
programme to be adopted, or second orders have 
been for modified machines, from which the only 
deduction is that as yet they are far from being all 
that is desired. 

The Weir report pursued its argument in this 
connection to the use of such machines for infrequent 
services, pointing out that if the service be frequent 
it is more profitable to concentrate the oil engines 
and generators in a fixed power station, and that, 
if infrequent, independent oil-electric machines are 
the more economical. Leaving aside the point 
that for all work the self-contained unit has much to 
recommend it in the eyes of railway officials, it will 
be found that the light oil-electric machine has 
made very considerable progress in recent years, 
although perhaps not so much in this country as 
elsewhere. 

England was, it will be remembered, the originator 
of the steam rail-coach, which about twenty years 
ago was a very popular vehicle, and is still in con- 
siderable use. In more recent times, the use of 
steam has been further developed, and the railways 
have also put other methods on more or less extended 
trial. We have not, however, carried this matter 
so far, we believe, as has been the case on the 
North American continent, where the internal- 
combustion engine is now very definitely established. 
We have at one time and another referred in these 
columns to this development, and do so again now 
on the strength of statistics recently published by 
the American Railway Association Mechanical 
Division. A report on what is termed Automo- 
tive Rolling Stock was presented at the recent 
meeting of the Mechanical Division at Chicago. 
This dealt with returns made by 115 companies, 
62 of which were employing rail motor-cars. These 
companies included all the principal systems 
making use of such equipment, and the figures, &c., 
may therefore be taken as representative, though 
possibly not quite complete. 
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From the report we find that 724 rail cars are in 
use, the most on any one system being 61, on the 
Chicago, Burlington and Quincy Railroad. Other 
systems with fair numbers of such vehicles in service 
are the Pennsylvania (52), Canadian National (45), 
Chicago, Rock Island and Pacific (38), Great 
Northern (35), New York, New Haven and Hartford 
(34), Chicago and Northwestern (33); while six 
other systems own between 20 and 30 each, and so 
on. All these vehicles are naturally not of similar 
type, but it is notable that only one steam rail 
car appears among them, the others, by the great 
majority, having internal-combustion engines run 
on gasoline or natural-gas petrol, in combination 
with one or another form of transmission. Here 
again one fact stands out, namely, that there are in 
service some 559 such cars using electric trans- 
mission compared with only 128 employing mechani- 
cal methods, hydraulic transmission being also 
represented by one car only. The system of oil- 
electric propulsion is as yet only under limited 
trial, only 35 machines of this class being in service, 
of which something like 28 are on one system. The 
headway so obviously made by the petrol engine is, 
of course, due mainly to the cheapness of that fuel 
in the United States. The advantage which would 
be derived here from the use of oil as compared 
with petrol does not obtain on the other side of the 
Atlantic, and since the petrol engine had already 
reached a high state of development there, its 
adaptation to railway work was a more natural 
step than the attempt to produce a suitable oil- 
engine driven car would have been. 

The figures to which we have referred cover the 
years from 1923 onwards, but we have omitted 
vehicles withdrawn from service, of which, however, 
there have been relatively few. The statistics 
seem to point clearly to the fact that, with one or 
two exceptions, mechanical transmission is not 
likely to be repeated, and, generally speaking, was 
discarded as soon as the vehicles became of any 
appreciable size. The development is reflected 
in the figures, which show that, in 1923-24, the 
length of an average vehicle was about 43 ft., with 
a weight varying between 30,000 Ib. and 40,000 Ib. 
A modern vehicle of the largest type may be as 
much as 80 ft. long, 73 ft. being quite usual, while 
the maximum weight of any design reported 
appears to be 167,500 lb., and an average for the 
modern stock, 141,000 Ib. The changes which 
these figures imply are apparently due to the use of 
the vehicles on services not originally contemplated, 
for the early cars, which consisted of a passenger 
compartment and a combined engine and luggage 
compartment, have given way to cars having 
separate passenger, luggage and engine compart- 
ments, and, in addition, a mail compartment. The 
latter, as is the custom of the country, is staffed 
by mail personnel, and according to government 
requirements has to be quite separate from the 
railroads’ own accommodation. The carriage of 
mails under these conditions therefore adds con- 
siderably to the weight and size of the vehicle. 
A compartment about 15 ft. long is usually allotted 
to this service, but even where mails are not carried, 
vehicles of the full 70 ft. to 80 ft. are not infrequently 
employed. 

Concurrently with size, power has also increased. 
Many of the early mechanical-transmission cars 
were provided with very small units—some even 
less than 100 h.p. for a 44 ft. car. Modern powers 
are much higher, but naturally depend upon the 
class of road on which the cars run. For instance, 
on the Northern Pacific, all recent cars have 300 h.p. 
engines, two put in service last year each having two 
300 h.p. units. On the Lehigh Valley, a road 
which has always favoured double-unit installations, 
the sets are now normally of 300 h.p. each. The 
Chicago, Burlington and Quincey, which started with 
135 h.p. units, has now got up to engines of 400 h.p., 
one only to a vehicle. The Atchison, Topeka and 
Santa Fe has this size in all the cars it has put in 
service recently. The largest single-engined unit 
appears to be a design of 415 h.p. capacity on the 
Pennsylvania. There is apparently no general 
preference for, or tendency towards, twin instal- 
lations, the LehighWalley {and Erie alone, of the 
larger roads, showing any definite inclination in 
this direction. The New York Central has put twin- 





engine designs in commission in recent years, but 
not in excess of its new single-unit stock. 

The general confidence which the annual figures 
for new stock seem to reveal, points to the fact that 
a great many roads are satisfied that this type of 
vehicle is economically serviceable. Although 
designs may not have been reduced to finality, so 
that only limited numbers of each pattern are at 
present introduced, it is clear that the steady 
progress on so many and diverse systems, implies 
that the cars can be usefully employed under a 
variety of conditions, and it seems probable that 
something analogous would serve our purpose 
here, though, preferably, if the oil engine could be 
applied instead of the petrol engine. It is to be 
hoped, therefore, that the work already done in this 
direction will be followed up. American experience 
should certainly act as a stimulus in this field, and 
while we may have to look elsewhere than to 
immediate developments of the Diesel-electric 
system for countering effectively the demand for 
the great expenditure suggested for electrification 
of main lines, we believe that in our present state 
more attention might profitably be given to some 
such system for much of our less dense traffic. 
Possibly, too, the future may have in store for us 
something of the kind mentioned elsewhere in this 
issue as being now tried on the Chemin de Fer de 
l’Est, in France. 


INDUSTRIAL HEALTH RESEARCH. 

THE primitive view that wages are a matter of 
uncontrolled bargaining between employers and em- 
ployed has been discredited by repeated experience. 
Employers know that wages which are too low 
must in the long run reduce the efficiency of workers. 
Workmen on the other hand are slowly learning 
that wages which are too high increase the cost 
of production beyond the competitive level, and 
destroy their employment. The criterion, however, 
of whether wages are too high or too low is not the 
amount which a man earns in a given time, but the 
relation of that amount to what he produces, and 
the amount he can produce must depend to a 
material extent on his fitness for production. This 
doubtless will vary from man to man with individual 
ability and skill, but for men who are doing their 
best it will often vary with their fitness, which itself 
may be affected by many conditions of their employ- 
ment. So far, therefore, as conditions of work may 
influence the yield of a given amount of energy, 
their improvement is a possible means of reducing 
cost without lowering wages, a matter which never 
was of more consequence than it is at the present 
time. Particular interest will, therefore, be found 
in the Eleventh Annual Report of the Industrial 
Health Research Board to June 30, 1931 (H.M. 
Stationery Office, 1s. 6d. net). 

The form in which the Report has been prepared 
brings into relief both the large number of conditions 
into which investigations have been made, and the 
many different industries from which the material 
for examination has been taken. With the help of 
the Report, organisations alike of employers and 
of employees will be able readily to identify 
investigations that may throw light on their par- 
ticular problems, and to refer them for considera- 
tion to their medical officers, works managers and 
other expert advisers. The largest section of the 
analysis of the five years’ work which is given deals 
with the factors that influence health and efficiency. 
In regard to environment, investigations are 
described into the effects obtained by different 
systems and extents of ventilation and heating and 
of lighting. As to hours of work, a detailed study 
was made in eight factories, employing in all about 
2,400 operatives, on the relative effects, as measured 
by outputs, of day work on a 48-hour week and a 
shift system working 82 hours in two shifts. Some 
significant results were also recorded in regard to 
the effect of rest pauses introduced into work spell 
of four to five hours, and the most suitable epochs 
for taking them. 

Another branch of enquiry related to the 
physiological aspect of methods of work, including 
the measurements of physique, and a number of 
theoretical and practical inquiries into questions 
such as posture,"optimum weight to be lifted, and 
the general principles governing muscular exercise, 








On the psychological side, investigations were made 
into the effects of uniformity and of variety of 
occupation in relation to output, questions that may 
have some importance in shops where highly repeti- 
tive workis done. On the preventive side a number 
of notable investigations are quoted in regard to 
accidents, including the possibility of testing 
individual workers for their proneness to accidents. 

These are by no means all the subjects that have 
been dealt with in the course of the Board’s investi- 
gations, but they are sufficient to indicate their 
great variety. Throughout this variety a circum- 
stance which appears to be common to most investi- 
gations is that it is peculiarly difficult to trace a 
direct connection between cause and effect. It is 
difficult enough to isolate causes, but when they 
have been isolated, it is not easy to trace the separate 
effect of each of them, seeing that several may 
be acting simultaneously. Moreover the over-all 
effect cannot be observed directly from bodily 
symptoms in the workers, capable of systematic 
record, but have to be inferred from secondary 
phenomena, such as output. Fall in output, as the 
Report remarks, is a symptom produced by every 
variety of adverse factor in industry, but in spite 
of the disadvantage which this involves in using it 
as a means of diagnosing what is wrong, variations 
in output have to be used more often than any 
other symptom, not only to identify the causes that 
reduce efficiency in industry but also to measure 
their effect. 

There seems to be little doubt that progress 
has been made in ascertaining the nature of some 
of the principal factors affecting health and efficiency 
in industry, but, as the Board states, how far the 
conclusions thus suggested can be accepted as actual 
advances in knowledge, must depend upon the extent 
to which they have been tested in practice. Their 
ultimate validity must depend upon their successful 
application by commercial organisations. 

In thus summing up the effect of its own work the 
Board exhibits a fairness and impartiality which 
should lend weight to its appeal for closer personal 
contact with industry. It does not seek to under- 
take the function of the National Institute of 
Industrial Psychology, in advising upon the par- 
ticular problems of individual firms, and while it 
does not seem very clear about the manner in which 
this future contact is to be obtained, it is convinced 
that some such increased intimacy is necessary if 
industry is to obtain the full advantage of the 
Board’s results. Having regard to the urgent 
present need of obtaining the best yield from labour 
employed in industry, the Board’s appeal appears to 
be in the immediate interest of even the most 
depressed of our trades. It may perhaps be worth 
consideration whether the subject is not one which 
could be examined most appropriately and effec- 
tively by representativeassociations of each industry. 
The subject matter is of sufficient importance to be 
worth their attention, and such bodies would be in 
particularly good position to know in what works 
methods that required to be tried out in practice could 
be introduced with the least inconvenience and 
expense. In the same way the technical proposals 
put forward by the Board’s investigators might 
well be referred for consideration to professional 
bodies, who could bring to the task an expert know- 
ledge of the sciences and arts concerned without 
which the work can have little outcome. 

The Board’s investigators, like those of the National 
Institute of Industrial Psychology, have the advan- 
tage of being engaged in inquiries, not into one in- 
dustry, but into a large variety. They constitute a 
clearing house of experience between a very large 
number of industries, and have unusual oppor- 
tunity of observing how the practice of one industry 
can be applied to the benefit of others. It must be 
expected, however, that with this advantage 
they must have the defect of its quality. While they 
are competent observers of all industries, they can 
scarcely claim to be expert in any one of them, orin 
the technical practices by which working conditions 
may be improved. Their conclusions both in 
regard to organisation and to technica] matters 
would probably therefore be of more practical 
interest to individual industries if, in each instance, 
they were grafted on to the experience of the indj- 
vidual industry or art concerned. 
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NOTE. 
INTERNATIONAL ILLUMINATION CONGRESS. 


Tue International Illumination Congress, which 
opened in London on Tuesday of this week, is 
distinguished from other gatherings of a similar 
kind in that its proceedings are to last for the best 
part of three weeks, that meetings are to be held, 
not only in London, but in Glasgow, Edinburgh, 
Sheffield, Birmingham and Cambridge, and that 
in drafting the programme the usual procedure 
is to some extent reversed, and that functions of 
a social character precede those of a more technical 
kind. On the morning of the opening day in London, 
for instance, visits were paid to the show-rooms 
of the Gas Light and Coke Company, and to the 
Lighting Service Bureau of the Electric Lamp 
Manufacturers’ Association, while, in the after- 
noon, facilities were provided for an inspection of 
the Port of London, Beckton Gas Works, and the 
Deptford station of the London Power Company. 
In the interval, the delegates were entertained to 
luncheon at the Savoy Hotel by the Gas Light and 
Coke Company and the London Electric Supply 
Undertakings. Lieut.-Colonel K. Edgcumbe, 
Chairman of the General Council of the Congress, 
presided and offered a cordial and eloquent welcome 
to the foreign visitors in the three official languages, 
English, French and German. In reply, M. A. 
Filliol expressed gratification at the fact that the 
Congress was being held in Great Britain, where 
so many illustrious scientists had contributed to the 
advancement of the science of illumination. The 
work of these pioneers was being admirably carried 
on by those who were now devoting their energies 
to perfecting the application of well-established 
theories to the practical needs of the day. ‘‘ Success 
to the International Illumination Congress ”’ was 
proposed by Mr. George Lansbury, who remarked 
that the only true law of progress was conference 
and co-operation. It was in the day-to-day appli- 
cation of knowledge that men failed. He hoped 
that the Congress would show them how to bring 
more light. into every home and street. The 
whole of Wednesday and Thursday morning were 
given up to visits, which included inspections of the 
Research and Training Section of the Gas Light 
and Coke Company, the Research Laboratories 
of the General Electric Company, and of a number 
of modern lighting installations at hotels, shops, 
railway stations and in the streets. As regards 
the latter, special arrangements had been made 
for “flood lighting”’ public buildings and monu- 
ments, including Buckingham Palace, the Victoria 
Memorial, Westminster Abbey and Cathedral, the 
Houses of Parliament, St. Paul’s Cathedral, the 
National Gallery, St. Ann’s Church, Limehouse, 
and the Institution of Electrical Engineers. Dis- 
plays were also given on the Thames, in the Pool of 
London, and near the Blackfriars and Hungerford 
bridges, as well as at the Croydon Airport, where 
a series of night landings under war conditions were 
carried out by R.A.F. machines. From the popular 
and technical points of view this demonstration was 
a great success, and clearly showed what can be 
done by the lavish use of modern illuminants. Of 
its economic aspect it would, perhaps, be tactful 
to say nothing. The first of the technical meetings 
is to be held in Glasgow this (Friday) morning. 
During the coming fortnight over 100 papers will 
be presented at the various meetings of the Congress 
of the Committees of the Commission. These will 
cover the whole field of illumination, and will allow 
an adequate idea to be obtained of the work of the 
nineteen committees among which the activities of 

the Commission are distributed. 

THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 263.) 
MeETROLOGY DEPARTMENT. 


Wave-Length Standard of Length; Cohesion 
Phenomena.—A most important and fundamental 
Tesearch, by Mr. J. E. Sears, the Superintendent of 
the Metrology Department, in collaboration with 
Mr. H. Barrell, is directed to the establishment of a 
Wave-length of visible radiation as an ultimate 
standard of length. Previous references to the 
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recent modifications by means of which the equip- 
ment has been satisfactorily completed. The 
essential operation of the proposed scheme consists 
in standardising a steel end-gauge, 1 yard or 1 m. 
in length, in terms of light waves, with the aid 
of Invar étalons of tubular form. The Invar tube 
is merely an intermediary whose actual length is 
not of importance except that it is essential that 
it remains constant during measurements of the 
end-gauge. 
The ends of the étalons have been electro-plated 
successively with copper, nickel, and _ finally 
chromium, in order to provide satisfactorily hard 
material for the production of optically flat and 
parallel end surfaces. A platinum thermometer, 
calibrated to + 0-002 deg. C., is wound externally 
on the largest Invar étalon, which carries the steel 
end-gauge along its bore. The temperature at 
which standardisation takes place is thus sufficiently 
determined, provided that during the length 
measurement the temperature of the region occupied 
by the end-gauge is constant and uniform to a 
similar order of accuracy. 
The precautions which have been taken to 
ensure this condition include the enclosure of the 
apparatus in a double-walled casing of lagged wood, 
the whole being mounted on a concrete slab raised 
above the ground by a heat-insulating structure of 
diatomaceous brick. The brickwork contains ducts 
to allow stirred air to pass through it, and is further 
fitted with pockets for electric heaters and thermo- 
couples. Compensation is thus provided for the 
conduction of heat from the apparatus to the earth. 
The temperature of the air in contact with the 
apparatus is thermostatically controlled to a value 
slightly higher than that of the air in the room, 
which is itself thermostatically controlled. Matters 
are now arranged so that air at constant tempera- 
ture first passes over the apparatus, then round the 
space between the outer and inner lagged wooden 
cases, and finally back to the circulating fan and 
thermostat enclosure. During a recent test the 
region occupied by the steel end-gauge, 1 m. in 
length, was successfully maintained both constant 
and uniform to within 0-01 deg. C. over a period 
of 100 hours. 
Good progress is being made with the optical part 
of the work, the first operation being that of stan- 
dardising a metre end-gauge in terms of the red 
radiation of cadmium in air. This determination 
will be afterwards repeated im vacuo in order to 
eliminate the effect of the variations of the refractive 
index of air under normal atmospheric conditions. 
The phenomena of cohesion and elastic hysteresis 
have been for some time under observation by 
Mr. G. A. Tomlinson, who is now working on a 
theoretical investigation of the properties of atomic 
repulsion, from which certain interesting conclusions 
have already been drawn. On the basis of the 
elastic constants of solids, an empirical law of 
atomic repulsion has been derived, of the form :— 
R = Levy 


in which y is the displacement of the atoms from 
their normal position of equilibrium, and p and L 
areconstants. These constants have been computed 
for a number of elements, and they appear to be 
well-defined periodic functions of the atomic 
number. On the assumption that atomic attrac- 
tion is an inverse power function of the distance 
between the atom centres, a computation has been 
made, based on the above empirical law of repul- 
sion, of the compressibility, the atomic vibration 
frequency, the thermal coefficient of expansion, 
and the melting point of a group of metals. On 
the whole, these are in good agreement with observed 
values of the same constants. Further, certain 
well-known relationships between physical quan- 
tities can be derived directly from the assumed 
fundamental atomic forces. These include the 
approximate proportionality between tenacity and 
elasticity ; Pictet’s rule that the product of melting 
point and coefficient of expansion is a constant ; 


testing a lathe as regards its accuracy for screw 
cutting. The indicator is fixed to the saddle in 
place of the usual threading tool, and engages with 
the thread of a master screw which is mounted 
between the centres. The lathe is geared to corres- 
pond with the pitch of the master screw, and is 
allowed to run so that the indicator traverses the 
master screw. On the assumption of accurate 
pitch in the master screw, movements of the pointer 
which forms part of the indicator can be interpreted 
as departures from correct pitch in the performance 
of the lathe. The design of the indicator is being 
developed to exhibit an autographic record of 
errors. The method has the advantages, first of 
rapidity in operation, and secondly of revealing 
what is termed “drunkenness” in pitch—a type 
of error which cannot readily be detected with the 
usual form of pitch-measuring machine. 

An improvement in the shadow protractor used 
in conjunction with an optical projection machine 
for measuring the flank angles of screw threads 
has recently been effected to permit readings to be 
made to 1 minute of arc. The new instrument, 
shown in Fig. 19, is fitted with tangent screws, of 
0-05-in. pitch, the axes of which are 5-73 in. from 
the centre of rotation of the arm. One revolution 
of the screw corresponds, therefore, to a movement 
of the arm through 0-5 deg., and each of the 30 
graduations on the drum of the tangent screw, to 
one minute. The screws are sufficiently accurate, 
of course, only over a small angular range extending, 
actually, from 24 deg. to 33 deg. so as to allow tests 
of Whitworth threads (with nominal angle of 55 deg.) 
and International System and U.S. Standard 
threads (both of which have 60 deg. angles). In 
use, a hardened steel plate on the protractor arm 
is kept in contact by means of the tension spring 
shown in the figure, with a hardened steel ball on 
the end of the tangent screw. 

A rapid method, due to Mr. Rolt, of testing, to an 
accuracy of 0-0001 in., the flatness of surface 
plates of various sizes up to 12 in. by 8 in., is illustra- 
ted by Fig. 20. The large base-plate, 4 ft. by 3 ft., 
was finished by scraping to be flat within £0-0002 
in. over its whole surface, and its accuracy was 
further improved by rubbing it with a 12-in. 
diameter cast-iron Jap. The plate to be tested, 
separated from the base plate by an intermediate 
stand mounted on levelling screws, is first set 
reasonably parallel with the base plate by manipula- 
tion of the levelling screws, and finally adjusted, 
until a sensitive indicator gives the same reading 
when moved successively to positions as nearly as 
possible over the levelling screws. The indicator, 
a Hirth “‘minimeter” tube, graduated to read 
directly to 0-00005 in., is attached to a rigid stand, 
the annular base of which is lapped truly flat. 
The errors in flatness of the test plate are indicated 
by variations in the readings of the minimeter as it 
is moved from place to place over the surface of 
the specimen. The truth of the base plate is 
verified by substituting for the test plate a standard, 
lapped surface of the same size, which is known, 
from independent tests, to be accurately flat 
within a few hundred-thousandths of aninch. For 
test plates with scraped, or “spot ground ”’ surfaces, 
in which small local hollows may occur, a hardened 
steel disc is interposed between the ball-face of the 
indicator and the test plate. A tendency for the 
base of the indicator stand to wring to the base 
plate is avoided by moistening these surfaces with 
paraffin. 

Two methods recently adopted for testing the 
squareness of rectangular blocks are likely to be of 
genera] interest to engineers. The first of these, 
applied to a cast-iron block, finished by spot 
grinding and lapping, of dimensions 10-5 in. by 
8-5 in. by 2-5 in. thick, is illustrated by Fig. 21. 
The test block A, is placed on a good surface-plate 
and an L-shaped bracket B is brought to one side 
of the block so as to make contact along the project- 
ing edge C. This causes a deflection of a sensitive 
indicator D which is rigidly mounted at such a 





and the constant ratio, at all temperatures, between 
coefficient of expansion and specific heat. 

Gauge Testing.—Mr. F. H. Rolt is engaged on the 
development of a specially designed indicator for 








development of the apparatus have appeared in 


height on the bracket that its plunger makes contact 
near the upper end of the block. The bracket is 
then transferred to the opposite side of the block 
and the indicator read again. If the sides of the 
block are parallel which in this particular case was 





* See vol, exxviii, page 210, 1929; vol, exxx, page 273, 
1930 


ensured to within 0-0002 in,, by the finishing 
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processes the error in squareness with respect to the 
bottom face, over the length between the two 
contacts on the bracket, is half the difference between 
the two indicator readings. It is not, however, 
essential for the opposite sides of the block to be 
exactly parallel, since any error in this respect can 
be readily allowed for in the deduction of squareness 
error. 

The second test for squareness, a refined, optical 
interference method, has been used to ensure 
that adjacent faces should be square to within a 
few hundred-thousandths of an inch. The narrow 
faces of the test block are lapped to an optical 
finish and tests for flatness and parallelism are 


Fig. 79. 


of adjacent faces. The test block A and a proof 
plane C are wrung on to adjacent faces of a larger 
block B, and interference bands are produced 
between the under surface of the overhanging 
proof plane and the face a-d of the block, the latter 
being adjusted until the interference fringes are 
parallel to fiducial lines. The operation is repeated 
with the face b-c uppermost. The departure 
from 90 deg. of the angles at a and b may then be 
obtained from the number of fringes between the 
fiducial lines in the two cases, in conjunction with 
the previous observations on the parallelism of the 
faces a-b and c-d. 

Stability and Heat Treatment of Hard Steel.— 
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Fie. 20. APPARATUS FOR 


made first, the block being, for this purpose, wrung 
down on to the base-plate of the flatness interfero- 
meter, with the face to be examined underneath 
a proof plane. The degree of flatness is judged 
from the straightness or curvature of the inter- 
ference bands. To check the parallelism of the 
upper and lower faces, the interference bands are 
arranged so as to be transverse to the length of the 
face. If mercury green light be employed, the 
error in parallelism over the distance between two 
fiducial lines is given in hundred-thousandths of an 
inch by half the difference between the numbers 
of interference bands counted before and after the 
test block is rotated about a vertical axis through 
180 deg., with respect to the proof plane. Fig. 22 
shows the arrangement for testing the squareness | 





} 
TESTING SURFACE PLATEs. 


Reference gauges are periodically checked to take 
account of dimensional changes which occur with 
the passage of time. The graphs, Fig. 23, on the 
opposite page, show the type of growth which may 
occur and exhibit, very strikingly, the superior 
stability of a set of block gauges of English 
manufacture, as compared with a similar set of 
Continental gauges which were stated by the makers 
to have received particular attention during con- 
struction with regard to stability of the steel. From 
tests by Mr. D. Clayton of various materials and 
treatments suitable for the manufacture of gauges, 
it appears that the following are satisfactory as 
regards stability :— 





(a) Stellite, either as cast or after annealing for 
3 hours at 1,000 deg. C. 


(6) Stainless steel, work-hardened to 500 Brine!| 
by the Herbert “ cloudburst ’’ process. 

(c) Nitralloy, surface-hardened by the nitrid- 
ing process. 

Comparative service wear tests of Nitralloy 
and hard steel screw-gauges have so far reveale< 
little difference between the two materials. Jn 
connection with this question of stability, experi- 
ments on the low-temperature heat treatment of 
block gauges, at 150, 100 and 75 deg. C. for various 
periods, have shown that considerable improve- 
ment of unstable gauges is possible by such means, 
and that gauges previously stable are not spoilt 
by the treatment. Arising out of this experience, 
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trials have been made of the effect of similar heat 
treatment on various sizes of commercial steel 
balls, which areoften found to be unstable at ordinary 
temperatures. The type of curve obtained by 
plotting size of ball (at 62 deg. F.) against time of 
exposure to the elevated temperature is shown by 
Fig. 24, which relates to a 1-in. ball heated in oil 
at 150 deg. C. for successive periods. Another 
specimen, similarly treated, shrank only 0-0003 in. 
below its original size and recovered completely 
after prolonged heating. The curve of Fig. 24 is 
similar to those obtained by lower temperature 
treatment, and is typical of a variety of makes of 
ball with, however, the exception of balls which 
are specially treated during manufacture to minimise 
the initial rapid diminution in size. 

Pivot and Jewel Bearings.—Another example 
of the importance of heat treatment in the prepara- 
tion of steel for precision work is provided by the 
researches of Mr. V. Stott, directed towards the 
improvement of pivots used, along with jewel 
bearings, in the construction of scientific instru- 
ments. The raw material of the experimental 
pivots, in the form of stainless steel wire, 2 mm. in 
diameter, yielded, by analysis, the composition: 
carbon 0-39 per cent., silicon 0-51 per cent., sulphur 
(0-028 per cent., phosphorus 0-024 per cent., nickel 
0-17 per cent., chromium 12-45 per cent., and a 
trace of manganese. In the endeavour to produce 
the hardest possible pivots, systematic tests were 
carried out by the Metallurgy Department on short 
samples of this wire, which were quenched from 
different temperatures both in water and in oil. 
The results obtained were independent of the quench- 
ing medium, but revealed a marked variation of 
hardness with different quenching temperatures, 
as shown by the curve of Fig. 25. The load per 


| unit area derived from the deformation, under static 
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loading, of a 60-deg. cone ground on the end of the 
pivots, may be taken as a measure of the hardness. 
In addition to steel, Stellite and iridium have been 
used for experimental pivots. Recent work on 
instrument bearings has been concerned with the 
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of the cup, relative to the crystal structure, deter- 
mined. Strictly comparable wear tests also ¢alled 
for pivots as nearly as possible identical. Accord- 
ingly, hardened-steel balls, ,',-in. in diameter, were 
used for this purpose. The results obtained indicate 
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influence on the rate of wear of the direction in 
Which a sapphire jewel bearing is cut relative to the 
crystal structure. As an aid to the selection of 
Jewels for these tests, 50 specimens, including both 
natural and synthetic sapphires, were subject to 
X-ray examination by the Physics Department, 
and the orientation of the tangent plane at the base 


| that, with differences of orientation, marked varia- 
| tions occur in the rate of increase of friction between 

the pivot and jewel, in the wear of both pivot and 
| jewel surfaces, andin the amount of rust developed 
onthe pivot. Thisrustis one of the most interesting 
| phenomena observed in connection with the experi- 
|ments. Its development is undoubtedly associated 
| with relative motion between the pivot and jewel, 
| since a pivot can be left stationary for long periods 
without any trace of rust appearing. The precise 
mechanism of its formation is as yet uncertain, but 
tentative explanations have been suggested for 
which the reader may be referred to a full report 
of the work so far completed on the subject which 
| has recently been published.* 


(To be continued.) 





AN Op SwepisH Coprer MINE.-—Situated close to 
the Norwegian boundary line, and far away from the 
nearest highroad or railway, the 300-year old copper 
mines at Sjangeli, in northern Sweden, have hitherto 
been too inaccessible for economic exploitation. In 
order to permit of the introduction of modern mining 
methods, the Sjangeli Mining Company has now applied 
for Government permission to build a railway through 
the National Park of Abisko. Water power is stated 
to be plentiful close to the mine site, and while the per- 
centage of copper in the ore varies considerably, it is 
claimed that preliminary estimates indicate that large- 
scale operations should yield satisfactory results. 








* National Physical Laboratory, Collected Researches, 
vol. xxiv, 1931. Paper 1. Published separately by 


THE INCOMPLETE HYDROGENA- 
TION OF COAL. 


Ir is now nearly twenty years since Bergius discovered 
that by treating suitable coals with hydrogen under 
pressure he could convert a considerable part of their 
substance into liquid products. It was found desirable 
to work at a temperature of about 450 deg. C. and 
a pressure of some 200 atmospheres, and the technical 
difficulties of the process, including notably those 
arising from pressure, were not overcome for large- 
scale working until about ten years ago. Previously, 
however, experiments had been made on the hydrogena- 
tion of oil, and, with the improvement in high-pressure 
practice, work was continued by Bergius and many 
others on the action of hydrogen on coal. The 
Bergius process consisted in mixing powdered coal with 
a suitable oily vehicle and a small amount of ferric 
oxide into a thick paste, which, under hydraulic pressure, 
was forced into reaction vessels, where it was subjected 
to the action of hydrogen at the temperature and 
pressure mentioned. About seven years ago, experi- 
ments on the subject were also begun by the Fuel 
Research Board of the Department of Scientific and 
Industrial Research, originally on a laboratory scale, 
but afterwards in a continuous plant with a capacity 
of 1 ton of coal a day. The object with which most 
of these experiments were started was to convert coal 
completely into liquid products. This also was one 
of the purposes of the Fuel Research Station’s investi- 
gations, which are still in progress, but in the course of 
them it was observed that, before the stage of lique- 
faction was reached, fundamental changes occurred in 
the properties of the coal under treatment, and it 
was discovered that, before liquefying the coal, the 
hydrogenation process could convert non-coking into 
coking coal. It has now been decided to publish 
details of the various investigations into hydrogena- 
tion that have been made at the station, and a begin- 
ning has been made with a report* principally concerned 
with the results of incomplete hydrogenation and its 
effect on various types of coal. 

One reason for using a vehicle with the pow- 
dered coal, as used by Bergius, was to facilitate the 
reaction between the coal and the hydrogen and lessen 
the tendency towards coking. When, therefore, in 
the course of the station’s experiments, evidence 
appeared of reactions between the coal and the hydro- 
gen before the coking temperature had been reached, 
it was decided, in order to study the nature of the 
intermediate hydrogenation products that were thus 
being formed, to work without a vehicle, the presence 
of which was thought likely to mask the effect. As a 
result, it was found that, when the solid products of 
hydrogenation of a particular bituminous coal (Arley) 
obtained after a temperature of 370 deg. C. had been 
reached were carbonised, a profound change occurred 
in the type of coke produced. Originally this had 
been hard, and only slightly swollen, but the product 
was found to yield a highly swollen coke, and, tested 
by the Campredon method, to give a caking index of 
39 as against 24 for the original coal. 

A series of experiments was undertaken to ascertain 

what variations, if any. could be produced by 
hydrogenation to various extents of an originally 
non-coking coal. The results showed, on the coal chosen, 
a sharp increase of coking power in the carbonised 
product according to the temperature of hydrogena- 
tion. Working in all experiments at an initial pressure 
of 100 atmospheres, and with periods of treatment 
which varied only from 90 minutes to 105 minutes, 
the maximum temperature of hydrogenation was 
increased by steps of 10 deg. C. from 340 deg. to 380 deg. 
At the two lowest temperatures, the solid product had 
been slightly fused in parts, and at each subsequent 
ascending temperature a larger part had been fused, 
until, for the first time in the series, the whole had been 
fused at 380 deg. These products gave corresponding 
results when carbonised at 600 deg. C. in the Gray-King 
assay apparatus. While the original coal so treated 
gave a non-coherent powder, the carbonised product 
of hydrogenation at 340 deg. was coherent, though 
very soft, and at 350 deg. was black, hard and dense. 
The products of treatment at each higher temperature 
were successively more and more swollen, till that at 
380 deg. yielded a frothy and swollen coke even after 
having been mixed before carbonisation with a third 
of its weight of powdered electrode carbon. 
In conclusion, it appears to have been made out 
that the products obtained at the lower stages of 
hydrogenation are due to the action not merely of 
temperature and pressure, but also of hydrogen, and 
may be regarded as partially hydrogenated. The 
existence of these intermediate products does not seem 
to have been recognised previously, and their discovery 
may be an event with important consequences. 


* Department of Scientific and Industrial Research, 
Fuel Research: Technical Paper No. 29. The Action of 
Hydrogen Upon Coal—\. By A. Crawford, Ph.D., F. A. 
Williams, Ph.D., J. G. King, Ph.D., and F. 8. Sinnatt, 








H.M. Stationery Office, price 4s. 


D.Se. H.M. Stationery Office, price 1s, 3d. net. 
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WAGGITAL PUMPED-STORAGE 
HYDRO-ELECTRIC SCHEME. 


THE output of a hydro-electric station at any time 
is limited by the amount of water available, and, 
unless special steps are taken will vary with the 
time of year. It therefore becomes a problem for 
consideration in each particular case whether it is 
wiser to construct a reservoir and thus to equalise the 
fluctuations in the natural supply, which would other- 
wise take place, or to let the output depend on the 
water, and to provide any deficiency which may occur 
from other sources. The former course is often im- 
possible for economic reasons, while the latter has the 
disadvantage that, if the capacity of the plant installed 
approximates to the maximum flow, it is not being 
fully utilised for a larger or smaller proportion of the 
year. If, on the other hand, the average flow is taken 
as a basis, there are times when greater or less quanti- 
ties of water are running to waste. Further, whatever 
course is adopted the machines, during a certain 
portion of the twenty-four hours, are running at less 
than their full capacity, owing to the usual variations 
in the load itself. In countries where it is possible 
to provide the necessary supply partly from thermal 
and partly from hydro-electric stations, this difficulty 
can largely be overcome by a well-thought-out scheme 
of load distribution, but where generation has to be 
effected mainly by the latter method, it is desirable to 
take considerable trouble to utilise the surplus water 
by providing some form of night load. This load may 
be stimulated by offering low rates for energy consumed 
for water heating, battery charging or in the electro- 
chemical industries during restricted hours, or may be 
produced by pumping water into high-level reservoirs, 
whence it can be withdrawn during the following day 
for generating power. An interesting example of the 
latter alternative is offered by the Waggital power 
scheme, near Zurich, which is to be visited by members 
of the Institute of Metals, on Monday, September 14. 
This enterprise is jointly owned by the City of Ziirich 
and the Nordostschweizerische Kraftwerke A.-G., and 
has an annual output of 110,000,000 kw.-h., which is 
generated in two power stations mainly during the 
winter months. 

Wiggital lies in the foothills of the Alps, some 28 
miles south-east of Ziirich itself, and is traversed by 
numerous streams, the principal of which is River 
Aa. This river flows out into the Lake of Ziirich, 
near Lachen, but about 10 miles from its mouth it 
traverses a narrow gorge, the mouth of which has 
now been closed by a dam, so as to form a basin cover- 
ing approximately 4-15 sq. km. (1-6 square miles), and 
draining a catchment area of 42-7 sq. km. (17 square 
miles). This basin, which is known as the Innerthal 
reservoir, has a capacity of 147,400,000 cub. m. 
(5,203,220,000 cub. ft.), the level of its surface at 
times of highest water being 900 m. (2,970 ft.) above 
sea level. This, however, falls some 50 m. (165 ft.) 
in the driest seasons, the average depth being 35-5 m. 
(117 ft.). As will be explained later, this reservoir 
is replenished both by natural and artificial means, 
the quantities added annually being 86,700,000 cub. m. 
(3,060,510,000 cub. ft.) by the first, and 39,800,000 cub. 
m. (1,404,940,000 cub. ft.) by the second method. 

The dam closing the gorge is of the solid gravity 
type and is 110 m. high (363 ft.) by 156 m. (515 ft.) long. 
As will be clear from Fig. 1, which gives a good idea 
of the general appearance of the Innertal reservoir, 
the dam is of triangular section, the maximum thick- 
ness at the foundations being 75 m. (247 ft.), decreasing 
to 54 m. (178 ft.) at the level of the bed of the gorge. 
To build the dam it was necessary to excavate 122,000 
cub, m. (4,306,600 cub. ft.) of rock, while 236,000 cub. m. 
(8,330,800 cub. ft.) of concrete were used in its con- 
struction. As a result of this work, a church, a school 
house and a number of dwellings were submerged, 
several of which have been rebuilt above the existing 
water level. 

The water required for power generation flows 
out of the reservoir through two intakes, the openings 
of which are controlled by valves, contained in a 
valve chamber of 3-2 m. (10-5 ft.) internal diameter. 
It then passes into a pressure tunnel of circular cross 
section and 3-6 m. (12 ft.) internal diameter. For 
the greater part of its length this tunnel is lined with 
mass concrete 0-2 to 0-5 m. (0-66 ft. to 1-65 ft.) thick, 
but at its lower end the concrete is reinforced. This 
tunnel is capable of carrying 30 cub. m. (1,160 cub. ft.) 
of water per second, the maximum static pressure 
being 55 m. to 66 m. (180 ft. to 218 ft.). Atits lower end, 
this tunnel is connected with a surge chamber 20 m. 
(66 ft.) in diameter, whence connection is made with 
twin pressure pipe lines, each of which is 2-4 m. (8 ft.) 
in diameter and 560 m. (1,850 ft.) long. The upper 
part of the pipe line, which is visible in the background 
of Fig. 2, consists of riveted pipes, 2-4 m. (8 ft.) in 
diameter, while the lower portion is made up of Mannes- 
mann tubes, 34 mm. (1-34in.) thick. Each section 
of pipe is connected with the next by an expansion 
joint and is carried on roller bearings. Anchor blocks 
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Fig. 1. 


are provided at two places, where the gradient 
changes. 

The pipe lines terminate in the Rempen power 
station, an exterior view of which is given in Fig. 2, 
while its interior is illustrated in Fig. 3. The building 
of this station is a steel frame structure, measuring 
53 m. by 26 m. by 16 m. (173 ft. 10 in. by 85 ft. 3in. by 
52 ft. 6 in.), carried on a reinforced concrete raft 
1m. (3-3 ft.) thick, founded on the tertiary sandstone 
rock. The equipment, which is clearly visible, in 
Fig. 3, consists of four vertical shaft Francis-type spiral 
turbines, each of which has an output of 22,500 h.p. 
to 15,000 h.p., at a speed of 500 r.p.m., when operating 
on a net head of 260 m. to 202 m. (858 ft. to 666 ft.). 
These turbines are direct coupled to three-phase 
alternators with an output of 19,800 kv.-a. to 16,500 
kv.-a., which generate current at a pressure of from 
9-7 kv. to 8-8kv. and a frequency of 50. In addition, 
there are four pumps, which are driven by 6,500 h.p, 
to 5,100 h.p. motors running at 750 r.p.m., and are 
capable of delivering 1,250 litres (328 cub. ft.) of 
water per second against a head of from 260 m. to 
245 m. (858 ft. to 808 ft.). The water used in this 
station is discharged into a second reservoir, which 
has also been formed by building a dam across the 
mouth of a gorge. This reservoir, which is illustrated 
in Fig. 4, is used for collecting the water from 
that portion of the River Aa, which lies between the 
upper dam and Rempen, as well as from the Trebsen- 
bach and other streams. The water from the Trebsen- 
bach is led off through a fixed weir and settling bed, 
so as to remove gravel and sand and then passes 
through a tunnel 268 m. (884 ft.) long, in which the 
velocity of flow is 5 cub. m. (176-5 cub. ft.) per second, 
into the reservoir. The water collected from the lower 
catchment area in this way during the day time is 
raised to the upper reservoir by the pumps in the 
Rempen station, while, when the rainfall is low, this 
part of the plant can also be utilised for maintaining 
the output of the station at a constant high level. 
The Rempen dam is 31-5 m. (104 ft.) high and 128-4 m. 
(291 ft.) long, and is of the same general construction 
as that which closes the mouth of the Innerthal reser- 
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voir. To assist in the equalisation ofgthe supply, it is 
provided with two spillways, as well as with an auto- 
matically-operated overflow valve, which comes into 
action should the level of the reservoir continue 
to rise, when the full amount of water is flowing 
over the spillways. The reservoir impounds 360,000 
cub. m. (14,208,000 cub. ft.) of water, and provides 
a supply for the second power station at Siebnen, 
through a concrete-lined tunnel, which is 2-6 km. 
(1-6 miles) long and 3-6 m. (11-9 ft.) internal dia- 
meter. At one place, this tunnel is broken by a short 
length of reinforced concrete pipe, so that the Treb- 
sental can be crossed in the open, and at its lower end 
it is connected to two pressure pipes 800 m. (2,640 ft.) 
long, by means of which the water is led into the 
power house. These pipes are from 2-5 m. to 2-2 m. 
(8-25 ft. to 7-25 ft.) in diameter and from 10 mm. 
to 27 mm. (0-39 in. to 1-06 in.) thick. 

The Siebnen central station, of which an exterior 
view appears in Fig. 5, has a machine room 75 m. long 
by 14 m. by 15 m. (242 ft. 9in. by 46 ft. by 49 ft. 2 in.) 
and a switch house 130 m. long by 20 m. by 15 m. 
(426 ft. 6in. by 65 ft. 7in. by 49 ft. 2in.), both 
buildings being founded on reinforced concrete rafts 
carried on a gravel sub-soil and being steel-framed 
structures filled in with concrete slabs. The former 
contains four turbines of the same type as those in- 
stalled at Rempen, with outputs of from 14,750 h.p. to 
17,500 h.p. when running at 500 r.p.m. under a head 
of from 176 m. to 197 m. (580 ft. to 650 ft.). Each of 
these machines is coupled to a three-phase alternator 
with an output of from 16,500 kv.-a. to 19,800 kv.-a. at 
a pressure of from 8-8 kv. to 9-7 kv. and a frequency 
of 50. The first floor of the station is equipped as a 
control room, and contains switch pedestals and panels 
for both the machines and the outgoing feeders as well 
as the usual indicating diagram. The energy from the 
Rempen station, which is stepped up from 8:8 kv. to 
50 kv. by four 16,500 kv.-a. transformers, is transmitted 
by a four-wire line carried on lattice poles to the 50 kv. 
*bus-bars in the switch house at Siebnen. On the other 
hand, the energy generated at Siebnen itself is stepped 
up either to 50 kv. or to 150 kv. by two pairs vl 
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16,500 kv.-a. transformers, which are solidly connected 
to their respective generators, and is then supplied to 
the appropriate ’bus-bars. In addition, the 50-kv. and 
150-kv. *bus-bars can be interconnected through a 
third pair of 16,500 kv.-a. transformers. The 50-kv. 
switchgear is arranged on three floors, the lowest 
housing the remote controlled oil-switches, while one 
set of ’bus-bars is secured to its ceiling. The first 
floor contains the second set of ’bus-bars and the current 
transformers, while the third accommodates the auxil- 
iary *bus-bars and the potential transformers. On 
the other hand, the 150-kv. equipment is housed in a 
one storey building, the transformers being installed 
in an annexe. The greater part of the output is 
supplied to the two concerns which own the stations, 
but a connection is also provided to the National 
network. 

The water from the Siebnen station passes out into 
a tail race, the level of which is 4-5 m. (14-85 ft.) 
below the original bed of the Aa, and the latter stream 
is therefore diverted into it over a weir. This has led 
to several undertakings being deprived of water power, 
a loss of which in three cases has been made up by the 
supply of a corresponding amount of current, and in 





the others by the provision of compensation water. | 


PNEUMATIC TYRES ON RAILWAY | 
VEHICLES. 


. . : ° | 

The Chemin de Fer de Est has just put into service | 
30 rail motor-coaches fitted with pneumatic tyres. 

The vehicles carry 24 passengers and have an overall 
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length of 42 ft. 8 in. They are carried on 10 wheels, 
in two groups of six and four, respectively. The front 
group of six has a wheel base of 6 ft. 8} in. and of these, 
four are driving wheels, the main drivers being coupled 
to the leading axle of the bogie by roller chain. The 
trailing wheels of this bogie merely act as carrying 
wheels. The engine unit, is a Panhard-Levassor 
model of 27 h.p. capacity The trailing wheels are 
arranged in a bogie of 4 ft. 7 in. wheel base. The 
coach has a central compartment, 21 ft. long, for pas- 
sengers, two luggage compartments, and at the front 
end a driver’s and engine compartment. The luggage 
compartment provides 210 cu. ft. of space. 

This model is the outcome of a series of experiments 
by the Michelin Tyre Company to produce a light- 
weight vehicle fitted with pneumatic tyres suitable 
for use on branch lines where a frequent service of 
small units might be expected to attract a good deal 
of patronage. It will be obvious that with pneumatic 
tyres the weight of the vehicle must be cut down to the 
minimum. This has been accomplished by adopting 
construction approaching in design to the bodywork of 





aeroplanes, with the result that the weight is kept 
down to 128 ewt. loaded, or 12} cwt. per wheel. The 
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tyre takes, of course. a special form. It is shown in the 
illustration annexed, and consists of a straight-sided 
tyre held in position against a wide inner flange by a 
removable ring. The size is 33 in. by 4 in., and it is 
inflated to a pressure of 85 lb. per square inch. The 
wheels are of the disc type, with 25 in. by 4 in. rims, 
detachable from the brake drums. Inside the tyre 
there is a solid rim which will support the load in the 
event of the tyre being deflated. If a puncture or 
burst occurs, this arrangement prevents the wheel from 
dropping more than 3 in. A spare can be put on in 
about five minutes, and a system of lamps on the drivers’ 
dashboard shows when any tyre has lost 14 1b. pressure. 
The tyre mileage so far obtained is stated to be about 
20,000. 

The engine and gears give a maximum speed of 
about 62 m.p.h., with an average of 56 m.p.h. for long 
runs, and 34 m.p.h., for runs with frequent stops. The 
adhesion with such tyres is about three times that of 
the ordinary steel tyre and rail, so that there is no 
difficulty about cutting down weight and still retaining 
power of high acceleration and braking. These coaches 
are, in fact, stated to accelerate to 50 m.p.h. from rest 
in a distance of 650 yards, and can be stopped from 
60 m.p.h. in 60 yards on wet rails or in 40 yards on dry 
rails. Such performances would, of course, not be 
possible with steel-tyred stock. The same speeds are 
provided in forward and reverse. The performance is 
given as 14 miles to the gallon. 

The vehicles are said to be very steady, quiet in 
running, and comfortable, shocks from rail joints, 
&c., being completely absorbed. The coach is designed 
to be run by the driver only. 


MunictpaAL TRAMWAYS AND TRANSPORT ASSOCIATION. 

-In connection with the annual meeting of the Managers’ 
Section of the Municipal Tramways and Transport 
Association, to be held in Manchester on September 10, 
and 11, a demonstration of different types of high- 
compression engines has been arranged. This will take 
place on September 10, at 2.30 p.m., at the Hyde-road 
workshops of the Manchester Corporation Transport 
Department. 


TARIFF AGREEMENT BETWEEN AUSTRALIA AND CANADA. 
A treaty has recently been concluded between the 
| Dominion of Canada and the Commonwealth of Aus- 
tralia, by which a wide variety of Canadian products 
}are accorded a preferential tariff upon entry into 
| Australia. For example, unassembled motor-car chassis 
used to be subjected to a general tariff of 274 per cent., 
while Canadian chassis had to pay 224 per cent. ad 
valorem. Under the new regulations, the general tariff 
has been raised to 32} per cent. and the Canadian tarifl 
lowered to 15 per cent. Similarly, the old tariff on 
motor-car engines, whether Canadian or foreign, was 
10 per cent. or 75 per cent. From now onwards, Cana- 
dian engines on which 10 per cent. was formerly paid 
are allowed to enter free and in the other case the 
duty is reduced from 75 per cent. to 55 per cent.; 
the general tariff is unaltered. Further, Canadian 
electric motors under 1 h.p., and also road-making 
machines, now pay a tariff of 45 per cent. instead ot 
60 per cent. Electric fans, threshing machines, wood- 
working machines, asbestos goods, carborundum, and 
emery are now allowed in free, whereas previously the 
ad valorem tariff ranged from 10 per cent. to 25 per cent. 
Among other Canadian goods to benefit by the new 
tariff treaty are timber, paper, rubber manutactures, 
tractors, and agricultural and dairying machinery ; 
iron and steel bars and rolled products: aluminium 
| bars, plates, wire, Xe. ; and paints and varnishes. 
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THE PHENOMENON OF TENSILE 
YIELD IN MILD STEEL AND IRON.* 
By J. G. Docuerty and F. W. THoRNE. 


THE object of these experiments, carried out in the 
Engineering Laboratory of the Royal Naval College, 
Greenwich, was to determine the conditions under 
which the real phenomena of yield may be studied 
with standard apparatus. It has long been recognised 
that a drop of stress occurs at the yield point, and in 
recent years a number of experiments have been carried 
out, in this country and abroad, to determine the 
magnitude of the drop. In some cases, autographic 
records show a small reduction of stress, while some 
experimenters, with specially designed apparatus, 
record as much as 30 per cent. In the laboratory and 
test-house, under ordinary conditions, it is very un- 
usual to record anything in the nature of a drop of 
stress. Yield, or permanent set, occurs at compara- 
tively low stresses, and progresses slowly. When this 
permanent set has reached an arbitrarily agreed amount, 
or, alternatively, the specimen continues to elongate 
without increase of load, the yield point is said to have 


Load 

stress, ———___—___—_-. 

Area of specimen 
which yield, as shown by the formation of Liiders lines, 
commenced almost simultaneously at the fillets and at 
the pop-marks, The pop-marks were produced on 
the edges of the specimen by the screws of the 
extensometer. The apparent notches on the upper 
side in Fig. 1 are really non-existent and appear in 
the photograph due to light reflections. As the load 
is increased, the yield (and consequently the Liiders 
lines) spreads gradually into the specimen. As it 
progresses irito the region covered by the extensometer, 
it gives rise to the apparent gradual departure from 
proportional elasticity which suggests that yield is 
always a progressive action. When yield has extended 
right across the section, the so-called yield point has 
| been reached, as it then proceeds under constant load. 
As a result of these early tests, it was clear that the 


Fig. 1 shows a specimen in 








Fia. 6. SPECIMEN YIELDED OvT. 


been reached. This state of affairs gives rise to very 
inconsistent values of the yield point as determined 
by different experimenters. Much of the difficulty in 
reconciling published data arises from this lack of a 
precise definition of yield point. 

As the present experiments were confined to mild 
steel and iron, much of the dubiety disappears, but 
some still remains. For these materials, two distinct 
yield points can be recognised, namely, (a) a “ higher 
yield point’? at which yield first commences; (6) a 
“lower yield point’? at which yield continues. 

Preliminary tests under “ ordinary”’ conditions, 
ie., test-piece with enlarged ends, with a Ewing 
extensometer carried in pop-marks, failed to reveal 
any consistent difference between the stress required 
to start yielding and that required to ensure its con- 
tinuance, even at a very low rate. At first, this was 
thought to be due to non-axial loading, but it was 
ultimately found to be due to the form of the test-piece 
and to the method of attachment of the extensometer. 
The pop-marks, acting as discontinuities somewhat 





* Contribution to the Report of the Committee on 
Stresses in Overstrained Materials, to be presented to 
Section G of the British Association, London, on Sep- 
tember 30, 1931. 








real value of the stress at the “higher yield point ”’ 
could be determined only if the following precautions 
were strictly observed :— 

(a) The test-piece must be homogeneous, and of 
such a form that no local concentrations of stress can 
occur. 

(b) It must be loaded in such a way that axial pull 
is the only force applied. 

(c) The method of attachment of the extensometer 
must produce no concentration of stress. 

The stress at the “ higher yield point’? (H.Y.P.) is 
then 

Load applied when piece starts to yield 
Area of section where yield starts. 
In “ ordinary ’’ tests this ideal value is never obtained, 
and even in the tests herein described it is doubtful 
if the true higher yield stress was realised in more than 
a few cases. 

The stress at the ‘“‘ lower yield point” (L.Y.P.), is 

then 





Least load at which yield continues 
Area of section in which yield continues. 


As the rate of this subsequent yield depends on the 
stress, the observed value of the lower yield stress will 








similar to the Izod notch, and the circular-are fillets 
joining the test length of the specimen to the enlarged 
ends, cause local concentrations of high stress. The 
material at these points reaches the stress necessary 
to start yield, at a load giving a much lower nominal 





depend on the degree of refinement of the extenso- 
meter used. It would appear desirable, for accurate 
work, to standardise the rate of ‘“ subsequent’”’ 
yielding. 

In the experiments carried out by the authors, the 
conditions set out above were realised as follows :— 

(a) Form of Test-Piece.—The test-pieces were made 
of the form shown in Figs. 2 and 3, in which the rate 
of change of section from the middle parallel portion 
was made as gradual as possible by using a profile of 
gradually increasing curvature. The surfaces of the 
specimens were polished to facilitate observation of 
the Liiders lines. 

(b) Gripping of Test-Piece——In the earlier tests (up 
to specimen No. 39), the flat specimens were held in 
clamps, which were tightened up after the specimen 
was in place in the machine. The cylindrical specimens 
were turned very carefully and screwed into accurate 
adapters on the 5-ton Buckton testing machine. These 
methods gave a very fair degree of consistency, but 
as the experiments proceeded, it appeared desirable 
to obtain more ideal conditions, and the knife-edge 
gear shown in Fig. 4 was designed and has given satis- 


Fig. 2. 

lo. ala 
Fig.3. 
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factory service. It consists essentially of parts trans- 
mitting the applied forces through knife-edges that 
interesect on the axis of the test-piece in perpendicular 
directions. With this gear, and with accurately 
machined test-pieces, the line of pull was found to be 
never more than 0-001 in. from the axis of a specimen 
0-375 in. diameter, and this degree of axiality was 
maintained until the specimen began to yield. 

(c) Attachment of Extensometer.—In the first tests no 
extensometer was used, only the stresses at H.Y.P. 
and L.Y.P. being determined. In later tests, it was 
found that the method of attachment of the Lamb 
roller extensometer did not cause enough stress con- 
centration to produce premature yield. A very long 
optical arm was used, so that extensions of about 
4 x 10-* in. could be measured on a 4-in. gauge 
length. Later, the optical arm was further increased, 
and extensions of about 2 x 10-* in. could then be 
detected. This accuracy was much greater than was 
warranted by the conditions of testing, e.g., possible 
temperature effects, and the inaccuracies of the testing 
machine. It was useful, however, in enabling creep 
phenomena to be detected. 

Method of Testing.—The method of observation first 
adopted was as follows :—The piece was tested without 
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any extensometer. As the load was increased, only 
slight changes in the polished surface were appa- 
rent until, at a load much higher than the “ yield 
load ’’ as ordinarily understood, a band of Liiders lines 
suddenly flashed across the smallest section of the 
test-piece. (See Fig. 5.) This indicated that the H.Y.P. 
had been reached. 

The L.Y.P. could then be determined in several ways, 
as follows :— 

(a) The load was removed and then gradually in- 
creased until the Liiders lines began to extend their 
boundaries. The stress at the L.Y.P. was then given 

Load 
~ Appropriate area’ 

(6) Alternatively, the load necessary to initiate yield 
was kept on and the specimen strained until yield 
ceased in the tapered ends. The Liiders lines finally 
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TABLE I, 


— Cc. Remarks. 


0. 


| Mn. | 


Armco Analysis 

| unknown. 

-51 | Normalised, 

-057 | 0-062 | 0-69 | 

-038 | 0-039 | 0-56 me 

026 | 0-025 | 0-23 
| 


015 | 0-05 
0-09 | 
0-015) 

| 0-07 | 


” 


Load 
reached an area, such that - ‘— was equal to the stress 


at the L.Y.P. (See Fig. 6.)* 

In (a) the chief difficulty was to detect with sufficient 
accuracy the extension of the boundaries of the Liiders 
lines. In (b) the boundary was rarely perpendicular 
to the axis of the specimen, owing to non-axiality of 





loading or to want of homogeneity of the material, or 
both, and consequently the area to be measured was | 
somewhat indeterminate. In such cases, the maxi- 
mum and minimum values at each end of the specimen | 
were measured and the mean value taken. 
(c) When the extensometer was used, the L.Y.P. | 
was determined by increasing the load until a rate of | 
creep of 0-001 inch per minute was maintained for | 
a period of 5 minutes. 
On the whole, the three methods gave reasonably | 
concordant results. Although the rate of creep specified | 
in (c) may seem very slow, it was possible to detect the | 
change in the position of the Liiders line boundary after | 
the creep had continued for not more than a few | 
seconds, 
Tests were carried out on specimens made from six | 


* These methods were suggested to the authors by 
Professor B. P. Haigh. | 





| 


different samples of mild steel and iron, all of which 
were normalised before machining. Three specimens 
of steel 37 were normalised, in vacuo, by Professor G. 
Cook, after machining. Particulars of these steels will 
be found in Table 1. 

Results of Tests.—Details of the results of the tests 
carried out will be found in Table II. They confirm 
most of the work already published,* but the materials 
tested had higher yield stresses than those used by 
these investigators. 

The conclusions may be summarised as follows :— 
(1) At stresses as low as 5 tons per square inch in steel 
37, or 2 tons per square inch in Armco iron, slight 
yield (permanent set of the order of 0-0001 per cent., 
2.e., 0-000004 inch) was observed in some of the earlier 
tests without knife-edge loading. As this apparent 
departure from perfect elasticity was not confirmed by 
tests on the same materials when knife-edge loading 
| was used, the authors are of opinion that these apparent 
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| (2) In the majority of tests on mild steel, stress and 
strain were almost perfectly proportional up to the 
H.Y.P., so that the latter could be regarded as the 
true limit of proportionality under ideal conditions, 
or as the true limit of elasticity. 

(3) The lower yield point observed was that which 
would usually be quoted as the “ yield point’ of the 
material. 

(4) The stress at the H.Y.P. was from 10 per cent 
to 50 per cent. higher than that at the L.Y.P., the 
lower values being obtained either when the ideal 
conditions of test were not fulfilled, or, in some metals, 
when the tests were carried out slowly. 

(5) The relation between the H.Y.P. and the U.T.S. 
seemed to vary with the steel tested, reaching an 
extreme value of 100 per cent. in the case of fast tests 
on Armco iron. 

Figs. 7 and 8 illustrate, diagrammatically, these 
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TABLE II. 








(1) 
L.¥.P. by (2) 
Propagation | L.Y.P. by 
of | Areas, 
Lider lines, 
tons per 
square inch. 


Ultimate 
Tensile 
Strength, 
tons per 
square inch 


Observed 
mE.F:, 
tons per 


| square inch. square inch 


| tons per | 


| (3) 
| E.¥.P. by 
Extenso- 
meter, 
tons per 
square inch. 
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slight departures from proportionality at low stresses 
were due, in some way, to the imperfect method of | 
loading these early specimens. 





* Vide Robertson and Cook, Proc. Roy. Soc., A, vol. | 
Ixxxviii, 1913, page 462, and Robertson and Newport, | 
Aer, Res. Committee, R. and M., No. 1161, M. 56, &c. J 


conclusions. Fig. 7 shows the ordinary type of load- 
extension diagram using an ordinary extensometer 
with an imperfect method of attachment. The range 
of proportionality, 0 A, is followed by a range of 
imperfect elasticity, AB. It is during this stage that 
yielding spreads from the immediate vicinity of the 
pop-mark or other discontinuity, until, at B, it has 
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extended right across the section of the test-piece. 
Yield then proceeds at constant load along the length 
of the specimen. 

Fig. 8 shows the type of diagram obtained when 
discontinuities are absent. The portion O C is straight 
within the limits of experimental error, and extends 
up to the H.Y.P. in steels 29 and 47. In steel 37 the 
line curves over slightly immediately below the H.Y.P., 
while in steel 44 and Armco iron, the curvature is more 
pronounced, though still slight. (See Figs. 9, 10, 11, 
12.) At C, yield starts with explosive suddenness, 
and, with the apparatus available, no readings were 
possible between C and D. Thereafter, yield pro- 
ceeded at constant load, as in ordinary tests. The 


rate of strain with this constant load was observed 
to be reasonably constant, until the whole of the 
parallel portion of the specimen had yielded out. 

Effect of Rate of Testing.—The variation of the 
H.Y.P. with rate of testing was marked in the case of 
Armco iron, as had been pointed out by Robertson 
In very slow tests, occupying 


and Newport (loc. cit.). 


so marked. In steels 29, 37 and 47, the ratio increased 
slightly with speed of test, but steel 44 showed no 
In this steel, the ratio = Rs : = “was low, and 
the H.Y.P. phenomena correspondingly less marked. 
Effect of Non-Axial Loading.—In general, it may be 
assumed that, in the tests without the knife-edge gear, 
the loading was less likely to be axial than in those 
with the knife-edge gear, more especially in the case 
of the flat specimens. This conclusion is borne out 





change. 


(a) by the higher values of the ratio > ¥ 





with knife-edge loading, in those metals on which 
tests were made under both conditions; (b) by the 
greater consistency of the results of tests with knife- 
edge loading; and (c) by the absence, in tests with 
knife-edge loading, of any specimens, such as Nos. 17, 
23, 36, and 39, giving no distinct H.Y.P. Ke | 

Appearance of Surface of Specimen During and After 
Test.—The specimens were polished so that the slightest 
disturbance of the surface could be detected. It was 





I A ‘ Pp 
Pp obtained 


the Liiders lines which appeared at the H.Y.P., and 
did not increase much in size when the load was 
increased. 

The propagation of yield through the specimen, as 
indicated by the growth of the Liiders lines, differed in 
different steels. In some (generally those steels with 

oe Ae 
low values of the ratio LY P 
the first burst, with a uniform front, into the unyielded 
material. (See Fig. 13.) In other metals, yield 
roceeded in a series of bursts. The propagation of 





). yield proceeded from 


the Liiders lines was very irregular, spears invariably 
shooting forward into the unyielded material and 
then gradually spreading. (See Fig. 14.) In some 
cases the spears actually broke out well ahead of the 
already yielded portion, and spread backward as well 
as forward. This is shown well in Fig. 15, which is 
an enlarged view of part of Fig. 14, the black dots 
in both serving as identification marks. In these 
metals it was, in general, impossible to find a definite 
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Front SPEARS. 


more than 30 minutes, each increment of load was 
left on for 1 minute, so that the yield under that load, 
if any, could be observed. At 13 tons per square inch, 
this yield was perceptible, and it increased at higher 
Stresses. There was, in fact, no H.Y.P., and the 
higher stress recorded was that which gave the rate 
of yield which was associated with L.Y.P. phenomena. 
Once yield had fairly commenced, it required a some- 
what lower stress to maintain it, and this has been 


taken as the lower yield st io H_Y-P. 
yield stress. The ratio LY P. 





was 





about 1-1. In the fast tests, in which the H.Y.P. 
Was reached in from 9 seconds to 20 seconds, no extenso- 
meter readings were taken, the H.Y.P. being identified 
by the sudden drop of the beam of the testing machine, 
and the simultaneous flash of Liiders lines already 
mentioned. Nevertheless, there appeared to be, 
even in the fast tests, a certain amount of yield before 





the explosive burst at the H.Y.P. The ratio as = 
was of the order of 1-5, and the stress at the H.Y.P. | 
Was practically equal to the U.T.S. of the material. 


In no other material was the effect of rate of testing | 





suggested, in the course of the experiments, that 
some of the markings about to be described were due 
to the effects of machining and polishing after normalis- 
ing. To investigate this point, some specimens, after 
polishing, were normalised, in vacuo, by Professor G. 
Cook. There was no difference in the type or magnitude 
of the markings in these specimens. 

The markings on the surface of the flat specimens 
were of three distinct types. 

(1) At stresses well below the yield point, the surface 
became slightly, but uniformly, mottled. This mottling 
was observed in all specimens, even in metals, such as 
brass, where the phenomena of yield are very different 
from those observed in mild steel and iron, but it 
does not show up in the photographs. 

(2) When the H.Y.P. was reached, large Liiders lines 
suddenly burst out across the smallest section of the 
specimen. (See Fig. 5.) 

(3) Occasionally, ripple-like markings, intermediate 
between (1) and (2), became apparent at stresses higher 
than those producing mottling, but well below the 


| H.Y.P. or L.Y.P. These can be seen in Fig. 14, 


beside the arrow —>. They were much smaller than 


line of demarcation between yielded and unyielded 
material, wedges of unyielded material being found 
behind the “front line” of advancing Liders lines. 
These wedges only gradually yielded out. It would 
thus appear that, in problems relating to yield pheno- 
mena, it is unwise to assume a continuous boundary 
between yielded and unyielded material. 

In conclusion, the authors wish to express their 
grateful thanks to Professor B. P. Haigh, D.Sc., for 
his unfailing interest in the work, and for many sugges- 
tions, and they take this opportunity of recording their 
appreciation of the skilful assistance given by the 
workshop staff of the Engineering Laboratory, Royal 
Naval College, Greenwich, in the preparation of the 
special test-pieces. 








CONVERTIBLE 550-GALLON GULLEY 
EMPTIER. 


In our review of typical and representative plant at 
the recent exhibition and demonstration in Olympia 
of public cleansing plant, which formed part of the 
proceedings of the first International Conference on 
Public Cleansing, a brief reference was made in the 
issue of ENGINEERING for August 7 (page 175) to a 
new 550-gallon gully-emptier and tipping waggon on a 
standard 24-ton air-tyred chassis by Messrs. Dennis 
Brothers, Limited, Guildford, Surrey. We are now able 
to deal at greater length with this new model. It 
may be first stated that it is manufactured primarily 
for use in small towns, which on economical grounds 
cannot employ a separate machine for each municipal 
duty. The new model consequently is a unit, 
designed to be convertible as desired from a gully- 
or cess-pool emptier to a road watering vehicle, a 
gutter and sewer flusher, and a hydraulically operated 
tipping waggon. An important feature of this change- 
over combination is that the chassis remains unaltered 
throughout, and that the tipping mechanism 
serves the round of requirements. Another feature, 
as was pointed out in our recent review, is that the 
vehicle can be handled by one man and that the con- 
version can be made quickly. 

The chassis is the 2}-ton standard Dennis model 
with the following overall dimensions :—Length 20 ft., 
width 7 ft. 4 in., and height 10 ft. 6 in. Unladen, the 
weight is 4} tons, and in running order 7 tons. The 
wheel-base is 12 ft. 2 in. and the turning circle of 25 ft. 
radius. It is mounted on 34 in. by 7 in. straight-sided 
air tyres, the rear wheels being twin-tyred and the 
front wheels fitted with single tyres. 

As interest centred rather in the functions than in 
the details of the chassis itself, a brief reference to the 
layout of the latter will suffice, with the remark that it 
is a thoroughly standardised and well-tested Dennis 
model, as supplied in large numbers to railway and road 
transport companies. The engine has four cylinders, 
and valves along the near-side. The bore and piston 
stroke are respectively 100 mm. and 150 mm. (3-93 in. 
and 5-90 in.) and the output is 55 brake-horse-power 
at the normal rate of revolutions. The valve mechanism 
is enclosed and adjustable for wear. Cooling is by an 
impeller-circulator, assisted by a belt-driven fan; the 
radiator is carried on rubber cushioned trunnions and 
is made up of vertical tubes coupled to an upper and 
lower element. Ignition is by a high tension magneto 
with a vernier adjustment coupling; the fuel feed is 
by gravity from a 17-gallon tank, and the engine is 
oiled by a circulating pump within the casing and fed 
from a sump which holds sufficient for about 2,000 
miles. The usual engine controls, both pedal and 
manual are fitted, the latter for throttle and ignition 
timing being attached to the steering post. In general, 
the layout is simple and orthodox, and special attention 
has been given to the question of accessibility. The 
engine, with a fabric-faced male cone-clutch, is carried 
on the frame at three points, namely by coil springs at 
the front and a rubber mounting at the rear end, and 
provision is made for removing the base of the crank- 
case without disturbing the working parts. A clutch 








stop and ball thrust are fitted, and the clutch springs 
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are grouped cluster fashion across the front. A double 
fabric disc coupling of large area is interposed between 
the clutch and gear-box, so that there is independent | 
and separate access to clutch and gear-box for adjust- 
ment and removal. There are four forward gear 
changes and one reverse by a lever and gate control. | 
Adequate access to the gear-box interior is provided | y | 
a full-width opening on the top. The gear shafts and | 
gears are specially large, though the box itself has a | 
limited girth. Ball bearings are fitted to all the 
journals. The gear reductions are :—4-50 to I (1), 
2-76 to 1 (2), 1-35 to 1 (3), direct drive (4), and 3-73 to | 
1 (reverse). 

The axle-gear is the Dennis standard over-type worm | 
in a steel casing, with the usual differential and ball | 
thrust bearing and axle-load bearings, and floating | 
shafts with splined ends for quick removal without 
dismantling the casing. The entire axle-gear unit | 
is carried by the cover and can be removed en bloc | 
without delay. The road wheels are of the wrought 
disc recessed type and are journalled on Timken roller 
bearings. The propeller shaft is of large diameter 
for its length, to prevent whip, and is in one piece and 
fitted with a universal joint at both ends. The hand 
brake controls a pair of contracting shoes on a drum 
behind the gear-box, and the foot-brake, assisted by 
a vacuum-servo mechanism, controls expanding 
shoes in drums attached to the rear axle. Steering 
is by a worm and sector gear, and the centres are set 
for a large steering lock, a provision of some importance 
for vehicles designed to work in narrow streets and 
roadways. 

The front-axle comprises a special I-section, dropped 
beam with ball thrusts for the steering head, and 
spring-loaded ball joints to the track and pull rods, 
and Timken roller bearings for the wheel hubs. The 
suspension of the chassis is on semi-elliptical springs, 
the rear members serving also as distance stays and to 
take the reaction of the driving thrust. The shackle 
pins are fitted for pressure lubrication by oil gun. 

The standard equipment includes a hydraulic ram 
type of tipping gear, operated from the transmission 
gear-box. It has a displacement range up to 40 deg. 
of the body or tank, and is provided with an automatic 
cut-out valve. An air-pump, too, is fitted in connec- | 
tion with the twofold functions of suction by vacuum 
and compression as required. This pump is of the 
rotary type and is fitted with a two-way reversing 
valve. It is driven off the engine and has automatic 
self-lubrication. 

The suction hose and tank next claim attention. 
The vehicle with the tank in position is illustrated 
very clearly in Fig. 1. The tank is a cylinder holding 
550 gallons. It is divided into two sections, the forward 
one holding 220 gallons of clean water and the rear 
section 350 gallons of sludge. There is provision for 
connecting both sections for clean water, so that the 
full capacity of the tank can be used for flushing or 
road watering, &c. The complete discharge of the 
sludge compartment and access for cleaning, it will be 
noticed, is provided for by making the rear door cover 
the full circle of the tank end, the necessary sealing 
when closed being effected by a rubber ring-joint 
between the respective faces of drum and door, and 
circumferentially-spaced hinged dogs. The tank is 
pivoted on two brackets at the rear end as will be clear 
from Fig. 2; the forward end rests on the chassis 
on steel legs and is held in position by hand screws. 
An automatic cut-out valve is embodied in the dome 
in the sludge compartment, which prevents water 
entering the air pump. A suitable valve and length of 
hose are connected to the forward compartment for 
re-sealing the gullies. Two lifting eyes are provided 
at the top of the tank for removal. The change-over, 
it is claimed, can be made in about 15 minutes. A 
large gauge glass is fitted to the top half of the sludge 
compartment and a full-length gauge glass on the 
clean-water division of the tank. A 6-in. diameter 
combined vacuum and pressure gauge connected to the 
air pump is placed in the driver's cab. 

The suction hose is attached to the near side of the 
chassis and tank, and carries a steel length of piping, with 
valve, for dropping into gullies. It is raised and lowered 
by a balanced arm on the top of the tank. Removal 
of the tank and replacement are effected by disconnec- 
ting or connecting the “ipping-gear bracket at the front 
of the drum and opening or closing the two split bear- 
ings which attach the brackets at the end of the chassis. 

The sprinkler equipment is mainly of gun-metal and 
is attached across the dumb-irons at the front of the 
chassis. The control is from the driver’s seat, and 
the range is up to 35 ft. wide per single passage of the 
machine. The sewer flushing-valve is 3 in. diameter 
and is fixed to the base of the rear of the tank. For 
flushing gutters a 2-in. quick-acting valve is fitted 
under the rear side of the driving seat and is controlled 
by a lever in the cab. The equipment for emptying 
cess-pools comprises a 3-in. quick-acting valve with 
a gun-metal hose adapter, and is fitted on the near side 
of the tank. A steel pipe connects it to the dome 
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Fig. 2. TANK IN DISCHARGING PosITION. 


on the top of the tank. Compressed air can thus be 
applied to clean the hose after use or for stirring up 
solid matter at the bottom of pits by agitating the 
liquid 11ass. The suction hose for cess-pool cleansing 
is armoured and has a 3-in. diameter bore. The usual 
length supplied is 174 ft. Boards are provided for 
carrying the hose. 

The alternative interchangeable end-tipping body 
measures 9 ft. by 6 ft. by 18 in. 
no special comment. 


Messrs. Dennis Brothers, Limited, also have a special | 


350-gallon cess-pool emptier on a 30-cwt. air-tyred 
chassis. The machine is operated by a convertible, 
change-over vacuum-air pressure pump. The latter 
provision enables the contents to be deposited at a 
higher level than that on which the machine may be 
standing. This model is not provided with an inter- 
changeable tipping body. 


The details call for | 





BRITISH COMMERCE WITH PORTUGAL AND WITH 
*TraQ.—Memoranda on the appointment of commercial 
agents in "Iraq and in Portugal and Portuguese West 
Africa have been prepared by the Department 0! 
Overseas Trade, 35, Old Queen-street, London, 8.W.1. 
Interested British firms can obtain copies of these 
publications on application to the Department, quoting 
reference No. C.X. 3596 in the case of Iraq, and CX 3591 
in that of Portugal and Portuguese West Africa. 


THE MarKING oF ImPporRTED IRON OR STEEL FLUSH 
Prres.—The Standing Committee appointed by the 
Board of Trade will hold an inquiry at 11.30 a.m., oD 
October 12, and, if necessary, at 10.30 a.m., on October 13 
to determine whether imported iron or steel flush pipes, 
whether galvanised or not, should be required to bear 
an indication of origin. The inquiry will be held at the 
Board of Trade Offices, Great George-street, London. 
S.W.1, and all communications should be sent to the 


‘secretary, Mr. E. W. Reardon, at that address. 
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THE HARDNESS OF A STEEL TUBE | pitch, whilst on the opposite side the pitch was over| 3-77 in. on and between lines which here were some- 
a NG CERTAIN “LUDERS”’ OR |0-2 in. In all these cases the pitch was measured at | what regular. The results were as follows :— 

ALO — * | right angles to the lines and not parallel to the axis. | On lines, readings from 120 min. to 130 max. 

«“ PIOBERT LINES. This tube was a similar one to that shown in Fig. 1, | Average 125-2 


By Sm Henry Fowter, K.B.E which had the following chemical analysis :— Between lines, readings from 112 min. to 121 max. 

° a pee eyed * Average 115-3 
Per cent. 
| 


Ir may be of interest to say a word on the cause of | Carbon ab ae 7 = os. Gone In the latter case the maximum of 121 was an iso- 
this investigation. Two or three years ago, the author | Silicon eq ee = aa .. 0°01 lated reading, no other being higher than 117. These 
had his attention called to corrosion of certain tubes | Manganese ae aa + -- 0°46 readings were confirmed by those on another tube in 
in locomotive boilers taking place along lines diagonal | Sulphur te 0-016 which six readings on the lines gave an average of 125 

Phosphorus “a 0-016 and six readings between the lines 114-2. 


to the axis. No explanation of this could be offered, | 
but shortly afterwards the author noted certain stock | 


The pitch of the lines on the tensile test (Fig. 1) on} A longitudinal strip was then cut from the tube 
tubes rusting in a manner which at once suggested the | the outside was about 0-1 in. 


The inside lines were | directly opposite to the point of bending, and it was 
The cracking of the scale begins at | found that the lines inside the tube were identical with 

















presence of ‘‘ Liiders’’ lines. 
taken place along lines where the mill scale had cracked. 
Investigation showed that this cracking of scale on a 
locomotive boiler tube could be reproduced in a care- 
fully-emade tensile test. Fig. 1 shows clearly a test 
carried out so that these lines may be shown. The 
author’s friend and colleague, Mr. H. A. Treadgold, 
pointed out that similar lines could be produced by 
bending a tube, the lines appearing at the point of 
contact of the tube and the bending medium and also 
on the opposite side of the tube. 

A copy of the photograph of the tensile test (Fig. 1) 
was sent to Sir Robert A. Hadfield, and he was kind 





enough to po‘nt out the following extract from Fré- 
mont’s Memoir on the Study of the Tensile Test, 
page 90 :—‘‘T call Piobert lines those appearing in the 
form of cracks in the oxide layer on the surface of 
certain mechanically deformed metals ... Liiders 
made a number of experiments, but could not explain 
the cause of these lines.” 

In manufacture, tubes are often “ straightened ” 
after becoming bent during annealing, and this was 





The rusting had only | not measured. 





the grips and gradually extends until it meets in the 
centre. It starts at the yield point in a tensile test 
which in this case was 12-9 tons per square inch. 

Dr. B. P. Haigh has pointed out that the strain can 
be clearly seen on the polished face of a test-piece. 
Considerable work has been done by T. H. Turner 
and J. D. Jevons* in developing a method which shows 
the strain lines by etching, and reference to these papers 
will be found of interest. 

Liiders had not the appliances which are at present 
available for determining the hardness of small areas, 
and it was thought it might be interesting to ascertain 
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Tine : Hardness along 
: Hardness along 


(2759.B.) 
Fig.3. DIAGRAM SHOWING POSITION OF 


(ARIOUS LINES OF HARDNESS TESTS 
ON CROSS-SECTION OF STEEL TUBE 


Series A 


(2759.c,) 


| those outside. 





Distance along Tube 


On the outside of this portion another 
series (B) of readings were taken parallel to and about 
4 in. from series (A). Series B consisted of 36 readings 
in a length of about 1} in. These are shown on Fig. 2 
and vary from 124 down to 113. The points marked 
(*) are those at which lines were distinctly visible. 
Tests were then made along the inside of the tube 
(series BB) directly inside those of series B, and the 
readings here which are also shown on Fig. 2 varied 
from 121 to 109. With the exception of two peaks 
in series B which do not occur in series BB, there is 
close agreement between the curves. It must be 


- Sertes B. 
or A , 






rz 


appreciated that as far as actual.comparison is con- 
cerned, the two series are in close agreement, the 
apparent variation in hardness being due probably to 
the curvature of the tube affecting the transverse 
readings. A diagonal of the diamond impression was 
approximately at right angles to the axis of the tube. 

Some further tests were made on the inside of the 
tube close to the “dent” made by the fulcrum in 
bending. Here there were a series of lines close to- 
gether, and these also showed some difference between 
the hardness on the lines and between them. 

The figures given undoubtedly show that the metal 
has generally hardened as and where plastic flow has 
taken place. A further investigation would be interest- 
ing. 

Some years ago (in January, 1921), at the laboratory 


“ENGINEERING” 
‘ . | of the old Midland Railway, tensile tests were made of 
the hardness of the lines on these tubes. The cracking a steel component having a carbon content of 0-094 


of the scale shows that there has been plastic flow along 
these lines, and it may be taken that the metal is 
thinned somewhat along them. This is confirmed by 
observation. Dr. Haigh has pointed out to the author 
that plastic flow leads to hardening. This is corrobo- 
rated by our own experimental work, and is borne out 
by tests on these tubes. 

The second tube referred to on which the measure- 
ments of pitch were made, had its hardness measured 
at various points by means of a Vickers Diamond 
hardness machine, using a load of 10 kg. on a 136 deg. 
diamond pyramid (see Fig. 3). Tests along the neutral 
axis (of bending) gave comparable results on each side 
of the tube varying from 111 to 120. 

At the bending point itself where definite deforma- 
tion could be observed—the tube being slightly dented 
—the readings were 119, 117, 122, 116, 134, 131, 128, 
122, 119 and 116, the higher readings being at the 
deformation. The distance from the first to last of 
the 10 readings was 0:32 in. At a distance of about 
0:4 in. along the axis from the point of bending there 
were three well-marked even lines, and the hardness 
was tested parallel to the axis on and off these lines 


| alternately with the following results :— 





per cent. It gave an ultimate strength of 24-8 tons 
per square inch, with 47-5 per cent. elongation on 2-in. 
(test-piece, 0-798-in. diameter), and a reduction of area 
of 69-6 percent. The ratio of yield stress to maximum 
stress was 71-8 per cent. This showed Liiders lines 
in a very beautiful manner, and it has been carefully 
preserved and shown at various exhibitions as an 
example of these lines. Tests with the Vickers Dia- 
mond hardness machine have been made recently on 
and off the lines, and there has been found to be no 
marked difference as in.the case of the tubes recently 
tested. This leads one to wonder whether ageing 
has had any effect, especially as in the author’s opinion 
the Liiders lines on this test-bar do not seem to be as 
strongly marked as when he first saw them directly 
after the test was made. 








THE BRITISH CHAMBER OF COMMERCE IN BELGIUM.— 
At the close of 1930, there were 44 blast furnaces in 
operation in Belgium, as against 58 a year previously. 
Cast iron and steel production had decreased by one- 
third, and, in the industries producing finished iron and 
steel products, the outlook was particularly gloomy. 
We take the above statement from the annual report 


WITH undoubtedly the cause of the scale cracking and sub- ; st Ne * . ) 
— sequent rusting of the tubes which first drew attention| On firstline |...» —vse-«'122—_| for 1930 of tho British Chambor of Commerce in Belgium, 
t of to the matter. Between first and second lines ... << foreign trade of Belgium. During the calendar year 
W.1. It may be taken that when producing these lines On second lime vee nee, soe si 123 1930, exports fell by over 2,000,000 tons and imports 
hese by bending a tube over a support, the lines appearing Pig t — end third Hmee... = +. ae by nearly 3,000,000 tons. Both exports to, and imports 
oting at the point of contact (i.e., where the metal is in com- jae shied orn = pe Bas ae 119 from, Great Britain showed substantial declines, in the 
3591 Pression) are much closer than on the opposite side of Pe terme Syl ag a va 1224 aggregate, during the year under review. While the 
the tube which i in tension. ‘The lines on the tension | Average roading off ines... 117g [gomimersial situation is, not_ particularly, enoouraging 

Ss lage a angle of between 45 deg. and 50 deg. - Tests were then made on the tension side of the tube, | showing considerable activity in improving their port 
— directions with the axis of the tube. The lines | jn all, 22 tests (series A) being taken along a length of | equipment. Brussels is actively engaged in doubling 
the are found inside the tube as well as outside. her quay space and equipping her maritime canal with 
rs 33 In one case where a tube of 1-in. outside diameter * T. H. Turner and J. D. Jevons. ‘‘ The Detection of | railway tracks and cranes on both sides. At Ghent, 
ope and thickness 12 I.W.G. was bent, the lines at the | Strain in Mild Steel,” Journal of the Iron and Steel Insti- | a new dock was opened in 1930, and the storage accommo- 
pat point of bending (compression side) were about -075 in. | tute, 1925, vol. cx1, page 169. J. D. Jevons, ‘‘ Strain | dation is being enlarged and the canal equipment in- 
+ the ae - Detection in Mild Steel by Special Etching,” Journal of | creased. At Antwerp, great opportunities for extension 
ae: St Contribution to. the Report of the Committee on/|the Iron and Steel Institute, 1925, vol. CxXI, page 191. have been opened up by the coming into operation 
Stresses in Overstrained Materials, to be presented to | ‘‘ Stress Distribution in Mild Steel as Indicated by Special | of the Kruisschans sluice and the Bassins canal. The dry 


» the 


Section G of the British Association, London, on Sep- 
tember 30, 1931. 





Etching,” ENGINEERING, vol. cxxiii, page 155, February 


}11, 1927; page 221, February 25, 1927. 





dock accommodation of the port has also been greatly 
extended. 
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NOTES ON NEW BOOKS. 


GRAPHICAL methods of calculation are finding in- 
creased application in constructional engineering, and in 
the calculating of data relating to reinforced concrete 
structures and buildings, there has been a demand for 
some method of rapidly determining particular data, 
such data and information being of first-rate importance 
in designing and constructional operations. This 
problem has received particular attention in Italy, 
where intricate problems have arisen, particularly 
in some of the southern areas which are subject to 
earthquake disturbances. The extent to which such 
theoretical calculations based on graphical methods 
have been studied and developed in Italy is well 
illustrated in the publication, Diagrammi per il calcolo 
diretto rapido rigoroso delle solette e travi in Cemento 
Armato, by Dott. Ing. Guido Sassi (Milan: Ulrico 
Hoepli; price 50 lire). Ten purely graphical diagrams 
are given illustrating methods of direct and rapid 
calculation of data relating to soles, beams and columns 
in reinforced concrete work, comprising typical cases 
usually occurring in practice. As quoted by the 
author on the title page, “calculating by analysis 
is like navigating with the compass, calculating by 
graphs like navigating within view of the shore.” 
The series of graphs given, each measuring 12 in. by 
24 in., are the outcome of a long practical experience 
combined with a highly detailed and theoretical study 
of strains and stresses in reinforced concrete structures. 
The graphs relate to widely varying problems of design ; 
these include the calculation of total load, the number 
and diameters of bars, the reduction of heights, to 
particular functions, the thickness of tie-beams and the 
reduction of and relation of heights and bars as func- 
tions of the moment. Each of the diagrams is clearly 
drawn, and worked-out examples are given, the original 
data and results being tabulated in a concise manner. 
The volume is well produced, extensive information 
is given within a very limited space and the volume 
is highly recommended to all constructional engineers 
to whom the language problem presents no difficulty. 

The extensive use of press-tools for the production 
of components which combine strength with lightness 
and cheapness has resulted in the development of 
most ingenious designs of punches and dies. As 
difficult problems are successfully overcome, attempts 
are made to extend this method of manufacture to 
parts made by other means. Recourse to records of 
what has been achieved is of great assistance to the 
tool-maker and die-maker in the design of such con- 
trivances. Punches, Dies and Tools, by Joseph V. Wood- 
worth (London : Crosby, Lockwood and Sons; price 18s. 
net) deals with the art of punch and die making ; also 
drop-forge die making. Although a large number of 
the designs are by the author, others have been taken 
from the technical Press. This book is written by a 
practical man, for practical men engaged in such work, 
and as this is the fourth edition, its appeal cannot be 
said to have been unsuccessful. 

A notable addition to the descriptive and illus- 
trated literature of the compression ignition marine 
engine was made by Practical Marine Diesel 
Engineering, by Louis R. Ford, M.A., formerly of the U.S. 
Navy, and published by Simmons-Boardman Publishing 
Company, in New York, and by Simpkin Marshall, 
Limited, in London (35s. net). The first edition was 
reviewed in these notes in ENGINEERING, in 1926. A 
second, revised and enlarged edition has now been 
published. Of the thirty chapters of this work, the first 
eight are descriptive of the construction and layout of 
two and four-stroke marine plant. The next section, 
comprising four chapters deals briefly with an inter- 
national range of Diesel engines. As there is a section 
on medium and small engines, mention is due therein 
of the increasing number of European, and especially of 
British, airless injection designs, not to mention hot-bulb 
oil engines up to 200 h.p. Some of these, by reason 
of being compact and capable of a high speed are suit- 
able for auxiliaries. They zepresent a marked develop- 
ment of recent combustion engineering, and many of 
them have their counterpart in engines for road vehicles 
of all types. The next chapter deals similarly with what 
the author defines as ‘“‘ Commercially Inactive Types 
of Engines,” i.e., types of engines which, he says, are 
no longer extant commercially. Five of the seven 
makes concerned are (or were) British, but one of them, 
it is stated, is now built as a stationary type. The next 
section of eight chapters deals with maintenance of the 
main plant afloat, while the following two are con- 
cerned, similarly, with the auxiliaries. Chapter XXIV 
explains indicator diagrams, their preparation and 
analysis, together with a note on effects of adjust- 
ment on indicator cards, and the next discusses 
standard Diesel fuel-oils and residuals, with hints for 
overcoming difficulties and maintenance of correct 
conditions. This is followed by a chapter on super- 
charging, and one on repairs ashore. There is a special, 
one might style it a detached, chapter on the develop- 





ment of double-acting engines; this type, as well as 
other forms of engines, being discussed also in the third 
chapter. The last two chapters, deal with the steps 
for obtaining an engineer’s motorship certificate for 
(a) the United States; and (6) Great Britain. Some 
specimen examination questions and answers for the 
American certificates are attached to that section of 
the contents. The author mentions that he has added 
the reference to British marine engineers’ certificate 
requirements on the suggestion of British readers. This 


work is characterised by a host of large diagrams and | 


section drawings, and very legible type. 

The number and variety of non-ferrous metal alloys 
has increased very greatly during the past decade 
and many new alloys, particularly of aluminium and 
nickel, have been developed and exploited commercially 
since 1920. In that year Messrs. The Louis Cassier 
Company, Limited, 22, Henrietta-street, Covent 
Garden, London, W.C.2, published a small handbook 
entitled Metals and Alloys, containing data on upwards 
of 500 alloys. The progress made since this period is 
indicated by the fact that Messrs. Cassier, quite recently, 
have published a new edition of the work and this 
contains data, not on 500, but on some 3,500 alloys. 
The book comprises 136 pages, and 125 of these are 
occupied by tables of percentage compositions of non- 
ferrous metal alloys. Some of the alloys listed are not 
now in commercial use, but they have been included 
in order to make the information as complete as possible. 
Further tables give the average breaking strength of 


metals and alloys; particulars of all the known metals, | 


including specific gravity, electrical and heat con- 
ductivity, melting and boiling point, colour, &c.; 
electrochemical equivalents of the elements; and 
specific resistances of metals and alloys. This little 
work is certain of a good reception at the hands of 
all those who have to deal with metals, whether from 
the academic or practical standpoint. It will enable 
them to turn up, at a moment’s notice, the composition 
of almost any non-ferrous alloy, without having to 
search through several textbooks or other technical 
literature. The book is thin and light, clearly printed 
and strongly bound. The price is 10s. net. 








CATALOGUES. 


Electric Motors.—Messrs. Bruce Peebles and Company, 
Limited, Edinburgh, have issued a new catalogue of 
small induction motors from }-h.p. upwards, and of 
the squirrel-cage and slip-ring types. 

Special Steel.—Messrs. Hadfields, Limited, Sheffield, 
have issued a catalogue describing the properties, working 
rules and economy of their Hecla A.T.V. steel for turbine 
blades and high-pressure steam fittings. 

Electric Heaters.—Messrs. George and Company, 
Limited, Leeds, have issued three catalogues of their 
Chromolax heating elements, immersion heaters and 
boiling plates, with prices and complete particulars. 

Control of Bulkhead Doors.—Messrs. J. Stone and 
Company, Limited, Deptford, London, 8.E.14, have 
issued a new pamphlet describing their system of hydraulic 
operation of bulkhead doors from a central control station, 

Lubrication.—Messrs. Vacuum Oil Company, Limited, 
Caxton House, Westminster, London, 8.W.1, have added 
to their series of technical pamphlets a new number 
giving directions for the lubrication of steam wagons of 
all the leading makers. 

Electric Motor Starters.—Messrs. George Ellison, 
Limited, Birmingham, have sent us a new edition of 
their catalogue of oil-break, star-delta starters for squirrel- 
cage induction motors. Applications to fans, pymps, 
machine tools, textile machines, stone-screening machines 
&c., are illustrated. 

Distribution Pillars.—A list of distribution pillars, 
received from Messrs. W. T. Henley’s Telegraph Works 
Company, Limited, Holborn Viaduct, London, E.C.1, 
shows a very large range of standard units suitable for 
any system of supply and any type of cable, built in 
cast-iron pillars, or assembled on wrought-iron frames 
to form distribution panels. 

Dust Collectors—Messrs. The Visco Engineering 
Company, Limited, 162, Grosvenor-road, London, 
S.W.1, have sent us a new catalogue illustrating an 
extensive range of apparatus and plant for collecting 
dust and treating it for destruction or removal. The 
illustrations are of plants installed by the company, and 
the text gives a clear account of the special requirements 
in each case. 

Marine Machinery.—Two new catalogues are to hand 
from Messrs. G. and J. Weir, Limited, Cathcart, Glasgow, 
dealing with main and auxiliary machinery for ships. 
The first describes regenerative condensers for the pro- 
pelling engines, giving a high vacuum and a condensate 
thoroughly free from air. The second catalogue deals 
with auxiliary machinery, including evaporators and 
condensers and general plant for distilling on board ship. 

Marine Oil Engines.—A catalogue of small marine-oil 
engines and of all the necessary parts and fittings for 
installing them is to hand from Messrs. The Ailsa Craig 
Motor Company, Limited, Chiswick, London, W.4. 
These engines are of the four-cycle self-igniting type, 
and are fitted for direct drive or with reduction gears 
and reversing gears. The horse-powers of the three 
standard sizes are given as 20-30, 40-60, 60-90. 


Machine Vices.—Messrs. Charles Taylor (Birmine ham) 
Limited, Bartholomew-street, Birmingham, have issued 
a new edition of their catalogue of machine vices, sho\ ing 
a good variety of models and an ample range oi sizes, 

Fans and Motors.—Messrs. M. W. Woods, Limited 
46, Kingsway, London, W.C.2, have issued lists of electric 
motors from $ h.p. to } h.p. for alternating current and 
from } h.p. to 5 h.p. for either alternating or direct 
current, as required. Lists of fans from 9 in. to (uv in 
diameter at the blades have also come to hand. ; 

Pumps.—Messrs. Pulsometer Engineering Company 
Limited, Reading, have sent us a new and revised, 
edition of their catalogue of turbine centrifugal pumps, 
The list of standard pumps of this type shows two sizes 
(14 in. and 2 in.) to work against 800 ft. head and eight 
sizes (23 in. to 9 in.) to work against 600 ft. head, other 
requirements being met as they arise. 

Flexible-Shaft Tools.—From Messrs. The Flexible Drive 
and Tool Company, Bloomsbury-place, London, W.C.1. 
we have received a catalogue of the ‘“ Biax ” flexible 
shafts, tools and complete hand machines. The shaits are 
rated from 3 h.p. to 4$ h.p., when run at speeds from 
1,000 r.p.m. to 3,000 r.p.m. The range of tools and 
grinding wheels includes a variety of surfacing grinders 
and rubbing down tools, saws, files, &c. 

Switchgear—We have received from Messrs. Igranic 
Electric Company, Limited, 149, Queen Victoria-street, 
London, E.C.4, three catalogues of magnetically-operated 
| switches for automatic or remote control of lighting and 
| power circuits ;. a catalogue of automatic motor starters 
|for single-phase motors and squirrel-cage polyphase 
| induction motors ; and a further catalogue of automatic 
| motor-starting pillars in split housings. All are for 
| voltages up to 500 or 550. 

Tachographs.—aA list of revolution counters issued, by 
| Messrs. Monk and Company, Limited, 21, Old Queen- 
| street, London §8.W.1, shows three patterns suitable, 
respectively, for shaft speeds, winding-engine speeds 
and engine testing. All are of the recording type, 
plainly indicating variations of speed, and the winding- 
engine pattern indicates and records directly the speed 
| of the hoisting rope in feet per second, and records the 
times of signals from bank or shaft bottom. 

Metal Deposition.—A new pamphlet explaining their 
process of depositing metals to renew worn surfaces, to 
protect against corrosion and for similar purposes, is to 
hand from Messrs. Fescol, Limited 101, Grosvenor-road, 
London, 8.W.1. The metals usually deposited are nickel, 
chromium, cadmium, lead, and copper. The examples 
of work done illustrated include gear-pinion shafts where 
the wear at the bearing parts has been made good, and 
propeller blades which have been plated when new. 


Laboratory Equipment.—We have received from Messrs. 
Burton, Griffiths and Company, Limited, Montgomery- 
street, Sparkbrook, Birmingham, a number of leaf 
catalogues describing laboratory equipment manufac- 
tured by Messrs. American Instrument Company, 
Incorporated, U.S.A., for whom they are sole agents 
in this country. These refer to apparatus for testing 
rubber, cement, mineral and other oils, brakes, constant- 
temperature viscosimeter, an immersion heater and a 
metallographic polishing machine. 

Garage Equipment.—An interesting list of mechanical 
equipment for garages is to hand from Messrs. Tangyes, 
Limited, Birmingham. These include a car lift and turn- 
table for cars up to 3 tons in weight, with runways and 
platform carried on a single ram. Other items of equip- 
ment are a power unit for car washing, operating the car 
lift, &c. ; air-compressor sets with belt or motor drive: 
oil-engines of 24 h.p., 4 h.p., and 6 h.p., with dynamo for 
lighting, capable of using the general waste oil of the 
garage as fuel; and a range of lifting jacks for loads of 
1 ton to 8 tons. 

Electrical Appliances—A number of catalogues are 
to hand from Messrs. The Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, King’s 
Cross, London, N.W. The conversion of alternating 
current from the mains supply to direct current is 
discussed in one pamphlet dealing with metal rectifiers 
for general industrial machines and another dealing 
specially with battery charging. There is also a list of 
small battery-charging sets which give a direct-current 
output from an alternating-current supply through a 
metal rectifier. Two leaf catalogues describing an 
electric compressor governor and an air compressor with 
unloader and pressure regulator have also come to hand. 

Steam Engines and Road Rollers.—Messrs. Marshall, 
Sons and Company, Limited, Gainsborough, have issued 
two new catalogues of steam engines and oil-engine 
road rollers. The locomobile type of steam engine, 
with its horizontal boiler, forms, as is well known, @ 
complete steam-power unit ready to lay down without 
building-in and easily removable. There are nine 
standard sizes of these engines, and each size is made in 
the non-condensing and condensing types. The range 
of powers is from 40 h.p. to 260 h.p., and from 
55 h.p. to 325 h.p. in these types, respectively, but each 
is capable of sustaining heavy overloads. The second 
catalogue gives a complete description of road rollers 
with heavy oil engines in three sizes, viz., 6}, 8} and 10 
tons, actual weight empty. 











Motor-VEHICLE REGISTRATION IN AUSTRALIA.— 
According to statistics published in Australia, the motor 
vehicles of all types registered in the Commonwea!th 
at the close of 1930 totalled 650,056. New South Wales 
was responsible for about one-third of these registrations, 
while Victoria was the only other State to exceed 100,000. 
The grand total of 650,056 comprised 442,151 motor- 


cars, 124,869 commercial vehicles, and 83,036 motor 





cycles. 
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REGENERATIVE BRAKING ON | 
SINGLE-PHASE RAILWAYS. 


ALTHOUGH regenerative braking has been applied 
to all current systems used for the operation of 
standard-gauge railways, the problem was easiest 
to solve in the case of three-phase current, as three- 
phase motors begin to generate automatically when 
their speed rises above synchronous speed. In the 
case of direct current and of single-phase current, 





on a large scale, the Oerlikon Company put forward 
a regenerative braking system, in designing which 
they had endeavoured to evolve the simplest 
arrangement, and one requiring little attention, 
to limit the weight and space required by the 
equipment as far as practicable, and, at the same 
time, to ensure that the power factor was reduced 
as little as possible. 

The method proved so satisfactory that it is 
still employed, in some cases without modification, 








Fig 4. PROFILE OF THE LANOQUART-DAVOS SECTION. 


speeds down to zero. The output increases in 
the same ratio as the speed. There is no danger 
of self-excitation or lack of stability. The reactance 
of the choking coil is chosen in such a way that, 
together with the self-induction of the armature, 
of the interpole winding, 5, and of the compensation 
winding, 4, it limits the armature current to a 
permissible value. There is, in place of the non- 
inductive shunt resistance, 7, connected in parallel 
with the interpole winding during traction service, 
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Fig.5. POWER CONSUMPTION CURVE DURING UP-GRADE RUN. 
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it was more difficult to find a solution satisfying 
the requirements of railway service. Even in the 
latter cases, however, regenerative braking has 
passed the experimental stage, and has now been 
adopted for some years. It is already employed 
in a great number of cases on both systems, and it 
has proved a thoroughly reliable mode of braking. 
We propose to deal here with regenerative braking 
On single-phase railways as, hitherto, little has 
been published regarding the practical results 
obtained, and we shall confine ourselves in this 
connection to the Oerlikon system, which has been 
applied in a number of instances.. When the 
Swiss Federal Railways proceeded to electrify their 
lines with single-phase current and applied this 
traction system for the first time to heavy traffic 

















1-C-C-1-Typr Freigut Locomotive ; Swiss FepERAL 


so that it may be briefly referred to with the aid 
of the diagrams of connections, Figs. 1 and 2, in 
which 1 is the transformer, 3 the armature, and 
8 the field winding. For this mode of braking, no 
further switchgear is required than the step switches 
and contactors provided for normal traction service ; 
a choking coil, 2, Fig. 1, of usual design, is the only 
apparatus which is added to the standard motor 
equipment. The ordinary series motor is converted, 
with this arrangement, into a particular type of 
generator or motor which has properties specially 
suited for braking, while the range of regeneration 
is extended for all loads over the whole speed range 
down to zero—a result which is not possible 
with resistance braking—as with constant supply 
pressures, E, and E,, the torque is constant at all 
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as indicated in Fig. 2, an inductive shunt resist- 
ance, 6, for commutation purposes during braking. 

Tests were carried out with this first regenerative 
equipment in June, 1919, after putting the loco- 
motive into service on the.northern section of the 
Loetschberg line, which includes long inclines of 
1 in 37. The locomotive was of the 1-B-B-1 type, 
designed for hauling a trailing load of 300 tons 
on gradients of 1 in 38-4, at a speed of 31 m.p.h., 
the maximum speed being 46-5 m.p.h. From the 
account given of the trial runs by Dr. Behn Eschen- 
burg in the Schweizerische Bauzeitung, Aug. 16, 1919, 
it appears that the tests showed this method of 
braking to be extremely reliable and simple. 
A run was made up and down a gradient on the 
same section, first with the locomotive alone and 
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afterwards with a train having a weight of 197 tons, | 
the ascent, the speed, and all the important | 
electrical quantities being determined by the 
ordinary measuring instruments on the locomotive. 

The efficiency of the conversion of electric and 
mechanical energy, including the electric losses on 
the locomotive (the power taken by the auxiliary 
services being 30 kw.) was, for up-hill operation, | 
with a tractive effort of about 22,000 lb., and a | 
speed of about 31 m.p.h., about 83 per cent., and | 
for down-hill operation, with a corresponding | 
liberated tractive effort of 14,500 lb. on an incline | 
of 1 in 37, with the train travelling at 38-5 m.p.h., | 
about 75 per cent. Both figures refer to the| 
high-tension side. The power factor, also measured 
in the conductor line, was, for the up gradient run, | 
about 0-9, and for the down grade about 0-53. | 
Means by which the latter value of power factor | 
could be further improved were brought to light, | 
but the disadvantage is of relatively little impor- | 
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space and weight. The conditions laid down were 


ELECTRICAL EQUIPMENT OF FREIGHT LOCOMOTIVE; Swiss FEDERAL RAILWAYS. 


| of the Rhaetian Railway Company, stated* that the 
| electric braking worked without any trouble and very 
smoothly and that it was easily possible to limit the 
| speed to the desired values, with the train weights 
| prescribed, and to bring the train to a standstill. 
| He considered that during the down-grade operation 
|on gradients of 1 in 28-6 to 1 in 22-2, about 30 
|per cent. of the energy taken during up-grade 
| operation was returned to the supply system, at 
a power factor of 0-3 to 0-4. He pointed out, 
| however, that a relatively large amount of power, 
|namely 42 kw., was taken for auxiliary services, 
such as train heating, compressor and vacuum 
|pump, and that when no heating was necessary, 
and the power component of the current returned 
to the system correspondingly larger, the power 
factor would be higher than that obtained in the 
trials. The power recovered during the down- 
grade run over the whole line, Landquart-Davos- 
| Landquart, which includes long sections with small 


tance in the case of a large railway system, where | that the equipment in question was to be capable | gradients, amounted to about 124 per cent. of the 


the number of trains on inclines suitable for electric | 
braking is relatively small in comparison with the | 
number of trains running with a high power factor. | 
The weight of the additional equipment required 
for regenerative braking amounts to about 7 per | 
cent. of the weight of the whole electrical equipment ; 
it represents 3} per cent. of the locomotive weight, 
and 1 per cent. of the whole train weight. This 
increase in weight is very small when compared 
with the very great advan‘ages obtained with it. 
Since 1914, the Rhetian Railway Company 
has had three 800-h.p. Gerlikon locomotives of 
the 1-D-1 type in operation on its metre-gauge 
system. When the construction of the Praettigau 
line, which links up Landquart-Klosters and 
Davos, and includes gradients up to 1 in 22-2 
of considerable length, was taken in hand in 1920, 
the Rhaetian Railway Company thought it necessary 
to provide an electric brake, in addition to the 
vacuum brake, and ordered from the Oerlikon 
Company the regenerative braking equipment for 
the three locomotives in question, which lent them- | 
selves well to the purpose, both in the matter of ! 


of limiting the speed of the trains to 18-6 m.p.h., 
without the assistance of the vacuum brake, the 
train weights (including locomotive weight of 
59 tons) and the gradients being 80 tons on a 
gradient of 1 in 22-2, 100 tons on a gradient of 
1 in 28-6, or 120 tons on a gradient of 1 in 40. 

Fig. 3 is a diagram of connections for the 
locomotives, those on the right being for traction 
and those on the left for braking. The references 
are the same as for Figs. land 2, with the addition 
of the bridging coils, 9. 

Fig. 4 is a profile of the Landquart-Davos line, and 
Fig. 5 shows the power taken by the locomotive 
working against the gradient; Fig. 6 gives the 
power fed back to the system during down-grade 
operation. The trial runs, which were carried out 
with a total train weight of 84 tons, took place at 
night, as there were then no other trains on the line 
and only the Kiiblis power station was in operation, 
so that the power taken during the up-grade runs 
and the power recovered during the down-grade 
runs, could be measured there. In his report on | 
these trial runs, Mr. W. Duerler, Chief Engineer ! 


energy taken during up-grade operation. 

The additional gear required for regenerative 
braking amounted, in this instance, to about 
9 per cent. of the weight of the whole electrical 
equipment, or a little more than 4 per cent. of the 
weight of the locomotive and approximately 3 per 
cent. of the weight of the whole train. That these 
figures are higher than those for the 1-B-B-1 type 
locomotive of the Swiss Federal Railways i 
accounted for by the fact that the gradients are 
steeper, and the locomotive of the Rhaetian Railway 
is less powerful, while its weight is only half that of 
the locomotive of the Swiss Federal Railways. 

In the meantime, the electrification of the latter 
had made rapid progress. The first contract 
placed with the Oerlikon Company was for 33 
locomotives of the 1-C-C-1 type, for hauling the 
freight trains on the St. Gothard line. These 
locomotives have a 1}-hour rating of 2,200 h.p. 
at a speed of 21-7 m.p.h. and a weight of 129 tons. 
They have to haul freight trains representing @ 
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* Schweizerische Bauzeitung, May 
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trailing weight of 430 tons up the gradients of 
Ijin 38-5 of the St. Gothard line, at a speed of 21-7 
m.p.h. These machines were all equipped for 
tegenerative braking, and it was stipulated that this 
mode of braking should be capable of dealing with 
the weight of the locomotive. The braking equip- 
ment, however, was designed so as to permit it 
to be used for dealing with the whole train. So 
far. this has not been done by the Swiss Federal 
Rails ‘vs, for operating reasons. The weight of the 
additional equipment for regenerative braking 
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represented 3 per cent. to 4 per cent. of the 
weight of these locomotives, the power factor 
being between 0-5 and 0-6 for the total load including 
the power taken by the locomotive auxiliaries. 

A subsequent order was placed for 18 locomotives, 
also of the 1-C-C-1 type, but with a considerably 
higher capacity, one of these engines being illustrated 
in Fig. 7. These machines were required to haul 
a train of 1,400 tons at 21-7 m.p.h. on gradients of 
1 in 100, at 27-9 m.p.h. on gradients of 1 in 200, 





at 34-1 m.p.h. on gradients of 1 in 500, and at 
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40-3 m.p.h. on the ievel. 
The one-hour rating of 
these locomotives is 2,720 
h.p. at 20-5 m.p.h., and 
their weight is 131 tons. 
These locomotives are 
equipped for regenerative 
braking and the connec- 
tions of the motor circuit 
are shown in Fig. 9. The 
connections on the right 
are used for traction, and 
those on the left for brak- 
ing; the references are 
the same as those in Figs. 
1 to 3. The additional 
equipment for braking 
may be seen in the view, 
Fig. 8. The choking coil 
will be noticed between 
the compressor and the 
nearest driving motor, 
and also the two small 
resistances which are used 
to ensure good commu- 
tation. 

When the Swiss Federal 
Railways took over the 
operation of the Italian section from Iselle to Domo- 
dossola, on the Simplon line, including long 
gradients of 1 in 37, and worked the trains with their 
own locomotives, it became necessary to equip 
the locomotives intended for this section for regene- 
rative braking. Various locomotive builders were 
thereupon requested to see whether electric regener- 
ative braking equipment could be fitted on the 
Railways’ 2-Do-1 Standard express type locomotives 
with four motors and individual drive, which were 
then in course of construction. The proposals put 
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forward by the Oerlikon Company proved to be the 
most satisfactory, and, in all, 30 locomotives were 
so equipped. The braking equipment was required 
to be capable of dealing with the locomotive weight 
of 120 tons on a gradient of 1 in 37 during down- 
hill working and of limiting the speed to 40-3 m.p.h. 
Overloading for short periods is, of course, possible, 
and the system used down to zero speed. 

It will be readily understood that it was by no 
means easy to accommodate the necessary equip- 
ment on a locomotive of which the details had 
already been fixed and where the axle load amounted 
very nearly to the maximum permissible value of 
20 tons. It was effected, however, by sub-dividing 
the braking equipment and mounting on each motor 
the parts pertaining to it, as shown in Fig. 10. This, 
it must be admitted, entailed an increase in the total 
weight of the equipment but ensured, on the other 
hand, a uniform distribution of the weight over the 
four driving axles, so that it was possible to keep 
within the limits imposed. A 2-Do-1 locomotive 
weighs 118-5 tons without the braking equipment, 
and the same locomotive fitted with regenerative 
braking equipment has a weight of 123 tons. The 
extra weight resulting from the braking equipment 
thus amounts to 4-5 tons, which represents 3-5 per 
cent. of the weight of the locomotive, or 7-5 percent. 
of the weight of the electrical equipment of the latter. 

As a final example of the application of regenera- 
tion braking on single-phase systems, we may deal 
with the latest locomotives of the Swiss Federal 
Railways, viz, two large St. Gothard locomotives 
of the 1-Bo-1-Bo-1 + 1-Bo-1-Bo-l type, ordered 
early in 1930, and now in course of construction. 
The electrical equipment of one of these locomotives 
is being supplied by Messrs. Brown, Boveri & Co., 
and that of the other by Messrs. Oerlikon. The two 
locomotives are being equipped for regenerative 
braking for dealing with a locomotive weight of 
230 to 240 tons. The system adopted is that of the 
Oerlikon Company who are supplying the equip- 
ments for both locomotives. Electric braking is to 
be used exclusively on gradients of 1 in 37. The one- 
hour rating is 6,640 h.p. in the case of the Brown- 
Boveri locomotive, and 7,200 h.p. for the Oerlikon 
locomotive. Both are intended for hauling the 
heaviest express and freight trains up the steep 
gradients of the St. Gothard line. 

The mode of connection for braking is essentially 
the same for both locomotives, namely, connecting 
the armature circuit with the braking choking coil 
and the main field circuit to the same pressure step of 
the transformer, on the one hand, and to the neutral 
point terminal of the transformer on the other. 
The differences in number of motors and in the 
electrical arrangement of the latter necessitated 
some minor alterations, as can be seen on comparing 
the diagrams of connections, Figs. ]11 and 12. The 
Brown-Boveri locomotive, Fig. 11, has four driving 
motors per half locomotive, and Oerlikon locomotive, 
Fig. 12, eight motors, the two motors driving the 
same axle being connected in series. In the latter 
locomotive, the central point of the secondary 
winding of the transformer is earthed, and, in the 
other locomotive, the end point is earthed. In this 
way, the pressure between motor and earth under 
working conditions is limited, in both cases, to the 
terminal pressure of the motors. In both loco- 
motives, the four armature circuits of each half are 
connected in parallel and all the field windings are 
arranged in series. 

The possibilities with regard to regulation of 
the braking force afforded by the Oerlikon system 
are shown by the curves in Fig. 13. | The curve 
0 represents the braking force due to the friction 
losses of gears and motors, and those numbered 
1 to 12 the braking forces at different speeds on the 
steps 1-12; dotted curves connecting points of 
equal armature current are also given. For these 
two locomotives, the extra weight due to the pro- 
vision of regenerative braking equipment should 
amount to about 6-5 per cent. of the weight of the 
total electrical equipment and to rather less than 
3 per cent. of the locomotive weight. 

It may be pointed out, in conclusion, that the 
conditions on all railways and all sections of line 
do not lend themselves to the adoption of this 
mode of braking or, in fact, of any method of 
electric braking. In cases where the conditions 
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are favourable, however, i.e., where there are long 
and heavy gradients, regenerative braking offers 
the advantage of providing great braking capacity 
which makes it possible to deal with loads up to the 
total train weight which the locomotive can haul up 
hill; of ensuring a constant braking force which is 
independent of the speed of train and acts until the 
train comes to rest; and of permitting of the 
recovery of a substantial portion of the power con- 
sumed during the up-grade journey, coupled with 
great simplicity in operation. These advantages 
are, of course, additional to those afforded by any 
method of electric braking, such as the independence 
of this brake-power of the mechanical brake, and 
reduction of wear of tyres and brake blocks. The 
fact that the Swiss Federal Railways have adopted 
the Oerlikon system of regenerative braking for 93 
motor coaches or locomotives, including some of 
the heaviest class, is evidence that where it can 
be employed, the advantages outweigh the dis- 
advantages which are occasionally quoted as 
objections to its use. 








FIFTY YEARS OF STRUCTURAL ENG- 
INEERING, WITH SPECIAL REFER- 
ENCE TO THE UNITED STATES. 

By Rosins FLEemiIne. 


ALTHOUGH the five decades from 1880 to 1930 are 
within the span of a single life the advances in 
structural engineering in that time have been so 
great that it is only by a general review of the 
whole period that they can be appreciated. 

Literature.—The text-books of 1880 are in great 
contrast with those of to-day. Two books by Pro- 
fessor De Volson Wood, namely, A Treatise on the 
Resistance of Materials and A Treatise on the Con- 
struction of Bridges and Roofs, were probably more 
used at that time for teaching their respective sub- 
jects than any others. Compared with the texts 
now used, they are decidedly elementary. In the 
second, the Howe, Whipple, Pratt, Fink and 
Bollman trusses were analysed. These five types 
of bridges, each named after its inventor, were 
brought out practically within the decade 1840- 
1850. Part III. of the book is entitled “‘ Roofs.”’ 
A dozen of the 30 pages are given to a description of 
the roof over “the large hall of the University of 
Michigan.”’ The so-called “large hall ”’ is 80 ft. wide 
by 128 ft. 10 in. long. The base of the dome covers 
a square of about 50 ft. on the main roof and extends 
to a height of 70 ft. above the main trusses. The 
trusses are of the Howe type, with verticals and 
lower chord of iron and the remaining members of 
wood. As the trusses were proportioned by 
Prof. Wood and erected under his superintendence, 
it was natural that he should be particularly 
interested in them. 

In 1880, Clemens Herschel had written his Con- 
tinuous Revolving Drawbridges (1875), and A. J. 
DuBois The New Method of Graphical Statics (1875). 
The first edition of DuBois’ Strains in Framed Struc- 
tures was brought out in 1883, and its tenth edition 
in 1896. Part I. of the Merriman and Jacoby text 
books, Roofs and Bridges, was published in 1886 ; 
Part IT. in 1888 and Parts IIT. and IV. later. The 
first edition of The Theory and Practice of Modern 
Framed Structures, by Johnson, Bryan and Turn- 
eaure, bears the date 1893. The first edition of 
Ketchum’s Steel Mill Buildings was published in 
1903. A score of text-books on mechanics have been 
written that are better adapted for the instruction 
of college classes than the Applied Mechanics of 
W.J.M. Rankine, but none has so well withstood the 
test of time. The first edition was issued in 1858, 
the twenty-first in 1921. All subsequent writers 
have drawn from this masterpiece. 

Books on reinforced concrete first appeared in the 
‘eighties. The first editions of the books on the 
subject by Professor Hool, used as text-books in 
many colleges, are dated 1912 to 1916. 

Manderla’s highly scientific and mathematical 
paper on secondary stresses was published in 1880. 
The subject was taken up by Winkler, Landsburg, 
Ritter, Mohr, and Engesser, all German professors 
or engineers of note. It was not until 1905 that a 
written discussion in English appeared, namely, 
Statically Indeterminate Stresses in Frames Com- 
monly Used for Bridges, by Professor Hiroi of the 
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Tokyo Imperial University. Grimm’s Secondary 
Stresses in Bridge Trusses is dated 1908. In recent 
years the construction of such phenomenal bridves 
as the Quebec cantilever (1917), the Sciotoville con- 
tinuous truss (1918), and the Hell Gate arch (1917), 
has awakened new interest in the subject.* 

Professor Swain introduced to American engincers 
the use of influence lines in a paper entitled ‘‘ On the 
Calculation of the Stresses in Bridges for Actual] 
Concentrated Loads.” This, the first presentation 
of the subject in English, was published in the 
Transactions of the American Society of Civil 
Engineers, vol. xvii., pp. 21-52, July, 1887. The 
classic work entitled Theoréme de l’Equilibre des 
Systémes Elastiques et ses Applications, by the 
Italian Professor Castigliano dealing with the 
advanced theory of structures was published in 
Turin, Italy, in 1879. The book was written in 
French. Forty years later a translation in English, 
by Professor E. S. Andrews, was published under 
the title Elastic Structures (London, 1919). 

Of the technical periodicals of the ‘eighties, a 
tribute may be paid to the memory of Van Nostrand’s 
Engineering Magazine, the Railroad Gazette, the 
Engineering Record and the Journal of the Associa- 
tion of Engineering Societies. The Fiftieth Anni- 
versary Number of the Engineering News-Record 
was brought out on April 17, 1924. Not only is 
there in this jubilee number a comprehensive review 
of the different fields of engineering, but leading men 
in the profession contributed their impressions of 
advances made during the preceding half-century. 

Most of the national as well as the local engineer- 
ing societies have been formed since 1880, with the 
exception of the Boston Society of Civil Engineers, 
which dates back to 1848, the American Society 
of Civil Engineers (1852), and the Civil Engineers’ 
Club of the North-West (incorporated in 1880 as the 
Western Society of Engineers), 1869. The American 
Society of Mechanical Engineers and the Engineers 
Society of Western Pennsylvania were formed in 
1880, the American Society for Testing Materials in 
1898, the American Railway Engineering Association 
in 1899, the American Concrete Institute in 1905, 
the American Welding Society in 1919, and the 
American Institute of Steel Construction in 1921. 
There is not yet an Institution of Structural 
Engineers in the United States. 

The three leading handbooks of use to the 
structural engineer in 1880 were those of Haswell, 
Nystrom and Trautwine. Haswell’s Engineers’ and 
Mechanics’ Pocket Book, a book of 264 pages, was 
published in 1844. The 76th edition, a book of 
1,051 pages, bears the copyright date of 1913. 
Nystrom’s Pocket Book of Mechanics and Engineer- 
ing, 265 pages, was published in 1854. The 2l1st 
edition, of 675 pages, was issued in 1895. The plates 
and text were destroyed by a fire in 1895. In 1872, 
John C. Trautwine published The Civil Engineer's 
Pocket-Book ; the 19th edition appearing in 19138, 
was translated and published in Spanish. The third 
issue of the 20th edition, edited by John C.Trautwine, 
bears the date 1929. The first edition of the Merriman 
American Civil Engineers’? Pocket Book is dated 
1911, and the first edition of Ketchum’s Structural 
Engineers’ Handbook, 1914. By 1917, handbooks 
had become numerous. Practically every branch of 
engineering had been covered.t 

The handbooks of iron manufacturers in most 
common use at the beginning of the period under 
review were familiarly known as the Phenix, the 
Trenton, and the Carnegie. The first handbook 
distributed by a manufacturer explaining in detail 
the use of iron for structural purposes is that of 
the Phoenix Iron Company, a book of 24 pages, 
issued in 1869. The first edition of Useful Informa- 
tion for Architects, Engineers and Workers in Wrought 
Iron, a book of 124 pages, was issued in 1873 or 
1874 (the book is undated). Structural and Ship- 
building Shapes has now taken its place, of which 
the last edition is dated 1929. A supplement, 
entitled Shipbuilding Bulb Angles, is dated 1930. 
The second, in chronological order, of handbooks 
was Rolled Iron Beams made by the New Jersey Steel 





* “Secondary Stresses in Bridges,’ by Cecil Vivian 
von Abo. Transactions of the American Society of 
Civil Engineers, vol. 1xxxix, 1926, pp. 1-224. 

t ‘Inventory of Engineering Handbooks.” By R. 
Fleming. Engineering News-Record, vol. |xxviil, page 
148, April 19, 1917. 
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and Iron Company, dated 41871, and consisting of 
22 unnumbered pages. The book was greatly 
enlarged in later editions. It was discontinued 
after the company became a part of the United 
States Steel Corporation. 

The Carnegie Pocket Companion began its career | 
in 1873, as a book of 70 pages. The second edition, 
dated 1876, was enlarged to 180 pages. No other 
handbook has been so widely circulated; of the 
15th edition alone more than 100,000 copies were 
distributed.* Pending major revisions, the publica- 
tion of the 24th edition was recently under considera- 
tion, but an interim abridged edition was issued in 
1930. Many excellent structural-steel handbooks 
have been issued in the past fifty years. They have 
not only listed the products of manufacturers, but 
given valuable engineering data. Only those of 
the Bethlehem Steel Company, the Cambria Steel 
Company, and the Pencoyd Iron Works need be 
mentioned. After merging with other companies, 
those of the latter two were discontinued. 

Building Codes.—A series of articles on “‘ Com- 
parative Municipal Building Laws,” running through 
the issues of The American Architect, 1891 to 1893, 
convey an idea of the building codes of that date. 
Compilations were made by Henry A. Phillips from 
the codes of 26 leading cities. Viewed in the light 
of present requirements, the treatment appears 
quite inadequate. A single column in the issue of 
April 26, 1892, is given to “Strength of Materials 
(Including Strength of Floors).’’ In Chicago the 
requirements ran: ‘Joists and girders shall be of 
proper dimensions to sustain the load designed to be 
put upon them,” and in New York we find ‘“‘ The 
dimensions of each piece or combination of material 
shall be computed according to rules given by 
Trautwine, or in treatises on the strength of materials 
used at the United States Military Academy at West 
Point.” The live loads given are usually excessive. 
A general revision of building codes set in around 
1900. Wide differences in requirements existed.t+ 

During the years 1917 and 1918, the writer made 
a study of all the building codes he could obtain. 
From a tabulation then made of the codes of 130 
American cities, it was found that the minimum live 
loads specified for office floors ranged from 40 lb. 
to 100 lb. per square foot. Two cities, Milwaukee 
and Fort Worth, specified 40 lb.; ten, including 
Chicago and Cincinnati, 50 1b. ; 16, including New 
York and San Francisco, 60 Ib.; 58, including 
Baltimore and Providence, 75 lb. ; and 11, including 
Boston and Philadelphia, 100 Ib. Perhaps the 
Teason that so many cities specified 75 lb. was 
that this was the New York requirement of a year 
or two before. The live loads for the floors of 
dwellings ranged from 25 Ib. in Fort Worth to 70 lb. 
in Philadelphia. Working stresses for steel varied, 
although 16,000 Ib. per square inch for tension, 
10,000 lb. (gross section) for shear in web plates, 
12,000 lb. for shear in rivets, and 24,000 Ib. for 
bearing on rivets predominated. A dozen different 
column formule were used, the straight line 
16,000—701/r being most in favour. Puzzling varia- 


‘“‘Standard Specifications for Structural Steel for 
Buildings”” have been widely adopted in whole 
or in part. Nearly 300 cities have made it per- 
missible to use 18,000 lb. per square inch for rolled 
steel as the basic stress for design. 

As the urban population is constantly increasing, 
there is an increasing demand for buildings and a 
growing significance of the building code. Accord- 
ing to the census of 1880, there were 15 cities in 
the United States of greater than 100,000 popula- 
tion. The number of such cities had doubled between 
1890 and 1900; it had grown to 50 in 1910; and in 
the 1930 census the number is 94. 

Wind Stresses and Wind Bracing.—On the evening 
of December 28, 1879, the Tay Bridge disaster 
occurred. During a violent gale, 11 spans of 245 ft., 
and two of 227 ft., with a train passing over them, 
fell into the river. This failure of what was, at the 
time, the largest bridge in the world, marked an 
epoch in bridge building in Great Britain. It gave 
an impetus to the study of the effects of wind on 
structures, for the cause of the failure was the 
inadequacy of the wind bracing. The study has 
been continued until the present time. Passing by 
the subject of wind stresses in bridges, attention will 
be given mainly to wind stresses in buildings. 
Note the evolution in text-books regarding the 
pressure to be assumed: Du Bois, in the first 
edition of his book, The Stresses in Framed Struc- 
tures, 1883, in calculating the stresses in a roof 
truss, assumed “the greatest pressure of wind to 
be anticipated ” at 50 lb. per square foot. Merriman 
and Jacoby, in the first edition of their Roofs and 
Bridges, 1888, assumed the wind under the same 
conditions to be 40 lb. per square foot. Johnson, 
Bryan and Turneaure, in the first edition of Modern 
Framed Structures, 1893, place the value at 30 Ib. 
per square foot. In present building codes, a 
pressure of 20 lb. per square foot is probably more 
used than any other. 

The relation of wind pressure to wind velocity 
is all-important. For nearly 150 years after it was 
published in 1759, the Smeaton formula held almost 
universal sway. It is very simple, p= zo V’, 
p being in lb. per square foot, and V in miles per 
hour. The formula p = 0-004 V*? came into use 
in the ’nineties. At present, p = 0-0032 V? is pre- 
ferred. In all cases, V is the actual, not necessarily 
the recorded, velocity. Duchemin published his 
formula for pressure on inclined surfaces in 1842, 
but strange to say, it did not come into general use 
until after 1900. The Hutton formula, based on 
crude experiments made in 1788, was commonly 
used a hundred years later. 

At the very beginning of tall building construc- 
tion, the problem of wind bracing presented itself. 
Different methods of determining the wind stresses 
in these buildings have been devised. The slope- 
deflection method of Wilson and Maney, published 
in 1915 (Bulletin 80, University of Illinois Engineer- 
ing Experiment Station) is probably more nearly 
exact than other methods, but is not workable for 
every-day use. Recourse must be had to approxi- 





tions were to be found throughout, nowhere more so 
than in the requirements for wind bracing. A 
number of the codes made no mention of this sub- 
ject. In others, the requirements were ambiguous. | 
Boston and New Orleans simply stated, “ Provision 
for wind-bracing shall be made wherever it is 
necessary.” 


| earthquake of 1906, and more especially that of 


mate methods. Reams of paper have been covered 
on the subject. The best method of determining 
wind stresses in the design of a many-storeyed office 
building is disputed. At the same time, assumptions 
can be made that will give absolute security. 

Earthquake-Proof Construction The California 


end of the bar with its pile was then shoved into a 
furnace and given a welding heat. It was then with- 
drawn, inserted in a die the proper shape of the eye 
required and smashed down into shape by a trip- 
hammer.” The contrast is great between these 
welded iron bars and the heat-treated steel bars 
used in recent notable bridges. In the Florianapolis, 
(Brazil) suspension bridge, they form the entire 
suspension chain, and in the 3,500 ft. suspension 
bridge over the Hudson River, they tie the wire 
cables to the anchorage. Advances in other pro- 
cesses are no less interesting. 

The Use of Steel—Bessemer introduced his con- 
verter in 1856, but it did not come into general use 
in the United States until the ’eighties. The open- 
hearth process, so extensively used, dates from some 
years later. A far-seeing engineer, Albert F. Hill, 
in a paper, “ Steel in Construction,” read on April 20, 
1880, before the Engineers’ Society of Western 
Pennsylvania, gives the results of an experimental 
inquiry as to the adaptability of steel to purposes 
of construction. His conclusion is: ‘Steel con- 
struction is undoubtedly the construction of the 
near future.’ The production of steel for all pur- 
poses in the United States during the year 1880 
was 1,074,000 tons; in 1900, 10,000,000 tons ; 
in 1920, 42,000,000 tons ; and in 1928, 51,400,000 
tons. 

Steel beams appeared for the first time in the 
Carnegie Pockei Companion, in the 1884 edition. 
The 1889 edition lists steel channels, deck beams, 
bulb angles and tees. The 1892 edition was the 
last to give data on both iron and steel beams. The 
profile illustrations indicated by rose tints sections 
rolled in steel and by blue tints sections rolled in 
iron. The preface to the 1893 edition stated, “‘ Our 
product hereafter will be exclusively steel.” 

In 1880, the largest section of I-beam rolled was 
the 15-in.; in 1930, the largest section was the 36-in. 
It was the use of steel that made possible the enor- 
mous bridges with which we are now so familiar. 
The Forth bridge in Scotland, begun in 1882 and 
finished in 1890, with its two cantilever spans of 
1,700 ft. each, is, in some respects, the greatest of all 
bridges yet built. The weight of steel in the struc- 
ture is 51,000 tons of 2,240 lb. The Quebec bridge, 
completed in 1917, also of cantilever design, has a 
longer span, viz., 1,800 ft. The weight of steel in it 
amounted to 60,000 tons of 2,000 lb. The failure 
in 1907 of the first Quebec bridge and the dropping 
of the suspended span of the second bridge. are two 
of the most dramatic episodes in bridge history. 

Compared with the Forth and Quebec bridges, 
the cantilever bridge of C. Shaler Smith, so famous 
in its day, seems like a pygmy. Built in 1876-7 over 
the Kentucky: River for the Cincinnati Southern 
Railroad, it was the first iron cantilever bridge in 
America. The distance between abutments is 
1,125 ft., divided into three spans of 375 ft. The 
weight of iron in the spans and piers is given as 
3,658,000 lb. The marvel of the time was the manner 
of erection. Apart from a temporary wooden tower 
near the centre of each side span, no falsework was 
used. Cantilevers extended 75 ft. beyond each 
end of the centre 375 ft. span. Each of these 
cantilevers carried the end of a 300 ft. truss. A 
description of the work was given in the Railroad 
Gazette, of September 7, 14, and 21, 1877. The prac- 
tical development of the cantilever system really 
dates from 1883, when the structure over the river 
near Niagara Falls was completed by C. C. Schneider. 
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uiting Code Commitice of the Department | “#E - ‘ The bridge was built for the Michigan Central 


of Commerce was organised early in 1921, in recogni- | earthquakes. Most of the cities in the Pacific Coast 


tion of a general public demand for greater unifor- | Tegion have embodied provisions in their building 
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mity and economy in building code requirements, | 


and, from time to time, their work has been pub- 
lished. 
Construction set about the work of promoting 
uniform practice in the steel industry. Their 
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| codes regarding stresses due to earthquake shock. 
The piers for the Southern Pacific Railroad bridge | River, New York, when completed in 1916, was the 
In 1923, the American Institute of Stee] | across Suisun Bay in California, as well as those of longest bridge of its type in the world. The span is 
the near-by Carquinez Straits bridge, were designed | 977 ft. 6 in. 
for earthquake hazard. 


greatly changed in the period. 


Railroad. The cantilever span was 910 ft. 
The Hell Gate two-hinged arch over the East 


It was designed for one of the heaviest 
loadings that any bridge has ever been called upon 
manufacture have|to carry. The weight of steel required for its con- 


Production.—Processes of 
Consider what a | struction was 37,770,000 lb. The year 1930 marked 


Fleming. Engineering News, vol. 1xxi, page 401, March 8, | labour-saving device is the multiple punch. The’ the connecting of the part arches of two still more 
r= sf > - id , ? >- , ’ a 4 . n i 
1917, manufacture of eyebars, according to the reminis- remarkable bridges of the same type. The Kill van 


+ “ Municipal Building Laws in the United States,”’ by | cences of an observer,* was as follows: “ Bars Kull Arch, between Bayonne, N.J., and Port Rich- 
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Record. vol. xxx, page 1227, June 27, 1918; also 


* Puzz ling Variations in Important Building Law 
ge ‘,”’ by R. Fleming, vol. lxxxi, page 579, September 
26, 1918, 


a Suggested Reforms in Floor Load Requirements of eyes, with long enough surface to shear off in short 
City Building Laws,” by R. Fleming. Engineering News- lengths and pile on the ends to form the lyes. The nearly 700 ft. longer than the Hell Gate arch, the 


| vol. xxxix, October, 1930. 


% Wonting Meakeadaer wee Ge toe = Sole 3 —— 
ling, Engineering News, vol. lxx, page 9, July 3, | were billed long enough to reach from end to end of mond, N.Y., is 1,652 ft. centre to centre of end pins, 


the longest arch span in the world. Although 
weight of steel, 34,300,000 lb., is less. The arch 
span of the Sydney Harbour bridge, although only 
2 ft. less than that of the Kill van Kull bridge, is of 





* John N. Ostrom, in The Cornell Civil Engineer, 

























greater magnitude. The loading is heavier, the 
width is greater and the clearance for shipping is 
173 ft. 6 in., against the 150 ft. of the Kill van Kull 
arch. The weight of steel required in the arch 
span was 37,000 tons, and in the approach spans 
12,000 tons, making a total of nearly 50,000 tons of 
2,240 lb. in the entire structure. 

The popularity of the suspension bridge, which 
has always been regarded with favour, greatly 
revived between 1920 and 1930. 


bridge over the Niagara River, built in 1854, with 
a span of 821 ft., and the Clifton bridge at Niagara 
Falls, built in 1869, with a span of 1,268 ft. A 
suspension bridge at Wheeling, W.Va., (1848), 
had a span of 1,010 ft. The Point Bridge, a chain 
bridge at Pittsburgh (1877), had a span of 800 ft.* 

The Brooklyn bridge, when completed in 1883, was 
considered a marvel of bridge engineering. Since 
that date its span of 1,595 ft. has been exceeded 
by the Williamsburg, N.Y., bridge of 1,600 ft. 
(1903), the Bear Mountain bridge across the 
Hudson River of 1,632 ft. (1924), the Philadel- 
phia-Camden bridge of 1,750 ft. (1926), and the 
Ambassador bridge at Detroit, of 1,850 ft. (1929). 
The Mid-Hudson bridge at Poughkeepsie, designed 
for vehicular traffic, was opened August 25, 1930. 
It has a centre span of 1,500 ft., and two side spans 
of 750 ft. each. The Florianapolis bridge, between 
the mainland of Braziland the island city of Floriana- 
polis, with a centre span of 1,113 ft. 9 in., is the 
longest eye-bar suspension bridge in the world. It is 
also the longest span in South America. The cables 
form a part of the top chord of the stiffening truss. 
The towers are so designed that they can rock at the 
base. The Hudson River bridge at New York City, 
with its enormous span of 3,500 ft., now nearing 
completion, dwarfs all other existing bridges. One 
of still greater span has been decided upon for 
San Francisco. 

Only one simple truss bridge of more than 400 ft. 
span was built in the United States before 1880. 
This was a single track Whipple truss railway bridge 
at Cincinnati, completed in 1877, with a span of 
515 ft. By 1900, the number of spans of 500 ft. or 
more had grown to 18. The St. Louis municipal 
bridge, a highway bridge of three spans of 668 ft., 
was completed in 1912. The Metropolis (Illinois) 
bridge across the Ohio River, 1917, has a span of 
720 ft., making it the longest simple truss span in the 
world. 

It is interesting to note that of the 189 long- 
span American bridges listed in the American 
Civil Engineers’ Handbook (1930), only two of the 
arch type and five of the suspension type were built 
before 1880. Of the cantilever, movable and simple 
truss bridges listed of more than 400 ft. span, none 
was built at an earlier date than 1885. 

The controversy on the subject of the respective 
merits of riveted bridges and pin-connected bridges 
ran through the ’eighties. British engineers favoured 
the riveted truss ; American engineers the pin-con- 
nected. Trusses of 80-ft and 100-ft. spans, and even 
less, were built pin-connected. The British engineers, 
however, have won. In 1920, the double-track rail- 
way bridge over the Allegheny River, with a span of 
434 ft., near Pittsburgh, was built with riveted 
connections throughout. 

The cast-iron coiumn, so long favoured and which 
had so many defenders, passed out of use in the 
‘nineties. Steel had largely taken the place of 
cast-iron when the Darlington apartment house, 
a 13-storey building in New York City, collapsed, 
on March 10, 1904, during erection. Cast-iron 
columns had been used throughout, and the failure 
was attributed mainly to lack of lateral support for 
these columns. This Gisaster acted as a deterrent 
to the further use of cast-iron columns in high 
buildings. Older engineers remember the Phoenix, 
the zee-bar and the Grey columns. 

Reinforced-Concrete Construction.—Only _ slight 
attention can be given to the great industry of 
reinforced-concrete construction. The basis of 
concrete is Portland cement, which was not made in 
commercial quantities in the United States until late 
in the eighties. According to Mineral Resources 

* Chronological Table of Suspension Bridges in A 
Practical Treatise on Suspension Bridges, Steinman. 





In 1880, the two | 
best known suspension bridges were the railway | 


ENGINEERING. 





[SEPT. II, 1931. 





THE CLARENCE DOCK POWER STATION, LIVERPOOL, 


MR. P. J. ROBINSON, M.I.MECH.E., CITY ELECTRICAL ENGINEER. 




















Fig. 76. 


of the United States, of the Department of Commerce, 
Washington, the production of Portland cement in 
1880 was 42,000 barrels ; in 1890, 335,000 barrels ; 
in 1900 it was 8,482,000 barrels ; in 1910, 76,540,000 
barrels ; in 1920, it had increased to 100,023,000 
barrels ; and in 1929, 170,640,000 barrels. 

E. L. Ransome in 1884, or 1885, built a warehouse 
of concrete. Ransome and Edwin Thacher invented 
patent bars which were known by their names and 
widely used. A multitude of other bars have been 
developed since their day. America is the home of 
the patent bar. The first reinforced-concrete bridge 


in this country was probably one with a span of | 


35 ft. built in 1889 in the Golden Gate Park, San 


Francisco. In 1894, Fr. von Emperger introduced the | 


Melan system.* The system was used extensively 
almost from its introduction. Structures of some 
magnitude soon began to be built. They were small, 
however, compared with structures of the present 
day like the Tunkhannock Viaduct of the Lacka- 
wanna Railroad the San Francisco toll bridge, the 
bridge across the Susquehanna River, of 28 con- 
crete arches, each having a clear span of 185 ft., and 
18 concrete girder spans of 58 ft. each, or many 
of the 700 office buildings more than 10 storeys high. 
Even these are small compared with the 4,500,000 
cubic yards of concrete and 30,000 tons of steel that 
will be required for the Hoover Dam of the Boulder 
Canyon Project on the Colorado River. 

Electric welding is now established in the struc- 
tural field. In the 75th Anniversay Number of 


The Iron Age, November 26, 1920, is a reproduction | 


of a photograph entitled ‘‘ Electric Welding at the 
American Institute Fair, November 26, 1887, 
Professor Elihu Thomson’s process.” Electric 
welding came into its own during the world war. 
The German ships interned in American ports were 
repaired by the electric are. The use of welded 


* “The Development and Recent Improvement of 
Concrete-Iron Bridges,’’ by Fr. von Emperger. Trans- 
actions of the American Society of Civil Engineers, vol. 
xxi, pp. 438-488, April, 1894. 


AsH BUNKER UNDER CONSTRUCTION. 


connections in steel building construction began in 
| 1926 with the erection of a five-storey building 
|at the Sharon, Pa., plant of the Westinghouse 
| Electric and Manufacturing Company. Welded 
buildings have been increasing in height. The 
highest thus far is the 19-storey office building of 
|the Dallas Power and Light Company, at Dallas, 
|Texas. In this building both field and shop 
connections, except those necessary in the fabri- 
| cation of three large plate girders, were arc-welded. 
| Steel erection started July 18, 1930, and was com- 
| pleted six weeks later.* 

(To be continued). 


THE CLARENCE DOCK POWER 
STATION OF THE LIVERPOOL 


| CORPORATION. 

| (Continued from page 248.) 

| CONTINUING our account of the Clarence Dock 
| Power Station of the Liverpool Corporation, it 
|may next be mentioned that the ashes from the 
| boilers are discharged from the ash hoppers at the 
|rear of the stokers into closed reinforced concrete 
| pits. These pits are shown in section in Fig. 80 
|opposite. There is one to each boiler. They are 
/connected by ducts in the concrete floor, in which 
|a Babcock scraper conveyor is installed. This 
conveyor carries the ashes, after they have been 
| sufficiently quenched to make them moist, into @ 
|large ash tank, which has been excavated in the 
rock at the foot of the east dock wall, and extends 
the full length of the boiler-house gable. The 
| bottom of this tank, indicated in Fig. 78, is 23 ft. 
| below the level of the boiler-house basement and 
|about 53 ft. below the top of the old quay wall. 
| Owing to the presence of fissures at this point, 1t 
| was necessary to strengthen the rock by building 4 
|reinforced concrete raft, which is supported on 


* “Welding Steel Structures.” Engineering -Vews- 
Record, vol. ev, page 445, September 19, 1930. 
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mass concrete piers, the latter being carried down 
to good bearing rock. It may also be mentioned 
that for the same reason a retaining wall has been 
constructed at the east end of the turbine house. 
This wall shown in Fig. 81, is anchored back by 
means of slab and beam construction which is 
founded on the rock. The foundation for the 
workshop floor is formed of mass concrete filling 
above this slab, the floor itself being constructed 
to carry heavy loads brought in on a rail track. 
A recess for carry cables has been formed in the 
upper part of the retaining wall. 

-\s shown in Figs. 82 to 86, on page 308, the ash 
tank is surmounted by an overhead travelling 
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| crane, which is fitted with a grab, and will be used 
| for transferring the ashes to a reinforced concrete 
| bunker. This bunker, the details of which are given 
|in Figs. 77 to 79 above, and of which an illustration 
appears in Fig. 76, is built on the edge of the quay 
wall immediately above the tank, and is carried 
on reintorced concrete columns, the eastern row 
of which is founded on concrete blocks some 10 ft. 
| below the quay level. The tank and bunker each 
| have an aggregate capacity of 950 tons, and the 
latter is provided with bottom doors, so that its 
contents can be discharged into either road vehicles 
| or railway wagons. 

The crane serving this part of the plant, which was 
|manufactured by Messrs. Robert Dempster and 


;Sons, Limited, Elland, Yorkshire is carried on a 
' gantry, which is 186 ft. long, the crane rails being 


74 ft. 23 in. above ground level. The west 


side of this gantry, details of which are given in 


Figs. 82 to 86, is mounted on five steel trestles 
on the boiler-house roof, while the eastside is 
supported on three steel columns from the ground 
level, and on one trestle from the ash bunker. The 
crane, the span of which is 47 ft. 6 in., is driven 
by three motors, those operating the travelling and 
traversing motions giving working speeds of 250 ft. 
per minute and 100 ft. per minute, respectively. 
Limit switches are provided on all movements 
to ensure safe running. The hoisting motor is 
connected to the two main hoisting barrels and the 
single auxiliary barrel through gearing, the two 


former taking the lifting ropes and the third the 
grab discharging ropes, so that emptying and 
dumping can be effected at any height. The 
grab is of the four-rope type with a heaped capacity 
of 135 cub. ft., thus enabling the ashes, which will 
be deposited in one day—about 580 tons—to be 
dealt with in twelve hours. The shell plates of the 
grab are perforated, so that the water can drain off. 
Arrangements have also been made for installing 
a conveyor between the ash bunker and Trafalgar 
Dock, so that the ashes can be barged away. This 
conveyor will probably be built on a gantry which, 
it is proposed to erect beyond the east end of the 
turbine room and above part of the switch house, the 
roof of which has been specially designed for this. 
The dust from the boilers, as well as from the pre- 
heaters and economisers, is collected in the V-shaped 
troughs visible in Fig. 63, Plate XII of our issue of 
August 28, and is thence extracted by screw con- 
veyors, balanced flap seals being provided to pre- 
| vent the entrance of air from the outside. This 
|enables the dust to be cleaned out continuously 
' without shutting down the boilers. As the make-up 
| water is too expensive to render it economical to 
use steam, compressed air soot blowers are employed. 
| These are of the Diamond type, and are supplied 
| with air from an electrically-driven compressor, 
| manufactured by Messrs. Daniel Adamson and 
| Company, Limited, Dukinfield, Cheshire, which is 
| capable of compressing 4,000 cub. ft. of free air per 
| minute ata pressure of 150 1b. per square inch. This 
|compressor is installed in the annexe basement 
| below the feed pump room. 
(To be continued.) 





THE HOWDEN TURBOVANE 
INDUCED-DRAUGHT FAN. 


In view of the increasing size of power stations, par- 
ticularly in the United States, it is not surprising that 
the question of the economical operation of boiler- 
house auxiliaries has received more consideration in 
recent years than was formerly the case. In the matter 
of fan equipment for mechanical draught, for instance, 
the high gas velocities through boilers, economisers, 
air heaters and compartment-type stokers have added 
to the resistance to be overcome, thus increasing the 
power consumption of these auxiliaries and giving 
rise to a demand fer fans of high efficiency. The 
increased use of alternating current for driving aux- 
iliaries in power stations has also affected the problem, 
since alternating-current motors of the squirrel-cage 
type, which are the most satisfactory from the point 
of view of reliability, are essentially constant-speed 
machines, and there will be a considerable waste of 
energy at low loads, unless special precautions are 
taken to reduce it. 

To comply with modern boiler-house requirements, 
Messrs. The B. F. Sturtevant Company, Inc., of Boston, 
Mass., U.S.A., have developed a type of fan, known as 
the Turbovane fan, in which variable inlet vanes are 
employed to control the output, and these fans have 
been installed with satisfactory results at a number of 
important power stations in the United States, includ- 
ing the Edgar Station of the Edison Electric Ilumina- 
tion Company, Boston, the Hell Gate Station of the 
United Electric Light and Power Company at New 
York, and the Philo Station of the Ohio Power Com- 
pany. Arrangements have now been made by Messrs. 
Howden-Ljungstrém Preheaters (Land), Limited, 
Caxton House, Westminster, S.W.1, for the fans to be 
constructed in this country by Messrs. James Howden 
and Company, Limited, of Glasgow, who have already 
completed a considerable number. Among them are 
three induced-draught fans for the Acton-lane power 
station of the London Power Company, and one of 
these fans is illustrated on pages 309 and 316. 
The fans will work in conjunction with Babcock and 
Wilcox boilers, and are driven by squirrel-cage induc- 
tion motors, designed to run at either 970 r.p.m., or 
725 r.p.m., by changing the number of stator poles, 
this change being effected by a simple switching 
operation only. The motors were supplied by Messrs. 
Lancashire Dynamo and Motor Company, Limited, 
of Manchester. The maximum deliveries are obtained 
with the inlet vanes fully open in each case, interme- 
diate and lower deliveries being obtained by partially 
closing the inlet vanes with the motor running at the 
full speed, and the lower speed, respectively. 

Fig. 1 is reproduced from a photograph of one of the 
fans completely erected on the test bed in Messrs. 
Howden’s Works, and Fig. 2 is another -view with 
part of the casing removed, showing the inlet vanes 
on each side and the runner in the centre ; incidentally, 
this illustration shows the ease with which the working 
parts can be examined. The drawings given in Figs. 4 
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Fig.82. SECTION B.B. Fig.83. ELEVATION D.D. 












= 























































a4 = 7 

= 
© = : 
band ! 

| = ES Sy NS NY 7, 6 SY a 
t H re =F psoas Ae = 
| | 1 it rt Hi 
! 1 ie V| 1 iH! 
! ! ' 1 ' Vy 
| I ! i! 1 HE 
' \ ! i! | itt 
| i : i! H ut 
\ | \ H | F 

! | t H Wy 
‘all io, Ae | 
Ve" 1 ‘ i ‘ ” 

ff -------- 50-112" t+ F-++67-610'++---—- ae -67-614 
| | 1; \ \ Vt 
2! = ! 1 1! tt 1! 
3 I! 1 !! ! 
8 & 1 i! He im 
g ' Sapeeatces Gsesercscscse Myssa-3 be = bens | 

> , e—————5 - — = (---— 5 ! 
' N ‘ if ie } i 71 ' i! 
1 | | tt 11 1! | 1! 
| 1 im 4 ' a. i! 
I 1 RY ti ie He i! it 
| i ) | vx. a De | 
| | Be EER eigaat <) sepeeoe aan 
| ' ‘ 
I 1 

! 
I | 

Y 































































































































































































: = 
a . 
= E 
x F 
nomena = Sea pe pay sane ne neen = 
: 3 ae a a ‘| i ; S 
| wil ii i! | 
! = | 
s § 
S S$ 
. M 6 B<-- Fig 86. fee A<3 { | “6 
R-4 ) | == SS ee i ‘i bal t i = C 5 
n > t | > ean t : a - 
> 7 ey | a if } Re 3 
N | rr > | Tell ats “Ss 
He | i maniiacees BE: 
| jeer | ae! Ris 3 
ti == fen = Oe Sk 
in — rs i s 3 ey 
tne is 7 rr 
r SE eg — ah ‘as 
t ~——HREC.L. oF Hopper 7" q | 
! Wy I FAs —<Hs e 
\ f Be h t 
> I al 
& 
' 
| 
H 
ING = 
i Uy ————_ — 
oGZ — 
BAshes 3 —— ae in 
, ihe i a “ENGINEERING 
Y iG 
tl 1G 
(26/4. B.) Ui bilddiilsda 





and 5, page 316, show the general arrangement of the| The method of operating the vanes to control the | end plates the fan blades are riveted; the end plates 
fan, from which it will be seen that the runner rotates in | duty of the fan is indicated in Fig. 4, while details of | are each hot pressed from single sheets. The shape 
a central housing on each side of which are located the | the mechanism are illustrated in Figs. 6 to9. Referring | of the blades is shown in Fig. 11, and from this it will 
inlet scrolls containing the movable vanes which | first to Fig. 6, it will be seen that a bracket at each end of | be noted that they are radial at the periphery of the 
control the duty of the fan. The two inlet scrolls | the vane is fitted with a short spindle supported in| runner, this form of blade having the advantage of 
are connected to the system ducts, and the gases} bearings on the casing. The spindle on the left, in| being self cleaning. An air seal of the form shown in 
entering on the right in Fig. 4 are drawn through | Fig. 6, extends through the casing and is fitted at | Fig. 5, is provided at the inlet to the runner to reduce 
the vanes into the eye of the runner, from which they | its outer end with a lever, the free end of which is | the ingress of air at this point, and it will be seen from 
are discharged into the delivery casing, and leave | slotted. The slot engages with a pin riveted to a ring, | the same illustration that the gases pass through the 
through a vertical duct on the right, most clearly | shown in section to the right in Fig. 6, and by turning | fan in an approximately streamline path which is not 
shown in Fig. 4. The inlet scrolls materially reduce | this ring through a small angle in the vertical plane | conducive to the formation of eddies or partial vacua. 
the entry losses in comparison with the ordinary cone | the whole of the movable vanes, which are curved as| With regard to the operation of the fans, as already 
inlet, and thus increase the overall efficiency; they | indicated by the dotted lines in Fig. 4, can be rotated | stated, the maximum capacity is obtained at the higher 
do not affect the drive or control of the fan, and can, | simultaneously so as to open or close the spaces between | speed with the vanes fully open, the vanes in this 
therefore, be used with any form of drive. It may|them. The ring is supported on two rollers, one of | position giving a certain amount of swirl to the entering 
also be mentioned, in this connection, that since the | which is shown in section in Fig. 8, and is moved by | gases. When the boiler load is reduced and it is neces- 
fans are tested with the inlet scrolls in position, no} means of a rod connected to a rope lever, as clearly | sary to reduce the pressure and volume in accordance 
further allowance is necessary for inlet-box losses when | shown in Fig. 4. A slot in the ring through which a| with the system resistance, the vanes are partially 
apportioning the duct losses. The effect of the | fixed pin passes, as shown in Fig. 7, limits the movement | closed without, at first, altering the speed of the motor. 
movable vanes is to distribute the gases uniformly | to 7} deg., and this movement is sufficient to turn} This has the effect of increasing the swirl of the gases 
over the entrance to the runner, thus ensuring even | the vanes from the fully open to the completely closed | in the direction of rotation of the fan runner, and at 
loading of the latter. Moreover, the vanes impart to| position. The arrangements for operating both sets|the same time of cutting down the volume passing 
the gases a swirl in the direction of rotation of the | of vanes are similar, and both are controlled by the| and the total head developed, thereby reducing the 
runner, and, in consequence, a considerable proportion | same rope lever, the method of mounting this on the| power absorbed. The variations in volume, pressure 
of the erosion, which is unavoidable in induced-draught | inlet casing being illustrated in Fig. 9. and power, absorbed at 970 r.p.m. with different vane 
fans, is concentrated on the vanes instead of on the| The design of the runner is illustrated in Figs. 10 | openings are shown in the diagram, Fig. 3. As the load 
blades of the runner. This is an important feature, /and 11. The shaft is supported in ring-oiled water- | on the boiler is further reduced, the connections of the 
since the vanes can be replaced much more easily and | cooled bearings, 5 in. in diameter and 153 in. in length, | motor are altered to give the lower speed of 725 r.p.m.. 
cheaply than the runner blades. In cases where erosion | at each end, and on it is keyed a forged-steel hub | and the vanes are again fully opened. Still further re- 
is likely to be serious, strips of Stellite can be welded | made in two parts, as shown in Fig. 10. Between | ductions in boiler load are dealt with by again partiall) 


on to the edges and faces of the vanes, and their life | the two parts of the hub a turned steel centre plate is | closing the vanes, as required, with the motor running 
greatly extended in this way. riveted, and between this plate and a pair of conical | 











at the lower speed. It will be clear from the diagram 
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TURBOVANE INDUCED-DRAUGHT FAN. 


CONSTRUCTED BY MESSRS. 
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that the fan has a distinct characteristic for each vane 
opening and, in operation, the vanes are adjusted to 
the point at which the fan characteristic intersects 
the curve of system resistance for the particular volume 
of gases to be handled. The curve of system resistance 
1S given in Fig. 3, together with the curve showing the 


giv 
power actually absorbed by the motor. The vertical 
distance between this curve and those showing the 


brake horse-power with the full vane opening, gives 
the power saving due to vane control, in comparison 
with camper control. 

Although the fan described above is driven by a 
two-speed squirrel-cage motor, the same type of fan 





P < P | 
is also suitable for any other form of drive, such, for | 


instance, as a variable-speed slip-ring motor, but for 
this type of drive fixed vanes would be fitted in the 
inlet scrolls. With the motor running at a maximum 
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| should be pointed out, in conclusion, that the method 
| of volume and pressure control by means of movable 
‘inlet vanes described above is equally applicable to 
| forced-draught fans working with either hot or cold 
| air, the same advantages being obtatmed. 

| 
‘THE TRADE OF BRITISH MALAYA. 
| GeroGRAPHICALLY, British Malaya is but a small 
| part of the East Indies; small though it is, however, 
| there is much variety in its political composition. It 
jincludes a Crown Colony, the Straits Settlements, 
| which consist of the islands of Singapore and Penang, 
| as well as Province Wellesley, Malacca and the Dindings 
jon the mainland. The second component is the terri- 
| tory known as the Federated Malay States, and the 
third comprises the Unfederated Malay States. In 
|} total area, British Malaya extends to 52,000 square 
| miles, or somewhat more than England, if Wales is 
| not included. At the present time it affords an 
example of the effects, that become prominent in 
times of depression, of concentrating the greater part 
| of the capital and energy of any community upon the 
production of some few articles of commerce. Natural 
conditions, and the immediate needs of the world’s 
markets, prompt such intensive development, but, at 
times, it is the source of great danger to the economic 
position of any community. The country is better 
| placed that develops all its resources, and is able to 
supply a variety of commodities. In British Malaya 
the concentration upon the production of rubber and 
| tin has made the economic prosperity of the country 
| entirely dependent upon the condition of various 
| industries in Europe and America which make use of 
these materials. The existing depression throughout 
the world has, therefore, been very strongly marked 
ja the country. Great efforts have been made to 











adjust the conditions of production to the steadily 
declining prices. They have resulted in the attain- 
ment of economical production to such a degree as 
was not formerly regarded as possible, but even with 
this, most of the companies concerned could not make 
| any profit. 

In the best year of Malayan trade, 1926, the total 
| value of the exports and imports was 264,000,0001. 
sterling. In 1930, the corresponding total was 
106,000,0001. less. Heavy decreases were experienced 





speed of 970 r.p.m., the fan characteristic obtained | in both imports and exports in 1930, when compared 


would be similar to that shown in Fig. 3 for the vanes 
fully open, but variations in boiler load would be 
dealt with by varying the speed of the motor. The 
important advantage of the adjustable vanes, however, 
is that their use gives a degree of economy practically 
equal to that obtained with a variable-speed motor, | 
while enabling the more robust and less expensive | 
squirrel-cage motor to be used for the fan drive. It | 


with the previous year. Exports, at 76,000,0001. 
sterling, showed a decline of 31,000,0001., while imports, 
at 82,000,000/., were less by 20,000,0001. than in 1929. 
Under such conditions wages have fallen, and the 
purchasing power of the people has been much reduced. 
The immediate prospects of increasing British trade 
are, therefore, not encouraging. From a report on 
“Economic Conditions in British Malaya,” prepared 
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by Mr. R. Boulter, H.M. Trade Commissioner at 
Singapore, for the Department of Overseas Trade 
(H.M. Stationery Office, price 2s. net), we learn that it 
is contended that British manufacturers have not in 
the past given Malaya the attention which it deserves 
as a market for British goods, and that greater efforts 
would secure a larger volume of trade. As it is, the 
Japanese are increasing their exports to Malaya of 
textiles and cement. Germany is a keen competitor 
in supplying ail types of hardware, and also oil engines. 
Continental manufacturers are encroaching upon the 
British trade in insulated wires and cables. America 
has most of the business in tractors and agricultural 
machinery, and is now showing increasing interest in 
the market for all types of electrical appliances, 
including sound-projection equipment for kinemato- 
graph installations. 

It is exceedingly difficult to ascertain with exactitude 
to what extent Great Britain is maintaining her trade 
position in the open markets of Malaya. The whole 
consideration is made obscure through the inclusion of 
the figures of Government and municipal purchases 
in the returns. In these, great preference is shown for 
British goods. There is thus a large volume of trade 
which is, more or less, reserved for British manu- 
facturers. Taking the Malayan imports in terms of 
value, the British percentage share was 13-6 in 1926, 
13-5 in 1927, 16-2 in 1928, 16-3 in 1929 and 13-8 
in 1930. 

During last year coal was imported to the extent of 
685,435 tons, of which 42,642 tons was obtained from 
the United Kingdom. In the previous year, the corre- 
sponding figure was 92,033 tons. Supplies were princi- 
pally obtained from Japan, South Africa, and Dutch 
Borneo. The principal classification of trade in which 
British producers are interested appears to be that 
of * Articles Wholly or Mainly Manufactured,” for 
this grouping covers 70 per cent. of the total imports 
from the United Kingdom. The effect of the natural 
preference of the Government, municipal and railway 
authorities for British goods is well marked in the 
categories comprising ‘‘Iron and Steel and Manu- 
factures Thereof.”” The steel for other purchasers, 
particularly bars for use in reinforced concrete, was 
principally obtained from Belgium last year. Alu- 
minium ware was largely obtained from Germany and 
Switzerland, not one-tenth of the total requirements 
being of British origin. Trade in other non-ferrous 
metals, and the products made with them, afforded the 
United Kingdom much better returns. Cutlery and 
hardware was obtained mainly from Germany, only the 
finest grade articles being supplied by the United 
Kingdom. The preponderating share of the business 
in agricultural implements was held by Great Britain, 
but there seem to be opportunities for improvements 
in the trade in carpenters’ and joiners’ tools, files 
and rasps, axes, hatchets and adzes. 

It is of interest to note that, during the last year, 
Great Britain improved her position in the market 
for electric lighting fittings and accessories, as well as 
cookers, heaters and fans. Three-quarters of the 
trade is now held in face of the active competition of 
Germany, America, and Japan. Practically the same 
circumstances are found with larger electrical ma- 
chinery, such as generators, converters and trans- 
formers. As all types of vehicles, ranging from 
aeroplanes to railway trucks, were imported mainly 
for Government requirements, they were purchased 
in the United Kingdom. However, 14 locomotives, 
valued at 7,1001., were imported from the Continent, 
and 12, valued at 10,735/., from Japan. Almost similar 
sums were spent on wagons in these two centres of 
trade during the year. Anincreased demand for motor 
lorries and coaches reflected the changing conditions 
of transport of goods and passengers. This newer 
means of conveyance has already driven the bullock 
carts off the main roads, and the railways are beginning 
to feel the effects of the competition of motor coaches. 
Unfortunately, the proportion of the various classes 
of motor vehicles supplied by the United Kingdom 
is still very small. 


AGRICULTURAL LABOUR-SAVING DEVICES IN TRINI- 
bAv.—-A concern in Trinicad is interested in the adoption 
of modern methods in connection with agricultural 
equipment, and is anxious to be placed in touch with 
British manufacturers who are in a position to offer 
labour-saving devices. Firms interested can obtain 
further particulars from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, quoting 
reference No. G.X. 10,720. 


| 

COMMERCIAL CONDITIONS IN YUGOSLAVIA AND BuL- | 
GARIA.—-The Department of Overseas Trade, 35, Old | 
Queen-street, London, 8.W.1, have recently issued two | 
further memoranda in their ‘‘ Hints for Commercial 
Visitors’ series. These deal, respectively, with Yugo- 


slavia and Bulgaria, and, as has been the case with 
previous issues in this series, they contain much inform- 
ation likely to be of service to commercial and other 
visitors to these countries. 
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INTERNATIONAL ILLUMINATION 
CONGRESS. 


Tue first technical assembly of the International 
Illumination Congress took place at the Royal Tech- 
nical College, Glasgow, on Friday, September 4, when 
three sectional meetings were held, after a municipal 
welcome had been offered by the Lord Provost. 
The first of these considered the subject of photo- 
metry, among the papers presented being one “‘ Sur 
la Précision de la Photométrie,”’ by Messrs. E. Ferencz 
and J. Urbanek, two of the Hungarian delegates. 
In this it was pointed out that the mean spherical 
candle power of gas-filled lamps, even when burning 
ona constant voltage, was not itself constant, periodical 
pulsations in the current taking place owing to the 
presence of the gas and differences in the constructional 
features. These pulsations might cause the intensity 
to vary by as much as 0-1 per cent. when the voltage 
across the lamp terminals changed by 0-01 per cent. 
In a second paper on ‘‘ The Photometry of Lamps 
Giving Lights of Widely Different Colours,’’ Messrs. 
R. Kovesligethy and P. Selenyi described photometer 
readings which were taken by four skilled observers 
on two 60-watt vacuum lamps with spiral filaments 
and two 100-watt gas-filled lamps, both groups working 
on a 110-volt circuit. When the lamps were run 
so that the colour of the light emitted was the same, 
the difference in the candle-power readings did not 
exceed + 0-5 per cent., but this increased two or 
three times when the colours emitted were different. 
In a paper on “‘ Errors in Photometric Measurements,” 
Mr. L. Simek said that he had come to the conclusion 
that the minimum observational error in photometric 
measurements occurred when the illumination of the 
comparison surfaces was from 5 to 20 lux, if the lights 
used were of the same colour. When, on the other 
hand, lights of different colours were used, the influence 
of the intensity of the illumination upon the error 
was not noticeable. 

In another section, a series of papers on daylight 
illumination was presented. These included one on 
“Daylight Illumination and Town Planning,” by 
Mr. C. G. Méller, of Budapest, in which stress was laid 
on the scientific design of windows, proper daylight 
illumination being one of the most important hygienic 
and financial factors in the use of a building. Factories 
without windows or skylights were undesirable physio- 
logically and were very expensive. The duty of the 
town planner, in collaboration with the illumination 
expert, should therefore be to provide for adequate 
diurnal illumination. In Budapest the town had 
been divided into building zones, in which the per- 
missible height of the buildings depended on the width 
of the streets and, in turn, regulated the area of the 
courts dividing the rears of the blocks. A further rule 
was that no window should have an area less than 
one-eighth of the floor area of the room it illuminated. 
This, however, took no account of the aspect or of the 
position of the window in the building. It was essential 
that the town planner should insist on direct sunlight 
in all dwelling houses and hospitals, and in the corridors 
at least in schools. This could be effected by giving all 
secondary streets an approximately north and south 
direction. The ratio of the height of the buildings 
to the width of the street should be determined by 
the necessity of providing at least one hour of direct 
sunshine on the shortest winter day. Building 
bye-laws should prescribe the minimum daylight ratio 
which should vary from 0-4 to 3 per cent. in towns and 
from 0-7 to 4 per cent. in the suburbs and country. 
The coefficient of reflection of buildings should also 
be improved. 

The same subject was dealt with in a Paper on 
‘ Leitsiitze fiir Tagesbeleuchtung,” by Mr. H. G. 
Friihling. who said that the German Beleuchtungs- 
technische Gesellschaft had recently taken in hand the 
formulation of rules for daylight illumination. These 
would be worked out in co-operation with the Prussian 
Ministry of Health and with the assistance of architects, 
builders, municipal engineers and hygienists. They 
would deal with the general requirements of daylight 
illumination, with practical points connected with 
the apparatus required, and would include such matters 





as candle power, glare and its avoidance, the hygienic 
importance of direct and reflected light, and the correct 
design of buildings from the point of view of illumina- 
tion. In this connection, the Congress might well 
consider what intensities of daylight illumination were 
required in the various industrial processes, what 
value of external horizontal illumination was re- 


| quired to give the necessary illumination inside the 
| room, under what conditions such parts of a room as 


were not exposed to direct sunlight should be consi- 
dered inadequately illuminated, and what principles 
should be laid down for the daylight illumination of 
staircases, having in view the great risk of accidents 
thereon. 

In a paper on ‘The Daylight Tlumination of Art 
Galleries with Overhead Lighting,” Mr. T. Hirayama 
said that measurements made in existing galleries 
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showed that 120 lux on the wall might be considered 
a satisfactory standard. To obtain this, the sil] rei: 
must be variable from 10-4 per cent. in the ever 
to 1-0 per cent. at the highest hour of the day, an: 
could be shown that, under these conditions, the light |):g 
was most satisfactory when the ratio between 
areas of the skylight and the floor was about 25 » 
cent. 

On Friday afternoon the subject of photomeiry 
received further consideration, a paper entitled ‘‘ An 
Investigation into the Accuracy of Portable Pho‘o- 
meters” being presented by Mr. A. K. Taylor. With 
the object of determining the error of photometers 
that had been some time in use, a member of the siaff 
of the National Physical Laboratory was sent to 
seventeen educational institutions and other organisa- 
tions with a precision type of instrument to make 
comparative measurements with a member of the 
staff of the organisation concerned. The tests were 
made at four general levels of illumination: Street 
lighting, 0-1 to 0-5 ft.-candle ; office lighting, 1-5 to 8-0 
ft.-candles ; indoor daylight, 20 to 140 ft.-candles ; and 
outdoor daylight, 200 to 1,400 ft.-candles. In general, 
five readings were taken at each illumination level 
by each observer, and, where convenient, readings were 
obtained at similar illuminations provided by sources 
of the colours of the gas-filled lamp, as well as of the 
ordinary vacuum type. The patterns of instrument 
tested were the foot-candle meter,’lightmeter, lumeter, 
luxometer and Macbeth illuminometer. The results 
showed that for artificial illumination the mean error 
obtained without a neutral filter was about 6 per 
cent., and that this increased to 13 per cent. when a 
filter was used. Where readings were taken with the 
same instrument at approximately the same illumina- 
tion for gas-filled and vacuum-coloured light, the mean 
difference was only about 33 per cent. Although 
there was a definite preponderance of positive error, 
this might be assumed to be mainly due to changes in 
the calibration of the instruments rather than to the 
ageing of the comparison lamp or to reduction in the 
reflection factor of the walls of the whitened lamp 
chamber. As, owing to the conditions under which 
the tests were carried out, the results were virtually 
better than the figures indicated, it might reasonably 
be concluded that the British Standard Specification 
(B.S.S. No. 230-1930) could be made more rigid by 
reducing the permissible error from + 15 per cent. 
to + 10 per cent. 

In a paper entitled ‘‘ A Comparison of Visual and 
Photo-Electric Measurements,” Messrs. B. P. Dudding 
and G. T. Winch compared the magnitude of the 
errors which arose during ordinary commercial measure- 
ments on normal lighting service lamps when making 
visual measurements with a Lummer-Brodhun contrast 
photometer head and with a modern colour-corrected 
photo-electric photometer. In visual work, the colour 
difference was usually less than one-half that experi- 
enced when comparing a high voltage 15-watt and 
60-watt vacuum lamp, or a high voltage 40-watt and 
150-watt gas-filled lamp, while in photo-electric 
work the photometer was corrected for the colour 
difference by the use of a colour screen in combination 
with a vacuum photo-cell. While the error in com- 
mercial measurements was much reduced by using a 
photo-electric photometer, further improvement was 
limited by the accuracy of the voltage setting and by 
the limitations of the cubical integrator and shutter 
control. All these difficulties could, however, be 
overcome by the use of special high-precision apparatus. 
If it were assumed that the inaccuracy of the voltage 
measurement was the principal cause of error in com- 
mercial photo-electric photometry, the error in visual 
photometry was a combination of the approximately 
equal errors arising from visual judgment and voltage 
measurement. 

In a paper on “ Photo-Electric Measurements of 
Daylight Illumination by the Use of a Model Room, 
Messrs. Z. Yamauti and K. Hisano described a method 
of measuring daylight illumination by using a photo- 
electric cell and an adjustable model room. This was 
particularly useful for investigating the diffused 
daylight illumination produced by the inter-reflection 
of all the interior surfaces of the room. The model 
room itself was 100 cm. by 100 cm. by 70 cm. high, 
and was so constructed that its size and the size and 
position of the window could be altered in 10 cm. 
steps. It was illuminated from a source with a very 
high degree of diffusion and constant brightness. By 
using this equipment it was found that the direct day- 
light roof ratio could be predetermined from the theo- 
retical formula for practical purposes, and that the dif- 
fused illumination was uniformly distributed over the 
entire working plane, and was independent of the 
window position, though proportional to the room 
area, and inversely proportional to the total area of the 
interior surfaces when the reflection factor was main- 
tained constant. 

In the evening, an inspection was made of the street 
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spent in excursions on the Clyde and to Gleneagles, 
respectively. 

On Monday, September 7, the Congress met at the 
University, Edinburgh, when a paper on “ Mass 
Experiments in Street-Lighting’’ was presented by 
Mr. W. S. Stiles. In the design of street lighting in- 
stallations a number of different factors had to be 
considered, some of which could be evaluated by calcu- 
lation or laboratory measurements, while others, like 
glare and attractiveness, were notions about which 
very little was known, and in dealing with which 
reliance had, to a large extent, to be placed on individual 
opinion. Mass experiments were, therefore, carried out 
at Sheffield in 1928, and at Leicester in 1930, to increase 
our knowledge of these elusive factors by exhibiting 
to a large group of observers a series of installations 
of known physical characteristics, and collecting their 
opinions on specific points. The information thus 
derivable was of three kinds: The reliability of street 
lighting by personal opinion, the relative merits of 
different installations in respect of those characteristics 
which could be appraised by personal opinion, and the 
applicability under practical conditions of data on 
visual capacities determined in laboratory experi- 
ments. The results of the tests seemed to indicate 
that observers were able to appraise glare only as 
regards its discomfort and not as regards its disability 
effect, that laboratory measurements of the least 
difference of brightness perceptible were applicable 
under actual street-lighting conditions, and that the 
discomfort glare effects of gas and electric fittings as 
estimated by observers might be different when their 
computed disability glare effects were the same. 

In a paper on ‘‘ The Lighting of Seaside Resorts ”’ 
Messrs. A. P. Allan and J. M. Campbell pointed out 
that in some 150 seaside resorts on the British coast 
over 125,000 gas lamps were in use for public lighting 
and that this figure represented a very large proportion 
of the total number employed. At Scarborough, for 
instance, 427 twelve-light, 202 six-light and 265 four- 
light Littleton lamps were installed, together with 1,159 
two-light 14-in. Windsor lamps. The 12-light lamps 
were fixed on 14-ft. columns and were used for illumi- 
nating the sea-front and more important roads, being 
placed 20 yards apart on the foreshore, 27 yards 
apart on the Marine Drive, and from 25 yards to 
40 yards apart in the main streets. The standard dis- 
tance apart of the lamps in the other roads was 50 yards. 
All the lamps were automatically lighted and extin- 
guished by clockwork controllers, none of which had 
ever failed. At Margate, five-light and nine-light 
Littleton lamps were used on the sea front of nearly 
six miles, and were supplemented by a nine-light 
suspension lamp at each corner of the Clock Tower 
and three three-light suspension lamps on each of two 
columns near the railway station. On the Undercliff 
promenade lanterns of the Windsor type were used, 
while the jetty was illuminated by 36 twelve-light lamps 
attached to short ornamental columns, so that the 
lighting was very uniform. Lighting and extinguishing 
was effected automatically. While during the past 
three years the number of lamps had risen by 25 per 
cent., the illumination provided had been more than 
doubled. 

Ina paper ‘“‘ Uber die Anwendung von Leuchtrohren,” 
Messrs. von Géler and M. Pirani pointed out that, 
though it was not practicable, for optical reasons, to 
replace the glow lamp by the gas tube for general 
lighting, satisfactory results could be obtained by a 
combination of the two sources of light. For instance, 
by using mercury tubes and incandescent lamps to- 
gether, it was possible to obtain an illumination of a 
character midway between that of daylight and of a 
high-power unit of the latter type. An approach 
to daylight could be secured by mixing the illumination 
from cadmium, mercury and glow lamps in about 
equal proportions, while a combination of the neon 
lamp with a glow lamp gave the warm effect which was 
associated with candle light. The colour question 
was not so important for street lighting, and the 
mercury-vapour lamp could be employed with good 


results, while further applications were to be found in 
advertising signs and for signalling purposes, where 
the distinctive colour was an actual advantage, 


especially as it was not affected by fog. The employ- 
ment of the sodium light to give a yellow colour 
would, in fact, be a distinct advance over existing 
methods. 

In a paper on “‘ Practical Applications of the Theory 
of Opal Glasses,” Messrs. J. W. Ryde and B. S. Cooper 
pointed out that very little idea of the order of merit 
of different glasses could be obtained from the amount 
of light they transmitted, as a good glass might be 
made up into a globe with too great a wall thickness and 
no account might be taken of the important practical 
requirement that the source should not be visible 
through the globe. Moreover, the visibility of the 
Source depended on the size of the globe, while the 
Whole question was complicated by the fact that the 
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particular conditions of use and the exact shape and 
distribution of wall thickness. As any scheme attempt- 
ing to account for every possible factor would be too 
elaborate for practical use, a simpler scheme had 
been devised in which account was taken of the 
requirements that the transmission must be a maximum, 
provided the source was completely obscured and the 
wall thickness was not less than a minimum value 
consistent with adequate strength. These conditions 
were satisfied if the glass was in the form of a uniform 
globe of wall thickness equal either to that necessary 
to obscure the source or to give adequate mechanical 
strength, whichever was the greater. If the trans- 
mission of a uniform spherical globe with such a 
thickness was taken as a measure of merit, the other 
glasses could be assessed according to the best perfor- 
mance of which each was capable consistent with the 
above practical requirements. 

A paper on ‘‘ The Properties of Diffusing Glasses, 
with Special Reference to Surface Effects,” was 
presented by Mr. J. S. Preston, in which the impor- 
tance of the effect which was produced by optical 
discontinuity at the boundary of such a medium as 
opal glass was emphasised. Even with such a poor 
diffuser as ground glass, the polished surface might 
reflect as much as one-fifth of the light reaching it from 
the ground surface, while with a good diffusing glass 
the fraction might be as great as one-half. The light 
so reflected back into the medium would clearly 
modify the flux distribution in the latter to an extent 
which was by no means negligible. In the specification 
of a diffusing medium no theoretical criteria would, 
therefore, be adequate which did not take this boundary 
effect into consideration. In fact, the boundary effect 
might itself furnish a criterion of the diffusing properties. 

In the afternoon, two further sectional meetings were 
held, the papers presented at which included one on 
‘*The British Standard Specification for Street Light- 
ing,” by Mr. C. C. Paterson, who said that the 1928 
specification had been widely used for describing and 
classifying existing installations, and had thus had 
the effect of drawing attention to the low illumination 
of the streets in certain districts and of causing steps 
to be taken for their improvement. It had also been 
fairly extensively used for new installations, where it 
had fulfilled the chief purpose expected of it, viz.,a 
classification of streets in terms of illumination. It had, 
however, not been possible entirely to prevent lighting 
authorities from giving exaggerated attention to the 
test-point illumination to the exclusion of other 
factors, and from taking the minimum figures for 
mounting height as a standard, a practice which made 
it difficult to produce a satisfactory installation when 
the posts were on one side of the road only. To obviate 
the first of these drawbacks, the specification had 
been amended by the insertion of a requirement that 
the value of the maximum and the average illumination 
on the roadway should be given in any tender, and 
though the method of calculating the latter was left to 
be agreed with the purchaser, it was recommended that 
it should be determined by the iso-candle diagram first 
put forward by Benford. To obviate the adoption of 
the minimum as the standard height, a table of recom- 
mended heights had been inserted, while the graphical 
method of assessing the glaring effect which formed 
part of the original specification and was considered 
by many users to be too involved, had been omitted, 
though guidance was offered as to the means by which 
glare might be mitigated. It was hoped that a suitable 
method of calculating its effect might be found at a 
later date. 

“The Street Lighting Requirements of Different 
Types of Street ” were dealt with in a paper by Messrs. 
J. F. Colquhoun and W. S. Stiles. Installations for 
this purpose must be judged under the headings of 
revealing power and attractiveness by night and by 
day, the relative importance of these desiderata 
varying for different classes of street. The revealing 
power of an installation was extraordinarily difficult 
to define in terms of such usual magnitudes as illumina- 
tion, source brightness, height and spacing, and must, 
therefore, be determined from a general analysis based 
on brightness level in the street, diversity of bright- 
ness of the surface, vertical component of illumination, 
and disability and discomfort glare. In discussing at- 
tractiveness by night, the brightness level, diversity of 
brightness and arrangement, and brightness and colour 
of the light sources must be taken into account, while 
as regards attractiveness by day, large opal or other 
diffusing glassware bowls or globes gave more pleasing 
results than those fittings in which mirrors or prisms 
were not grouped symmetrically about the light 
source. 

In a paper on “Street Lighting by Gas in South 
London,” it was mentioned that the total length of 
streets in the boroughs of Battersea, Bermondsey, 
Camberwell, Deptford, Greenwich, Lambeth, South- 
wark, Wandsworth and Woolwich was 1,029 miles, 
and that these were lighted by 24,529 gas lamps, the 





wall thickness was not uniform. Complete classifica- 
tion could therefore only be effected by reference to the 


bination of electricity and gas was employed. In 
1899, the aggregate candle-power was 280,000, but 
this had increased to 2,290,000 in 1930, the candle- 
hours per cubic foot of gas consumed rising from 
2-5 to 25, owing to the change from flat flame to 
inverted preheater cluster burners. Recently, a 
centrally suspended high-pressure system had been 
adopted in five boroughs for lighting main streets 
over 60 ft. in width. Directional gas-lighting and the 
use of special lamps at traffic-control points were also 
being introduced. The South Metropolitan Gas 
Company had given very considerable attention to the 
construction and testing of the incandescent burners 
employed, and had established the fact that the pierced 
disc used for purposes of gas discharge might be 
considered thin when the diameter of the orifice was 
not less than about three times the thickness of the 
disc. To secure maximum entrainment of the air 
by the gas issuing from the ejector, the internal surface 
of the disc orifice must be as smooth and as regular 
in outline as possible. To obtain these conditions, 
orifices of 0-052 in. in diameter were punched in discs 
0-281 in. in diameter cut from a nickel-silver sheet 
0-0075 in. to 0-009 in. thick, in a machine similar to 
that used for embossing addresses on paper. The 
surfaces of the orifices thus produced were found to 
be remarkably smooth and to require no further 
treatment. All the burner parts were interchangeable. 

Mr. H. Klein described an apparatus for determining 
the visual requirements of the human eye in observing 
street traffic. In this, an object was caused to appear 
for a short interval in a field illuminated by lantern 
projectors, and the minimum time taken by each 
observer to assign the position of the object correctly 
was determined. The relations between adaptation, 
brightness and visual capacity could also be found, 
the different sets of results being combined in an 
assessment diagram which enabled the physiological 
value of a lighting installation to be calculated. To 
give an ample margin of safety under traffic conditions, 
the assessment was made for the least favourable 
position of the observer and of the test object with 
respect to the glare source, and, in addition, for the 
worst conditions of contrast between the object and 
the background. 

In a paper “Uber die Sehscharfe unter starker 

Helligkeit,” Mr. H. Eguchi pointed out that as the 
effect of glare depended, to some extent, on the state 
of adaptation of the eyes, he adapted eyes to darkness, 
and to the mean brightness of indoor and outdoor 
daylight, and then exposed them for 2 seconds to 17 
different values of brightness, ranging from 1-22 
millilamberts to 77,500 millilamberts. In a second 
list, the eyes were exposed until they had attained 
their maximum visible acuity. In the latter case, it 
was found that the increase in acuity was independent 
of the previous state of adaptation and increased in 
direct proportion from 1-22 millilamberts to 61-4 
millilamberts, after which it followed a straight line. 
In the case of eyes adapted to darkness, the acuity, 
after two seconds’ exposure at 1-22 millilamberts, was 
less than when the exposure was unlimited, while 
over 301 millilamberts, the differences in acuity were 
greater, and the glare more intensive. Eyes which 
had been exposed to indoor daylight for 2 seconds 
showed an acuity not less than those which had been 
exposed for an unlimited time over a range from 
1-22 millilamberts to 61-4 millilamberts. Above 
46,800 millilamberts, the difference in acuity increased, 
and the glare became very intensive. It appeared 
that after a two seconds’ exposure the acuity was less 
than when the exposure was longer, the differences 
depending on the previous state of adaptation. 
On Monday evening, a civic reception was held at 
the Edinburgh College of Art by the Lord Provost, 
while on Tuesday, after a tour of places of interest in 
the city, the delegates travelled to Buxton, where 
a demonstration was given of various forms of railway 
light signals and railway coach lighting. Wednesday 
was spent in Sheffield, where facilities were provided 
for the inspection of a number of steel works and other 
industrial undertakings. 


(To be continued.) 


British COMMERCE WITH PoRrTuGAL.—The principal 
exports from Portugal are cork and cork products, 
sardines and other tinned fish, and wines, while the 
principal imports are coal, mineral oils and motor spirit, 
iron and steel, textiles, foodstuffs and machinery. That 
much of the import trade into Portugal is in the hands 
of British merchants is shown in the annual report for 
1930 of the British Chamber of Commerce in Portugal. 
The United Kingdom heads the list of suppliers of linen 
textiles and cotton and linen thread, anthracite, coal 
and coke, and manufactured iron and steel. The trade 
in crude pig iron, however, is almost entirely in the 
hands of Belgium, and that in motor cars is largely 
dominated by the United States. The value of exports 
from the United Kingdom, including a small proportion 
of re-exports, is given as totalling 2,251,000/. during 
1930, while the total value of our imports from Portugal 





cost being £154 per mile per annum where gas was 
used exclusively, compared with £273 where a com- 


were 2,348,000/. during the same year. 
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HYDRO-ELECTRIC POWER DEVELOP- 
MENTS IN MANITOBA, 


ALTHOUGH the developed water power in the Province 
of Manitoba has recently been considerably expanded 
by the completion of the initial units of the new plants 
at Seven Sisters Falls and at Slave Falls on the Winnipeg 
River, negotiations are still being carried on by the 
British Dominions Power Company (Canada), Limited, 
for the utilisation of the famous White Mud Falls 
on the Nelson River. A conference is stated to have 
been held recently at Regina, at which the Government 
of Saskatchewan is understood to have asked for a 
quotation in respect of a bulk supply of 30,000 h.p. 
for distribution by the Saskatchewan Power Commission 
now gradually developing its network of transmission 
lines based on the Saskatoon power plant. A market 
for an additional 10,000 h.p. is also reported to be 
assured to the Company as soon as it is able to go 
ahead with the project. At the moment, however, 
the Company, which is a subsidiary of an important 
London power and finance corporation, is awaiting 
the renewal of its permit for the White Mud Falls 
power site, the former option having expired on May 15. 
The Manitoba authorities have, however, indicated 
to the Company that the delay on their part in dealing 
with the application will not prejudice the eventual 
decision of the question. The first priority permit 
was issued two years ago to Sir Reginald Brade; it 
was renewed a year ago to the British Dominions 
Power Company, subsequently to which transaction 
an agreement was entered into, between the Dominion 
Government and the Government of Manitoba, trans- 
ferring the entire responsibility for the control of natural 
resources to the Provincial Government. Up till the 
present, the Provincial Government has not been able 
to complete its organisation, and the decision in respect 
of this particular application is therefore still pending. 

The Nelson River drainage basin is the second 
largest in Canada, being exceeded only by that of the 
Mackenzie River, in the northwest territories. It is 
actually larger than the St. Lawrence river basin, 
and, in the matter of potential power development, is 
superior to the Niagara river, particularly in view of the 
treaty limitations in force at these famous falls. The 
White Mud Falls provide the largest single power 
development site 'n Manitoba, and one of the largest 
in Canada. From the flow of the Nelson river at this 
point, upwards of 400,000 h.p. are capable of develop- 
ment, and the potential development along the entire 
river is variously estimated at between 2,500,000 h.p. 
and 4,000,000 h.p. The Province of Manitoba has 
now five large-scale power plants, with a total designed 
capacity of 635,000 h.p. All of these are along the 
Winnipeg river, which is part of the Nelson river system. 
The Pointe du Bois plant of the City of Winnipeg has 
an installed capacity of 105,000 h.p.; that of the 
Winnipeg Electric Company, Limited, at Pinawa 
Channel, 37,800 h.p. ; the Great Falls plant of the Mani- 
toba Power Company, 168,000 h.p.; whilst the 
designed capacity of the Seven Sisters Falls plant of 
the Northwestern Power Company, which has just 
been brought into commission with three initial units 
operating under part head, is estimated at 225,000 h.p. 
The new City of Winnipeg plant at Slave Falls is 
designed for an ultimate output of 100,000 h.p. The 
larger mining industries in northern Manitoba are, for 
the present, amply supplied with power from the 
recently completed Island Falls power plant on the 
Churchill river, just across the Saskatchewan border. 
The chief potential market for the White Mud Falls 
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power is understood to be the province of Saskatchewan, 
though the electrification of the Hudson Bay Railway, | 
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if eventually approved, would afford an excellent outlet 
whilst awaiting the development of further mining 
industries in northern Manitoba. 





SELF-SUSTAINING ELECTRIC AND 
PNEUMATIC HOISTS. 


Tue hoists which we illustrate on this and the oppo- 
site pages, are manufactured by Messrs. Matterson, 
Limited, Shawclough, Rochdale, and are of particular 
interest owing to the brake gear with which they are 
fitted. This gear is self-sustaining, without the use of 
either a pawl and rachet or an electric brake. They may 
be either pneumatically or electrically operated, a model 
of the former type being shown in Fig. 3, and of the 
latter type in Fig. 4. Each model is made in several 
sizes, to suit different classes of work, but the type of 
brake gear fitted is the same in every case. This gear 
is illustrated in Fig. 2, as applied to the electric hoist 
shown in Fig. 7. The motor drives the central shaft 
shown in the figure, on which is mounted a case- 
hardened helical pinion driven by four solid splines. 
This, in turn, is geared up to a spur wheel on the second- 
motion shaft, which forms the middle member of a 
Ferodo-lined slipper clutch, loaded by means of the 
rectangular section spring on the left-hand end of the 
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j Shaft. The clutch is loaded to transmit slightly more 

power than is required to lift the full load, and slips 
| under overload, preventing abuse and possible accident. 
| Between the two double-purpose ball bearings on the 
}same shaft a pinion is cut solid with the shaft, the 
pinion gearing with a steel gear mounted on the shaft 
of the solid pinion driving the barrel internally. The 
two latter gears not being on the centre line, but 
forward of the centre, do not appear in the figure. The 
internal gear is secured to the turned and bored steel 
tube forming the barrel, which revolves on the two 
large roller bearings provided in the steel end frames. 
The torsional reaction of the drive is taken by two 
outside shafts which are securely fixed in the end 
frames. These shafts, one of which is clearly shown 
in Fig. 7, are of large diameter, and are securely 
fixed in fitted holes in the end frames. 

The brake is mounted on the extreme end of the 
central shaft, and the action is as follows :—With a 
load on the hoist hook, the direction in which the teeth 
are cut on the helical gear is such that the shaft tends 
to move to the right, and to slide through the two 
brass-bushed Ferrobestos cones free to slide on the 


|shaft. This tendency is resisted by the two adjust- 


able lock nuts on the shaft end, and the cones are 
each pressed into its seating in the metal ring, the 





reaction being taken by the double-purpose ball 
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to project through the end cover in a manner 
which will indicate when any appreciable wear 
has taken place. The clutch pinion is provided 
with an oilless bearing and only revolves when 
running light. All bearings running under 
load, including the hook block, are ball or 
roller journals. 

The electric motor only calls for brief 
comment. It is of the totally-enclosed type, 
with the armature mounted on ball bearings, 
and can be supplied for single-phase or 
polyphase current, or for direct current. 
Rope or crank-handle drum-type controllers 
or push-button contactor control is supplied, 
as desired, and models from 2 ewt. to 4 tons 
are available, manufactured from jigs and 
fixtures to interchangeable limits. Fig. 4 
illustrates the smallest size, to lift 4 cwt. on 
two falls at 25 ft. per minute, in a somewhat 
cheaper construction, with plain bearings and 
push-button contactor control. 

The air hoist is made in two models, the 
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journal. The metal ring forming the cone seating 
has gear teeth cut on the periphery, engaging with 
a pinion having helical teeth, shown diagrammatically 
in the figure, and free to slide on a fixed spindle set 
at the angle of the tooth helix. It will be clear that 
the pinion will tend to move along the spindle, and 
this property is made use of to engage or disengage a 
dog clutch formed on one end of the pinion. When 
hoisting, therefore, the direction of the helix is such 
that the pinion runs freely on the spindle, but imme- 
diately any rotation takes place in the lowering direc- 
tion, the pinion moves along the spindle, which, it 
should be explained, is fixed to the frame. It thus 
engages the clutch, holding the pinion, and, therefore, 
also the outer member of the brake assembly, and sus- 
taining the load unless power is applied in the lowering 
direction to the central shaft by reversal of the motor. 
The helix of the pinion on the central shaft is at an 
angle which ensures that the axial reaction, and 
therefore the pressure on the cones, is sufficient to 
just sustain the load with very little margin. The 
eflectiveness of the brake can be regulated by means 
of initial load springs of varied strength on the central 
shaft behind the ball journal. As this spring determines 
the rate of retardation when lowering, there is little 
difference in the overrun between a light load and a 
fullload. The power required to lower is determined 
by the load on this spring, and the speed of lowering 
is aly iy8 under control. Although we understand 
that adjustment of the brake is only required at 





long intervals, the end of the brake shaft is arranged 


first having a capacity up tol ton. The air 
motor, common to both models, is shown in 
section in Fig. 1. It is of the rotary type, 
with four cylinders, and, with an air pressure 
of 90 lb. per square inch, has an output of 1 brake 
horse-power at 1,000 r.p.m. The motor consists 
essentially of two rotors, in one of which the 
cylinders are formed, while the other carries the 
crank pins, pistons, and connecting rods. The rotors 
are coupled together by replacing one of the four 
connecting rods by a rigid extension of the piston, the 
extension being fitted with a bush embracing the corre- 
sponding crank pin. The inner rotor is bolted to a flange 
on the output shaft, and is mounted eccentrically with 
respect to the first, as shown in the figure. Both rotors 
runon ballraces. Holesare drilled at an angle through 
the boss of the inner rotor to form the inlet and ex- 
haust ports, as shown, the ends of these holes registering 
with openings in the end of the control valve as the 
cylinder rotates. The control valve is housed in the 
left-hand end of the casing, and is operated by the 
double lever and hand ropes shown in Fig. 3. There 
is a spring-loaded mushroom valve in the air inlet 
passage, and, in the position shown in Fig. 1, the valve 
is closed, thus cutting off the air supply to the cylinders. 
By turning the control valve to the right or left, 
according to the direction in which it is required to 
drive the motor, a cam on the co trol valve opens the 
mushroom valve. Air is then admitted to the spaces 
shown on the two sides of the cam on the control valve. 
The space on the right-hand side of the cam communi- 
cates with the inlet port, as shown, and air is thus 
delivered to the cylinder at the top. The bottom 
cylinder port is then ope1 to the exhaust passage 
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and exhaust ports are extended partly round the valve, 
so that one of the other cylinders is also in connection 
with the air supply wh le the other is exhausting. Both 
rotors are contained in an oil-tight casing forming an oil 
bath, so that maintenance of the oil level is the only 
attention normally required. The crank-pin spiders, 
forming part of the outer rotor, are of malleable iron. 
The reversing or control valve is of chilled cast-iron. 

In addition to the forms shown in Figs. 3 and 4, 
these hoists are made suitable for runways, either 
with hand or power travel. An example of such a 
hoist, designed for hand travel, is illustrated in Fig. 5, 
and the low head-room required will be noticed. We 
understand that the particular hoist shown has been in 
continual use day and night for close on three years. 
The hoist is electrically operated, and the photograph 
is of particular interest as showing an arrangement to 
guard against overwinding. This consists of a lever 
pivoted on the frame, the hook coming into contact 
with the lever at the top of its travel. The lever is 
connected through a suitable lever system to the drum 
clutch shown in Fig. 2, so that when the lever swings 
over, the clutch is released. The construction of this 
hoist is generally similar to that shown in Fig. 4, 
the main difference being that the falls are brought 
over pulleys and run parallel with the runway for a 
short distance. 

A further application of interest is the use of these 
units as a grab-closing gear, the grab to which they 
are applied being illustrated in Fig. 6. In many 
cases, one hoist will suffice, but in the large Barnard 
grab shown, which is capable of handling 2 tons of 
coke at one lift, two hoists are employed to close the 
grab. They are operated in parallel, and are connected 
at the centre by a synchronising gear. 








INDUSTRIAL PRODUCTION IN THE UNITED KinGpom.—- 
Industrial activity in the United Kingdom in the second 
quarter of 1931, as estimated from the particulars fur- 
nished from various sources to the Board of Trade and 
quoted in The Board of T'rade Journal, was 3-1 per cent. 
smaller than in the first quarter of 1931, and 10-7 per 
cent. smaller than in the second quarter of 1930. Based 
on the quarterly average of 1924 = 100, the index 
numbers of the three periods were, June, 1931, quarter, 
92-1; March, 1931, quarter, 95-0; and June, 1930, 
quarter, 103-1. Turning to individual groups of indus- 
tries, the index numbers, for these same three periods, 
were, in the case of iron and steel and manufactures 
thereof, 62-9; 68-0; and 95-5; in the case of the 
non-ferrous metals industries, 110-9; 95-5; and 123-7; 
and in that of the engineering and shipbuilding industries, 
99-8, 102-5, and 122-6. 








INTERNATIONAL MoTor-Boat SHow, Paris,—The sixth 
Salon Nautique International will be held in Paris from 
October 29 to November 11. The office of the Com- 
missariat-Général of the Salon is at 21, Avenue des 
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ENGINEERING TRAINING AND 
EDUCATION. 


Sir John Cass Technical Institute-—The syllabus of 
classes to be held at the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, London, E.C.3, 
during the forthcoming 1931-32 session has recently 
been issued, as has also a handbook dealing with the 
instruction in metallurgy given at the Institute. 
Evening instruction is provided in pure and applied 
mathematics, physics, chemistry and other sciences, 
petroleum technology, fuel technology, metallurgy, 
assaying, modern languages, and various other subjects. 
The science courses are arranged to meet the require- 
ments of those engaged in the chemical, metallurgical, 
electrical, petroleum and other industries, and are 
held from 6 to10 p.m. The instruction in experimental 
science also provides systematic courses for the degree 
examinations of London University and of the Institute 
of Chemistry. The syllabus contains full particulars 
regarding the various courses available, class arrange- 
ments and time-tables, examination regulations, fees, 
and bursaries and scholarships tenable at the Institute ; 
it, and the handbook on the courses in metallurgy, 
may be obtained on application to the principal of the 
Institute. The new session will begin on September 21 
next, and students will be enrolled during the preceding 
week. 


Northampton Polytechnic Institute-——Prospectuses 
containing particulars of the evening courses in civil, 
mechanical and electrical engineering and of the day 
and evening courses in applied chemistry, available 
at the Northampton Polytechnic Institute, St. John- 
street, London, E.C.1, have recently reached us. In 
the civil and mechanical engineering department, 
courses of instruction are given in mechanical, civil, 
structural, municipal, production, aeronautical and 
automobile engineering, engineering economics, work- 
shop practice, pattern-working, moulding, smithing, 
dje sinking and welding. In the electrical engineering 
departments courses are available in general electrical 
engineering, wireless telegraphy and telephony, illu- 
minating engineering, electrical installations and cable 
jointing, electrical machine and armature winding, 
and instrument making. In each of the above- 
mentioned departments students are prepared for the 
University degree in engineering. In the applied 
chemistry department, instruction is given in electro- 
deposition, fuel technology, metallurgy and _ glass- 
working. Students are prepared for the examination 
for National Certificates in General Chemistry and for 
various external examinations. Class and _ sessional 
certificates are also awarded by the Polytechnic 
authorities. Copies of the prospectus are obtainable 
from the Principal of the Institute. The forthcoming 
1931-32 session will begin on September 21. 


PERSONAL. 
Messrs. STOTHERT AND Prrt, Liuitep, Bath, have 
disposed of their interest in Burn patent gears to 
Messrs. Burn Silent Gears, Limited, Caxton House, 
Westminster, London, S.W.1, to whom all communica- 
tions regarding these gears should be addressed in future. 


Messrs, FREDERICK SMITH AND COMPANY (WIRE 
MANUFACTURERS), LimrreD, Caledonia Works, Charles- 
town-road, Halifax, have acquired a licence for the use 
of the Bianco process of galvanising in their works. 
This information has been supplied to us by Messrs. 
Tho Anglo Galvanizing Company, Limited, Abbey House, 
Victoria-street, London, 8.W.1. 


Messrs, EpIson StorRAGE Battery CoMPANy, Orange, 
New Jersey, U.S.A., whose distributors in this country 
are Messrs. Edison Storage Battery Distributors, Limited, 
Victoria House, Vernon-place, Southampton-row, Lon- 
don, W.C.1, have been granted the use of the name 
‘“‘ Edison’ as a trade mark applying solely to their 
accumulators. 

Mr. H. J. W. Oxtape, who has represented Messrs. B. 
and 8S. Massey, Limited, Openshaw, Manchester, in 
London and the South East district for many years, 
has now severed his connection with the company, and 
Mr. G. M. TuRNBULL, Baltic House, Leadenhall-street, 
E.C.3, has been appointed representative of the firm in 
London and district. 


Messrs. Marrerson, Lruitep, Healy Works, Shaw- 
clough, Rochdale, have apjointed Mr. W. J. ARTERTON, 
3, Lime-avenue, Albert-promenade, Loughborough, agent 
for the whole of their s»ecialities in Leicestershire, 
Northamptonshire, and Lincolnshire. Mr. J. C. Camp- 
BELL, 58, Sandford Grove-road, Nether Edge, Sheffield, 
has been appointed their agent for Derbyshire, Notting- 
hamshire, and the West Riding of Yorkshire. 


Messrs, AKTIEBOLAGET ATLAS DiEsEL, Stockholm, 
have granted a manufacturing licence for their Polar 
two-cycle, airless-injection Diesel engines to MEssRs. 
British AUXILIARrEs, Liuirep, Helen-street, Govan, 
tlasgow, which firm was previously known as Messrs. 
Fiat British Auxiliaries, Eimited. The saie of these 
“ British Polar ’’ engines will, however, be solely handled 
by Messrs. Atlas Diesel Company, Limited, New Oxford 
House, Hart-street, London, W.C.1, through their 
existing selling organisation. 


N 


(SEPT. II, 1931. 





Sas 











We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of the tender referred to below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted. 

Garage Machinery.—The supply of garage machinery 
and equipment. The Egyptian Ministry of Communi- 
cations, Cairo; September 26. (Ref. No. A.X. 11,094.) 








BOOKS RECEIVED. 


Darstellende Geometrie. By Dr. Horst von SAnpDENn. 
Leipzig and Berlin: B.G. Teubner. [Price 6-40 marks.] 

Air Ministry. Air Publication No. 1107. A Manual 
of Rigging for Aircraft, 1931. London: His Majesty’s 
Stationery Office. [Price 4s. 6d. net.] 

Air Ministry. Aeronautical Research Committee. Reports 
and Memoranda No. 1369. Further Experiments on 
the Flow Around a Circular Cylinder. By A. Facer and 
V. M. FaLKner. [Price ls. net.] No. 13871. Drag Tests 
on a Large Model in a Small Tunnel. By F. B. Brap- 
FIELD and W. G. A. Perrine. [Price 9d. net.] No. 
1385. Mode of Deformation of a Single Crystal of Silver. 
By H. J. Goueu and H. L. Cox. [Price ls. net.] Lon- 
don: His Majesty’s Stationery Office. 

La Tecnologia del Cemento Portland. By Ine. Franco 
Frep. SALerno. Milan: Ulrico Hoepli. [Price 48 
Lire. } 

Polpyphase Induction Motors. Their Theory, Calculation 
and Application. By Louis Lacron. Translated by 
R. C. Stmpson and M. G. Say. London: Blackie and 
Son, Limited. [Price 15s. net.] 

The Story of the Liner. By G. Grpparp Jackson. Lon- 
don: The Sheldon Press. [Price 6s. net.] 

United States Bureau of Mines. Mineral Resources of 
the United States. 1 : 20. Gold, Silver, Copper, Lead 
and Zine in Utah in 1929. Mine Report. By C. N. 
Gerry. [Price 10 cents.] 1:22. Zinc in 1929. General 
Report. By E. W. Peurson. [Price 10 cents.] 11: 1. 
Fuel Briquets in 1930. By W. H. Youne and J. M. 
Corse. [Price 5 cents.] 11:3. Carbon Black in 
1930. By G. R. Horxtns and H. Backus. [Price 5 
cents. 11:26. Cement in 1929. By B. W. Baatey. 
| Price 10 cents.] 11:27. Petroleum in 1929. By G. R. 
Hopkins and A. B, Coons, [Price 15 cents.] Washing- 
ton: Government Printing Office. 

Die Elliptischen Funktionen von Jacobi. By L. M. MILnE- 
THomson. Berlin: Julius Springer. [Price 10-50 
marks. } 

Department of Overseas Trade. Economic Conditions in 
Italy, June, 1931. Report. By E. H. Mutock. London: 
His Majesty’s Stationery Office. [Price 4s. net.] 

Department of Scientific and Industrial Research. Forest 
Products Research. Bulletin No. 11. The Effect of 
Progressive Decay by Trametes Serialis Fr. On the 
Mechanical Strength of the Wood of Sitka Spruce. By 
K. St. G. Cartwricht and others. London: His 
Majesty's Stationery Office. [Price 1s. 6d. net.] 

Electricity and Magnetism for Higher School Certificate 
and Intermediate Students. By 8S. G. STartine. 
London; Longmans Green and Company. [Price 6s. 


net. | 

United States Bureau of Mines. Bulletin No. 386. Agglu- 
tinating, Coking and By-Product Tests of Coals from 
Pierce County, Washington. By S..M. MARSHALL and 
B. M. Brrpo. [Price 10 cents.] No. 339. Petroleum 
Refinery Statistics, 1929. By G. R. Horpxrys. [Price 
30 cents.] No. 340. Relationship between Oxidisability 
and Composition of Coal. By W. Francis and H. M. 
Morris. [Price 10 cents.] Technical Paper No. 503. 
Accidents at Metallurgical Works in the United States 
during the Calendar Year 1929. By W. W. Apams. 
[Price 10 cents.] Washington: Government Printing 
Office. 


BATTERY AND CABLE REEL LOCOMOTIVES FOR MINING 
Work.—The United States Bureau of Mines Report 
of Investigation No. 3121 gives an account by Mr. C. W. 
Owings of a comparison made to determine the rela- 
tive efficiency and reliability in service of the storage 
battery and cable-reel locomotives used in a West 
Virginia coal mine. The storage-battery locomotives 
comprised two of the open and three of the explosion- 
proof type, while one of the cable-reel locomotives was 
open, the other two being explosion-proof. Considerable 
stress is laid on the danger of using the open-type equip- 
ment in this class of mine. It has been responsible since 
July 1, 1930, for two explosions, resulting in 19 deaths. 
The cable-reel locomotives carry about 400 ft. of twin 
cable, one core of which is connected to the nearest 
trolley wire and the other to the nearest running rail. 
At both these points arcing is likely to take place, and 
since the date mentioned has caused two explosions 
resulting in 54 lives being lost. As regards efficiency 
the energy consumption of the battery locomotives, per 
loaded car, varied from 0°96 kw.-h. to 1°48 kw.-h., with 
an average of 1:21 kw.-hour, while it amounted to 1-7 
kw.-hour for the cable-reel locomotive. In addition to 
its lower consumption, the battery locomotive has the 
further advantage that it can be used for levelling up the 
peaks on the load curve, and thus effect a saving of 
from 1-50 dol. to 2-25 dols. per month per kilowatt of 
demand. Cost of operation works out at 0-46 cent 
per ton for the storage-battery locomotives and 0 -64 cent 
per ton for cable-reel locomotives, the fixed charges per 
ton being 0-27 and 0-29 cent per ton in the two cases. 
On the basis of these figures the storage-battery loco- 
motives are therefore slightly more economical to operate 
than the cable-reel locomotives, and have the undeniable 
advantages that they are safer and can be continued in 
operation should the general power supply fail. 








CONTRACTS. 


Messrs. RICHARD CRITTALL AND Company, Limi 
43, Bloomsbury-square, London, W.C.1, have recently j.:- 
stalled or are installing ceiling panel warming in the Moi. 
and Duveen extensions at the National Gallery, London, 
the Courtauld Institute, Fitzwilliam Museum, Cambrid.: 
and the Geological Museum, South Kensington. 

Messrs. THE Marconi INTERNATIONAL Mariwp 
COMMUNICATION CoMPANY, LIMITED, Marconi House, 
Strand, London, W.C.2, are supplying wireless-t 
graphic apparatus, comprising 2-kw. transmitters for 
long, medium and short wavelengths, and receivers 
covering the whole commercial wave range, for use on 
the new liners Strathnaver, Strathaird, Corfu and 
Carthage, of the Peninsular and Oriental Steam Naviga- 
tion Company. In addition, the Strathnaver and 
Strathaird are fitted with the Echometer Marconi 
sounding device. 

Messrs. NEGRETTI AND ZAMBRA, 38, Holborn-viaduct, 
London, E.C.1, have supplied thermometer installations 
for the new Peninsular and Oriental liners Strathnaver 
and Strathaird. These include 10 distance-type mercury 
in steel dial thermometers for the temperature of the 
main steam in the boiler room, turbine main and exhaust 
steam, &c., two 9-point thermo-electric pyrometers for 
funnel-gas and air-heater temperatures, and two 6-point 
electrical-resistance thermometers for the temperature 
of the lubricating oil and inlet and outlet water. 

Messrs. Str Howarp GRUBB, PARSONS AND Company, 
Optical Works, Walker-gate, Newcastle-on-Tyne, have 
received an order for a 36-in. reflecting telescope and a 
34-ft. diameter dome to be erected at the Royal Obser- 
vatory, Greenwich. The cost is being defrayed by Mr. 
William Johnstone Yapp. 

Messrs. DUFFIELD CoaL Propucts, LiMiTED, Imperial 
Chemical House, Kingsway, London, W.C.2, have re- 
ceived an order from South Africa for Gyro pulverised- 
fuel equipment for three Babcock and Wilcox boilers, 
each of 17,000 Ib. per hour normal rating. The new 
plant will be capable of raising the evaporation to 
40,000 lb. per hour, per boiler. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Conditions in the Cleveland 
pig-iron trade are little altered. Producers’ efforts to regu- 
late output to requirements maintain the make at a level 
that does not add greatly to stocks. These are hardly of 
embarrassing dimensions. Much of the very limited pro- 
duction is absorbed by the needs of producers’ own con- 
suming departments, and most of the surplus is still sold 
direct by ironmasters to home users who have to come 
on the market for supplies. No material expansion of 
export demand can be reported, and consequently 
transactions by second hands are confined to limits prac- 
tically as narrow as ever. Makers continue to offer iron 
freely at specially low rates. to Scotland where dealers 
in overseas products are still selling at figures well below 
terms at which Tees-side iron can be sold. For home 
trade, recognised market rates remain :——No. 1 Cleveland, 
6ls.; No. 3, g.m.b., 58s. 6d.; No. 4, foundry, 57s. 6d. 
and No. 4, forge, 57s. 

Hematite.—The situation as regards East-Coast hema- 
tite is perturbing. Makers, in their anxiety to liquidate 
heavy and increasing stocks, do not hesitate to accept 
altogether unremunerative prices, but buyers are acting 
with much caution, and are markedly disinclined to 
negotiate for forward supplies. Unless unexpected 
expansion of demand occurs in the very near future, 
further curtailment of the already very restricted output 
is threatened. For ordinary qualities, 60s. is a sellers‘ 
price, and customers claim they experience no difficulty 
in placing orders at alittleless. No. lis put ata premium 
of 6d. 

Foreign Ore.—Only spot lots of imported ore are being 
sold. The nominal price of best rubio is 14s. 6d. c.i.f., 
Tees. 

Blast-furnace Coke-—Durham blast-furnace coke is 
abundant, and difficult to dispose of at the equivalent 
of good average qualities at 15s. delivered here. 


Manufactured Iron and Steel.—There are no quotable 
changes to record in the various branches of manufactured 
iron and steel. Inquiries for shipbuilding material show 
some slight improvement, and there is just a little more 
doing in sheets. Constructional-steel departments have 
quite a lot of work on hand, and are booking further 
orders. Common iron bars are 10/. ; best bars, 10/. 10s. ; 
double best bars, 111. ; treble best bars, 11/. 10s. ; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 51. 15s. ; steel billets (medium), 6/. 12s. 6d. ; steel 
billets (hard), 7J. 2s. 6d.; iron and steel rivets, 11l. 58.3 
steel ship plates, 8/. 15s.; steel angles, 81. 7s. 6d. ; steel 
joists, 8/. 15s.; heavy sections of steel rails, 8/. 10s. 
for parcels of 500 tons and over, and 91. for smaller lots ; 
fish plates, 121. 10s.; black sheets (No. 24 gauge), 
71. 158.; and galvanised corrugated sheets (No. 24 
gauge), 91. 5s. 

Imports of Iron and Steel.—Statistics, which have been 
issued during the present week, contain detailed particulars 
regarding the aggregate imports of iron and steel to the 
Tees, last month, from Holland, Belgium, France, Norway, 
Sweden, Finland, India, Germany, and coastwise _ at 
16,749 tons, comprising 2,294 tons of pig iron, 12,7/- 
tons of crude sheet bars, billets, blooms and slabs, and 
1,683 tons of plates, bars, angles, rails, sheets and joists. 
July unloadings totalled 14,489 tons, comprising 1,55° 
tons of pig iron, 11,595 tons of crude sheet bars, “ ¢» 
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and 1,338 tons of plates, bars, angles, &c. In August, 
1914—the month in which war broke out—aggregate 
imports were only 1,149 tons, comprising 627 tons of 
crude sheet bars, &c., and 522 tons of plates, bars, angles, 
xe. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—While features of a disconcerting 
character continue to be manifest, a slightly better tone 
has developed, and the general situation in the local 
iron and steel trades shows favourable possibilities. 
Confidence is spreading, and a slow but steady improve- 
ment is expected. How badly Sheffield has been hit 
by the depression can be gauged from the figures relating 
to the steel output of this district. During the first 
seven months of this year this area turned out 455,300 
tons of steel as compared with 637,800 tons in the 
corresponding period last year—a reduction of over 
182,000 tons. The output in July (the latest month for 
which statistics are available) shows a welcome rise of 
over 14,000 tons, as compared with June, but a drop of 
11,300 tons in comparison with July, 1930. Depression 
in the raw and semi-finished steel trade is firmly en- 
trenched. Users are ordering sparingly despite the low 
level of quotations, and speculative buying seems to 
be a thing of the past. The market in both scrap and 
steelmaking alloys leaves much to be desired. Scrap 
values show a further reduction. Latest quotations 
are as follows :—Siemens acid-steel billets, 9/. 2s. 6d. ; 
hard basic billets, 67. 12s. 6d. to 81. 12s. 6d.; soft basic 
billets, 62.; Derbyshire foundry pig-iron, 63s. 6d. ; 
Derbyshire forge iron, 60s. 6d. ; Crown iron bars, 91. 15s. ; 
Iron hoops, 112. 15s.; steel hoops, 7/7. 10s.; soft wire 
rods, 71. 10s.; basic-steel scrap, 35s. A large amount 
of railway and shipbuilding plant is standing idle, and 
the current flow of orders will have to be augmented 
even if the present reduced output is to be maintained. 
Among the progressive lines are electrical apparatus, 
and central-heating plant, in which good business is being 
done. A seasonal decline is being experienced in the 
call for agricultural machinery and implements, while 
depression in the cotton and woollen industries has 
resulted in a falling-off in the demand for special steels 
used by textile-machinery makers. British mining 
engineers are taking limited supplies of machinery and 
implements, but foreign requirements are well main- 
tained. The tool trade possesses one or two progressive 
lines among which are hacksaws, drills, and precision 
tools. A local firm which has shown enterprise in 
breaking the monopoly of Germany and the United 
States, has booked contracts for micrometers from the 
Air Ministry and Admiralty. There is an impoverished 
call for files, garden and farm tools, saws, plantation 
implements and cultivators. 

South Yorkshire Coal T'rade.—Business in most classes 
of fuel is of a restricted character, both on home and 
export account. The notification of a rise in house coal 
prices from September 1 resulted in a sudden spurt in 
the demand, and many collieries and depots were able 
to clear stocks. This week’s turnover promises to be 
small as a result of a number of collieries suspending 
operations owing to Doncaster Races. The demand for 
shipment is below normal, though prices have hardened 
slightly in respect of Yorkshire hards and washed sorts. 
The inland demand for industrial fuel is depressed, but 
the general tone is somewhat firmer. Foundry and 
furnace coke show improvement. Gas coke continues 
firm at 23s. to 25s. £.0.b., at Humber Ports. Nominal 
quotations are as follow :—Best branch hand-picked, 
24s, 6d. to 25s. 6d. ; Derbyshire best brights, 21s. to 22s. ; 
Derbyshire best house, 218. 6d. to 22s. 6d.; screened 
house coal, 19s. to 208. ; screened house nuts, 18s. to 19s. ; 
Yorkshire hards, 17s. to 18s, 6d. ; Derbyshire hards, 17s. 
to 18s, 6d.; rough slacks, 9s. 6d. to 10s. 6d.; nutty 
slacks, 7s, 6d. to 8s. 6d.; smalls, 5s. 6d. to 6s. 6d. 














NOTES FROM THE NORTH-WEST. 
MANCHESTER, Wednesday. 

Support for National Government’s Policy.—Following 

a meeting last week, the Manchester Chamber of Com- 

merce, which, besides having astrong cotton trade mem- 


bership, is representative of the Lancashire and Cheshire 
engineering industries with their widespread ramifications, 
issued a statement approving unanimously of the forma- 


tion of the new National Government, and expressing the 
hope that the Chamber would be able to support its 
detailed programme when it is announced. The Chamber 
further suggests that, at the general meeting of the 
British Association of British Chambers of Commerce, 
to be held at Lincoln on September 24, a resolution or 
manifesto might be compiled, embodying the general 
policy of the whole of the Chambers of Commerce in the 
country. Meanwhile, the prospect of definite economy 
moves by the new Government has already had a tonic 
effect upon certain sections of the iron and steel and 
allied trades in the North-Western area, and in several 
quarters improved inguiry is reported. In the foundry 
iron branch, in particular, business has increased notice- 
ably in the last week or so, and prospects are reported to 
be fairly encouraging. 

AnImportant Machine-Tool Order.—Quite one of the most 


Welcon e orders secured by a firm in this area for many 
months is that obtained by Messrs. Craven Brothers, 
Limited, engineers and machine-tool manufacturers, 


of Reddish, Stockport, for the supply of machine tools 
to the value of approximately 250,000/. to Russian 


clients. It is stated here that the contract is likely to 
prove the forerunner to several more of almost equally 
extensive proportions. An immediate effect of the order 


will be to re-employ at least 600 additional men at the 


Reddish works, and it is expected that two-shift working 
will be necessary for at least 18 months in order to com- 
plete the work. Structural engineers are finding business 
rather slack at the moment, but Messrs. Edward Wood 
and Company, Limited, of the Ocean Ironworks, Trafford 
Park, Manchester, who have already on their books 
sufficient work to ensure capacity working for a few 
months, have improved their outlook by securing orders 
for steelwork for new premises at Bristol for Messrs. 
Hovis, Limited, extensions to Messrs. Crosfield’s soap 
works at Warrington, and a new telephone exchange at 
Wembley for His Majesty’s Office of Works. 

New Manufactures to Meet New Conditions.—For 
many months, textile-machinery manufacturers have 
been investigating fresh fields for business develop- 
ment, and in this connection, Messrs. Arundel, Coulthard 
and Company, Limited, of Stockport and Preston, have 
broken new ground with very gratifying results. In 
the course of the last few months they have equipped 
a section of their works for the manufacture of lawn 
mowers for which they are obtaining quite an encouraging 
demand. This firm is independent of the textile- 
machinery making merger scheme. Messrs. Simon 
Carves, Limited, engineers, of Cheadle Heath, have 
placed an order for 5,000 tons of foundry products 
with Messrs. Dorman, Long and Company, Limited. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade have varied little during the past week, but there 
are rather more inquiries in the market, and a fair share 
of them are for material for the shipyards. The recent 
contracts for new tonnage have improved the outlook 
to some extent, and have raised hopes of the approach 
of better times. Production is, however, a long way 
short of capacity, and not until there is a steady flow 
of new business can employment at the works be ex- 
pected to approach normal. In the black steel sheet 
trade there has been no change, and some of the works 
have very poor order books, and broken time is fairly 
general. Much of the business passing at present is 
for light sheets, while the heavier gauges and galvanised 
sorts are moving very slowly. Export prices are poor. 
The following are the current market quotations :— 
Boiler plates, 10/7. 10s. per ton; ship plates, 8/. 15s. per 
ton; sections, 8l. 7s. 6d. per ton; black steel sheets, 
}-in., 7/. 5s. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 10/. 12s. 6d. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—Little fresh can be reported 
in connection with the malleable-iron trade of the West 
of Scotland, which continues in a very lowly state. 
Orders are scarce and makers are having to face very 
severe competition from Belgian bars, which are being 
offered at what seem to be ridiculous prices. The 
extreme quietness in the tube trade is having a serious 
effect on bar-iron makers, but a little better inquiry for 
tubes is a more hopeful sign. The position with regard 
to re-rolled steel bars is also unchanged, and the severity 
of the competition for any business on offer is keener 
than ever. Prices are as follow:—‘‘Crown’”’ bars, 
101. 5s. per ton for home delivery, and 91. 10s. per ton 
for export; and re-rolled steel bars, 6/. per ton for 
home delivery and for export. 

Scottish Pig-Iron Trade.—The state of affairs in the 
pig-iron trade of Scotland is unaltered and the output 
is still confined to one blast-furnace. The demand is 
of the poorest description, both on home and export 
account. The imports from India and England are all 
against any general increase in production in this area, 
as the prices are very keenly cut, and in order to try and 
improve their position the local makers have reduced 
their quotations to the following :—Hematite, 68s. 6d. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 72s. per ton, and No. 3, 69s. 6d. per ton, both on 
trucks at makers’ yards. These figures are now the 
lowest touched this year, and mark a fall of 7s. 6d., 7s. 
and 7s. per ton respectively. 

Scottish Pig-Iron Shipments.—-The shipment of 
Scottish pig iron from Glasgow Harbour for the week 
ending last Saturday, September 5, amounted to 224 
tons. Of that total, 188 tons went overseas, and 36 tons 
coastwise. During the corresponding week of last year 
the figures were 15 tons overseas and 101 tons coastwise, 
making a total shipment of 116 tons, 








Tue Late Mr. Roperick Morrison.—We regret to 
record the death on September 6, at his home, Lewis 
House, Grand Parade, Leigh-on-Sea, of Mr. Roderick 
Morrison, late Marine Superintendent of Messrs. The 
New Zealand Shipping Company, Limited, Leadenhall- 
street, London, E.C.3, and of Messrs. The Federal Steam 
Navigation Company, Limited, Fenchurch-avenue, Lon- 
don, E.C.3. Mr. Morrison was born in 1858, and, in 
1872, at the age of 14, entered upon a six years’ appren- 
ticeship in marine engineering at the Finnieston Engine 
Works, Glasgow, of Messrs. J. and J. Thompson and 
Company. Soon after completing his apprenticeship, 
he went to sea, and after six years’ service, and having 
gained a first-class Board of Trade certificate, became 
chief engineer. He served a further twelve years in 
this capacity, and in 1897 was made Superintending 
Engineer of the Federal Steamship Company, Limited, 
now the Federal Steam Navigation Company, Limited. 
He eventually became Marine Superintendant of this 
Company, and also of the New Zealand Shipping Com- 
pany, Limited. Mr. Morrison, who was an honorary 
engineer-commander in the Royal Naval Reserve, was 
for many years a member of the Institute of Marine 
Engineers, and was elected a member of the Institution 








of Naval Architects in 1907. 


NOTICES OF MEETINGS. 


INSTITUTE OF MARINE ENGINEERS.—To-day, at 3 p.m., 
Shipping, Engineering and Machinery Exhibition, 
Olympia, W.14. ‘‘ Marine Engineering as a Marketing 
Proposition,” by Mr. A. C. Hardy. ‘‘ The History of 
Marine Refrigeration,” by Mr. A. R. T. Woods. 

INsTITUTE OF Metats.—Autumn Meeting, Ziirich, 
Sunday, September 13, to Friday, September 18. 
Eidgenossische Technische Hochschule, Ziirich. For 
list of papers, excursions and visits, see pages 11 and 
113 ante. 

Farapay Socitety.—Friday, September 18, 5.30 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
‘The Passivity of Metals,’’ by Professor W. J. Miiller. 








NOTES FROM THE SOUTH-WEST. 


CarpiIrF, Wednesday. 

Lower Minimum Prices.—For a long time past, ex- 
porters of Welsh coal have been expecting a reduction to 
be made in minimum prices, and yesterday, the executive 
committee of the Marketing Association decided to make 
a change in the best and second-class large steam coals 
so far as shipment was concerned, but left the inland 
prices unaltered. Class A, which comprises Best 
Admiralty large, has been reduced by 6d. to 198. 6d. per 
ton f.o.b. ; Class B, or best seconds, and Class C, good 
seconds, by 43d., to 19s, 43d. and 19s. 1}d., respectively, 
and Class D and D2, seconds, by 3d. to 19s., and 14d. to 
18s. 104d. respectively. It is hoped that, as a result of 
this regrading, these classes of coal will in future 
secure more trade. The market is, however, disappointed 
that no change has been made in the minimum prices of 
small coal which is practically unsaleable, and is being 
extensively dumped so as to provide wagons for the 
transport of other grades. While the lowering of prices 
for seconds and best large is considered a step in the 
right direction, it is believed that, eventually, a revision 
will have to be made in respect to other classes. 

The Quarterly Audit.—The audit of the South Wales 
coal trade for the quarter ended July showed a loss of 
0-82d. per ton, there being a slight increase in wages 
costs and costs of production other than wages. In 
production and volume of exports the Welsh coal-mining 
industry has receded to the position it occupied 31 years 
ago. In the six months ended July, output totalled 
20,314,000 tons compared with 23,305,000 tons in the 
corresponding period of last year, while exports totalled 
9,366,000 tons against 11,914,000 tons and only 9,423,000 
tons were retained for the inland trade against 
10,302,000 tons two years ago. The number of persons 
employed in the coalfield was only 148,918 against 
167,407 a year ago, and 174,035 two years earlier. 
Though the certified wages of colliery workers is only 
0-49 per cent. above the 1915 standard the wages pay- 
able remain at 20 per cent. above the standard. 


The Coal Trade.—Conditions in the Welsh steam coal 
trade remain as quiet as ever, most colliery owners being 
compelled to rely on old contracts for clearances of 
current production. The disposal of small is also causing 
much trouble, as it is imperative that some outlet must be 
found for small which is mined in the cutting of large. 
Demand is negligible, and in order that deliveries of large 
should be continued, small is being banked so that wagons 
can be returned to the pits to transport large. All 
classes of coal, with the exception of some dry nuts, are 
readily available at minimum prices, and even so, 
collieries cannot keep their pits working regularly. 
The state of affairs may be realised from the fact that the 
demand for shipping is so bad that as low as 5s. 6d. has 
been accepted from Cardiff to Genoa, 6s. 6d. for Venice, 
and 9s. for the River Plate, rates at which shipowners 
cannot hope to make a profit. 








AMORPHOUS GRAPHITE IN CANADA.—A deposit of 
amorphous has recently been discovered near Glendale, 
Inverness County, Nova Scotia. Investigation work is 
still proceeding, but the deposit is thought to be of 
considerable importance. 


THE Use or ALUMINIUM IN THE ENGINEERING 
InpustrRyY.—Two well-printed and attractively illustrated 
brochures, respectively entitled Aluminium in Electrical 
Engineering, and Aluminium in Textile Industries, have 
recently been published by Messrs. The British Aluminium 
Company, Limited, Adelaide House, King William- 
street, London, E.C.4. The first of these brochures 
contains a comprehensive account of the light casting 
alloys and wrought alloys, and indicates why these 
materials have been adopted in_ the _ electrical- 
engineering industry. Many applications, covering a 
wide field, are described. The second brochure consists 
mainly of plates showing the application of light alu- 
minium alloys to many sections of the textile industry. 





Sma Heat-REsIsTING Cast Iron.—It is stated in the 
current Bulletin of the British Cast Iron Research 
Association, 24, St. Paul’s-square, Birmingham, that 
increasing applications are being found for Silal cast 
iron, and that a number of firms are now making these 
castings for use in service. A considerable amount 
of development work is being done with the alloy, which 
has been developed to provide a material which is 
strong and tough, and capable of standing up. to con- 
ditions of severe thermal and mechanical stress. The 
applications so far tried are very promising, and a 
considerable degree of success is expected with this 
material. It will be recalled that an account of this 
material was given in ENGINEERING, vol. cxxi, page 839 





(1931). 
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TURBOVANE INDUCED-DRAUGHT FAN. 
CONSTRUCTED BY MESSRS. JAMES HOWDEN AND COMPANY, LIMITED, ENGINEERS, GLASGOW. 


(For Description, see Page 307.) 








Fig. 5. 
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LAUNCHES AND TRIAL TRIPS. 


“Pan Evroprer.’’——Single-screw oil-tank motorship ; | 
six-cylinder, two-stroke, single-acting Wallsend-Sulzer | 
Diesel engine supplied by Messrs. The Wallsend Slipway | 
and Engineering Company, Limited. Trial trip, August 
26. Main dimensions, 483 ft. by 65 ft. 6 in. by 37 ft. 3 in. | 
Built for Messrs. A/S. Abaco, Oslo, Norway, by Messrs. | 
Swan, Hunter and Wigham Richardson, Limited, | 
Wallsend-on-Tyne. 

* Carpira.”’—-Twin-screw oil-tank motorship; four- 
cycle, single-acting Hawthorn-Werkspoor Diesel engines 
supplied by Messrs. R. and W. Hawthorn, Leslie and | 
Company, Limited, Neweastle-upon-Tyne. Trial trip, | 
September 1 and 2. Main dimensions, 450 ft. by 62 ft. | 
by 34 ft. Built by Messrs. Swan, Hunter, and Wigham | 
Richardson, Limited, Wallsend-on-Tyne, for Messrs. 
Anglo-Saxon Petroleum Company, Limited, London, 
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SoLon ELeEcTRic SOLDERING IRon.—To judge the 
temperature of a soldering iron and thus ensure that the | 
work will be properly done is a difticulty with which | 
numerous model makers and other amateurs have to | 
contend. With the object of overcoming this difficulty 
with greater ease the Solon electric soldering iron has | 
recently been put on the market by Messrs. W. T. | 
Henley’s Telegraph Works Company, Limited, Holborn | 
Viaduct, London, E.C. This iron is made for two volt- | 
age ranges, 200 to 220 and 230 to 250, and is rated at | 
65 watts. It is about 12 in. long and weighs 1 lb. An} 
important point is that it is tinned ready for use when 
supplied and that it is not necessary to re-tin the tip 
every time work has to be done. | 





4:11 Outer Dia. 
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THE SHIPPING, ENGINEERING AND MACHINERY 
EXHIBITION AT OLYMPIA-I. 


SUPPLEMENT TO 


ENGINEERING 


On the occasion of the last two Shipping, En- 
gineering and Machinery Exhibitions, held in 1927 
and 1929, we expressed the hope that the deplorable 
state of the engineering industry, which then 
prevailed, was only temporary. The majority of 
our readers must be well aware, however, that it is 
even now doubtful whether the full effects have 
been felt of our persistent blindness, as a nation, to 
the facts of economic necessity. We have frequently 


or unskilled, into industry, and re-absorption on a 
very large scale is the only real road to recovery. 
Far from our manufacturers as a whole being 
blameworthy for the present state of the industry, 
we ourselves feel that praise is overdue to them for 
the magnificent fight that has been, and is being, 
put up against long odds. At the Shipping 
Exhibition, for example, which opened yesterday 
and closes on the 26th inst., an examination of the 




















Fig. 2. 


machine tools, organised by the Machine Tool 
Trades Association, and no opportunity has been 
offered to the public since the last exhibition, held 
in 1928, to observe how British makers have kept 
in step with the rapid advances made on the 
Continent. It is satisfactory to be able to record 
our belief that the lag in design, which undoubtedlv 
existed a few years ago, is being effectively 





eliminated, but it is regrettable that the industry 


Fig. 3. 
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referred of late to the causes which prevent our 
securing that share of the world’s trade to which we 
should be entitled in virtue of our designing and 
manufacturing ability. We need, therefore, only now 
say that it cannot be too strongly emphasised that, 
in the impoverished state of nearly all nations, price 
is the paramount factor in effecting sales. It is thus 
absurd to blame the British manufacturer for the 
high cost of his products while he is called upon 
to finance an uneconomic Utopia. The critical 
state to which our leading industries have been 
brought by this policy is the primary cause of the 
political crisis which has just resulted in the forma- 
tion of a National Government, and while all men 
of good-will will support the latter, they will do 
so in the trust that any further increase in taxation 
to balance the budget will be offset at the earliest 
possible moment by a_ substantial reduction. 
Without such reduction, it will be impossible to 
re-absorb any large body of labour, either skilled 


Licgut-WeEIGHT MARINE BOILER; 
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displays will show beyond doubt that money has 
been expended on experimental work, which must 
have been sorely needed for other purposes. It 
should also be clear that, in spite of all difficulties, 
British designers are still in the front-line trenches, 
and are entitled to as much respect at home as 
they are freely accorded abroad. The exhibition 
is remarkable for its catholicity, and in this respect, 
lives up to its somewhat awkward and pretentious 
title. The only striking absentees are the motor 
vehicle and British machine-tool industries, and 
although the absence of the former is perhaps not 
of much importance in view of the incidence of 
both the Motor and Commerical Vehicle Exhibitions, 
the absence of British machine tools is empha- 
sised by a highly representative exhibit of 
tools of foreign manufacture, staged by the Mach- 
inery Importers’ Association. In our view, nothing 
could be more unfortunate. Twelve months are 
due to elapse before the next exhibition of British 








Messrs. Bascock AND WILcox, LIMITED. 


should insist on hiding its light under a bushel 
while others take advantage of the limelight. 

With the possible exception of the high-speed 
airless-injection engine, the advances which have 
been made in design in the plant shown are not 
spectacular, but the progress is none the less 
real, as will be gathered later from our detailed 
descriptions of the actual exhibits. As regards 
the airless-injection engine, it may be recalled that 
so late as February, 1928, we had occasion to 
deplore the lack of interest on the part of British 
firms in this type of engine. To-day, however, 
the number of home manufacturers making these 
engines far exceeds that in any other country, and 
the only ground left for regret is that so large a 
proportion of these engines are being built under 
foreign licence. 

Makers of large boilers are generally confronted 
by the necessity of illustrating their products by 
models only at an exhibition, but Messrs. Babcock 
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and Wilcox, Limited, Farringdon-street, London, 
K.C.4, have been able to arrange, on this occasion 
among some smaller exhibits, for two full-sized sec- 
tions representing examples of their more recent 
developments. One of these, the Bailey water-wall 
was described and illustrated in ENGINEERING, vol. 
cxxvi, page 390 (1928), in an article on the Calumet 
Power Station, Chicago, and hardly needs further 
comment than that the display at the exhibition 
forms an admirable demonstration of the system and 
embodies some improvements in detail. The other 
exhibit, viz., the Babcock S.X. marine boiler with 
curved small tubes, is now illustrated by Figs. 1, 2 
and 3, page 317. As will be seen from these figures, 
the boiler has three drums arranged with their axes 
in a triangle. The two lower, or water drums are 
directly connected with one another by two rows of 
fairly large tubes, i.e., 2 in. in diameter, with three 
rows of smaller tubes, 7.e., 14 in. in diameter, above 
them. Superimposed on each waterdrum, and connec- 
ted to them by short nipples, are a number of vertical 
and inclined cylindrical headers arranged in parallel 
and connected from front to back by a large number 
of tubes grouped in two nests and still smaller in 
diameter than the upper rows between the two 
drums. These tubes are either 1} in. in diameter 
or, for naval boilers, 1 in. in diameter. The vertical 
headers are connected by nipples, with the large 
transverse steam drum, the inclined headers being 
coupled to it by horizontal pipes. 

From the level of the water in the steam drum 
seen in Fig. 2, it will be realised that all the small 
tubes are submerged. The lower pipes from the 
inclined headers permit of water circulation between 
the headers and the drum, the upper pipes forming 
a passage for the generated steam. The tubes 
between the water drums are curved in the vertical 
plane only, but those between the headers are also 
curved in the horizontal plane to amounts necessary 
to ensure a complete and uniformly spaced screen 
to the gas flow. All the tubes are accessible for 
inspection, cleaning or expanding, through hand- 
holes in the water-drums or headers, as the case may 
be. Asuperheater may be fitted, if necessary, across 
the boiler, between the two groups of header tubes. 
Normally, no baffle-plates are required between the 
various tube elements, the velocity of the gases 
over the tubes being maintained at a uniform rate, 
by reason of the continuous reduction of the area 
of the gas path resulting from the inclination of the 
headers towards one another. 

It may be mentioned that the sections in Figs. 2 
and 3 give the present form of the boiler, the photo- 
graph in Fig. 1 being of a somewhat earlier type for a 
special purpose. It may be also noted that the 
sectional exhibit of the boiler is fitted with an 
example of the Babcock and Wilcox oil-burner. 
The S.X. boiler has been designed for those cases 
in which a light-weight compact boiler of the small 
tube type is desirable and not, of course, with the 
idea of replacing the standard Babeox and Wilcox 
marine boiler in all cases. The type was first 
built for the United States Navy, and a shore test 
by the Naval Authorities resulted in efficiencies 
round about 84 per cent. being obtained without 
an air heater, when the boiler was steamed at 
oil-consumption rates varying from 0-25 Ib. t 
I lb. per square foot of heating surface. The working 
pressure was 300 lb. per square inch. Other tests 
at a pressure of 600 Ib. per square inch showed 
efticiencies of over 80 per cent. The explanation 
advanced for this success is that the division of the 
boiler into a number of elements with small headers 
or drums, enables tubes to be closely pitched for 
high pressures without undue weight arising from 
the increased thickness of such drums. Corres- 
ponding performances with large drum boilers, it is 
claimed, are only obtainable by the aid of a large 
air heater, due to the paucity of boiler tube surface 
necessitated by keeping the weight within manage- 
able limits. The S.X. boiler is, further, claimed to 
be economical in the matter of floor space. 

A boiler of the type is under construction for H.M. 
combined netlayer and target-towing vessel Guard- 
ian. This will have a heating surface of 5,850 
sq. ft., and a working pressure of 250 Ib. per square 
inch, and is expected to yield approximately 
91,000 1b. of steam per hour with an oil consumption 
of 1 Ib. per square foot of heating surface per hour. 
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Fies. 4 anp 5.“ TurNAT” GRATE; THE TURBINE FURNACE Company, LIMITED. 
The floor space occupied is 138 sq. ft. and the steam | vertical slots between the bars. In addition a 
output thus works out to about 650 lbs. per square | more effective air distribution is claimed. The 
foot of floor space per hour from and at 212 deg. F. | back bridge, 4,5, 5a and 6, of the grate is hollow and is 
Other exhibits on Messrs. Babcock and Wilcox’s| mainly made up of triangular sections, 6, strung 
stand include a complete series of examples of the | transversely on a horizontal bolt at the top. These 
by-products from the firm’s process of low tempera- | are divided into a number of slots by curved air- 
ture distillation of coal, and examples illustrating the | directing fins. Secondary air for completing combus- 
calorising process for rendering articles resistant | tion is delivered through them. Theside of the bridge 
to the destructive effects of high temperatures. | nearest the firedoor has an open connection with the 
Messrs. The Turbine Furnace Company, Limited, | underside of the fire-bars, but that at the back has a 
238, Gray’s Inn-road, London, W.C.1, show two | controlling butterfly damper, 7 and 8, which is opened 
of the latest adaptations of their well-known | as required to assist in the prevention of smoke. The 
principle of air supply to boiler furnaces. One of | bridge and deadplate are coupled by tie rods, 9. 
these is an air fan forced-draught Turbine furnace | passing through the bearers, 10. 
with a sprinkler stoker equipment, but, as it was| In an article on “ The Development of the Diesel- 
fully described and illustrated in ENGINEERING, | Electric Locomotive,” published in ENGINEERING. 
vol. cxxxi, page 95 (1931), with some test results| vol. cxxiii, page 608 (1927), a description was given 
appended, reference may be made to it there. The|of the airless-injection engines for motor-train 
other exhibit we illustrate by Figs. 4 and_ 5, | service developed by Messrs. William Beardmore and 
The standard Turbine furnace is generally | Company, Limited, of Glasgow. These and earlier 
| engines of the airless-injection type have since been 
under constant observation by the makers, and as 
a result of this observation, and of researches carried 
out in the maker’s own works, a number of interest- 
ing detail modifications have been made in the 


above. 
associated with the burning of coke-breeze, and 
similar difficult fuels having Jow calorific value, but 
the new grate shown in the figures and known as 
the Turnat grate, is designed for conditions such 
as those in which high-grade coal is used, or where 
the boilers are run under an easy load with good| design. The latest model is a 360-h.p. engine 
natural draught. As seen in Fig. 4, the firebars, | which is being exhibited, and is illustrated in Figs. 
1, are provided with fins inclined towards the air|6 to 8, page 319. 


entrance, thus retaining the Turbine principle.} The upper half of the crankcase is a light steel 
Reference 2, in Fig. 5 will show, however, that} casting, the top part forming the water jacket 





around the cylinder liners. The camshaft is carried 
in an isolated tunnel cast integral with this casing. 
The lower part of the crankcase carries the main 
bearings, one between each pair of cylinders, with 
a long bearing at the flywheel end arranged to take 
the thrust. The main bearing caps are underslung. 


these fins are staggered on opposite sides of the 
bars with the result that when a number of bars 
are assembled, the fins interlock, giving a series of 
slots for air admission, arranged in a sinuous form. 
There are 11 such slots in the standard bar 2 ft. 
9 in. long, two sets of 12 bars each being used to give 
a grate 3 ft. wide. The deadplate, 3, is not perfor- | The cylinder liners are interchangeable. They are 








ated. The design affords, by means of the transverse | made from steel forgings, machined all over, the 
slots, aided by the directing effect of the inclined | bore being ground and the outside surfaces treated 
fins, a much greater total air aperture, actual and | to prevent corrosion. The top end is flanged and 
virtual, than can be obtained in a grate of the same | sandwiched between the cylinder head and crank- 
size having the ordinary plain longitudinal and! case, as shown in Fig. 7, copper joints being inter- 
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Fies. 6 To 8. 360-B.H.P. Stx-Cyiinper AIRLEsS-INJECTION ENGINE; Messrs. WILLIAM BEARDMORE AND Company, LIMITED. 
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posed on both sides of the flange to form gas and | 
water joints. The liner is free to expand downwards, | 
being sesied with the usual rubber joint rings. The | 
cranksnait is a steel forging machined all over. | 
Oilways are drilled from the main bearing journals 

to the crankpins for lubricating the latter and the 

small ends. The main bearings are of bronze, 

lined with white metal. The spigoted half coupling 

for the flywheel is forged solid with the shaft. The 

end of the crankshaft remote from the flywheel 

carries the first wheel of the gear train driving the 

camshaft, the chain sprocket wheel driving the 

circulating water and lubricating oil pumps, and 

the vibration damper, as shown in Fig. 6. 

The cylinder head is an aluminium-alloy asting 
with steel valve seats castin. The inlet and exhaust 
valves are arranged symmetrically, the fuel valve 
or atomiser being located in the centre of the head, 
as shown in Fig. 7. The cylinder head side walls 
are extended upwards to carry the valve-operating 
mechanism, and a light aluminium cover, easily 
detached, serves to exclude dirt, &c. The inlet and 
exhaust valves work in guides pressed into the 
cylinder head, the exhaust valves being made from 
special heat-resisting steel. Double eccentric springs 
are fitted ; the upper spring cage is held in place by 
a split coned washer, fitted into a recess in the valve 
spindle. Loose cup-shaped caps are fitted over the 
valve stem ends, the clearances being adjusted by 
screwed ball ends carried in the valve rocker levers. 
The tappets are of the roller type, fitted with 
hardened steel rollers and pins, a floating bush 
being interposed between roller and pin. The 
tappets work in cast-iron guides spigoted and 
studded to the crankcase. The tappet guide top is 
slipped into the push rod casing formed in the 
cylinder head, and is made oil-tight by a rubber 
joint ring. The valve motion is taken from the 
tappets to the valve rockers through hollow steel 
push rods with hardened steel ball and cup ends, 
which are pressure lubricated. The rockers are 
mounted on roller bearings, the rocker fulcrum pins 
being carried in the upper walls of the cylinder head. 

The piston is of the trunk type, die-cast in heat 
treated aluminium alloy. The gudgeon pin is of 
the full floating type. It is hollow, is made from 
high-tensile case-hardening steel, and is fitted with 
soft metal end caps. The connecting rods are 
H-section high-tensile steel forgings. he top end 
bush is of phosphor bronze, white metal lined. Two 
high-tensile bolts secure the cap to the rod. The 
camshaft is hollow, and is made in one piece from 
special case-hardening steel, the cam profiles and 
journals being case hardened. The shaft is carried 
in split aluminium bearings placed between each 
cylinder, a ball bearing at the driving end in front 
of the gear wheel locating the shaft longitudinally. 
Lubrication is by means of the hollow centre and 
holes drilled on the leading face of each cam. The 
gear case is an integral double-walled aluminium 
casting, spigoted and studded to the crankcase. It 
contains the gear train driving the camshaft and 
chain sprocket wheels for the pump drives, all the 
wheel spindles being mounted on ball bearings. 

The atomiser is of the “closed” differential 
spring-loaded needle type. It consists of a stamped 
steel body with removable cast-iron guide and 
hardened steel needle, the adjustable spring holding | 
the needle upon a coned seat in the steel nozzle, 
which is of the multi-hole type. The lifting pres- 
sure of the valve can be adjusted. The atomiser 
vent block is placed on the highest part of the pipe 
line between the fuel pump and atomiser. The 
valve allows the operator to clear the system of air | 
or to cut out a cylinder, all fuel or air thus by-passed 
passes through the valve to the drain rail. 

The main plunger eccentric shaft of the fuel pump | 
is driven through an Oldham coupling from the | 
engine crankshaft as shown in Fig. 6. 
of the pump and of the governor was fully described 
in the earlier article on the Beardmore engine already 
referred to. 

The tuel pump block is located on a distance 
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120-H.P. Mirrveks-Ricarpo AtRLESS-INJECTION ENGINE; Messrs. MIRRLEES 


BICKERTON AND Day, LimITED. 


the main service tank supplying the engine. A trip 
gear is fitted on the top of the fuel pump block which 
can be operated by means of an emergency governor 
to prevent overspeeding, or by hand at will. This 
serves as a means of stopping the engine if required. 
The trip is designed to break the pressure in the 
pump chamber and by-pass the oil to the collector 
tank. 

The water pump is of the centrifugal type with 
cast aluminium casings and bronze impeller. Two 
pumps are provided for the lubricating oil, the cas- 
ings being cast together, to make up one unit. 
The pumps are of the gear type and are designated 
the scavenge and pressure pumps. The scavenge 
pump suction is connected to the engine sump 
and delivers through a filter to the oil storage | 
tank. The pressure pump draws oil from the storage | 


lubricating system. The rotary fuel and drain | 
pumps are also built in a common casing and are | 
of the gear type. The rotary fuel pump draws fuel | 


oil from the main fuel tank and delivers under 


piece, which contains guide bushes to accommodate | pressure to the main fuel pump. The drain pump 
the plungers and valves. The distance piece | suction is coupled to the collector tank and dis- 


collects any fuel which may leak from the pump, 
and the oil is led away to a small tank. The latter 
acts as a reservoir for all fuel vented from the 


4 ; : overspeeding of the engine. 
system generally, and this fuel is pumped back into | the idle wheel of the gear train next to the’camshaft | being required. The air is admitted tangentially 


charges back to the fuel tank. 


An emergency governor is provided to prevent 
This is mounted on 


| wheel, and consists of a weight acting through centri- 
fugal force against a spring. When the speed rises 
above a predetermined figure the weight moves a 
trigger which is connected by suitable mechanism 
to the trip gear on the fuel pump. When the latter 
is released, the fuel supply to the atomisers is cut off. 

When the engine is required to operate at variable 
| speed, a vibration damper of the friction slipper 
| flywheel type is mounted on the extreme end of the 
| crankshaft. It consists of a steel centre piece 
| having two “ Ferobestos”’ discs loosely spigoted 
| toit. The two slipper flywheels are mounted on the 
| boss and make pressure contact with the discs by 
means of very stiff helical springs. The discs are 
free to move relative to either the centre toss or 
to the flywheel. 

When discussing the design of high-speed oil 


The action | tank and delivers through a filter to the engine | engines some fifteen months ago, we dealt at 


some length with the system of injection introduced 
by Mr. Ricardo, and pointed out its advantages. 
It may be recalled that in this system, an engine 
of the sleeve-valve type is employed, with a single 
cylindrical combustion space having a diameter 
about half that of the cylinder. The fuel is injected, 
through a single orifice of relatively large diameter, 
vertically downwards near to the wall of the com- 
bustion chamber, a comparatively low oil pressure 
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70-H.P. Four-CyLInDER AIRLESS-INJECTION MARINE ENGINE; Messrs. THE ATLANTIC 


ENGINE Company (1920), Limrrep. 


to the cylinder, and the rotation thus set up is 
intensified by compressing the whole of the cylinder 
contents into the reduced diameter of the combus- 
tion space. The first commercial application of 
this System was made in the Brotherhood-Ricardo 
engine, which was described fully in ENGINEERING, 
Vol. cxxvii, page 193 (1929). The Ricardo design 
has now also been adopted by Messrs. Mirrlees 
Bickerton and Day, Limited, Hazel Grove, near 
Stockport, who are showing a six-cylinder 120-brake- 
horse-power Mirrlees-Ricardo engine at the Exhibi- 
tion. The engine is manufactured in two ranges, 
one developing 20 brake horse-power per cylinder 
at 1,200 r.p.m., and the other 50 brake horse-power 
per cylinder at 900 r.p.m. The smaller range 
Comprises units having three, four, five and six 
cylinders, and the larger range corresponding units, 
with an eight-cylinder engine in addition. The 
81x-cylinder model in the smaller range, which, as 


stated, is shown at the Exhibition, is illustrated in 
Figs. 9 to 11, page 320. The method of operating 
the sleeve valve is generally similar to that employed 
in the Brotherhood-Ricardo engine, and the con- 
struction of many of the components, such as the 
fuel pumps, is also similar, and need not therefore 
be described in detail. 

In the Mirrlees engines, the bedplate and crank- 
case are cast in one piece, this form of construction 
resulting in great rigidity. The cylinders are separ- 
ate castings in close-grained iron, and, as will be 
clear from Fig. 10, are of very sturdy construction. 
The actual cylinder shown in this figure has been 
sectioned through the air and exhaust belts, the 
air ports being on the right and the exhaust ports 
|on the left. The jacket spaces are of large size, and 

extend beyond the working length of the piston. 
|The sleeve valves, one of which is shown with its 





' rocking lever in Fig. 11, are made from centrifugally- 





cast iron, this method of manufacture having been 
decided upon as a result of extensive tests to deter- 
mine a material offering a high resistance to wear. 
The cylinder heads are of forged steel, machined 
all over, and with the combustion space completely 


| surrounded by water. A separate cover is provided 


to facilitate the cleaning out of the jacket. The 
pistons are of light construction, the necessary 
strength being given by ample ribbing. The 
connecting rods are of forged steel, bored up the 
centre for lightness, and to provide a passage for the 
lubricant for the small-end bearings. The gudgeon 
pin is of alloy steel, hardened by the Nitralloy 
process. The small-end bushes are of chill-cast 
phosphor bronze, while the remaining principal 
bearings are formed with white-metal lined steel 
shells. The lining is a high-grade tin-base white 
metal, and is cast in on the centrifugal process, 
to ensure close adhesion between lining and shell. 

The layshaft and lubricating-oil pump are driven 
from the crankshaft by a gear train at the flywheel 
end of the engine. The bottom gear wheel dips 
into an oil bath, and in addition, a jet of oil is 
projected between the top pair of wheels. All the 
main bearings are lubricated under pressure, the 
pump being of the gear type and located in the 
sump. Careful attention has been given. to accessi- 
bility throughout the engine, and the exceptional 
experience possessed ,by the makers in\the manu- 
facture of Diesel engines should ensure that the 
new mode] is thoroughly reliable in service. In 
addition to the engine described, Messrs. Mirrlees 
Bickerton and Day are showing a sectioned model of 
the cylinder and piston of one of the well-known 
Mirrlees-Nobel engines, together with articles case- 
hardened by the Nitralloy process, centrifugal 
pumps, and a water distiller. 

Tne products of Messrs. The Ailsa Craig Motor 
Company, Limited, Strand-on-the-Green, Chiswick, 
W.4, enjoy a high reputation among motor-boat 
owners, both in this country and abroad. The 
firm is an old-established one, and this reputation 
was, of course, built up on engines running on light 
fuels, but the rapid development in airless-injection 
engines, to which we have already referred, led to a 


.| decision in 1929 to construct engines of this type. 


The first model, a 40-60 h.p. engine with four cylin- 
ders, was shown for the first time in the marine 
section of the last Motor Exhibition, and was 
described, with drawings, in ENGINEERING, Vol. cxxx, 
page 551 (1930). The success of this engine led 
to a decision to introduce a smaller model. Thie 
engine, which is a 20-30 h.p. two-cylinder unit, is 
being shown at Olympia, and is illustrated in Fig. 12, 
annexed. It is generally similar in construction 
to the four-cylinder model already described, and 
it will, therefore, be sufficient to give the leading 
particulars. The engine is of the auxiliary air- 
chamber type, the Acro form of combustion chamber 
being employed. The auxiliary chamber is formed 
in the piston. A hand-starting device is fitted. 
The cylinder bore is 44 in., and the piston stroke is 
64 in. The normal speed range is from 900 r.p.m. 
to 1,400 r.p.m. The compression pressure is approxi- 
mately 500 lb. per square inch. The cylinders 
are of nickel-chrome iron, with detachable head. 
The camshaft is driven from the forward end, and 
is located in the crankcase, the valves being operated 
by push rods and rockers in the usual way. The 
valves are made from Silchron steel, and are inter- 
changeable. Both the fuel pump and the atomisers 
are of Bosch manufacture, and are of the well-known 
design. The engine is lubricated by splash on 
a modified dry-sump system, designed so that 
lubrication is not affected by either the pitching 
or rolling of the boat. 

In addition to the engine referred to, Messrs. 
The Ailsa Craig Motor Company are showing a 
number of petrol and paraffin engines. One of 
these, a new 20-35 h.p. four-cylinder model, is fitted 
with a special turbulent combustion chamber of the 
type described in ENGINEERING, vol. cxxx, page 552 
(1930). The object of this chamber, which is used 
in conjunction with a hot-spot manifold, is to utilise 
the cheapest grades of petrol. 

Another new airless-injection engine for marine 
use is being shown by Messrs. The Atlantic Engine 
Company (1920), Limited, Atlantic Works, Wishaw. 
The engine, which is illustrated in Fig. 13, annexed, 
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is a four-cylinder model developing 70 brake horse- | 
power at 800 r.p.m. and it may be mentioned that | 
the firm are also marketing a three-cylinder unit | 
developing 50 brake horse-power, and a six-cylinder | 
unit developing 105 brake horse-power, both the | 
latter engines also running at 800 r.p.m. The object | 
of the designers has been to produce in each case a | 
simple and efficient engine, which shall also be | 
accessible and reliable, and the antechamber system, | 
with compressed-air starting, has been adopted. | 
The engines are fitted with substantial reverse | 
gears incorporating a multi-plate clutch, and a/| 
reducing gear and bilge pump can be supplied if | 
required. All three engines can be adapted for | 
stationary use. The fuel consumption is from | 
0-44 lb. to 0-42 Ib. per brake horse-power hour. 

Turning now to the construction of the four- 
cylinder model in more detail, the cylinders 
are separate castings with honed bores, spigoted | 
into the top half of the crankcase. The inlet | 
and exhaust valves are carried in the cylinder | 
heads, the valve mechanism being totally enclosed 
in oil-tight detachable covers. The crankcase is 
of cast-iron, in two sections. The main bearings 
are carried in the lower half, and the two halves 
are bolted together through substantial flanges 
running the full length of the engine. The crank- | 
shaft is of high-tensile steel, and is made to Lloyds’ 
specification. It is carried in five bearings of large 
diameter and ample length, with a view to reducing 
whip and vibration to a minimum. The connecting 
rods are drop forgings of high-tensile steel, the 
small ends being secured to the gudgeon pins. The 
big-ends are fitted with bronze casings lined with 
anti-friction metal, the caps being held by four 
high-tensile steel bolts. The gudgeon pins are made 
from high-tensile steel, and are case-hardened and 
ground. The pistons are of cast iron, and are fitted 
with a scraper ring, the bottom side of the groove 
being scalloped. The camshaft is of high-tensile 
steel, machined from the solid, case-hardened and 
ground. Itis mounted in the upper half of the crank- 
case, and operates the valves through push rods and 
rockers, in the usual way. The push rods are totally 
enclosed. The valves are of large diameter, and are 
made from chromium steel, with a stream line form, 
to facilitate the flow of the gases. 

The fuel pump and sprayers are of the Bosch 
type, the latter having a single hole with a pintle 
on the valve which gives the desired angle of fuel 
spray. This portion is detachable and can be readily 
cleaned. The engine is lubricated on the dry-sump 
system by means of two oscillating plunger pumps. 
One of these delivers oil under pressure to the main 
bearings, and the other draws the oil from the 
bottom of the crankcase, and delivers it to an 
oil reservoir mounted on the engine. The usual 
strainers, relief valve and oil gauge are fitted, the 
overflow from the relief valve being directed on to 
the timing gears. The oil reservoir is water jacketed 
for cooling purposes. The cooling water for the 
cylinders is circulated by means of a gear pump. | 
The starting air is supplied to the cylinders in the 
required sequence through a rotary distributor, | 
a check valve being provided on each cylinder. The | 
reverse gear differs from that fitted to earlier | 
Atlantic engines, in that the clutch is of the multi- | 
plate type. The gear is totally enclosed and | 
lubricated, through a passage in the crankshaft, 
from the main engine supply. 

In addition to the engine described, Messrs. The 
Atlantic Engine Company are showing the 70-h.p. 
four-cylinder model described in ENGINEERING, 
vol. cxxviii, page 329 (1929), together with station- | 
ary type engines for use with compressors, pumping | 
sets, and so on. | 

Among the firms showing engines which have | 
been previously described in our columns, reference 
may be made to the four-cylinder 35-40 h.p. model 
shown by Messrs. John I. Thornycroft and Company, 
Limited, Smith-square, Westminster, S.W.1. This 
engine, which was dealt with in ENGINEERING, 
vol. exxiv, page 357 (1929) is now rated at 50 brake | 
horse-power at 1,500 r.p.m., the power being guaran- 
teed on test. The same firm are also showing a; 
somewhat similar engine of smaller bore and stroke, 
developing 30 brake horse-power at 1,500 r.p.m. | 
on petrol, and 25 brake horse-power at 1,500 r.p.m. 
on paraffin, together with a two-cylinder engine 


THE? ENGINEERING AND MACHINERY EXHIBITION. 


LONGITUDINAL SECTION. 














































































































































































































Fig. 14. | 
q 
Py oi | 
\ aN 
i . if \ 
a wf lan / \ L 
if \ \ iy N 
yi, y, 
® fey oy ® 
— = ‘ 
“ENGINEERING” 
(2809.A.) aE 
CROSS SECTIONS. Fig. 16. 
Fig. 15. a fe — 7 
; ' ] | { : 
S ) 
| 
St 
S / 





(2809.8. 























“ENGINEERING’ 


Figs. 14 Tro 16. 74-B.H.P. ArRLEss-INJECTION MARINE ENGINE; Messrs. W. H. DoRMAN 
AND Company, LIMITED. 
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Figs. 17 To 22. 74-B.H.P. ArruEess-INJECTION MARINE ENGINE; Messrs. W. H. Dorman 
AND Company, LIMITED. 


rated at 7} h.p., and a six-cylinder engine rated at 
55 brake horse-power. 

Messrs. Gleniffer Engines, Limited, Anniesland, 
Glasgow, W.3, are exhibiting an airless-injection 
engine similar to that described in ENGINEERING, 
vol. cxxviii, page 449 (1929). We understand that 
considerable numbers ot these engines have now 
been installed in craft of types, varying from fishing 
boats to high-class cruisers, both for propulsion and 
auxiliary work. One of the leading features of 
these units is that the starting system incorporates 
a four-cylinder radial air motor, by means of which 
it is possible to obtain up to 30 starts from an air 
receiver of 3} cub. ft. capacity, including the 
first start from cold. When it is required to re- 
charge the receiver, one of the fuel pumps is cut 
out, and a charging valve opened on the correspond- 
ing cylinder, which then acts as a compressor. The 
complete range of engines of this type includes 
3, 4, 6 and 8-cylinder units developing from 45 brake- 
horse-power to 160 brake horse-power. 

The “ Atomic” Diesel-engine, manutacturea by 
Messrs. Petters, Limited, of Westland Works. 
Yeovil, was first described in ENGINEERING in 
vol. cxxvii, page 223 (1929). The model then 
described was a single-cylinder unit, shown for the 
first time at the British Industries Fair. The engine 
has proved very successful, and is now made in a 
variety of types and sizes, of which a 160 brake 
horse-power four-cylinder model, and a 24 brake 
horse-power two-cylinder model, are being shown at 
Olympia. The former runs at 330 r.p.m., and 
has a cylinder bore of 10 in. and a piston stroke of 
144 in. It was described in ENGINEERING, vol. 
cxxxi, page 214 (1931). The two-cylinder model 
runs at 525 r.p.m., and has a cylinder bore of 
5? in. and a piston stroke of 84 in. It is generally 
similar to the larger two-cylinder unit described in 
ENGINEERING, vol. cxxviii, page 332 (1929), and 
in common with the latter is fitted with a reverse 
gear. 

There is an increasing tendency to employ 
heavy-oil engines for driving the auxiliary plant 
on large vessels, and most of the leading engine 
builders make engines running up to quite large 
sizes for this purpose. Messrs. Ruston and Hornsby, 
Limited, of Lincoln, for example, are showing a 
200-kw. auxiliary generating set, as supplied during 
recent years to a number of different vessels. 
The engine is a 5-cylinder airless-injection unit, 
and was described in ENGINEERING, vol. exxiv, 
page 12 (1927). This, we understand, has proved 
to be very reliable in service, and capable of running 
continuously over long periods with heavy loads, 
when using low-grade fuel oils. 

Probably few firms outside the actual car builders 
are better known to automobile engineers than 
Messrs. W. H. Dorman and Company, Limited, of 
Stafford, as the engines manufactured by this con- 
cern have been widely used for many years. As the 
majority of private car manufacturers prefer to 
fit their own engines, the bulk of those made by 
Messrs. Dorman have been fitted to commercial 
vehicles, in which they have earned a deservedly 
high reputation. It may be recalled that the firm 
entered the marine field rather over two years ago, 
and exhibited a 28-h.p., four-cylinder model of this 
type at the last Shipping, Engineering and Machinery 
Exhibition, together with two larger engines. The 
28-h.p. model was described in ENGINEERING, vol. 
exxviii, page 330 (1929), and it may be mentioned 
that this engine is again being exhibited, together 
with another four-cylinder model developing 50 
brake horse-power at 1,000 r.p.m. on paraffin. Chief 
interest in the firm’s exhibits, however, will un- 
doubtedly centre round two airless-injection engines, 
which the company are showing for the first time. 
These are both four-cylinder models, and as they 
only differ in the bore and in minor details, it will 
| be sufficient to describe one of them. The engine 
|illustrated in Figs. 14 to 22, on this page and oppo- 
site, has a cylinder bore of 120 mm. and a piston 
stroke of 180 mm., giving a swept volume of 
8,140 c.c. It develops 28 brake horse-power at 
600 r.p.m., rising to 50 brake horse-power at 
1,000 r.p.m, 74 brake horse-power at 1,500 r.p.m., 
and 80 brake horse-power at 1,800 r.p.m., the latter 
being its maximum speed. For heavy and con- 
tinuous duty a speed of 1,500 r.p.m. should not be 
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50 seconds Redwood at 100 deg. F.; the average 


horse-power per hour. 

Dealing now with the construction of the engine, 
the cylinders are cast in pairs, as shown in Fig. 14. 
It will be seen that ample water spaces are pro- 
vided. End covers are fitted to give access to 
these spaces. As will be clear from the figure, 
the cylinder heads are detachable. The engine is 
built under Acro patents. The section given in 


the head with the injectors spraying into the Venturi 
passage from below. Normally, the cylinder bores 
are formed in the main casting in the usual way, as 
shown in Fig. 14, but detachable liners can be fitted, 
if required. A general idea of the construction of the 
crank-case may be obtained from Figs. 14, 15 and 22, 
and it will be seen that it forms a very rigid structure, 
in accordance with the makers’ usual practice. The 
case itself is in aluminium and is 18} in. deep. To 
ensure the greatest possible rigidity, through bolts 
extend from the bearing caps to the top of the 


provided below the crank-case, and forms an oil 
reservoir holding 5 gallons of oil. 
will be seen from Fig. 14 to be of very substantial 
dimensions. 
and is 3} in. in diameter at the bearings. There 
is a bearing between each throw. The flange 
on which the flywheel is mounted is integral with 
the shaft, and the whole assembly is very carefully 
balanced. The connecting rods are high-tension 
steel stampings of the usual I-section, the length be- 
tween centres being 14} in. The big-ends, which are 
shown in Figs. 14 and 15, are fitted with steel shell 
bearings with centrifugal cast white-metal linings. | 
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fuel consumption at full load is 0-45 lb. per brake | 
| clearly shown in Figs. 14 and 15, and only calls for|form of pre-heating device. 


| valve gear to a minimum. 
Fig. 15 shows the antechamber to be incorporated in | 


cylinder head. The usual detachable sump is| 
|ordinary centrifugal type and is totally enclosed. 
The crankshaft | 


It is a high-tensile steel forging, | 


The small-ends are fitted with phosphor-bronze | driven from the lower end of the governor shaft, 
bushes. The pistons are of aluminium alloy, and | as shownin Figs. 14,15 and 17. The pumpis totally 
are provided with slight depressions on the fuel-valve! submerged, and is so arranged that the engine 





ERING. 


[SEPT. II, 1931. 


MACHINERY EXHIBITION. 





ENGINE 








































250-Kw. UNIPLANE GEARED TURBO-ALTERNATOR SET; Messrs. C. A. PaRsoNS AND CoMPANY, LIMITED. 


exceeded. The powers developed at the speeds|side, which line up with the Venturi throat when | may be tilted to any angle up to 1 in 4 without 
given assume a fuel having a calorific value of | the piston is on top dead centre, as shown in Fig. 15. | the supply being affected. Two filters are provided 
about 19,500 B.Th.U. per lb. gross. The engine | There are four rings, all at the top of the piston.|in the system, one on the suction and the other 
will operate satisfactorily on paraffin, gas oil, or) The gudgeon-pins are of the full-floating type, and | on the pressure side of the pump. A half-compression 
any grade of Diesel oil having a viscosity about| are of exceptionally large diameter, as will be/ device is fitted for starting, and, with the aid of 


evident from Fig. 14. | this and a heavy flywheel, the engine can be started 

The arrangement of the valve mechanism is| by hand from cold without the necessity for any 
An electric starting 
brief comment. The camshaft is driven by helical! motor can, however, be fitted, if required. The 
gearing, shown to the right in Fig. 14, at the front | crank-case is arranged so that unit construction 
end of the crankshaft, and is supported in five|can be adopted, if required. A bell housing, 
bearings of large diameter. The cams are formed | complete with flywheel, clutch, outboard bearing 
solid with the shaft and are accurately ground, the | and power take-off, can also be supplied. 
profile being designed to reduce shock and noiseonthe We propose to deal with a further selection 
The method of holding | of new airless-injection engines in our next issue, 
the valve tappets in position can be seen in Figs. 14| and may close our reference to such exhibits 
and 15, and it may be mentioned that special|in the present article by a brief description of 
attention has been given to making the adjusting | the McLaren and Gardner engines shown. Messrs. 
nuts readily accessible. The fuel pumps and injec- J. and H. McLaren, Limited, Midland Engine 
tion valves are of standard Bosch design, which is | Works, Leeds, are exhibiting a range of the well- 
now too well known to require description. The known McLaren-Benz engines in powers of 180. 
governor, which is connected to the pump plungers | 90, 30 and 50 brake horse-power, the speeds being 
and rotates them to vary the fuel supply, is shown | 500, 800, 800 and 1,400 r.p.m. respectively. The 
in Figs. 17 to 21. The view, Fig. 22, shows it to first two engines are of the air-starting type, and 
be located at the centre of the engine. It is| the latter two are hand starting. The 180 brake- 
driven by skew gearing from the camshaft. This | horse-power engine is direct-reversing, the 90 brake- 
gearing is shown in Fig. 17, and it will be evident | horse-power engine is fitted with a Parsons reverse 
from the same figure that the governor is of the | gear, and the 30 brake horse-power engine is fitted 
with a similar gear. Any of the engines can be 
supplied either as a stationary or a marine unit. 
The McLaren-Benz engine has been repeatedly de- 
scribed in our columns, and reference may be 
made more particularly to the 60-brake horse- 
power 4-cylinder marine unit described in ENGcI- 
NEERING, vol. cxxviii, page 343 (1929), and the 
160 brake horse-power 6-cylinder marine unit dealt 
with on page 393 of the same volume. 

In connection with the last exhibition, held in 
1929, we described a 200-h.p. four-cylinder engin« 
shown by Messrs. Norris, Henty and Gardners. 
Limited, Patricroft. Manchester. This year, the 
firm are showing a smaller four-cylinder engine 
of the same type. developing 96 brake horse-power at 
370 r.p.m., with a evlinder bore of 9 in. and a piston 


It will be noticed from Figs. 17 and 20 that the 
spring is mounted on a separate shaft, a sleeve on 
which is connected to the bracket carrying the 
weights by a rocker arm, shown in plan in Fig. 19. 
The motion is transmitted from the sleeve on the 
spring shaft to the fuel pump by means of a second 
rocker arm, shown in Figs. 20 and 21, and the link | 
gear shown in Fig. 18. It will be observed from 
the latter figure that a hand-control lever is incor- 
porated in the link gear. 
The engine is lubricated on the forced-feed system 

by a gear-type pump located in the sump, and 
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Fie. 24. Portaste Vacuum PURIFIER FOR TRANSFORMER O1L; Messrs. ALFA-LAVAL 


Company, LIMITED. 


stroke of ll in. The chief features of these engines 
are that they operate on the two-stroke cycle, 
with compression ignition, the cylinder heads being 
symmetrical and of simple design. The heads are 
completely water cooled, and the engines are directly 
reversible. The main bearings and other principal 
parts are lubricated by a circulation pressure system, 








gear case is cast integrally with the turbine bed- 
plate, which itself forms an oil tank. This arrange- 
ment not only simplifies erection, but removes any 
possibility of the gears getting out of alignment, 
should there be any movement of the foundations. 
A combined runaway valve and stop valve is pro- 
vided on the turbine, while the speed governor 


and the cylinders and big ends by measured pressure | directly operates the governor valve without the 


feed. The engines start instantaneously from cold, 
and will run as long as desired without load. In 
addition to the engine referred to, Messrs. Norris, 


Henty and Gardners are showing a 17 brake horse- | 





interposition of an oil relay. The electrical and 
optical exhibits which form the remainder of the 
display, will be dealt with subsequently. 

The exhibit ot Messrs. Barr and Stroud, Limited, 


power horizontal engine of the type with which their | 15, Victoria-street, S.W.1, consists mainly of range- 
name is particularly associated, and four sizes of | finders for navigational purposes, but a wide variety 


the high-speed airless-injection engine, which was|of binoculars is also shown. 
A typical example | have been fully dealt with in our columns in the 
| past, the most recent example being the model for 
i large merchant ships or liners described in ENGI- 


introduced about two years ago. 
of the latter range was described in ENGINEERING, 
vol. cxxx, page 553 (1930). 

The stand of Messrs. C. A. Parsons and Company, 
Limited, Heaton Works, Newcastle-on-Tyne, is 
noteworthy, apart from the interest of the exhibits 
on it, for their variety. The largest of these is 


The rangefinders 


NEERING, vol. cxxviii, page 339 (1929). The 


| binoculars shown include the model which has been 


adopted by the Admiralty for general use in the 
British Navy. It has a magnification of 7 diameters, 


the 250-kw. geared turbo-alternator set, with | an objective diameter of 2 in., and an angular field 


surface condenser, shown in Fig. 23, opposite. Its|of view of 7 degrees. 


It has been designed and 


distinguishing characteristic is that the condenser | produced primarily for use as a night glass, but has 
1s situated alongside, and parallel with, the turbine | also been found very useful for general purposes. 


and alternator, thus making possible a simple level 
foundation, instead of requiring one with a pit 


The Universal System of Machine Moulding and 
Machinery Company, Limited, 13-15, Wilson- 


underneath the engine, as is necessary when the | street, E.C.2, are showing examples of the Exo- 


condenser is fitted below the turbine. When the 


pulley blocks, which are made entirely from steel. 


Space necessary for withdrawing the condenser | One of these blocks was described in ENGINEERING, 


tubes, which the pit arrangement must provide for, 
is taken into consideration, the Uniplane design 
18 seen to require both the minimum cubical and 
superficial space. The set exhibited is a standard 
design, and is one of a range of sizes intended to be 
operated by a single attendant, the maximum size 


vol. exxiv, page 323 (1927). Messrs. J. B. Stone 
and Company, Limited, 135, Finsbury-pavement, 
E.C.2, are showing examples of their well-known 
nibbling machines, belt fasteners, and other small 
products. A typical nibbling machine was dealt 
with in ENGINEERING, vol. cxv, page 232 (1923). 


of the range being 3,000 kw. The turbine and; That important marine engine-room accessory, 
alternator are in the same horizontal plane and are | the centrifugal separator for purifying either fuel 


coupled through gearing cut on the Parsons “ creep” 
method, which ensures very silent running. The 
turbine runs at 9,000 r.p.m., while the speed of the 
alternator is 3,000 r.p.m. The bottom half of the 


oils or lubricating oils, is well represented on the 
stand of Messrs. Alfa-Laval Company, Limited, 
34, Grosvenor-road, London, S.W.1. The exhibits 
include three examples of large purifiers, one of 
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Fic. 25. VERTICAL-SPINDLE MARINE Pump ; Mgssrs. 


PULSOMETER ENGINEERING CoMPANY, LIMITED. 


which is mounted on a movable platform, repro- 
ducing the rolling motion of a vessel in heavy 
weather, with the object of demonstrating that the 
operation of the purifier is unaffected by such 
movements. As a typical modern De Laval 
marine-type oil purifier was fully described and 
illustrated in ENGINEERING, vol. cxxix, page 199 
(1930), we do not propose to dwell further upon this 
part of the firm’s display, but to refer to the self- 
contained portable type designed for purifying the 
insulating oil of transformers, which apparatus is 
designated the De Laval Super- Vacuum outfit, and 
is illustrated in Fig. 24, annexed. The principle 
underlying the design is that of removing the 
entrained water and gases from the oil by centri- 
fugal separators operating under a high vacuum, 
which enables a low temperature, e.g., about 
70 deg. C. to be used in drawing off the water and 
gas, instead of the more usual heating for long 
periods to 110 deg. to 115 deg. C., a degree of tempe- 
rature often found to be deleterious to the oil from 
the point of view of oxidation. Reference to the 
figure shows that the assembly on the platform of 
the trolley consists of a De Laval oil separator, 
a vacuum tank, an oil heater, a vacuum pump and 
two oil transfer pumps, with the necessary pipes, 
valves, instruments and electric switches, the 
whole of the parts involved in treating the oil, 
including the heater, being electrically operated. 

















The outfit is connected by oil suction and delivery 
pipes to the bottom and top, respectively, of the 
transformer to be dealt with. The water-logged oil 
is drawn through a strainer by a pump which 
delivers it to the heater, from which it passes to 
the separator, by way of a regulating valve and 
discharging nozzle. The heater has a surface load 
of about 0-15 watts per square inch, and is furnished 
with an automatic switch to prevent overheating. 
The separator is made vacuum-tight and the bow] 
runs at a speed of from 6,000 r.p.m. to 7,000 r.p.m., 
the separation of the solid impurities and the free 
water being effected in the normal way by centrifugal 
The rate of discharge through the nozzle 





action. 
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Fie. 26. 


is controlled by a regulating valve, and is deter- | 
mined by the difference between the pressure shown 
on the manometer or the heater outlet, and the | 
vacuum gauge on top of the separator. The oil | 
leaves the separator bowl in a very finely-divided | 
state, i.e., its surface area being estimated at about | 
215,000 sq. in. per lb. of oil. The degree of exhaus- | 
tion maintained in the hood of the separator is | 
between 85 per cent. and 90 per cent. of a perfect | 
vacuum, which corresponds to a boiling point of 

water of only 45 deg. to 55 deg. C. As the oil 

temperature is about 15 deg. C. higher than this, the | 
moisture contained in it evaporates completely and | 
at anextremely rapid rate. The oil, on leaving the 

separator, enters the tank, in which the same | 
high degree of vacuum is maintained, and is then | 
pumped back to the transformer, remaining in| 
the tank several minutes during the transfer, by | 
which time the separation of any remaining water | 
has been completed. The oil may be transferred to | 
another transformer by the outfit, and the circula- | 
tion may be repeated more than once if the parti- 

cular conditions of the transformer plant demand | 
it. Other exhibits of a somewhat unusual nature 
are separators for vegetable oil and for yeast. 

The Pulsometer Engineering Company, Limited, 
Nine Elms Iron Works, Reading, are showing an 
example of their well-known steam pump, together 
with sewage pumps, a new marine pump, refrigera- 
ting plant, and sirens. The marine pump, which is 
illustrated in Fig. 25, page 325, is a 5-in. model for 
general purposes, with a nominal capacity of 100 tons 
per hour. It will deliver 75 tons per hour against 
a total head of 82 ft., or 115 tons per hour against 
a total head of 55 ft., when driven by a 13-brake | 
horse-power motor running at from 1,300 r.p.m. to 





























Fig. 29. 
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Fies. 26 To 29. 


half-couplings are spigoted together, and the casing 


1,600 r.p.m. It embodies a rotary exhauster, which | is spigoted on the lower part of the column. It 


can be declutched when not required, for priming | 
the pump. As will be clear from the figure, the | 
pump is of very sturdy construction with ample | 
base area, both important features for shipboard | 
use. | 

The pump is of gunmetal, of the single-impeller, | 
vertical-spindle type, with the casing split along | 
the vertical centre line. It is supported in a frame | 
or stool of semi-steel, which also carries the electric 
driving motor. The shaft, of forged manganese 
bronze between the pump and the motor, passes 
through a silicon-aluminium gear-box in which is 
a pair of spiral gears driving, by means of a friction | 
clutch, the water-ring exhauster. The clutch- | 
operating hand wheel and compound pressure gauge | 
are on the front of the pump and are readily acces- | 
sible, as shown. To ensure perfect alignment, the | 
motor is spigoted on the top of the column, the two | 


may be noted that by taking out the four coupling 
bolts, the pump spindle is free to drop down far 
enough to clear the coupling spigot, leaving sufficient 
room to dismantle completely the whole of the 
pump, without disturbing the motor or the suction 
and delivery pipes. The pump is hydraulically 
balanced, but a thrust bearing is provided on the 
top of the motor casing as a safeguard. <A lignum- 
vite bearing is fitted at the bottom of the pump, 
and is encased in a gun-metal housing. The gland 
is of the split type, so that it can be readily removed 
when the pump is being overhauled. The gland is 
water-lubricated through a lantern type neck- 
ring, as also is the lignum - vite bearing. A 
grease lubricator is also fitted for use when starting, 
before the pump is primed. 

A small and adjustable quantity of water is 
constantly circulating through the exhauster whilst 


pom 
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PoRTABLE SLEEVE-VALVE COMPRESSOR SET; Merssrs. BRooM AND WADE, LIMITED. 


it is running, and thence runs to the bilge. The 
exhauster is driven by spiral gearing through a 
friction clutch, as explained. It is hand-controlled, 
and must be operated, when required, by the 
engineer on watch. The exhauster is connected to 
the highest point on the pump suction through 
strainer box, in which is a removable gauze strainer. 
A small back-pressure valve is arranged in the 
exhauster suction pipe, since if the exhauster is 
stopped whilst the pump is running, there would be 
a danger of the vacuum in the suction pipe drawing 
all the water out of the exhauster, thereby destroying 
the essential water seal and the vacuum. It has 
been found by actual trial that the pump can be 
dismantled completely in 30 minutes without 
disturbing the motor or suction and discharge 
piping. The only moving part requiring occasional 
attention is the motor, which has two Stauffer 
grease cups for its ball bearings. 

An important point is the operation of the 
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Fic. 30. Concentricity TESTING MacHINeE; Messrs. SULZER BROTHERS. 

















Fig. 32. Heticat-GrEaArR GRINDING-MACHINE; Messrs. SULZER BROTHERS. 


exhauster. When first starting up, it is necessary | the latter compressor is also of the portable type, 
to see-that this appliance is filled, with a small|the engine and compressor being direct-coupled, 
quantity of water in a priming funnel on the top. | and mounted on the usual frame with road wheels. 
Thereafter it requires no attention, as it is so|The unit has a capacity of 100 cub. ft. of free air 
arranged that it will always keep filled except when | per minute, and is suitable for a working pressure of 
it is standing long enough to allow this water to | 100 ib. persquareinch. The engine is a two-cylinder 
evaporate. As soon as the pump draws water, | airless-injection model by Messrs. R. A. Lister & Co., 
depending on the length and diameter of the suction | and is similar to that described in ENGINEERING, vol. 
pipe, the exhauster is declutched. When a tank or | cxxx, page 802 (1930). The compressor, which is 
bilge is getting low, and there is the danger of the | of the two-cylinder sleeve valve type, is illustrated 
pump losing its suction, it is re-engaged. The|in Figs. 27 to 29 opposite. The object of the 
exhauster is thus only running intermittently, and | designers has been to produce a machine which, 





the wear is correspondingly reduced. If wear does 
take place, it can be taken up by adjusting the 
position of the rotor in the exhauster casing, by 
Operating a nut on the exhauster bearing. The 
pump has actually on test drawn water against a 
vacuum equal to 29 ft. static suction lift. 

Messrs. Broom and Wade, Limited, of High 
Wycombe, are exhibiting a range of compressors 
of both the reciprocating and rotary types. Among 
these is the portable compressor driven by a petrol 
engine, described in ENGINEERING, vol. cxxviii, 
page 626 (1929), and the still more recent model 
illustrated in Fig. 26, opposite. It will be seen that 





while being of light weight and capable of running at 
ithe speeds required when direct-coupled to petrol 
lor airless-injection engines, shall maintain a high 
degree of efficiency and reliability under the strenu- 
ous service conditions under which such plants 
| normally function. 

The passage of the air into and from the cylinders 
\is controlled by a single reciprocating sleeve, as 
shown in Figs.28 and 29. The sleeve is sealed by 


|piston rings, and is operated by an eccentric | 


turned solid with the crankshaft. The air inlet 
port is constituted by a slot in the cylinder wall, 
and this port is brought into communication with 


Fie. 31. Prorme Testing Macuine; Messrs. SuLzER BROTHERS. 


| the interior of the cylinder at the correct moment by 
| corresponding ports in the sleeve. These ports 
|extend round the latter, and give little obstruction 
| torthe passage of the air, so that there is no percept- 
| ible pressure drop. The path from the atmosphere is 
short and of large area, and the air does not come 
| into contact with parts heated during the compres- 
| sion stroke. When the piston is about half way up 
| the compression stroke, the top of the sleeve opens 
a port round the sealing ring in the cylinder head, 
| and allows the air to enter the annular space above 
‘the sleeve. This space is completely water-jacketed, 
} and while it increases the capacity of the cylinder, 
| and thus delays the final compression until the piston 
|is higher up its stroke and therefore moving slower, 
it also increases the water-cooled surface in contact 
| with the air by 100 per cent. At the end of the 
| stroke, the sleeve isclates the annular space from 
|the cylinder. At this point, the space is filled with 
|air at the working pressure, and the air remaining 
|in the cylinder only amounts to about 2 per cent. 
|of the swept volume. The eccentric operating the 
|sleeve is set approximately 130 deg. behind the 
| crankpin, so that when the piston is on the suction 
stroke, the sleeve continues its upward movement, 
until the air in the annular space is delivered 
| through the non-return valve into the service line. 
The space is proportioned so that the residual air 
| re-expands to the pressure of the air in the cylinder 
|at the moment of opening the communicating 
| valve. 

| The crank-case, cylinder block and cylinder 
|head are all made from close-grained cast iron. 
| The cylinder block is bored to carry the main bear- 
|ings, which consist of gun-metal] shells lined with 
white metal. The suction ports are machined in 
the cylinder walls, and as will be clear from Figs. 
28 and 29, the water-jackets are of very generous 
proportions. The cooling water is circulated by 
the centrifugal pump, shown mounted on the cylin- 
der block in Fig. 27. The head is of simple design, 
and is also provided with ample water spaces. The 
sleeves are of close-grained cast iron, ground inside 
and out, and with machined suction ports. Both the 
main connecting rods and the sleeve-operating rods 
are high-tensile steel drop forgings of H-section. 
Both sets of rods are bushed with phosphor-bronze 
at the small-end and lined with white metal at the 
big-ends. The non-return valve is a thin flat plate 
of larger diameter than the cylinders, and, owing 
to its size, gives ample area of opening with a 
very small lift. It is seated on a steel drop 
forging ground on both sides. 

The exhibit of Messrs. Sulzer Brothers, 31, 
Bedford-square, London, W.C.1, consists of gear- 
generating machines and appliances, the first 
being represented by a Maag spur and helical gear 
| grinding machine, and a Maag high-speed type 
gear-cutting machine. The grinding machine has 
been developed to meet the demand arising from the 
growing use of helical gears, and in many respects 
|resembles the machine for grinding spur gears 
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Fie. 33. Bitter SHEARS AND Bar CROPPER 


described and illustrated in ENGINEERING, vol. | 
exxvii, page 784 (1929), the same principles of em- | 
ploying a pair of inclined saucer-shaped grinding | 
discs for cutting, and steel bands, wound round a | 
pitch block on the spindle, for giving the necessary 
oscillating motion to the gear blank, having been | 
retained, It is, therefore unnecessary to go over | 
this part of the ground again, but it will be| 
interesting to compare the illustration given in| 
Fig. 32, page 327, which shows the new helical | 
gear-grinding machine, with the spur-gear grind- | 
ing machine just referred to. It will be seen| 
from Fig. 32, that the head carrying the grinding | 
machine is made to swivel round a vertical axis, to | 
correspond with the helix angle or longitudinal 
pitch of the gear to be cut. By setting the head on | 
the centre line of the work spindle spur-gears can, | 
of course, be also ground. The capacity for spur | 
gears, is up to 8} in. in diameter with a width of | 
face of 5} in. The face width of the helical gears | 
varies with the helix angle. The machine is| 
made in sizes suitable for gears up to 32 in. in dia- | 
meter. 

The Maag gear-cutting machine was also described | 
and illustrated in the article referred to above though | 
the particular example on the stand embodies | 
several minorimprovements. It is of the generating | 
type having a rack cutter with ground teeth, and is | 
supplemented by a small -nachine, also exhibited, | 
for sharpening and_ hol'ow-grinding the rack 
cutters, in order to give a top cutting rake. 
The machine consists of a pedestal on which is| 
mounted a spindle with a saucer-shaped grinding 
wheel. The table carrying the work-holder 
arranged to swivel in a horizontal plane and 
also to tilt, and is, of course, provided with 
elevating gear. 

The gear-testing appliances are being exhibited 
with the idea of demonstrating that instruments 
are now available, which, together with the| 
generating machines shewn make it quite! 


is 


PELs AND Company, LIMITED. 





; Messrs. HENRY Fie. 34. 


practicable for users of ground gears to produce 
them in their own works. The appliances include 
a gear-setting device for locating a range of gears 
on a mandrel in a definite position relatively to a 
dummy driving head so that they can be inserted 
as a complete whole in a machine; an instrument 
to compare the pitch of adjacent teeth round a gear ; 
an instrument for detecting errors of concentricity 
between the pitch circle and the spindle ; and a more 
elaborate instrument for the same purpose with a 
recording arrangement and a profile testing instru- 
ment also with a recording device. We illustrate the 
last two in Figs. 30 and 31, page 327, respectively. 
The concentricity tester, Fig 30, consists of a bed on 
which are mounted two slides carrying the gear 
spindles. One slide is mounted on ball bearings and 
located in a definite zero position by means of a 
taper plunger pin, while the other is carried on guides 
and is adjusted by means of a screw. A master 
gear is carried on one of the spindles and the gear 
to be tested on the other. Both are then rotated 
by hand, and feeler gauges inserted between, 
engaging tooth profiles to examine for backlash. 
This operation completed, the test for concentricity 
is carried out by withdrawing the locking pin. 


engagement. On rotating the gears any error causes 
a variation of the distance between the centres 
which is recorded on the drum. Pitch and profile 
errors cause sudden displacements of the pin, while 
eccentricity causes a gradual swing from a minimum 
to a maximum during one revolution of the gear 
under test. 

The profile tester, shown in Fig. 31, is provided 
with an adjustable slide carrying a spindle on which 
the gear to be tested is placed. The spindle is 
mounted on ball bearings and is provided with a 
disc ground exactly to the base circle diameter. 


| The periphery of the disc is kept in contact with a 
straight edge on a second slide at right angles to 


the first by means of a spring in the adjusting gear of 





| 
| 


A| 
small spring then presses the two gears tightly into | 











PORTABLE SPLITTING SHEARS AND CROPPER ; Mgssrs. HENRY 
PELS AND ComMPaANny, LIMITED. 


the latter. The transverse slide carries a tracing 
finger to follow the profile of the tooth, which finger is 
connected to the pen of the recording device so as to 
give a magnification of movement of 250. When 
the transverse slide is traversed, the friction of 
the straight edge with the disc causes the latter and 
the gear to rotate. Any point on the circumference 
will trace out the involute corresponding with the 
diameter and if the profile of the gear under test 
is of this theoretically correct shape the pin will 
trace a straight line parallel with a zero line. If, 
however, the profile has been generated from some 
base circle other than the correct one the line will 
be inclined at an angle to the zero line, though it 
will still be straight if the profile is a good involute. 
A bad involute is indicated by an irregular line. 

A number of machines for the cutting of plate 
and bar are exhibited by Messrs. Henry Pels 
and Company, Limited, 32/38 Osnaburgh-street, 
Euston-road, London, N.W.1, no less than nine 
examples being shown together with numerous 
hand appliances. Of the large machines, six have 
not been shown before in this country, and two of 
them are illustrated in Figs. 33, and 34 on this page. 
All are, in accordance with Messrs. Pels’ well-known 
practice, constructed with armour plate frames. 
permanently with the object of making them 
unbreakable. The billet-shearing and bar-cropping 
machine, shown in Fig. 33, has openings for 
three round, one square and one flat section, when 
it will cut, without change of blades, rounds up to 
33 in. diam., squares up to 3 in. side, and flats up te 
6 in. by 2} in. or 10 in. by 1} in. With separate 
pairs of interchangeable blades for each section, 
these limits are considerably extended. The 
machine can, however, be fitted with blades and 
openings for cutting angles square across, up to 
10 in. by 10 in. by $-in., with special blades. With 
one pair of blades in, common angles and tees may 
be cut square across up to 8} in. by 8} in. by ] in., and 
angles on the bevel up to 45 deg. of sizes up to 6 in. by 
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VERTICAL PuNCH AND Dik SHAPER ; Messrs. GEBRUDER 
THIEL, G.m.B.H. 
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With a flywheel speed 
of 375 r.p.m., the ap- 
proximate number of 
strokes per minute is 22, 
double gearing being 
employed. Control is 
effected by a hand lever 
working a claw clutch, 
which is automatically 
disengaged at the top 
of each stroke. The 
holder-down is operated 
by parallel screws with 
helically - geared nuts 
worked by a_hand- 
wheel on the cross shaft. 
The machine is made 
in 5 smaller and 6 larger 
sizes than that exhi- 
bited. 

A tool specially de- 
signed for such jobs 
as those involved in the 
erection of modern steel 








Fic. 37. 


Sin, by g-in. It can also be arranged to cut, with 
supplementary blades, joists up to 13 in. by 5 in. 
by 351b., and channels up to 12 in. by 4 in. by 36 Ib. 
[t will thus be seen that the machine is a powerful 
one with a wide range of capacity for its weight of 
138 cwt. The drive requires 15 h.p. and may be 
either by belt from a line shaft or from a motor, 
the tilting seating for which, to allow of belt 
ughtening, is seen on the top of the machine. 


‘* PERFECTOR ’’? MARKING-OFF MACHINE. 





structural work is seen 
in the portable combi- 
nation machine illus- 
trated in Fig. 34. At the bottom is a shearing 
gap with top and bottom interchangeable blades, 
7}-in. long, giving four cutting edges. This will 
deal with plates of any length up to $-in. thick, and 
will cut flats up to 43 in. by %-in. at one stroke. 
It may also be used to trim one flange of angles. 
Above this, on the right-hand side is the notching 
gap. This is fitted with a square blade 1§ in. 
wide for cutting end and centre notches in angles, 





36. Banp-Saw ATTACHMENT TO FILING AND 
MacHINE; Messrs. GEBRUDER THIEL, G.M.B.H. 


tees, channels and joists. Vee notches are cut 
by feeding the material in at an angle. The 
capacity varies largely with the form of the material, 
but a representative cut is a square or vee in angles 
up to 3 in. by 3 in. by ¥%-in. The cropping gap 
isin the centre of the machine. Itsslide is arranged 
diagonally in order to permit of both square and 
bevel cuts being made with the material lying 
horizontally. The bevel stop is provided with a 
scale and can readily be set to different angles, so 
that previous marking off is dispensed with. Without 
changing blades, which are subdivided to reduce 
cost, material as follows can be dealt with: Rounds 
and squares up to 1 in. in diameter and side respec- 
tively, angles and tees on the square up to 3 in. 
by 3in. by #-in., and on bevels up to 2 in. by 2 in. by 
}-in. With special blades, joists and channels up 
to about 4} in. by 2 in. by 7 in. can be cropped. 
The punching gap, 12 in. deep, is on the left hand. 
Holes up to ?-in. or -in. in diameter through mild 
steel plates 3-in. or 4-in. thick can be punched 
either intermittently or continuously, and the punch, 
like the notcher, has both hand and treadle motion. 
This end of the machine, by using special tools, 
can be used for slotting and tenoning window 
frames. The machine has a self-contained motor 
drive of 2 h.p., and makes approximately 35 
strokes per minute, with flywheel speed of 600 r.p.m. 
The machine is made in 7 sizes larger than that 
exhibited. 

An example shown of a guillotine is a neat and 
compact design of this useful tool, in which particular 
attention has been paid to the question of safety 
in operation. It has 46 in. shear blades with a 
gap of 43 in. between the armour plate standards, 
and is particularly suitable for dealing with plates 
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up to 3ft.4 in. by 2 in., while it can also be used for 
trimming plates up to }}-in. thick. A drive of 
15 h.p. is required, and the flywheel is of sufficient 
weight, and runs at a speed high enough to prevent 
any appreciable slowing down after the cuts, 
which are made at the rate of 23 per minute, but, 
by means of a locking arrangement of the stop 
motion claw clutch, continuous operation also can 
be used. The clutch is operated by a treadle running 
along the front of the machine. The shearing 
slide is automatically normally disengaged at the 
top of the stroke, and the treadle is fitted with a 
safety catch to prevent unintentional starting. 
The holder-down is fully automatic and does not 
obscure the cutting line when in position. A 
double-bar guard runs in front of it. The three 
other new machines, which we do not propose 
to describe, comprise a heavy-duty, 150 ton 
press of the two-crank and double-standard type, 
a portable single-ended heavy-duty plate and 
girder punch, and a joist and channel cropper 
with bar and tee bevel cropping gaps. 

Messrs. E. H. Jones (Machine Tools), Limited, 
Baldwin-terrace, Islington, London, N.1, have 
found two stands necessary to display the wide 
range of machine tools, mostly of foreign origin, 
which they handle. It is impossible to enumerate 
the various items forming the display, but some of 


the newer and more unusual machines may be | 


dealt with. A good example is the vertical punch 
and die shaper shown in Fig. 35, page 329. This 
is made by Messrs. Gebruder Thiel, G.m.b.H., 
Ruhla, and is intended for forming punches, dies 
and ejectors which have irregular, and often compli- 
cated, contours. The work is held on a table, fitted 
with a dividing plate, which may be rotated, and also 
moved in directions at right angles to one another, 
in a horizontal plane. It is normally held down by 
two bolts, but an adjustable top centre is also 
provided for use when necessary. An ordinary 
shaping or planing tool is used, motion being given 
to it in an ingenious way. The tool is mounted in 


a holder capable of rotation, on a horizontal axis, 


the holder itself being carried on a cross-bar, sliding 
vertically on a pair of circular columns. Vertical 
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PNEUMERCATOR Hot-WeLL GauGE; Messrs. KELVIN, BorroMLEy 


AND Batrp, LIMITED. 


cutting motion is provided by a pair of reciprocating | 


levers fitted with jaws engaging with swivelling 
blocks on the end of the cross-bar, this connection 
taking up the horizontal motion caused by the are 
through which the arms travel. A true vertical 
motion is thus obtained, and the work cut 
out of the solid to the required contour, which is 
either marked off on the top of the piece or defined 
by a metal template soldered to it. When the tool is 
approaching the end of its stroke, however, it is 
rotated in a vertical plane, so that the root of the 
punch is finished with a fillet, as shown in the figure. 

This scooping motion throws the chips away from 
the operator and provides a gradual change of 
section between the finished part of the punch and 
the block portion, by which it is supported in the 
machine in which it will be used. The stroke of 
the tool can be varied from 3 in. to 4in., and the 
number of strokes between 36 and 65 per minute. 

The transverse movement of the slide-head is 
10 in. 
outline of the die. 
and the drive may either be by belt or 
a self-contained motor, as seen in the figure. 


is 


by 


mis: ° | 
Another development by Messrs. Thiel is a hand- 


saw attachment for the firm’s No. 3 precision filing 
and sawing machine, which, as is well known, is 
used for cutting irregular holes through plates, or 
blocks such as are required for dies, &c. The older 
form provides only a reciprocating motion for work- 
ing a saw, similar to tha: of the ordinary fret-saw 
machine for wood or for operating a file. These 
motions, as will be recognised in Fig. 36, page 329, 
remain, but the capacity and range of application of 
the machine are greatly increased by the band-saw 
attachment, thus substituting a continuous cut- 
ting action for a motion in which the back 
stroke does no work. The even load on the saw, 
moreover, conduces to the preservation of the 


teeth, and thus to a longer life of the saw. 
The change over from the reciprocating saw 


or filing motion to the band saw, and vice 
versa, may be effected in a few minutes. The 


band saw, when used for internal cutting, is passed 


Feed is by hand in directions dictated by the | 
The power required is | h.p., | 


‘through a hole drilled in the work, and the ends are 
then brazed together by means of a device provided 
with the machine. It is then introduced, by means 
of a slot, into the table, put over the discs and 
tensioned. Four cutting speeds are provided and a 
power feed. Material of a maximum thickness of 
5 in. may be cut with the band-saw as compared 
with 3} in. with the reciprocating saw and for filing. 
The table is 16 in. in diameter, and may be tilted 
through an angle of 15 deg. from the horizontal 
in any one of four directions. The time required 


strength, 5in. thick, is nine minutes ; with steel of 65 
tons tensile strength this is increased to 26 minutes, 
Corresponding figures for the same materials % in. 
thick are 0-7 minute and one minute, respectively. 
The power taken is | h.p. 

A neat and handy piece of workshop apparatus is 
shown in the “ Perfector’’ marking-off machine 
illustrated in Fig. 37, page 329. This consists of a 
vertical magnetically operated work-holding plate, 
| 18 in. by 8} in., with a uniformly distributed 
| magnetic field, capable of supporting pieces up to 
a weight of 65 lb. The machine is supplied for 
| direct current of either 110 volts or 220 volts, and 
| the current consumption is about 50 watts. The 
plate is mounted on a hollow spindle which carries 
|a large indexing wheel at the other end, and 
can be swivelled through an angle of 180 deg. 
By means of indexing pins it can be moved through 
15 deg. at a time, while the index wheel is graduated 
in fractions of a degree for any intermediate angle 
required. The apparatus may be used either for 
marking off rough or partly machined castings, 
for checking the concentricity of hollow parts, &c. 
It is claimed to be particularly suitable for sym- 
metrical work which is mounted with its axis on 
the centre of the plate, an arbor passing through the 
spindle being used, if desired. Using a scriber on 
the surface plate on which the apparatus stands, 
hole positions, &c., can be marked off accurately 
by turning the plate, or circles generated. The 
circles on the plate facilitate the setting of cylin- 





for cutting 1 in. in tool steel of 45 tons tensile | 


| closed systems. 


|drical parts. A square, adjustable both longitudi- 
| nally and transversely, is provided on the plate. 
| One other exhibit may be mentioned,  viz., 
|the Ratcliffe Jigometer, shown on one of the large 
| Saalfeld drilling machines. This is a contrivance 
| for accurately locating holes in jig-boring work, 
| and consists of bushes for the drill carried in slides, 
}on the fixture in which the work is placed. The 
|slides are provided with verniers reading to one- 
| thousandth of an inch, which enable the holes to be 
| drilled with a high degree of precision. 
An exceptionally wide range of navigation and 
| other instruments is being shown by Messrs. Kelvin, 
| Bottomley and Baird, Limited, 18, Cambridge- 
street, Glasgow, C.2. Among boiler-room equip- 
ment, mention may be made of the firm’s smoke- 
|warning indicator, portable CO, tester, and 
Pneumercator distant boiler gauge. A modification 
|of the latter for use in hot-wells on the totally- 
| enclosed system is illustrated in Figs. 38 and 39, 
‘annexed. The difficulty in such cases arises chiefly 
\from the varying degree of vacuum obtaining in 
| the vapour-space above the water surface in such 
| tanks, necessitating a pressure-equalising connection 
| between this space and one side of the gauge itself. 
|and from the liability of such connection becoming 
partly flooded by condensation from the warm 
| hot-well vapour. In cases where this connection 
| must be of considerable length and, for convenience. 
|of small internal size, this tendency to flooding is 
serious. Consequently, a system has been devised 
in which the connections between the gauge and 
|tank are maintained in a “ drowned” or inten- 
| tionally water-filled condition, and this design of 
| gauge has been successfully installed in application 
| to distant and elevated hot-well tanks working on 
Ussentially, as shown in Fig. 39. 
| the gauge consists of a mercury U-tube of which 
|the respective sides are brought into the hot-well 
| tank at its lowest and highest points by means of 
| two brass pipe-lines. These both enter through 
|the bottom of the tank, one terminating abruptly 
just clear above the tank bottom, while the other 
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DovusLE-RELAY REGULATOR FOR SMALL PRESSURES; 


Messrs. THE DRAYTON REGULATOR AND INSTRUMENT CoMPANY, LIMITED. 


passes up as an internal stand-pipe and terminates 
in an overflow-orifice near the tank-top. A water- 


circulating hand pump is inserted near the gauge | purposes from time to time in our columns, some 





humidity, and so on, in industrial processes. We 
have described a number of instruments for such 


in a short by-pass line, provided with two suitable | of the most ingenious of these appliances having been | 


cocks, and disposed between the two ends of the 
U-tube. These cocks, therefore, serve in one setting 
to by-pass the U-tube and to establish a continuous 


circuit from the bottomof the tank to the top by way | 


of the external pipe line. By operating the pump, 
this circuit can be entirely flushed and filled with 
hot-well water drawn from the bottom point and 
delivered to the top point of the hot-well tank, 


overflowing freely at the top point back into | 


the main body of the tank. 


settings, the cocks close the by-pass, and | 
connect the U-tube with the drowned circuit. 
In this state, the extent of vacuum within the | 


tank operates equally on each side of the gauge 
and produces no effect on the reading. On one side, 


connected with the top point of the tank, the gauge | 
is subjected to a head of water corresponding to | 
| the back, the rear portion of the case being isolated | 


the height between itself and the tank top; on 
the other side, connected with the bottom point of 


In their alternate | 


| 
| 


the tank, the gauge is subjected to a head of water | 


corresponding with the height between itself and the 
level of water actually present in the tank. The 


| mechanism is rendered easily accessible for inspec- 


gauge reading, being the difference of these two | 


quantities, is therefore a direct measure of the 
distance from the tank-top to the existing water- 
level : 
contained by the tank. The actual gauge 
illustrated in Fig. 38. 

In addition to the exhibits described, Messrs. 
Kelvin, Bottomley and Baird are showing a liquid- 
filled compass which has been developed to supply 
a standard compass possessing the precision and 
refinement characteristic of Lord Kelvin’s dry-card 


is 


in other words, of the quantity of water | 


| the gas at a certain vacuum by the movement of 
| the butterfly valve. It is evident that if the pressure 


compass, with the additional advantage of liquid | 


damping. This new compass, the ‘ Kelvite Stabol,” 
IS not expected generally to supersede the dry 
compass, but is put forward as an alternative for 
Standard situations in ships operating at high speeds, 
In which the great height at which the compass 
stations are placed, often coupled with vibrational 
disturbances, has led to a preference for the use of 
liquid compasses. Other exhibits which may be 
mentioned are the Denny-Edgecombe _ torsion- 
meter, described in ENGINEERING, vol. cxix, page 
345 (1925), and the motor-driven sounding machine, 


described in ENGINEERING, vol. exxviii, page 342] the rest of the apparatus. 


(1929), 


/moving a very light flap opposite an orifice. The | 


constructed by Messrs. The Drayton Regulator and 
Instrument Company, Limited, of West Drayton, 
Middlesex. At the exhibition, this firm are showing 
a new regulator for very light pressures. This 
instrument, which is illustrated in Figs. 40 and 41, 
above, can be supplied with either simple or 
differential movement, and can be used for control- 
ling the flow of a liquid in conjunction with orifice 
plates. It is stated that regulators of this type in 
actual use have proved capable of controlling large 
diameter butterfly valves within a margin of {-in. 
water column. The instrument illustrated is of the 
double relay type, in which the only work imposed 


| 


|on the controlling diaphragm capsule consists in | 


whole regulator is mounted in a case shown to the | 
left in Fig. 40, with the operating diaphragm at | 





from atmospheric pressure by an airtight cover | 
plate. On removal of the front cover, the whole 
tion and cleaning. 

The essential parts of the instrument are shown 
diagrammatically in Fig. 41. To explain the action, 
it may be assumed that the pipe containing the 
butterfly valve is a gas main, the gas entering at the 
left-hand end, and that it is required to maintain 


behind the valve falls, means must be provided for 
opening the valve until the required pressure is 
restored. It will be noticed that a connection is 
made behind the valve by a pipe Q to a chamber | 
containing a large capsule P,, and it may be assumed | 
at the moment that the gas in the interior of this | 
capsule is at constant pressure. The right-hand | 
side of the chamber is sealed by a corrugated rubber 
tube V, and the rear side of the capsule is rigidly 
connected to the back plate. Under these circum- 
stances, any fall in pressure beyond the butterfly 
valve will cause the capsule to expand, and the rod 8, 
connected to its centre, will move to the right. 
This will have the effect of restricting the passage H 
by bringing the flap U closer to the orifice. To follow 
the effect of this restriction, it is necessary to examine 








Air at a constant pressure of 15 lb. per square | 


A marked advance has taken place in recent years | inch is admitted through the pipe A, and having 


in the 


automatic regulation of temperature, pressure, | passed through the filter B and a water separator, 
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has a choice of two paths at the fitting '‘C. On one 
side, this fitting is connected by flexible fine bore 
copper tubing E to a capsule F, which is in turn 
connected by the pipe G, to the orifice H. A restric- 
tion is introduced at D to limit the quantity of air 
passing through the pipe E. The second path for 
the air from the fitting C is through the adjustable 


| orifice K. Having passed this orifice, the air can 


either escape through the opening below it, or pass 
through the fitting M and a further filter and water 
separator to the diaphragm motor, shown connected 
to the butterfly valve at the bottom of the figure. 
Gauges are provided on the pipe lines A and O, one 
showing the constant inlet pressure, and the other 
the variable operating pressure on the motor. It 


| will be noticed that the orifice block H can be moved 


relative to the flap U, assuming the latter to be 
stationary, by a worm and quadrant, W, and W, 
operated by the knob Z, and that its position is 
indicated by a scale Y and a pointer X. 

In operation, Z is turned until the pointer X 
shows the desired vacuum on the scale Y. This brings 
the orifice H into a position such that at the given 
vacuum the flap U just closes the nozzle. Until 
this vacuum is reached, the nozzle will be 
open, so that no pressure will be set up in the cap- 
sule F. The escape nozzle is therefore also open, 
and the air following the alternative path from the 
fitting C will pass through this opening instead of 
setting up pressure in the motor. The butterfly 
valve will, therefore, be kept open by the weight or 
spring with which it is fitted. If the vacuum falls, 
however, the capsule P, will close the orifice H 
as explained, the capsule F will expand and close 
the escape orifice, and air will pass to the motor and 
operate the butterfly valve. If it is required to 
maintain a given pressure instead of a given vacuum, 
the inside of the capsule P, is connected to the main 
by the pipe shown dotted in the figure, and the 
pipe Q is closed. For volume control, both connec- 
tions are used at once and an orifice plate is intro- 
duced in the gas main, the scale being then calibrated 
for volume instead of pressure. The main valve, 
being in practically continuous movement, counter- 
acts any tendency to sticking due to impurities 
in the gas. 

The important subject of the measurement of 
flow of coal and other loose solid materials in bulk, 
and of fluids such as water and steam, is illustrated 
by the varied apparatus shown by Messrs. The Lea 
Recorder Company, Limited, Cornbrook Park-road, 
Manchester. Most of this apparatus has already 
been dealt with previously, and it therefore only 
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Fig. 42. Gyro-Horizon ; Messrs. SPERRY 
Gyroscope CoMPANy, LIMITED. 


remains to say that improvements in detail, though 
not in principle, have been introduced in recent 
years, and that several of the latest types are shown 
in operation. A simple coal meter, however, 
embodying a new principle, is to be seen on the 
stand. This is the Romer-Lea chain meter, 
which was fully described and illustrated in Ener- 
EERING, vol. cxxxi, page 790 (1931). 

The chief exhibits of Messrs. The Sperry Gyro- 
scope Company, Limited, Great West-road, Brent- 
ford, Middlesex, consist of the automatic steering 
equipment, described in these columns in vol. cxx, 
page 730 (1925), and the revolution indicator and 
counter, described in these columns in vol. exxii, 
page 319 (1927). Other exhibits are the well- 
known Sperry gyro-compass, searchlights, and 
gyroscopic instruments for aircraft. Among the 
latter is the interesting gyro-horizon, illustrated 
in Fig. 42, above. A knowledge of his position in 
relation to the horizon is of paramount importance 
to the aviator, and when flying in fog or cloud, 
instruments must be relied upon for this purpose. 
If fore-and-aft and athwart-ship bubbles form 
the only indication of climbing, gliding, or banking, 
the effects of centrifugal force render the readings 


difficult to interpret, and a pendulum does not offer | 


any greater security when the change of direction 


is rapid. As is well-known, however, a gyroscope | 


is not subject to these limitations, and therefore 
forms an ideal basis for an instrument to indicate 
pitch and bank. 

The Sperry gyro-horizon comprises a _ small 
gyroscope which is controlled in direction by a 
small self-contained pendulum, so that it maintains 
its spinning axis vertical by following the average 
position of the pendulum. It is important to note 
that, although the pendulum is affected by sudden 
changes in direction, the average position over a 
prolonged interval will be a true vertical. As will 
be seen from the figure, the face of the instrument 
has been designed to give the pilot the information 
he requires in the simplest possible way, the white 
line representing the horizon rising, falling, or 
tilting with respect to the small silhouette of the 
machine painted on the glass. The instrument is 
quite small, being only 4% in. in diameter by 6} in. 
long, so that it can be mounted conveniently on the 
dashboard. The gyroscope is mounted within an 
air-tight casing, and is driven by two air jets, drawn 
into the casing by suction from a Venturi passage 
in the slip stream. The jets impinge on turbine 
blades on the periphery of the rotor. The exhaust 
air is conducted to the lower part of the casing, 
where four ports, spaced 90 deg. apart, divide the 
exhaust into four escaping jets of equal volume. 
Each of the ports is covered by a hanging vane, 
which enlarges or decreases the size of the orifice as 
it swings, thus increasing or decreasing the 
volume of air which escapes. In the normal 



















Fig. 43. Hetm Inpicator; Messrs. SIEMENS 
BROTHERS AND CoMPANY, LIMITED. 


position, with the gyroscope axis vertical, the jets | 
are equal in volume. If it be supposed that the | 
movement of the aeroplane causes the gyroscope 
to swing in one direction on its gimbal rings, the | 
pendulum vanes at the two sides will tend to remain | 
vertical, and these vanes are so formed that the | 
action will increase the area of the port on one side | 
and reduce it on the other. The reaction of the 
increased air jet from the enlarged port will then 
cause the gyroscope to precess back to the vertical, 
the two jets balancing again as the vanes swing 
back over the ports. The instrument will indicate 
the natural horizon continuously through a move- 
ment of the aeroplane up to 90 deg. of bank and 
60 deg. of climb or dive. On long, slow turns of 
less than 360 deg., during which centrifugal force 
will be acting continually on the vanes, the gyroscope 
will precess slightly. but this only results in a 
small error which is of no consequence and is 
immediately corrected in straight flight. 

As in former years, there is a very comprehensive 
display at the Exhibition of marine contro] instru- 
ments, one of the more prominent firms in this 
connection being Messrs. Siemens Brothers and 
Company, Limited, Woolwich, S.E.18. Several 
| of the exhibits on the stand of this firm have already 
been described in our columns, and we may refer 
more particularly to the revolution indicator 
described in ENGINEERING, vol. cxx, page 729, 
(1925) ; to the wireless direction-finder described in 





the same issue; to the navigation-light indicator 
described in vol. cxxviii, page 348 (1929); and to| 
the auto-alarm wireless distress signal described | 
on page 355 of the same volume. Two instruments | 
shown by Messrs. Siemens which we have not | 
previously described are illustrated in Figs 43 and | 
44, on this page. | 

The look-out indicator, illustrated in Fig. 44 | 
has been designed to provide a means by which | 
the look-out man on the vessel is able to signal | 









































































Fie. 44. Loox-Out Inpicator ; Mressrs. SIEMENS 
BROTHERS AND CoMPANY, LIMITED. 


as shewn in the figure, and the operating handle is 
covered by a hinged flap when not in use. The 
top of the casing is in the form of a dial, as shewn 
in the figure, divided by raised markings to indicate 
the different bearings. A combined pointer and 
handle serves to set the transmitter to the given 
bearing, and a press switch is provided forsending the 
message. A corresponding press-switch is provided 
on the indicator for acknowledging the message. 
The apparatus is operated by the look-out 
first turning the transmitter pointer on to the 
bearing of the object observed, and then pressing 
the switch. The pointer in the receiver then moves 
to the corresponding bearing, and a bell rings in 
the receiver and a buzzer in the transmitter. The 
latter continues until the officer on the bridge presscs 
the receiver switch, indicating to the look-out 
that the message has been received. On the look- 
out releasing the press-switch, the pointer on the 
receiver returns to zero. The vibrations of the 
buzzer can be felt by hand as well as heard, so that 
the look-out can ascertain that the message 
has been received even when he cannot hear the 
buzzer owing to extraneous noise. 

The helm indicator, illustrated in Fig. 43, has 
been designed to indicate the angle of the ship's 
rudder on the navigating bridge or other positicn. 
As in the case of the look-out indicator described, it 


to the bridge the position of any object which he | is operated by a separate battery, and is thus 
observes. The apparatus is independent of the | independent of the ordinary electrical supply on the 
power or lighting circuits of the vessel, as/ship. The angle is indicated positively in 2} deg- 
it is operated by a separate primary battery. The steps up to 20 deg. either way, and in 5 deg. steps for 
latter will operate the apparatus satisfactorily for | the remainder of the scale. A rheostat, contained in 
12 months without renewal, cells of the Siemens | a water-tight casing, is located near the rudder post. 
Inert type being employed. The apparatus consists | and is connected to the latter by a circle and lever 
essentially of a transmitter and a receiver, the former mechanism. The indicator is usually placed in the 
shown in Fig. 44, can be supplied either with or | wheel-house or on the bridge. It is provided with 


without a supporting column, and can be either an internal lamp for illuminating the dial at night, 
placed singly, or duplicated at one or more of the | supplied from the ship’s mains. The connec- 
usual observation positions. The receiver, or| tions between the rheostat and indicator, and 
| indicator, is mounted in a watertight casing for to the battery, are made by means of two-core 
| bolting to a bulkhead, and is provided with an| cables, the battery being preferably placed in the 
open scale in which the central reading is direct | wheel-house or chart-room. If the cable be broken, 
ahead, and the readings on each side indicate | or the current interrupted from any other cause, 
bearings to port and starboard respectively. The| warning is at once given on the indicator by the 


transmitter is also contained in a watertight case | pointer disappearing from sight. 
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THE TESTING OF HEAVY-OIL FUELS. 





Petroleum Technologists, and the data there given 
both disclose uniformities previously undemon- 
strated in the behaviour of a wide variety of fuels 
in different engines, and suggest some directions 
in which further investigation is desirable. 

The experiments were made with fourteen different 
fuels of very various characters, tested in three 
different types of engines—an 8-h.p. Junkers engine 
running at 1,000 r.p.m.; a 12-h.p. McLaren-Benz 
engine running at the same speed; and a 25-h.p. 
Robey engine running at 275 r.p.m. Of these, the 
Junkers engine operates on the two-stroke cycle, 
and the McLaren-Benz and Robey engines on 
the four-stroke cycle. For certain tests, an 8-h.p. 
Petter two-stroke engine, running at 625 r.p.m., 
was also employed. For the purpose in view, it 
was not thought necessary to run the engines at 
their maximum efficiency, but for all the fuels except 
one, the relative specific fuel consumptions by weight 
were given for each engine under various speeds 
and running conditions. 

The results showed that, in spite of the wide 
differences between the fuels examined, they all gave 
much the same consumption by weight per brake 
horse-power. The maximum difference of the mean 
value between the highest and the lowest did not ex- 
ceed 5 per cent., as compared with a maximum 
difference of 3 per cent. in calorific values. Remark- 
able uniformity was also found in regard to the effects 
of fuel viscosity. This factor, of course, might have 
a considerable influence both on fuel consump- 
tion and engine performance, to such extent as there 
might be leakage in the fuel system from the pump 
plunger and fuel valve spindle, and the authors 
mention that when using fuel of very low viscosity 
in conjunction with worn pumps and valves, the fuel 
consumption from such causes might easily be in- 
creased by as much as 10 per cent. In the absence 
of leakage, however, although the fuels ranged in 
viscosity from 0-0204 poises to 0-5659 poises at 70 
deg. F., and were tested indiscriminately without 
alteration to timing or spray valves, no indication 
could be found that viscosity had any appreciable 
effect on their action. Another group of observations 
of much interest was made on the process of 
combustion. Following Ricardo’s suggestion, the 
authors regarded the combustion as divided into 
three more or less distinct stages. In the first or 
delay period, the fuel begins to be injected into the 
cylinder, and the pressure to rise above the compres- 


In the development of petrol engines the designer | sion line. The fuel so injected is then burned during 
had to wait a long time before learning the essential | 4 period of rapid and almost uncontrollable combus- 


and relevant qualities of the fuels to be used. It 
was, indeed, evident that fuels of very different 
composition might behave somewhat similarly in 
a given engine, and in this respect the designer had 
to be thankful for small mercies, and could only carry 
on in such direction as he thought most expedient. 


Ultimately, however, it was found that, in order 


to obtain adequate control over the petrol used, it 
was necessary to investigate, as was done by Messrs. 
Tizard and Pye, the thermodynamic behaviour of 
individual fuels, and in the light of such researches 
to carry out prolonged and exact experiments, such 
as were undertaken by Mr. Ricardo and others, on the 
behaviour of various fuels in internal-combustion 
engines under strictly-defined conditions. The result 
has been on the one hand the increased efficiency 
of petrol engines, and on the other hand, the 
practical improvement of the quality of petrol. In 
quite recent years, however, there has been a marked 
increase in the development of high-speed heavy-oil 
engines. The problems of their design, though in 
some respects similar to those of petrol engines, and 
to that extent placing their designers in a better 
position than those of the pioneer petrol engines, are 
in other respects different, and, in addition, the 
variety of fuel is considerably larger. As, moreover, 
such engines are newer in practice, their design is 
as yet much further from having been standardised, 
and the multiplicity of engines has to be added to 
or multiplied by the multiplicity of fuels. It is not 
surprising, therefore, that the attention of motor 
engineers should be directed to methods of test, and 
methods of testing fuel for these engines. The 
subject was discussed at length sometime since, 
in a paper by Mr. L. J. Le Mesurier and Mr. R. 
Stansfield, on ‘“‘ Fuel Testing in Slow- and High- 
Speed Diesel Engines,” read before the Institution of 





| tion, and, finally, the remainder of the fuel is ignited 
| at the nozzle, and burned at a rate controlled by the 


pump and nozzle. These processes are all shown 
clearly on the diagram from a Farnborough indica- 
tor, and by following the delay period in terms of 
degrees of crank angle and of absolute time, the 
behaviour of each fuel can be distinguished from 
that of the others in many important respects. It 
appeared from the authors’ work, for instance, 
that not only the initial rate of pressure rise 
per degree of crank angle, but also the time 
during which the highest rate of pressure rise is 
applied, influence the shock. So far, moreover, as 
concerned delay angles for different cylinder pres- 
sures and, therefore, temperatures, at the moment 
of injection, each fuel showed its own characteristics, 
and with few exceptions these characteristics were 
the same throughout each of the engines used. 
These exceptions, indeed, were sufficient to prevent 
general conclusions from being drawn, but the 
results as a whole show that, among the small 
number but widely-varying types of engines used 
in the test, the majority of tests exhibited the 
relative rates of pressure rise and delay angle in 
any two fuels as the same for different engines. 
Another important conclusion was that in each case 
the risk of combustion shock increased with the 
value of the delay angle and with the magnitude 
of the subsequent rate of pressure rise. 

A result of considerable practical importance was 
that no definite relation could be traced between the 
delay angle and either the temperature of self- 
ignition or the ease of starting. There was no 
difficulty, of course, in making a rough determina- 
tion of the ease of hand starting with an engine 
which relied for starting on a heated surface; this 
could be measured roughly by the number of turns 
































































































engine, on the other hand, the starting point cannot 
be measured so directly, and it is of the more 
importance because the order of readiness with which 
a fuel may start in the heated-surface engine may be 
different from that of a compression-ignition engine. 
For this purpose, the electrically-heated wire with 
which one of the engines was usually started 
was replaced by an inlet air-heater and a steam- 
heated water supply, circulated at such a speed as 
would maintain substantially the same temperature 
throughout the jacket. The engine was then 
motored at 300 r.p.m., and the air and jacket 
temperatures raised to about 50 deg. C. When the 
jacket, air inlet, lubricating oil, and engine had 
settled down to a steady temperature, which took 
about half an hour, full compression was applied 
and the vent valve of the fuel pump closed, at 
which point, with all fuels but one, the engine fired 
immediately. The process was then repeated first by 
descending stages of 5 deg. C. and then within cach 
such stage by stages of 1 deg. C., until in each case 
hesitation occurred before firing; in this way 
it was possible to determine starting temperatures 
to within 1 deg. C. without difficulty. Simultane- 
ously with these observations, determinations were 
also made of spontaneous-ignition temperature in 
oxygen according to Moore’s method. The net 
result was to show that spontaneous ignition tempe- 
ratures furnished no practical guide to the ease of 
starting the engine. This indeed had been shown 
already by previous workers, who had found that 
vaporisation plays no part in either ignition or 
combustion in Diesel engines, and that volatility 
was therefore no criterion of the behaviour of an 
oil in either respect. The present tests confirmed 
these results. They showed, for instance, that a 
fuel with a rather better distillation range than 
another would not start below some 15 degrees 
higher temperature, and its combustion proceeded 
much less easily. Another pair of fuels, again, with 
almost identical distillation ranges, differed by 
nearly as much as the former pair in respect both 
to starting and combustion. In another aspect, the 
problem of heavy oil engines is the exact converse of 
that of petrol engines, in that it is sought to reduce 
the delay period, and one method which the authors 
discussed was the addition of a pro-detonating dope 
with a low self-ignition temperature at the pressure 
of the injection. These dopes correspond to the 
anti-knock substances, which have now taken an 
established position in the technology of petrol. 
There is, however, the distinction that some of the 
more remarkable of these substances operate in 
such small amounts that Midgley regarde1 them 
as in the nature of a negative catalyst, reducing the 
velocity of the chemical action of combustion. So 
far, however, as concerns the pro-knock dopes, 
effective with heavy oil in Diesel engines, none 
has so far appeared which is effective in anything 
like such proportions, and in the discussion on this 
paper, it was stated on the high authority of Mr. 
Kewley, that no such substance was known to him 
which would operate in any proportions that were 
economically tolerable. 

The effect of this circumstantial paper is un- 
doubtedly to show that engine tests should be re- 
garded as necessary for the proper discrimination 
of fuels. For some purposes, doubtless, chemical 
analysis provides data that have their utility, but 
one result of Edgar’s work in synthesising isomeric 
paraffin hydrocarbons has been, as Mr. Kewley 
pointed out, to show as big differences in engine 
performance between isomers as between members 
of different series. To depend, therefore, upon 
chemical analysis for predicting the behaviour 
of a fuel in an engine may be meaningless and 
even misleading. On the other hand, the large 
variety of heavy-oil fuels that is evidently available 
in commerce, offers a valuable opportunity for 
reducing the price of the fuel, or keeping it low if 
only a sufficient knowledge of its properties is 
available. It may, perhaps, be questioned whether 
the authors of this paper may not have assumed 
rather more than is justified when they suggest that 
engine tests need not necessarily be made on a 
standardised engine. To be fair to them, it must 
be added they recognise the advantage of a standard 
engine, and merely suggest that the conclusions 
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which may be reached from it are not likely to 
affect their own general conclusions. At the present 
stage of the development of high-speed heavy-oil 
engines, this may perhaps be going a little far. On 
the experience of the development of petrol engines, 
it seems more likely that better headway will be 
made by work under strictly comparable conditions, 
than by seeking conclusions with a necessarily 
large number of variables. There can, however, be 
little question that in some form or other an engine 
test is required for the behaviour of these fuels, and 
the authors have done good service in drawing 
attention to its desirability. 








WORLD ECONOMICS. 


AT the present time the attention of most nations, 
and certainly of our own, is concentrated on finding 
means for reducing expenditure without prejudice to 
their future livelihood. Side by side, however, with 
the very concrete problems that have thus to be 
faced, it seems that attention is being given to the 
search for a more general programme. It is thought 
that it should be possible to avoid the recurrence 
of a series of tragical depressions, such as that from 
which the world in general, and we in particular, are 
suffering, and in many ways the economic founda- 
tions of society are being examined in the hope of 
obtaining formule on which a more stable construc- 
tion may be based. Among the bodies which have 
been organised for the discussion of such questions 
is the International Industrial Relations Associa- 
tion, of which the purpose is defined as being the 
study and promotion of satisfactory human rela- 
tions and conditions in industry. Under the aus- 
pices of this Association, a World Social Economic 
Congress was held at Amsterdam, from August 23 
to August 29, part of the proceedings of which being 
devoted to considering the principles and practic- 
ability of economic planning. The scope of the 
intended planning was defined in three papers by 
Dr. Louis L. Lorwin, of the Institute of Economics 
of the Brookings Institution at Washington, Dr. H. 
8. Person, the managing director of the Taylor 
Society at New York, and Mr. Hugo von Haan, an 
officer of the International Rationalisation Institute, 
at Geneva. A planned economy, as defined by 
Dr. Lorwin, is a system of economic organisation, 
in which all individual and separate plants, enter- 
prises, and industries are treated as co-ordinated 
units of a single whole, for the purpose of utilising 
all available resources to achieve the maximum 
satisfaction of the needs of a people in a_ given 
interval of time. The three papers were written 
from somewhat different points of view. Dr. Person 
approached the problem as concerned with the 
stabilisation of industry, by which he meant not 
its reduction to a static condition, but its suitable 
adjustment and balance in the midst of inevitable 
change, and he outlined how, in seeking stabilisation, 
the ultimate goal must be rationalisation, to be 
attained by the technique known as scientific 
management. Mr. von Haan traced how, and to 
what extent from the American movement, the 
doctrines of scientific management had found 
their way into Europe, and considered the social 
economic world planning discussed by the Congress 
as an application of one of the principles of 
scientific management. All three authors agreed 
in believing that to be successful, programmes 
of planning must not be confined to individual 
works, individual industries or individual nations, 
but must ultimately become international. 

Two other points on which they agreed were that 
any such measures must be based on the results of 
profound economic research into the statistics both 
of demand and of resources, and would require a 
far-reaching mechanism of control. The nature of 
this control, and the extent to which it can be and 
should be carried, will vary according to the type 
of economic institutions in which it is to work. 
Dr. Lorwin, for instance, distinguished the absolute 
Socialist type, the partial State-Socialist type (as 
adopted in Soviet Russia), the voluntary business 
type, and the social-progressive type, in which 
means might be found for re-distributing income, 
and the planning would be carried out under the 
control of a variety of government boards, on 
which management and labour, and technical and 





scientific workers, would be represented. Mr. yon 
Haan, in agreement with the other authors, regarjed 
statistical research and the establishment of st:nd- 
ards as an indispensable condition precedent tv «ny 
successful result, resisting emphatically any r0- 
positions that might be evolved by men of geiiius 
from their mere inner consciousness. For sich 
knowledge to be used in practice, however, he 
considered it as equally indispensable that the ob- 
ject of industry should cease to be merely econcinic, 
and must become “ social-economic,” in which each 
enterprise sought the best results for the community 
and not for itself alone. This change of objective 
he believes to be necessary if a system based on 
private capital is to continue, and, in his view, it 
will still remain to be decided whether an economical 
system based on private capital, even though admin- 
istered on the principles of scientific management, 
can co-exist permanently with the communistic 
institutions now established over a great part of the 
earth. Dr. Person is certainly more hopeful, basing 
his view on a new outlook that during the last 
six months seems to have found expression by many 
important American men of business. It appears 
to be realised among them, now that they belong 
to a creditor nation, that their prosperity is inter- 
locked with that of their neighbours and customers, 
and he looks to the recognition of the world as in 
effect a single economic system, as a means of finding 
a permanent way out of its present troubles. If the 
world were wise enough, next year, in his view, 
would see a great international conference, working 
out regularisation of world industries, an industrial 
conference in each nation, working out stabilisation 
of its national industries, national and international 
conferences of trade industries, each creating for 
itself a reign of law, and, in every industrial com- 
munity, co-operative efforts of individual enterprise 
to apply to stabilising methods of scientific manage- 
ment. 

Each of these very thoughtful papers may be 
read with interest, and it is not difficult to under- 
stand the enthusiasm of the various members 
who constitute the International Industrial Relations 
Association, and attended the World Social Eco- 
nomic Congress, for the prospects that are being 
elaborated of a new economic earth. It cannot, in- 
deed, be said that their labours are necessarily 
thrown away. In all times philosophers have 
studied all sorts of human activities, and some of 
their studies have had valuable and permanent 
results. Ona hot day, Sidney Smith is said to have 
proposed that the company should take off its 
flesh and sit in its bones, and occasionally it is doubt- 
less profitable to study the anatomy of the economic 
system, and consider how it can most effectively be 
used or modified. The net result, however, of 
perusing literature such as that which this Congress 
had been discussing is to suggest that, whatever 
advantage may be found in analysing the social 
and economic systems into their elements, and on 
the basis of this analysis constructing a new frame- 
work into which they should be introduced, such 
measures are not likely to be effective in practice. 
They express the problem in its most general terms, 
and every increase in generality increases the risk 
that the resulting measure is less suitable to an 
individual industry. The common experience of all 
sorts of industries has shown that their control by 
government departments is almost invariably less 
efficient than control by private enterprise. This is 
not necessarily, as is sometimes thought, because 
of incapacity in the government servants by whom 
the industry is administered. It is because the 
regulations for administering it have to be prescribed 
with a generality which does not fit the circum- 
stances of an individual industry, as well as they 
could be fitted under private administration. The 
least difficult method is to deal with each case 
individually. The trade of Great Britain, for 
instance, is based on its exports, which are derived 
from a variety of industries, and supplied to no 
less a variety of markets. When, as at present, 
trade is bad, it is doubtless possible to construct 
general schemes for improving it. In practice, how- 
ever, better results would follow if each indus- 
try dealt for itself with each market, and the 
assistance of the State were given to the fullest 
extent in its power to support industries that were 
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prepared for such co-operation, applying this help to 
markets, which the industries had reason to believe 
would reward it. In the process the occasion would 
arise for co-operation, or at least for a regulation 
of competition, with other exporting countries, and 
the assistance of financial support would be easier 
to secure and more effective if it were addressed 
to individual enterprises so limited in scope. 





We have often said in these columns that the 
size of the casualty list of the railways for any 
particular period is more or less fortuitous, since 
a run of accidents, close together, may give an 
exaggerated impression of the actual risk. The 
converse is, of course, equally true, though this is 
no reason for refraining from a sense of satisfaction 
when the record is low. The year 1930, for which 
the Ministry of Transport report of accidents on 
British railways was issued last week,* shows some 
diminution in accidents as compared with previous 
years, though it is to be noted, at the same time, 
that both the number of passenger journeys and 
train mileage also showed a decrease. The total 
number of lives lost on the railways numbered 
380 killed and 24,311 injured, a decrease in the 
first case of 37, and in the second of 1,053, as com- 
pared with the previous year, and a much larger 
decrease on the average number killed during the 
years 1919-1928, when, however, the average number 
injured was less. These figures for totals are really 
less interesting than those of the different classes 
into which the accidents fall, since they include 
cases having no nearer connection with railway 
operation than to ordinary factory or warehouse 
work. The general safety of the railways is to be 
judged by the casualty list arising through the 
movement of trains, &c., though naturally other 
operations should be conducted in a manner not 
liable to expose life to undue risk, just as in other 
callings. 

The figures for 1930, regarded from this stand- 
point, however, do not show much improvement, 
which suggests that, on the whole, the safety move- 
ment has made most headway among the staff not 
directly connected with train movements. This, 
in a sense, might be expected, since the train- 
operating staff have always been brought up under 
strict rules, in full knowledge of the responsibility 
of their work, whereas the warehouse staff, &c., 
have worked under quite different conditions in 
which commonsense, or its absence, may play a 
considerable part. 

In train accidents in 1930, only one passenger 
was killed, and 552 were injured. Both these 
figures are better than previous averages over a 
period, even when the traffic was very much lighter. 
The number of employees killed (four) was 10 less 
than in 1929, and also considerably lower than 
in previous quinquennial periods, while the number 
of injured was much the same. The four men 
killed included two engine drivers, one goods 
guard, and one other unspecified. The fatalities 
to drivers thus amounted to only about 1 in every 
18,500, and to goods guards to 1 in 15,666. Firemen, 
with 34,896 employed, were fortunate enough to 
escape, as did also passenger guards, of whom 
7,961 are employed. 

The number of passengers killed was lower, with 
the exception of 1925, than in any of the previous 
ten years, and is equivalent to about 1 in 1,684-7 
millions of passengers carried (including season- 
ticket holders), the injured being equivalent to 
about 1 in 3-05 millions. 

Of the accidents investigated, misjudgment of 
speed gave rise to two derailments on curves, 
and to three buffer-stop collisions. Failure to 
comply with regulations was responsible for a 
collision and a derailment. The important causes 
of triin accidents may be classified as follows :— 
Failure of enginemen to obey signals or observe 
restrictions, 5; failure of signalmen to observe 
tegulitions or operate levers correctly, 5; excessive 
Speed. combined with defects of rolling-stock, 3. 
Two cases occurred of open smokebox doors 
fouliny trains on adjacent lines. 





* Cmd. 3939. H.M. Stationery Office. Price 9d. net. 
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It is interesting to record a very considerable 
diminution in the number of accidents due to 
failure of rolling-stock or permanent way. The 
total of such accidents for 1930 was 7,022, com- 
pared with averages of 9,141 for 1925-1929, and 
11,153 for 1920-1924. As usual, the great pre- 
ponderance of these are classed as coupling failures, 
mainly, of course, of goods trains. Other causes, 
such as machinery failures (17), tyres (47), axles 
(49) are relatively few as regards mechanical 
equipment. As regards permanent way, 127 cases 
of broken rails were reported, and 62 of flood 
and slips. Pulling out or breakage of draw gear 
still continues on a high scale, and indicates that 
the attempts to improve the strength of links, &c., 
have been only partially successful in the face of 
heavier average train loading. 

One type of accident always seized upon with 
avidity by the daily Press for sensational purposes, 
has little real connection with the responsibility 
of the railways, at least in this country. We refer 
to level-crossing accidents. In these, in 1930, 
35 people were killed or injured, but it is to be 
noted that the report classifies the 23 accidents 
in which these casualties occurred as arising as 
follows :—Seven cases due to lack of caution on 
the part of pedestrians and 12 cases due to similar 
lack on the part of drivers of road vehicles. Only 
four cases were due to failure of the railway com- 
panies’ employees. 

The casualties to passengers due to movement of 
railway vehicles, but not connected with train 
accidents, tend steadily to increase, though fortu- 
nately fatal cases are fewer. The casualties arising 
from attempting to board or alight from trains in 
motion, and from the closing of carriage doors, both 
show a considerable increase over the average for 
the previous five years, which again were much 
higher than for the five years previous to that. 
This surely is a reflection of the speed at which 
modern civilisation demands that we must live. 
Part of the casualties may be due to the greater 
acceleration of modern service, but part must also 
be due to the feeling so many people have acquired 
of being quite unable to wait for the next train, 
even of a five or ten-minute service. 


NOTE. 
Tue “ Mopret ENGIneer” EXxutpition. 

Many scientific and engineering workers from 
Faraday and Watt onwards have realised the 
importance of models as an aid to that difficult 
task of translating ideas into the concrete, while the 
actual manufacturer also derives considerable assis- 
tance from them, both as a check on the designer 
and the draughtsman, and as a means of demon- 
strating his products to those who do not read 
drawings with facility. Our contemporary the 
Model Engineer, therefore, performs a useful task 
in organising an exhibition of such models from 
time to time, and an inspection of the thirteenth 
of the series, which was opened by Sir Felix Pole 
at the Horticultural Hall, Westminster, on Sep- 
tember 3 and will remain open until September 12, 
shows results which are not less interesting and 
useful than those obtained by its predecessors. 
Roughly speaking, the exhibition can be divided 
into a professional and amateur section, the former 
comprising firms who make models for testing and 
perfecting new ideas and inventions, or for sale to 
amateurs, and the latter who perform the same task 
because it amuses them and because man is a tool- 
using animal. In both sections it is interesting to note 
the predominant position held by the steam loco- 
motive. In model railway engineering, at least, 
there is little sign of electrification. For instance, 
Messrs. Bassett-Lowke, Limited, Northampton, are 
showing a number of their well-known models of 
existing engines, including a new pattern the low 
price of which should render it highly attractive. 
Other firms exhibiting similar equipment include 
Mr. C. Wicken, Herne Bay, Mr. H. Fenn, Drummond- 
street, London, N.W.1, and the Hampstead Model 
Company, 224, Belsize-road, London, N.W.6. 
Perhaps, however, the most impressive exhibit in 
this class is a 2-in. to the foot scale model of a 
Canadian Pacific Railway fast passenger locomotive. 
The overall length of the full size locomotive and 
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tender is 91 ft. 12 in., the weight of the engine being 
351,000 lb. Models of British express engines have 
also been lent by the London, Midland and Scottish 
and the London and North Eastern Railways. Ships 
are well represented, the most interesting example 
being that of the new Austrian-Lloyd liner Victoria, 
which only arrived after the exhibition had been 
opened ; there are also a number of marine engines, 
agricultural and electrical machinery, and aircraft. 
The interest taken in the Charing Cross bridge 
scheme is evidenced by a series of models, some of 
which have, while some have not, had the distinction 
of full examination by the Advisory Committee, 
while that more fortunate structure, the Sydney 
Harbour bridge, is also represented by a model 
which has the distinction of being housed in a 
separate annexe. In the amateur section a large 
number of exhibits show great skill and ingenuity, 
both in workmanship and in the choice of materials. 
One model, for instance, is labelled “‘ A traction 
engine made out of three-ply tea-box wood with 
a few small tools and a penknife by a farm hand,” 
while a water-line model of the Empress of Britain 
was ‘‘made behind the counter of a tobacconist’s 
shop.” A number, on the other hand, are intended 
to work, and these include a high-speed marine 
engine with a bore and stroke of 1} in. and occu- 
pying a floor space of some 6 sq. in. 








THE DESIGN OF PILED RETAINING 
WALLS. 
By Rotanp J. GRANT, Assoc.M.Inst.C.E. 
(Concluded from page 278.) 

Case 11 .—When a pile similar to Case IT is driven 
into the ground farther than is necessary to maintain 
equilibrium, the pile below the point C, Fig. 3, page 
277, ante, is held between two opposing forces, which 
tend to straighten it out and produce a reverse 
bending moment in the pile, and the conditions 
described for the portion of the pile in the ground 
in Case I, when the pile had no tie, are approached 
more and more nearly as the pile is driven into the 
ground, until a point is reached when the reverse 
bending moment of the pile in the ground is equal 
to the bending moment in the pile above ground. 
This point is obviously the limit of economy, as 
if either bending moment is further decreased, the 
other must increase. If the pile is driven beyond 
this point, the reverse bending moment will increase 
until a point is reached when no deflection occurs 
in the pile and the pressures on either side are 
balanced. 

On the principle of least work, however, it 
is probable that the deflection curve, and conse- 
quently the pressures, especially in the case of 
comparatively weak piles designed to take the 
minimum bending moment only, will so adjust 
themselves that the reverse bending moment will 
not be greatly increased above the minimum value, 
but it is advisable, in designing piles, to provide a fair 
margin of safety to allow for the possibility of the 
reverse bending moment being greater than the 
calculated value. Thus, if the proportions of 


e . x x 
x, y and z were the same as in Case I, #.e., — and - 


were the same in both cases, equilibrium would not 
be obtained with 6 = 2 until the pile was driven 
as far as for Case I, so that the tie T would take 
no stress, and with 6= 7, the bending moment 
below ground would be 6-7 times the bending 


x ° 
moment above ground. - will, however, be 


greater than in Case I, and it should therefore be 
safe to design for the minimum values of the bend- 
ing moment with a factor of 5, instead of the usual 
4, to allow for the driving being either greater or 
less than the critical economic point, and for any 
inaccuracy in the assumed deflection of the pile 
below ground. 

The conditions for the minimum value of the bend- 
ing moment will be as shown in Fig. 5, page 336, 
where AP BC is the pile, Tt the tie, AC F the 
active back pressure, B C D the active front pressure, 
BCE the neutralised portion of the active back 
pressure equal to BCD, and leaving A BEF as 
the back pressure to be resisted by ¢, the tension 
in the tie, and the passive resistances B H K O, 
the latter being the assumed equivalent of the true 
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resistances B H D O indicated by dotted lines, and 
in which KO = 7° Under these forces, the 
pile tends to bend in the form A! T P!C, and the 
maximum bending moment will be at T or R and P, 
M, and M, being equal. 

If w and A B = 1, as before, and 2, y, z and n 
represent the distances shown on the diagram, since 
opposing forces must be equal for equilibrium, 
t+BHK=ABEF 


or 
t=ABEF—BHK 


aie i l\/e, ¥# 
yerrsonns (0-5) ¥) 


and taking moments about R 
A BEF x by its centroid distance from R 
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under those conditions, or, in other words. 
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due to arching action, as proposed by some authori- 
ties (see Mr. R. N. Stroyer’s paper on flexible walls, 
Proc. Inst. C.E., vol. ecxxvi, page 123), but these 
can be applied, if considered necessary, at the 
engineer’s discretion. 

Walls with a sloping surcharge and other special 
cases are not specifically provided for, but, in view 
| of the number of indeterminate factors involved, 
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CASE Ill. Piles with ties; driven to critical economic point to give minimum B.Mts. 
Values of t,x+y ¢ 9. maximum. 
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By assuming values of x and calculating the 
equivalent values of y from equation (20) and M, 
from equation (19), a curve for M; can be plotted, and 
the value of a and y to give the same bending 
moment as found for My, and Mn, by equations 
(15) and (17) can be determined. 

These values have been calculated and the 
results plotted in Figs. 6 to 12, the latter being a 
summary of the principal values required in practice, 
of the full results given in Figs. 6 to 11. 

In the foregoing analysis, no allowances have 
been made for any reduction in the bending moment, 


@- Se - 


4 


of tie below top Ground Level 
» AB. 
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there does not appear to be any object in elaborating 
calculations based on assumed data, and it is 
suggested that the curves provided will form a 
sufficient guide in the investigation of any particular 
problem of a like nature the engineer may have 
to solve, if the pressures calculated by the ordinary 
formule are compared with pressures produced by 
the cases considered. Thus, with a sloping sur- 
charge, the total pressure on the back of the pile 
would be 

wh? , [cos 8 — x/ cos®B — cos? a| 

—— cos 8B 5 —————_ — , 


~ (cos 8B + J cos? B — costa 








where £ is the angle of slope of the surcharge and 
a the angle of repose, and this acts at an angle B 
with the normal] to the back of the wall. The nor- 
mal component of the total pressure is, therefore, 








wh? >» , }cosB — a/cos? =o} 
— cos’ B 4—— a 
\/cos? 8 — cos? a 
d if this is put tee 
and if this is put equal to —- 


x 5» ® value of @ 
will be obtained for which the curves can be used. 
Example 4.—A piled retaining wall 12 ft. high 
with ties 2 ft. below the ground and spaced 6 ft. 
apart, is required to support a super load of 
4 cwt. per foot super. The ground weighs 100 Ib. 
per cubic foot, and has an angle of repose of 19 deg. 
28 min. Find the positions of maximum bending 
moment when the piles are driven so that the 
maximum bending moment in the portion below 
lower ground level and in the portion above it are 
equal, the length of pile required, and the value 
of the maximum bending moment at the tie and 
below it, and also the pull on the tie. Also find 
the position at which the maximum resistance of 
the earth in front of the pile ceases to be exerted. 


bs 4 sina 1 + sin 19° 28’ 


1 — sin 19° 28’ 


8 


&s 


1 — sina 


so that the curves of Fig. 6 are applicable to this 
problem. 

Adding the super load to the height A B, as in 
Example 2, page 276, ante, we get 


448 lb. per sq. ft. 


ao 12 Se 
saaaelialial 100 lb. per cub. ft. sidlintees 
and 
448 
i 100 
2? a = 0-393. 


Then tracing from p = 0-393 on the bottom scale 
of Fig. 6, as indicated by the chain-dotted line 
thereon, to the ¢ curve, we find ¢ on left-hand 
scale = 0-194. 

Therefore, the pull on the ties, T, = 0-194 x 

100 
16-48* x 5370 
p = 0-393 on bottom scale to the x + y curve, we 
read, on the outer left-hand sidescale, x + y = 1-283. 

Therefore, the economical depth of driving below 
lower ground level to give equal maximum bending 
moments above and below it is 1-283 x 16:48 = 
21-14 ft., and the total length of pile required will 
be 21-14 + 12 = 33-14 ft. 

Continuing from p = 0-393 on the bottom scale to 
the zand 7 curves, we read the values of these on the 
left-hand scale as 0-753 and 0-885, respectively. 
Therefore, 0-753 « 16-48 = 12-41 ft. gives the 
position of the maximum bending moment below 
lower ground level, and 0-885 x 16:48 — 4:48 = 
10-1 ft. gives the position of maximum bending 
moment below top ground level, the 4-48 being 
deducted in this case as A B = 12 ft. to top ground 
level plus 4-48 ft. assumed for super load, and the 
latter must be deducted to give the actual depth 
below top ground level. 

The depth below lower ground level to the end of 
maximum passive resistance of the ground in front 
of the pile can be similarly obtained from the 2 
curve, and the depth below x to the bottom of the 
pile from the y curve, being 0-86 and 0-423, respec- 
tively. Therefore, = 0-86 x 16-48 = 14-17 ft., 
and y = 0-423 x 16-48 = 6-97 ft. These values 
are only required when it is desired to obtain the 
bending moment at some other point than that of 
the maximum bending moment, when they can be 
used as described in Example 1, page 276, ante. 

The value of the maximum bending moment 
at z and » can be obtained by tracing from 0-393 
on the top scale to the ¢ curve for M, and M, and 
reading on the right-hand side scale the value of 
% = 0-0394. 

The maximum bending moment M, or M, = 


0-0394 x 16-48° x ,"° — 7-873 ft.-tons per foot 


2240 
width. 
If the pile is, say, 14-in. wide, the maximum 
bending moment on the pile will be 7-873 x se 


12 


x 6 = 14-11 tons. Continuing from 


9-185 ft.-tons per pile. 
The bending moment at the tie is similarly ob- 
tained from the ¢; curve, and is equal to 0-0058 x 
7 ., 100 
16-48° X 5535 
5 4 
1:16 x B= 1-355 ft.-tons per pile. 


Figs. 7 and 8 are identical in form with Fig. 6, 


= 1-16 ft.-tons per foot width, or 
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except that the values of x + y being less than 1 


are read on the same scale as 2, n, x and y. 


Example 5.—What difference is made in the length | ? o- 
of pile required, the bending moment on it, and the | 
pull of the tie, when the wall described in the | 
example given in the right-hand column of page 277, 
ante, is constructed to give the minimum value to | 


the maximum bending moments ? 


Therefore AB= 15 ft.+ 7 ft. = 22 ft., and 


= SS oe HS: Tracing from @ = 4-6 on left- 
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hand scale of Fig. 12 to ¢ and x + y curves marked Faraday. The British Electrical and Allied Mauuiac. 
p = 0-5, we read on the respective top scales the turers’ Association (Inc.), London. [Price 7s. 6d. net, | 
| values of ¢ and x + y as follows :— A Tribute to Michael Faraday. By Roto Appiey xp. 





t = 0-0745. Therefore T, or the total pull on ane: oe and Company, Limited. [!’rice 
80 =e és. - het. 
the ties = 0-0745 x 5345 < 22? x 8= 10°302tons.| Tye Faraday Centenary, now very shortly io be 


6 = 3, AB = 20 ft., and p = 0-3, as before, and | + y= 0-4125. Therefore the depth of driving | celebrated, has reference not to the birth of the man 


Fig. 7 is applicable. Tracing from 0-3 on bottom 
scale we find from the ¢ and x +- y curves read on left- 
hand side scale, that ¢ = 0-093 and a + y = 0-7935. 


Therefore, T = 0-093 x 1 ewt. x 20? x 10 ft. = 


~ 


prime the lower ground level = 0-4125 x 22 =| but to that of the heavy electrical trades, which 
| 9-075 ft. The total length of pile required is, there- | dates from Faraday’s discovery of electro-magnetic 
| fore, 9-075 + 15 = 24-075 ft. induction. The historic experiment was made on 
| Similarly, tracing from right-hand scale @ = 4-6 | September 24, 1831. In view of the outcome, it 


4 i ag 99. ¢ = — 7 F e ecg ear 
18 gag es prionaries ar fae ort a to ? curve marked p = 0:5, we read ¢¢ on bottom | Was particularly fitting that the British Electrica] 
x ies cD foe: ° | scale = 0-00455. Therefore the maximum bending} and Allied Manufacturers’ Association should 


length of pile is therefore increased from 25-3 ft. 


to 33-87 ft. 


Tracing from p = 0-3 on the top scale of Fig. 7, 
we find 6 for M, and Mn = 0-0183 on the right- 
hand side scale. Therefore, the maximum bending 


| moment, which in this case occurs at the tie, will be | publish an appreciation both of the work and the 
5 at caeieatliae ea tae i character of this great pioneer. Faraday was a 
* 00455 x 22° x 2,240 1-73 ft.-tons. prince of experimentalists, but he was also a philo- 
| Had @ been less than 4, the maximum bending |sopher, and it was the latter trait which was 
| moment would have been in the length of pile below | responsible for the epoch-marking character of 


moments at M; and M, are reduced from 10-84 ft.- | the tie, as indicated by the change in the curve, the | much of his work. Newton claimed that he did 


tons to 0:0183 x 1 cwt. x 20% = 7-32 ft.-tons. 


top portion being marked %; and the lower portion | not frame hypotheses, and contented himself with 


Figs. 9, 10 and 11 are also similar in form to| 9, and @, to show that the maximum bending | showing that the assumption of action at a distance, 


Fig. 6, except that x -+- yis read on the same scale! »,oment occurs at t and n and Jor z, respectively. 


as z,n,x and y, as for Figs. 7 and 8, and that to obtain 
t, the value of p on the top scale instead of the bottom 
scale is traced to the ¢ curve and ¢ read on the right- 
hand scale instead of the left-hand scale; in 
Figs. 10 and 11 a separate scale is provided for ¢. 
Thus with 6 = 5, Fig. 9, the values of Example 4 
are as follows :— 

Example 6.—What would be the values of the 

various requirements of Example 4, if the angle of 
repose were 41 deg. 49 min., instead of 19 deg. 
28 min. 
8 1 + sin 41 deg. 49 min. ; 
1 — sin 41 deg. 49 min. 
p = 0-393 as before. 

From p on bottom scale : 


5; A B=16-48; and 


their values on the left-hand scale as follows :— 
z = 0-184 x AB = 0-184 x 16-48 3-08 ft. 
z=0-213x , =0-213 x 16-48 = 3-51 ft. 
y=0°24 x , =0-24 x 16-48 = 3-95 ft. 


a+ y= 0-453 x _,, 0-453 x 16-48 = 7-46 ft. 
m=0-746 x ,, - 4-48 = 0-746 x 16-48 — 4-48 
= 7-81 ft. 


and from p = 0-393 on top scale, we trace down- | 


wards to 9, %nandz, and ¢ curves and read their 
values on the right-hand scale as follows : 


gr 0-0022 
M 22 x 16-488 x — 0-44 ft. t r 
Mt 0-Q022 X 16°48" x 2, 240 it. ton per 
ft. width 
14 6. ‘ 
0-44 X -5 = 0-518 ft. ton per pile 
gn and z = 90-0059 
1 i oF ere 100 , 
Mz and Mn = 0-0059 x 16-48% x 5 240 1-18 ft. 
. sie a 
ton per ft, width. 
14 ; : 
1-18 x 12 1-377 ft. tons per pile 
t 0-056 
_ na 100 — ; 
r= 0-056 x 2040 * 16-48? x 6 


4-07 tons 


In the majority of cases, the piles for a piled 
retaining wall are made of uniform section and 
strength throughout, and, consequently, the only 
values required in designing them are the maxi- 
mum bending moments, the pull on the ties and 
the depth of driving. These three values have, 
therefore, been combined in one diagram in Fig. 12, 
which also has the advantage of enabling inter- 
mediate values of @ to be used from 2 to 8. 

Example 7.—In ground the weight of which is 
80 lb. per cubic foot and of which the angle of 
repose is 40 deg., it is desired to construct a piled 
retaining wall 15 ft. high, and to carry 5 ewt. 
superload on the top of the bank. Ties are to be 
provided at 8 ft. centres and buried 4 ft. below the 
ground. What is the smallest strength for which 
the piles can be made, their length and the pull on 
the ties ? 

1 + sin 40 1 + 0-643 i 
'"l.me” Fee"? 
The equivalent height in earth of superload = 


560 - 
ao Ib. = 7 ft. 


0-393, we trace up- 
wards to the z, x, y, x + y and n curves, and read | 


inconceivable though he deemed it to- be, led logi- 
It will also be noted that, for p = 0-6, the bending | cally to an explanation of the planetary motions, 
/moment at the tie is greater than that at and z/ His successors were less troubled with philosophical 
| for all values of @ above 2. It is, therefore, unecono- | difficulties, and, ignoring these, were able to deduce 
| mical to place the tie at such a depth, unless @ = 2, | results which observation and experiment confirmed 
except when local conditions make it necessary to| with really marvellous precision. This led Sir 
/do so. The most economical depth for the tie is, | George Airey, writing in 1855, to declare that he 
of course, when %; = %, = %, and this point can|could not understand anyone hesitating for a 
be determined from Figs. 6 to 11 by the position | moment in adhering to “this simple and precise 
of the intersection of the two ¢ curves in relation | action on the one hand and anything so vague and 
to p as read on the top scale, and is as follows :— | varying as lines of force on the other.” The main 
Economical depth of | difficulty in securing adherents to Faraday’s views 


org itsine | tie below top ground | probably lay in the fact that they were not expressed 
For 6 | level i 2 = p 
1 — sina p = = = in mathematical form. This was effected, later 
9 0-605 on, by Maxwell, whose equations were developed 
3 0°525 in the light of the processes pictured by Faraday, 
4 | 0-500 though their validity is independent of that of the 
6 | ripe mechanisms on which they were founded. No 
7 0-475 author’s name is appended to the first-named of 
ppe 


the two volumes under review, and it is possibly a 
composite work, but whoever is or are responsible 
must be congratulated on a really wonderful feat 
of compression, which has, however, involved no 


| With piles driven to the minimum depth for 
equilibrium (Case II), the equivalent figures are 


| Economical depth of 
| 1+ sina 


ia Dia o tie below top ground se 2 , , 
Se = level. loss of lucidity. Equally admirable is Mr. Apple- 

Oe ——_ yard’s appreciation of Faraday’s work and character. 

: 0-63 Both volumes give a clear account of Faraday’s 
| 4 = ot origin and earlier years. Great as Davy was, 
| 5 | 0-52 Faraday was, perhaps, his greatest discovery, and 
6 0-51 to Davy, Faraday owed much—a debt he was ever 
: iene insistent on acknowledging, in spite of the snobbery 


It is, therefore, clear that about p= 0-5 is|of Lady Davy and the inexplicable opposition of 
generally the best depth for fixing the ties so far| her husband to Faraday’s election to the Royal 
as the strength of the piling required is concerned, | Society. 
but except when the assumed height due to super-} [¢ ig common knowledge that Faraday first 
load makes this reasonable, the amount of excava- | attracted Davy’s attention by sending him a report 
tion involved in fixing the ties at half the depth} which he had made of some of Davy’s lectures, 
of the bank will generally make this impracticable. | This was accompanied by a plea for help to escape 
Study of the curves will, however, enable a designer} to science from trade, which he believed to be 
to determine the most economical length of pile and | yicjous and selfish. Davy smiled at his enthusiasm, 
depth of tie to suit any particular case he may have | but engaged him as assistant and took him with him 
to deal with, taking into consideration all the| on his journey to Paris and Italy in 1813, which 
factors, in a way impossible without this ready | was made possible by the magnanimity of Napoleon 
means of comparison. and the French nation. The party returned in 

= 1815, and Faraday was re-appointed assistant at 

THERMAL POWER Stations IN CAnapa.—While by the Royal Institution, at a salary of 25s. a week, 
far the greater portion of the electrical energy generated plus two living rooms at the Institution. Faraday 
in Canada is derived from water power, there are certain was a firm believer in Smiles’ doctrine of self help, 
parts of the country in which it is more economical to a Ee h tl 
utilise local fuel supplies for electricity production. nowadays somewhat at a discount with — 
Thermal power plants are now operating in British Colum- | politician. He took lessons in perspective drawing 
bia and in Nova Scotia. The first, the Sentinel plant of | and later on in elocution. He gave private lessons 
the East Kootenay Power Company, Limited, near science in th * d deli d f courses 
Blairmoee, in the Crow’s Nest Pass, between Alberta | 9% Sclence in le evenings an elivere Tee - 
and British Columbia, supplies currrent to the mines at of lectures to the City Philosophical Society. His 
Kimberley, British Columbia, while the second, the Sea- | niece, who lived with him in later years, relates that 
board power station of the Dominion Steel and Coal! he frequently started work in the laboratory at 
Corporation, produces power for use at the local collieries | ; a Sie er 
and also in Sydney, Nova Scotia. A further steam | 9 4-M. and continued at it till after 11 p.m. . 
power station has quite recently been brought into com-| This overwork took its revenge in a tired brain, 
mission by the New Brunswick Electric Power Commis- | and during the decade between 1830 and 1840 
sion, the owners of the Musquash hydro-electric plant Vareday wa speated] Jled to lie fallow at 
in southern New Brunswick, at Grand Lake, in the Minto ane ey was Fepes nyt Seb SL Li odie Seis 
coalfield, New Brunswick. The new plant, which was Brighton, and finally, about 1841, had to take a 
commenced last autumn, has a total capacity of 5,000 | four years’ rest from exacting thought. Sometimes 
kw. Power will be supplied by means of overhead overstrain of this kind is accompanied by great 


transmission lines to Fredericton, and will also be distri- ; ic 
buted in central New Brunswick, a rich farming area. muscular weakness, but fortunately this was not 


It should, perhaps, be pointed out, that streams/so in Faraday’s case, and he was able to take 
from — water power could be derived are lacking | 30-mile walks in the Alps, and to visit and converse 
in cent New Brunswick i A A . “ . . _ 
in central New Brunswick, and that, some time ago, with his friends, who included scientists of every 














the Minto collieries were in need of enlarged markets for : 
their output. nationality. ‘‘ Davy we admired,” wrote Dumas, 
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“but Faraday we loved.” This was in part due to 
his wonderful readiness to recognise merit in others. 
For him science had no frontiers. But the affection 
he inspired had deeper sources than this. Writing 
to Tyndall many years later, he says that he had 
been heated in private, when opposed, as he thought 
unjustly or superciliously, but that as a general rule, 
he felt that it was better to be a little dull of appre- 
hension where phrases seemed to imply pique, and 
quick in perception when they seemed to convey 
kindly feelings. He was much affected by the 
miseries of school children, presumably due to the 
persistence of monkish traditions in education. 
The quantity of misery suffered by pupils from six 
to sixteen he professed himself unable to estimate, 
but he quoted a German schoolmaster, who, in the 
course of his career had inflicted over 900,000 
canings and more than 120,000 floggings. 

Davy was one of the greatest of chemists, and 
chemistry was the branch of science in which 
Faraday did his first original work. His first paper 
was one on the analysis of caustic lime. In 1821 he 
liquefied chlorine, and was perhaps the first to recog- 
nise the value of chlorine as a disinfectant, apply- 
ing it with success when there was a bad outbreak 
of fever at Millbank prison. 

His first lectures were those delivered to the City 
Philosophical Society, and Faraday thought long 
and deeply on how lectures should be delivered and 
illustrated, and by 1820 he had become an accom- 
plished speaker and skilfulexperimenter. In 1821, 
he was appointed superintendent of the House and 
Laboratories at the Royal Institution, and, in 1824, 
he was elected a fellow of the Royal Society. 
Though Davy had opposed the conferment of this 
honour, he urged the managers of the Royal 
Institution to mark their appreciation of Faraday’s 
work by appointing him Director of the laboratory 
in 1825. The now famous Friday evening lectures 
were started by Faraday in 1826. 

Oersted’s discovery, in 1819, of the principle of 
the galvanometer Jed to further experiments at 
the Royal Institution, and to remarkable researches 
by Ampére. Arago, moreover, had shown that 
magnetism could be induced by electric currents. 
It seemed obvious that the converse effect should 
occur, and Faraday sought unsuccessfully for this 
in 1825. Further experiments made in 1828 were 
equally fruitless, the difficulty being that a steady 
effect was what was looked for; but three years 
later he noted the momentary deflection of a 
galvanometer needle when a magnet was inserted 
or withdrawn from a coil. Subsequent develop- 
ments were rapid, and his first dynamo giving a 
steady current was at work on October 28, 1831. 
It was in connection with these researches that 
Faraday realised the importance of what was 
occurring in the space around his magnets and 
wires. A year later he had proved that electricity, 
whether derived from a friction machine, a battery, 
or a dynamo, was identically the same. 

He established the laws of electrolysis in 1833, 
but though he perceived that these indicated that 
electricity was atomic if matter was also, he was 
reluctant to accept the atomic hypothesis even in 
chemistry. In fact, from the very beginning of 
the Nineteenth Century, and in many of Faraday’s 
discoveries in particular, it was the concept of 
continuity, not of discrete quanta, which proved 
most fertile in the advance of science. It was, in 


fact, the idea of continuity which guided him through 
his researches on both electric and magnetic induc- 
tion, and led to the experiments by which, in 1845, 


towards the end of his career as a discoverer, he 
demonstrated the rotation of the plane of polarisa- 
tion by a magnetic field. In 1862 he looked for, but, 


owin ‘o the limitations of his apparatus, failed to 
find, ihe Zeeman effect. 

As «Jready noted, his salary on his first appoint- 
ment to the Royal Institution was 25s. a week, 


Plus living accommodation, and from 1813 until 
1853, his fixed salary from the Institution did not 


exceed 2001. a year, but it was then raised to 300I. 
a year. He loved the Institution, however, and the 
Members reciprocated the affection. Once when 
his voice gave out in the middle of a lecture and he 
endea ured to carry on, his audience insisted on 
closing the proceedings, declaring that he was too 


Valuali to be overtaxed. Rather than leave the | pleads for a closer connection in the future. With 





Institution, he refused the appointment of Professor 
of Chemistry at London University, which was 
offered him in 1827, feeling it a matter of duty and 
gratitude to adhere to the Institution. A pension 
of 300]. a year was awarded him in 1835, owing to 
the direct intervention of the King, since Lord 
Melbourne, who had succeeded as Prime Minister 
the more liberal-minded Pitt, stated quite frankly 
that he did not believe in awarding pensions for 
services in the field of science. The Prince 
Consort had a high appreciation of Faraday’s 
exceptiona] merit, and no doubt it was this which 
|led Queen Victoria to assign Faraday apartments 
in Hampton Court, taking special care that all 
should be on the one floor, so as not to risk an 
overstrain of the failing strength of the ageing 
philosopher. Here Faraday passed away on 
August 25, 1867. 








The Rigid-Frame Bridge. By ArtTHuR G. HAYDEN, 
New York: John Wiley and Sons, Inc. London: 
Chapman and Hall, Limited. [Price 22s. 6d. net.] 

WHEN constructing the parkways in Westchester 
County, leading from New York City, it became 
necessary to build many short-span bridges over 
roads and streams, whose situation demanded types 
suitable for architectural treatment. To meet this 
requirement, a new type of short-span bridge has 
been developed, which the author calls a “ rigid- 
frame bridge.” In essentials it consists of a very 
flat arch made continuous with its abutments, so 
that the whole forms a species of stiff portal. Not 
only has the new type advantages from the esthetic 
point of view—and these are unquestioned—but, 
owing to the flatness of the arch, the approach 
gradients are much reduced, and there is consider- 
able saving in the cost of the abutments. The 
author states that rigid-frame bridges of reinforced- 
concrete of from 35 ft. to 80 ft span, and of steel of 
from 80 ft. to 120 ft. span, are more economical 
than concrete arches or girder bridges, or than steel 
girder bridges. Below 30 ft. span, the reinforced- 
concrete girder bridge with plain concrete abutments 
is less costly. 

The new type is admittedly structurally indeter- 
minate, and for those to whom this might be a 
difficulty, the earlier chapters of the book under re- 
view are devoted to the elementary theory of such 
structures, leading up to the treatment of the rigid- 
frame bridge. “Higher mathematics and _ the 
calculus have been excluded from the argument,” 
and Professor Hool states in his preface that the 
designers in Mr. Hayden’s office have been able to 
grasp the meaning of the theory given, and to apply 
it, without previous training in higher structural 
analysis. The treatment, thus limited, is perhaps a 
little clumsy in places, but we think that anyone with 
a knowledge of the elementary theory of arches, 
and able to use an influence line, should have no 
difficulty in following anything in the book. 

Chapters IV to X contain the detailed calculations 
for a number of different types of this form of bridge. 
These include single-span reinforced-concrete bridges 
with free-ends and fixed-ends, both symmetrical and 
unsymmetrical; symmetrical single-span steel 
bridges ; double-span reinforced-concrete bridges ; 
and a single span reinforced-concrete skew bridge. 
The complete tabular calculations are given in 
detail ; they take into account the effect of tempera- 
ture changes and of alterations in span, and are given 
in such a form that they may be easily understood. 
In Chapter XII, Professor Beggs explains his method 
of Deformeter analysis, and its application to rigid- 
frame bridges. ‘the next chapter contains an 
account of some experimental tests on details of the 
bridges. Chapter XV, on the architecture of short- 
span bridges, has been contributed by Mr. Gilmore 
D. Clarke, who has been responsible for the archi- 
tectural treatment. Here will be found photo- 
graphs and drawings of the new type, perhaps a 
little unkindly in juxtaposition with some rather 
ordinary specimens of road bridges. Some pleasing 
examples of arched and other normal types have 
also been included, but the rigid-frame bridge has 
nothing to fear in the comparison. 

It is evident that much of the success of this type 
has been the result of sympathetic collaboration 





between the engineer and architect, and Mr. Clarke 


much that he says we are in complete agreement, 
but we think perhaps that a trace of not altogether 
satisfactory practice is discernible on page 186, 
where evidently the engineers would have preferred 
filleted corners, but for architectural reasons they 
were made rectangular. — 

A primary article in the partnership agreement 
between engineer and architect must be the 
supremacy of the structural requirements, even in 
small details. Both parties will subscribe to this ; 
but there is the danger that «esthetic claims may be 
pressed to the detriment of structural necessities. 
It is only fair to add that in this case the square 
corners appear to be satisfactory. We congratulate 
Mr. Hayden and his collaborators on the success of 
their work, and recommend his book to the notice 
of all those engaged in the design and construction 
of highway bridges. We would even add: “go 
thou and do likewise.” 








THE LATE MR. ALFRED T. JAMES. 


THE news of the death of Mr. Alfred Trewartha 
James in a nursing home at Johannesburg, on Septem- 
ber 5 last, will be heard with regret by mining engineers 
in many parts of the world. Mr. James, who was a 
consulting mining engineer and a past-president of 
the Institution of Mining and Metallurgy, was the 
son of the late Captain A. T. James, and was born at 
Redruth, Cornwall, in 1867. He received his general 
education at Homefield, Camborne, and afterwards 
studied at King’s College, Strand, London. In 1886, 
when only nineteen years of age, he became chief of 
the laboratory of Messrs. Cassel Gold Extracting 
Company, Limited, a firm founded in Edinburgh in 
1884, and now known as Messrs, Cassel Cyanide 
Company, Limited, and, since July, 1927, controlled 
and directed by Messrs. Imperial Chemical Industries, 
Limited. 

Mr. James subsequently became technical manager 
of this firm, relinquishing that position, however, in 
1897, in order to enter into partnership with the late 
Mr. John Stewart MacArthur, until then managing 
director of Messrs. Cassel Gold Extracting Company. 
Mr. MacArthur, it should be mentioned in passing, 
was, along with Messrs. R. W. and W. Forrest, largely 
responsible for important and far-reaching discoveries 
in connection with the successful adaptation of the 
cyanide process to gold ores. The process is usually 
referred to as the MacArthur-Forrest cyanide process. 

The new firm of consulting mining engineers had 
offices in London and Glasgow, but, in 1898, Mr. 
James retired from the Glasgow office and became sole 
proprietor of the London office. He had remained in 
practice ever since and, until quite recently had an 
office at 28, Victoria-street, London, S.W.1. 

Mr. James will chiefly be remembered on account 
of his association with the introduction and application 
of the cyanide process throughout the world. In 
1889, he proceeded to South Africa to supervise the 
erection of plants for the Salisbury and Robinson Gold 
Mining Companies and, it is interesting to note that 
the results obtained in 1891, at the Robinson Com- 
pany with a plant for treating tailings by the Mac- 
Arthur-Forrest process, definitely established the value 
of the cyanide method of treating gold ores. It has 
been said that this year, namely, 1891, can be looked 
upon as the starting point of the cyanide process, 
which subsequently proved a very great success. 
Mr. James afterwards went to New Zealand, Australia, 
America, and many other parts of the world, to design 
and supervise the erection of further cyanide plants. 
Among others, he was responsible for the construction 
of cyanide plants for the New Kleinfontein Company, 
South Africa, the Great Fingull and Mount Boppy 
Companies, Australia, the Mysore and Champion Reef 
Companies in India, the Borneo and Redjang Lebong 
Companies in Western Asia, the Ashanti Goldfields and 
Abosso Companies in West Africa, and the Santa Ger- 
trudis Company in Mexico. Mr. James also took an 
active part in the introduction and perfecting of re- 
grinding apparatus and equipment for the treatment 
of slimes. He was on a business visit to the Rand, 
South Africa, at the time of his death, and passed 
away suddenly as the result of septicemia. He became 
a member of the Institution of Mining and Metal- 
lurgy in 1895, and served as president during the 
years 1908 and 1909. He was elected a member of the 
American Institute of Mining and Metallurgical Engi- 
neers in 1894. Mr. James was also for many years a 
fellow of the Chemical and Geological Societies, and a 
fellow of the Society of Chemical Industry. 

He was the author of numerous contributions to 
mining and technical societies, on the subject of the 
cyanide process, and produced a _ book entitled 
Cyanide Practice, which is regarded as a standard 





work. 
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LABOUR NOTES. 


In the course of his presidential address to the Trades 
Union Congress, which opened at Bristol, on Monday, 
Mr. Arthur Hayday, M.P., said that the Labour 
Party had joined the industrial movement in an 
emphatic declaration of hostility to reactionary 
interests which had exploited the situation for their 
own ends. Those who created the new Government 
had been decisively repudiated, along with those who 
dictated its programme, by the united Labour move- 
ment. They had regained their freedom of action at 
small sacrifice, and perhaps at much smaller cost than 
those who had acted with their lost leaders calculated. 
Their freedom must be used for a policy of their own 
framing. Financial interests had taken advantage 
of the state of affairs which the failure of capitalism 


had brought about, but in view of the continued increase | 


in the production of foodstuffs and raw materials, | 


no reason could exist for pessimism or anxiety in regard | 
J | 


| 
Our economic troubles | 
| 


had arisen, not from famine, scarcity, or decline in | 


to this country’s ability to maintain and improve 
material well-being everywhere. 


productive capacity, or from any general deterioration 


| 


of the industry and skill of the workers, but solely | 


. . | 
from the monetary disorders and errors of financial | 


policy pursued by the banking interests. 

The unemployed, Mr. Hayday went on to say, were 
being made the spearhead for an attack on wages. 
It was a matter of the gravest significance that behind 
the scenes, where the destruction of the Labour Govern- 
ment was planned, the one inescapable demand which 
the Labour Government was required to meet was for 
the reduction of unemployment benefits. No other 
proposal, no alternative plan, that the Labour Cabinet 
could have formulated would have been accepted. 
‘“* We are unalterably opposed,”’ the president declared, 
“to the policy and point of view represented in the 
present Government. We are resolutely opposed to 
the policy of wage-cutting, by whatever arguments 
it is sought to be justified. We are firmly united in 
defence of the standards of the unemployed, and we are 
no less resolute in defence of the system of social insur- 
ance. We will be no party to any attempt to reduce 
the real wages of the workers, directly or indirectly. 
We will not submit to wage-cutting without a struggle. 
It is our responsibility to prevent this country entering 
on the ruinous course of competitive wage reductions 
in the scramble for international trade. To restore 
our export trade to equilibrium, if the wage-cutting 
policy were adopted, would involve wage reductions 
of 20 or 30 per cent. 
a process of international competitive wage-cutting.”’ 


The Trade Union Movement’s policy of resistance 
extended necessarily, Mr. Hayday continued, to the 


national scheme of unemployment insurance, which was | 


a safeguard of the workers in employment, as well as 
an essential provision for the unemployed. They 
took the view that the Royal Commission’s proposals 
must be opposed, and nothing had been revealed to 
them, concerning the causes of the subsequent financial 
crisis, to induce them to alter their view. They would 
not, if they could prevent it, permit the scheme to 
be altered in any way that would inflict hardship or 


injustice on a single unemployed worker or dependent | 


of an unemployed worker. In Labour's view, the 
financial crisis was contrived, not simply to bring 
about a balancing of the Budget, but to balance the 
Insurance Fund. That fund could not be balanced 
on an insurance basis; Labour’s view was that the 
method of insurance was not applicable to the problem. 
They held strongly that it had become necessary to 


That would simply inaugurate | ° aa : ; z 
P" rae {in the Dominion is 530,000, but the total will be in- 





canvassed within their-own Council; but they came 
to the conclusion, having regard to previous commit- 
ments of the Council and decisions of the Congress on 
specific questions, that they could not take the risk 
of division of opinion among themselves. 


At Tuesday’s sitting, resolutions were adopted 
(1) expressing the opinion that the time had arrived 
when the normal working week should be limited to a 
maximum of 40 hours; (2) pressing for two. weeks’ 
annual holiday with pay for all workers ; (3) declaring 
strenuous and unremitting opposition to the proposals 
to reduce unemployed insurance benefits and to 
increase the contributions from the workers; (4) de- 
manding ‘sickness benefit for what are now the 
three waiting days’’; and (5) calling for new work- 





man’s compensation legislation. Speaking on the 
proposal to reduce working hours, Mr. F. W. Griffiths, 
representing the engineering and shipbuilding draughts- 
men, said that he regretted the poverty of ideas in a 
congress which could entertain such a resolution, 
when they were not in a position to demand simul- 
taneously with the reduction of hours an increase in 
the rates of wages. 


Mr. P. H. Collick, of the Associated Society of Loco- 
motive Engineers and Firemen, moved the rejection of 
the General Council’s report which related to the confer- 
ences with the Confederation of Employers’ Organisa- 
ions and the Federation of British Industries. Mr. E. 
Smith, of the United Pattern Makers’ Association, 
seconded the resolution, which was opposed by Mr. 
C. T. Cramp and Mr. Ernest Bevin. On a card vote, 
Congress affirmed the General Council’s report, and 
rejected Mr. Collick’s proposal by 2,818,000 votes to 
160,000. 





On August 24, there were approximately 9,201,100 
insured persons between 16 and 64, in employment in 
Great Britain. This was 27,000 more than a month 
before, but 496,200 less than a year before. On 
August 31, the numbers of unemployed persons on the 
registers of employment exchanges in Great Britain 
were 1,976,662 wholly unemployed, 673,612 temporarily 
stopped, and 111,945 normally in casual employment, 
making a total of 2,762,219. This was 28,437 more 
than a week before, and 701,775 more than a year 
before. Of the total number, 2,008,935 were men, 
77,293 boys, 614,226 women, and 61,365 girls. 


According to Mr. Gideon Robertson, the Canadian 
Minister of Labour, the number of unemployed workers 


creased, he adds, by seasonal unemployment during 
the winter months. The figures for Provinces, based 
on recent registrations, are :—British Columbia, 38,800; 
Alberta, 15,450; Manitoba, 41,489; Saskatchewan 


‘urban centres, 26,904; Saskatchewan drought areas, 


| 150,000; Ontario, 130,000; Quebec, 100,000; Nova 


| Scotia, 18,000; New Brunswick, 8,000. 


| 


|crop failures in its southern portion. 


Saskatchewan 
is the hardest hit of all the provinces owing to successive 
One hundred 


| per cent. relief is reckoned by Mr. Robert Weir, the 


| Minister of Agriculture to be necessary in 76 munici- 


| palities in the Province. 





replace the present scheme by a State scheme of | 


unemployment benefit payable out of the national 


revenue, provided by means of a tax or levy on all | 


incomes, earned and unearned. It was mean and 
un-British to lay siege to the homes of the workers 
in their distress, and it was inequitable and indefensible 
to levy on the workers the heaviest sacrifices called 
for in a financial emergency. The social services 
required rather to be enlarged and improved. 

In a preliminary statement regarding the General 
Council’s discussions with the Labour Cabinet, Mr. 
Citrine said that the Ccuncil recognised that they 
must put forward some alternative affirmative policy. 
They therefore suggested four things—namely (1) that 
the unemployment proposals put forward by the T.U.C. 
representatives to the Gregory Commission should be 
carefully examined and debated by the Cabinet, 
especially the proposal for a levy from all sections 
of the community, spreading the burden of unemploy- 
ment payments over the whole community in proportion 
to the ability to pay; (2) an immediate suspension 
of the Sinking Fund; (3) a tax on all fixed interest- 
bearing securities; and (4) they debated a proposal 
for a revenue tariff. They had learned that the Cabinet 
themselves had been considering a similar proposal, 
and they thought that the subject should at least be 


The executive council of the South Wales Miners’ 
Federation has decided to ask the Miners’ Federation of 
Great Britain to take steps immediately to prepare 
a new Minimum Wage Act to come into operation on 
the expiration of the present temporary arrangement in 
July next year. Early steps to secure this legislation 
are declared to be necessary in order to avoid a crisis 
when the present temporary arrangement comes to an 
end. 





A ballot of the members of the Scottish Colliery 
Enginemen’s and Boilermen’s Association has resulted 
in an overwhelming majority in favour of resisting 
the employers’ proposal to reduce wages by 5d. per day. 
The men are individually under obligation to give 
fourteen days’ notice of their intention to leave their 
employment. The requisite notices are being collected 
by the head office of the union, and will be distributed 
by the executive council to the various colliery com- 
panies. About 5,000 men are directly involved, but 
if the notices are allowed to take effect about 80,000 will 
be eventually involved. 


Writing in Red Tape, the organ of the Civil Service 
Clerical Association, Mr. W. J. Brown, M.P., the general 


-secretary, says: ‘‘ The Civil Service is now called on to 








make its choice. Either it must acquiesce in the pro- 
gramme of economy to be applied by the National 
Government; if it does this, it faces an immediate 
reduction in the standard of life in the full knowledge 
that a further reduction will be called for within 
twelve months. Or the Civil Service must range itself 
with the teachers, the police, the Army, the Navy, the 


whole in resistance to this method of solving the crisis 
of the banking system of Capitalism.’ “ It is quite 
possible,” Mr. Brown adds, ‘that, if the National 
Government is a long term Government the T.U.C. 
opposition to the programme of wage cuts, &c., will 
result in a general strike and a pitched battle.” 


Last week’s negotiations in Manchester on the more- 
looms-per-weaver system, between representatives of 
the Cotton Manufacturers’ Association, the Master 
Spinners’ Association, and the Operative , Weavers’ 
Amalgamation, resulted in failure to agree. An official 
statement issued on Thursday was in the following 
terms: ‘‘ After several joint meetings, during which 
we have been considering the whole question of wages 
of the operatives who would be engaged in any changes 
that would arise under the ‘‘ more-looms-to-a-weaver ” 
system, we find ourselves unable to compose differences 
upon the list for the governing of wages to be paid 
to the operatives under such system. While the 
difference separating us are not great, each side regards 
its point of view as vital.” 





In reply to questions as to how the deadlock came 
about, Mr. Ashurst the secretary of the employers’ 
organisation, stated on the following day that it 
arose, not on any point as to the method of application 
of the more-looms system, but solely on the question 
of what the employers on the one side and the opera- 
tives’ representatives on the other considered to be 
adequate earnings under the new system. The discus- 
sion did not reach the actual amount of the minimum 
wage which the employers have offered in their new 
proposals as a guarantee to the operatives if the system 
is accepted. The figure over which the deadlock was 
reached was a figure named by the operatives as express- 
ing their expectations of adequate earnings from the 
operation of the more-looms system—a figure which the 
employers considered to be out of the question. The 
expectation in Manchester is that the negotiations will 
be resumed after the Trades Union Congress at Bristol. 


A circular issued by the National Ophthalmic 
Treatment Board, 1, High-street, Marylebone, London, 
W.1, emphasises the importance of eyesight as a factor 
affecting the well-being and contentment of workers 
and their output. ‘It has been established beyond 
question,” it states, ‘‘ that all eye examinations should 
be conducted by doctors specially trained in Ophthal- 
mology. The eye is so intimately related to, and 
affected by, the general health and bodily condition 
that no one without a full medical training can be 
expected to recognise, or to deal with, ocular defects 
with safety to the patient. Until quite recently, 
however, the only methods of obtaining a consultation 
with an Ophthalmic surgeon were by attendance at a 
hospital or by paying the specialists’ ordinary fees. In 
1927, during a Government inquiry into the demand by 
sight-testing opticians for a statutory register, it was 
shown that there was an urgent need for more extended 
provision for medical examination of persons with 
eye defects who could not pay the usual consultation 
fees, and yet were not properly hospital patients or 
subjects of charity.” 


‘“The British Medical Association,” the circular 
goes on to say, ‘‘ was challenged to meet this situation, 
and undertook to interest itself in the provision of an 
adequate service throughout the country under which 
persons insured under the National Health Insurance 
Acts and others whose total family income does not 
exceed 2501. per annum, would be able to secure an 
Ophthalmic medical exmaination at a fee which they 
would be able to afford. The result was that the 
Association, in co-operation with the Association of 
Dispensing Opticians, set up the National Ophthalmic 
Treatment Board, an organisation which makes no 
profits of any kind, for the provision of eye examina- 
tion and the supply of glasses, where necessary, at the 
lowest possible standard rates. The scheme is avail- 
able for use by Approved Societies for those of their 
members who are entitled to Ophthalmic Benefit, and 
regulations recently introduced by the Ministry of 
Health make it obligatory for Approved Societies to 
allow their members to make use of the scheme if the 
latter express a wish to do so when applying for 
Ophthalmic Benefit. The Society’s normal grant 
towards its members’ benefit will be paid in all such 
cases. The scheme also makes it possible for many 
people of limited means, other than insured persons, 
to receive treatment which they would otherwise 
seek gratuitously at hospital out-patient departments. 








AGRICULTURAL IMPLEMENTS AND Toots IN PoRTU- 
GuESE East Arrica.—-United Kingdom firms interested 
in the export of agricultural implements and tools of 
British manufacture, who are desirous of receiving a Copy 
of a report on the markets for these goods in Portuguese 
East Africa, should communicate with the Departn 
of Overseas Trade, 35, Old Queen-street, London, S.‘\.1, 
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quoting reference No. G.X. 10,676. 
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THE BENSON AND ATMOS BOILERS 


hours operation, only on one occasion did a tube burst, 
due to a considerable deposit in one section. The 


Tux constant search for means of increasing the | experience with this occurrence showed that there 
thermal efficiency of power production, associated | was no risk of explosion, the escaping water being 


with the use of steam at high pressures and tempera 


- | evaporated and passing away by the chimney. Apart 


tures, has led to several departures from normal boiler | from a slight drooping of the tubes no other defect 


practice. 


Two of the most outstanding of such} was found in the material, and the boiler was placed in 


departures were the subjects of papers read at the | service the next day after the renewal of a tube section. 
International Congress of General Mechanics held in| The tubes were made of soft Siemens-Martin steel. 


Liége last autumn. 


M. Leopold Herry, managing | The third boiler built at Siemensstadt was put into 


director of the Société des Centrales Electriques des | service at the end of 1926, its shape being likened to 
Flandres et du Brabant, in a communication entitled | a ‘‘ bottle with the dimensions of a Cowper stove.” 
“Rapport sur la Chaudiére Benson,” dealt with this | It was designed for pulverised fuel, giving an hourly 


boiler and gave particulars of the large unit put into 


commission at the Langerbrugge power station. M. M 


production of 30 tons of steam, the shape being cylin- 
.| drical and the combustion chamber having walls of 


Eblinger, in his paper, “‘ La Chaudiére Atmos,” de-/| vertical tubes. These tubes are bent at the top to 
scribed the progress attained in the design of the Atmos | support the arch of the combustion chamber, being 
boiler. The essential point about this boiler is the | also bent at the bottom to form a water screen. The 
rotation of the evaporating tubes, due to the Swedish | flame is directed downwards, secondary air being 
engineer Blomquist and developed by M. Loutz, chief | admitted at various points in the top half of the vertical 
engineer of the Société Alsacienne de Constructions | walls. The ascending gases pass through an annular 


Mécaniques, of Mulhouse. 


sectional drawings of boilers arranged for firing by | located. 


He gave a number of| space in which the reheaters and superheaters are 


Several alterations and improvements were 
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various fuels, with outputs up to 75 tons of steam per | made during 1928 and 1929, which have been embodied 
hour, and also a photograph of the boiler installed at | in the boiler at Langerbrugge. 


the works at Mulhouse. The capacity of the latter is | 


10 to 14 tons of steam per hour at a pressure of 110 kg. 
per square centimetre (1,560 lb. per square inch), 
superheated to 450 deg. C. (842 deg. F.). 

The characteristic of the Benson boiler is that the 
water is converted into steam at the critical point, 
é., at the temperature and pressure at which water 
and steam occupy the same volume. The first experi- 
mental boiler, with a capacity of 4 tons of steam per 
hour, was erected at Rugby. Following the encourag- 
ing results obtained, the Siemens-Schuckert Company 
converted a boiler at their cable factory in Berlin in 
1925. The tubes of the original boiler were lifted up 
and served as an economiser in which the scale was 
deposited, and saturated steam at 12 kg. per square 
centimetre (170-7 lb. per square inch), and 190 deg. C. 
(374 deg. F.) produced. This steam was then pumped, 
at a pressure of 250 kg. per square centimetre, (3,556 lb. 
per square inch) into the high-pressure tubes inserted 
horizontally below the economiser section. A second 
boiler, of 10 tons per hour capacity, was built at Berlin 
having straight tubes, of 20 mm. bore with an external 
diameter of 32 mm., connected together by bends 
which were not subjected to the flame. The tubes 


thus formed continuous elements in which the water 
Was distributed in parallel, It was found possible to 
Produce superheated steam in 20 to 25 minutes by 
careful attention to the firing, for which mazout oil 


py used. The power required for auxiliaries amounted 
° 9 per cont. for reciprocating pumps and 5 per cent. 


for centrifugal pumps, the high-pressure feed pump | 


being of th reciprocating type. In the course of 1,500 





The latter boiler constitutes a very distinct advance 
jin size, the normal output being 100 metric tons 
| (220,400 Ib.) of steam per hour, with overload capacities 
| of 125 tons per hour continuously and 135 tons per 
| hour for half an hour, superheated to 450 deg. C. 
(842 deg. F.). The anticipated thermal efficiency, 
according to Monsieur Herry, was 87 per cent. In 
| principle, water at a pressure of 225 kg. per square 
| centimetre (3,220 lb. per square inch abs.) is heated 
to 374 deg. C. (705 deg. F.), at which it is converted 
into steam without the formation of bubbles which inter- 
| fere with the transmission of heat. In consequence, the 
| safety of operation and the quantity of heat which can 
be transmitted per unit of heating surface are increased. 
There is also no necessity to provide a steam-collecting 
drum, the manufacture of which presents difficulties 
with high pressures. 
The boiler is installed in the open, and is rectangular 
in shape, occupying an area of 15 m. by 12-1 m. 
(49 ft. 3 in. by 39 ft. 8 ia.). The height of the boiler 
is 32-45 m. (106 ft. 6 in.), this being surmounted by a 
short chimney, giving an overall height of 45 m. (147 ft. 
7 in.). The combustion chamber is surrounded by 
tubes on all sides. Eight burners project pulverised 
coal or semi-coke downwards. There are also two oil 
| burners and two burners for gas from the low-tempera- 
ture carbonising plant, these serving to give the neces- 
sary ignition temperature on starting up. At opposite 
| sides of the square combustion chambers are external 
; chambers in which the economisers and re-superheaters 


at a pressure of 250 kg. per square centimetre (3,556 lb. 
per square inch). The water flows through a series of 
24 economiser coils, each consisting of four circuits 
of parallel tubes, of 20 mm. bore and 33 mm. outside 
diameter. The economiser is made in two parts, one 
placed below and the other above the re-superheater. 
On leaving the top of the economiser, the water enters 
the bottom of the top half of the portion exposed to the 
radiant heat. This is traversed in 28 rows of parallel 
tubes, from top to bottom, the tubes forming a sort of 
spiral ribbon of square section. The object of this 
arrangement is to ensure, as far as possible, the uniform 
absorption of heat. The steam which has been formed 
then flows, from top to bottom, through 28 rows of 
parallel tubes forming the lower half of the walls of 
the combustion chamber, in which it is superheated. 
It then passes through a regulating and reducing valve 
into the main supplying a 4,000-kw. turbine at 200 kg. 
per square centimetre (2,845 lb. per square inch) and 
450 deg. C. (842 deg. F.). The exhaust from this 
turbine, at 60 kg. per square centimetre (853 lb. per 
square inch) is returned to the boiler at a temperature 
of 325 deg. C. (617 deg. F.), leaving the flue-gas re- 
superheaters at 56 kg. per square centimetre (796 lb. 
per square inch) and 450 deg. C. (842 deg. F.), and 
supplying a 25,000-kw. turbine at 50 kg. per square 
centimetre (711 lb. per square inch). The re-super- 
heater consists of 24 coils, each giving four passes 
through parallel tubes, the steam flowing from top 
to bottom. 

The heating surface is divided into four sections 
as follows :— 
(1) The radiant-heat portion in which the steam is 
formed and superheated, the heating surface of this 
amounting to 502 sq. m. (5,404 sq. ft.). 
(2) The economiser or feed-water heater, with a 
heating surface of 872-5 sq. m. (9,392 sq. ft.). 
(3) The re-superheater in which the exhaust steam 
from the high-pressure turbine is raised from 325 to 
450 deg. C. (617 to 842 deg. F.), with a heating surface 
of 632 sq. m. (6,813 sq. ft.). 
(4) The air pre-heater, consisting of four Ljungstrém 
heaters, each having a heating surface of 2,200 sq. m. 
(23,682 sq. ft.). The air passes through the double 
wall of the boiler to reduce the loss of heat by radiation, 
being then forced through the heaters by two Betz 
fans. It is raised to a temperature of 400 deg. C. 
(752 deg. F.). 
Since the Benson boiler does not permit of any storage 
of steam, the adjustment of feed water, fuel and com- 
bustion air has to be made simultaneously within 
closely defined limits. This is effected by push buttons 
from a central control point, all being operated by a 
single handle in accordance with the load. The 
boiler is fitted with five spring-loaded safety valves, 
each capable of passing 50 tons of steam per hour, 
two of them being spare. Two Sulzer centrifugal feed 
pumps, with 19 stages, running at 3,830 r.p.m. and 
absorbing 2,320 h.p., are provided, one being spare. 
The suction is at 35 deg. C. (95 deg. F.) under a head 
of 5 m. (16 ft. 5 in.), the delivery pressure being 250 kg. 
per square centimetre (3,556 lb. per square inch). The 
water is circulated through the feed heaters at about 
60 to 65 kg. per square centimetre (853 to 924 Ib. per 
square inch), returning to the next stage of the pump, 
the loss of pressure amounting only to about 2 kg. 
per square centimetre (28-4 lb. per square inch). 
The pumps are driven through reduction gearing by a 
turbine-motor group, that for one set being made by 
Messrs. Siemens and that for the other by Messrs. 
Brown-Boveri. Each group consists of the following 
machines coupled together: (1) A 4,000-kw. turbine 
at 7,000 r.p.m., taking steam at 200 kg. per square 
centimetre (2,845 lb. per square inch) and 450 deg. C. 
(842 deg. F.). Normally, this expands all the steam 
produced by the Benson boiler. At low loads the power 
produced is insufficient to drive the pump, but at full 
load there is an excess of power available. (2) An 
asynchronous machine which acts either as a generator 
to deliver to the mains the surplus power produced by 
the turbine, or as a motor to assist in driving the pump 
at low boiler outputs. (3) An auxiliary 1,500-kw. 
turbine taking steam at 50 kg. per square centimetre 
(711 lb. per square inch), to replace the electric motor 
at low loads. In the event of breakdown of the electric 
motor, a steam by-pass is provided to enable the 
4,000-kw. turbine to develop by itself the power neces- 
sary for the feed pump. 
The Atmos boiler has also been the subject of ex- 
periments extending over a number of years, and M. 
Ehlinger predicts that it will not be long before it is 
recognised as especially suitable for operation at high 
pressures owing to the advantages which it possesses. 
The production of steam involves three distinct stages, 
viz., feed-heating, evaporation, and superheating, each of 
which has its own peculiarities. These have been taken 
into account in the Atmos boiler in the manner to be 
described, it being claimed that the judicious construc- 
tion of the various parts reduces the cost to a minimum 





| are placed. The feed is distilled water heated to 180 deg. 
C. (356 deg. F.) by extracted steam, and delivered 





while giving a very high degree of safety. The boiler 
is generally designed to operate at pressures between 
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60 kg. and 130 kg. per square centimetre (853 1b. and 
1,849 lb. per square inch). 

The feed heater is composed of 50 mm. bore straight 
tubes of low-carbon steel, on to which fins are shrunk. 
The velocity of the water at all loads is such as to give 
a high coefficient of heat transfer, reduce the risk of 
corrosion, and prevent the deposit on the tubes of solid 
matter dissolved in the water. At normal load, the 
water is approximately at boiling point on reaching 
the outlet of the heater. With variations in output 
there may be a slight formation of steam in this section, 
but this is not a serious matter since, at high pressures, 
steam can absorb heat rapidly, while, in addition, the 
steam formed can readily escape. The velocity of the 
products of combustion is also kept high to prevent 
the deposition of ash and soot and facilitate the trans- 
mission of heat, the power required for the fan being 
maintained within reasonable limits by giving a direct 
flow without changes of direction. As the volume of the 
products is reduced by cooling, the area through which 
they travel is also reduced to maintain the velocity. 
The temperature of the heater tubes varies with that 
of the water, so that differences in length occur during 
working. Only one end of these tubes is fixed, however, 
and consequently stresses due to restricted expan- 
sion are avoided. The superheater is placed almost 
horizontally above the rotors, the tubes hanging freely 
without stress due to expansion. This also avoids the 
reduction in thickness associated with the bending of 
tubes in vertical coils, and the possibility of overheating 
due to deposits in the bottom bends. With ordinary 
convection superheaters, the temperature of the steam 
rises with increasing load, necessitating the use of 
reduced superheat under normal conditions. The 
superheat can be controlled by the injection of water 
at high outputs, or by a combination of radiation and 
convection superheaters. In the one case there is an 
additional complication with the risk of water passing 
with the steam to the turbines and of scale being formed 
in the superheater, while in the other there is the risk 
of excessive overheating of the tubes of the radiation 
superheater, especially at low outputs. With the 
Atmos boiler, the superheat has been found to be 
practically constant for considerable variations in 
load. This is due to the fact that the superheater is 
heated both by convection from the gases and also by 
direct radiation from the combustion chamber through 
the gaps between the rotors. An appropriate spacing 
of the rotors keeps this radiation heating within the 
desired limits, the uniformity of superheat being thus 
obtained in a very simple manner. 

It is in regard to the evaporating section that the 
Atmos boiler differs essentially from other types. 
The evaporating tubes are built up in a number of 
identical elements, called rotors, each consisting of a 
large central tube which acts as a water reservoir, 
surrounded by smaller tubes with which it communi- 
vates, these being arranged round the periphery as shown 
in Figs. 1, 2 and 3. The rotors are supported on roller 
bearings of large size, rotating at about 20 r.p.m. 
(instead of 320 r.p.m. asin the original Swedish boilers). 
The water from the feed-heater section enters directly 
into the peripheral tubes, in which the water level is 
almost horizontal. Due to the rotation, the whole 
internal surface of the tubes is brought into contact 
with the water and cooled. The central tube, together 
with the whole rotor, is free to expand longitudinally 
since one of the bearings is mounted on rollers, while 
relative expansion of individual peripheral tubes is 
provided for by an elastic connection at one of their 
ends. The elongations are measured continuously 
by a dilatometer, thus permitting close control of the 
actual temperature of the tubes. The central and 
peripheral tubes are further fitted with scraper chains 
which prevent the accumulation of scale. These can be 
employed with advantage even when the feed water 
has been evaporated, since there is always the chance 
that crude water may accidentally find its way into a 
boiler. A rotor can produce 15 tons of steam per hour ; 
a boiler having a capacity of 90 tons per hour would, 
therefore, be fitted with six rotors. The power required 
to rotate one of these rotors is about 1 h.p., equivalent 
to about 0-02 per cent., of the 5,000 h.p. which can be 
obtained from the steam produced. Each rotor is 
provided with a water-level indicator and an automatic 
feed regulator, these Leing controlled by the level in 
the central tube, which is subject to the greatest 
variation. In one of the systems which has been 
developed a mixture of steam and water, the propor- 
tions depending on the water level, is discharged from 
the rotor through a tube, one end of which is fixed. 
After expansion to atmospheric pressure, and con- 
sequently to 100 deg. C. (212 deg. F.), the mixture 
returns along the outside of this tube, in contact with 
half the circumference cooling it and causing the tube 
to bend. The expansion and bending vary with the 
level of the water in the rotor, and serve to operate the 
indicator and the regulator. In addition, the discharge 
acts as a continuous blow-down, removing any pre- 
cipitated matter detached from the tube walls by the 





scraper chains and maintaining a constant concentra- 
tion in the water in the evaporator. This system is 
only slightly affected by the pressure, operating per- 
fectly between 35 kg. and 130 kg. per square centi- 
metre (498 lb. and 1,849 lb. per square inch). 

The advantages claimed for the Atmos boiler are 
mainly due to the manner in which the evaporating 
surface is utilised. Water at boiling point is intro- 
duced into the evaporating tubes, in contact with the 
hot metal on which bubbles of steam are formed and 
grow, detachment from the walls being aided by the 
scraper chains, while the steam rapidly reaches the 
surface, having only a few centimetres of water to pass 
through. With each rotation, the walls emerge from 
the water, the last bubbles of steam bursting and a 
thin film of water remaining on the walls, continuing 
to cool them. In the top half of the rotation, where the 
radiation effect is less, the metal is in contact with high 
pressure steam, which still effectively cools it. When 
the metal again comes into contact with the water it 
is somewhat hotter than the latter, calculations showing 
that, under the most unfavourable circumstances, the 
difference in temperature is less than 5 deg. C. Over- 
heating need not be feared even if the rotors are placed 
below the combustion chamber with the gases travelling 
downwards, as might be done in boilers of very high 
capacity with two rows of rotors. 

In the case of boilers with fixed tubes, the heat trans- | 
mitted amounts to as much as 440,000 cals. per square | 
metre (163,000 B.Th.U. per square foot) per hour in the | 
part of the tube exposed to direct radiation, while in the | 
back half, heated by convection and radiation from | 
the gases, it only amounts to 60,000 calories per square | 
metre (22,000 B.Th.U. per square foot) per hour. The | 
temperatures of the inner and outer walls of a tube of | 
80 mm. bore by 96 mm. external diameter, transmitting | 
440,000 calories per square metre per hour were cal- | 
culated to be 440 deg. and 540 deg. C. (824 deg. and 1,004 | 
deg. F.) respectively. The Atmos rotors usually work | 
at a mean rate of 100,000 calories per square metre | 
(37,000 B.Th.U. per square foot) per hour, correspond- | 
ing to an evaporation of 300 kg. of steam per square 
metre (61-5 lb. per square foot) per hour at a pressure 
of 100 kg. per square centimetre (1,422 lb. per square 
inch). Owing to the lower velocity of the gases, the 
transmission by convection and radiation from the 
gases was taken as 50,000 calories per square metre 
(18,500 B.Th.U. per square foot) per hour, while the 
quarter circumference exposed to direct radiation was 
calculated to receive 250,000 calories per square 
metre (92,500 B.Th.U. per square foot) per hour, the 
most exposed surface thus receiving the mean of 
250,000 and 50,000, 7.e., 150,000 calories per square 
metre (55,500 B.Th.U. per square foot) per hour. It is 
true that for the line directly facing the fire, the flow 
of heat reaches the figure of 440,000 calories per square 
metre per hour mentioned in connection with the 
fixed tubes, but this occurs only for a very short 
period owing to the continuous rotation. M. Ehlinger 
consequently states that the average temperature 
of the rotor tube in the most exposed portion is 
about 145 deg. C. (293 deg. F.) less than that of a clean 
fixed tube. The effect of scale in the latter causes a 
still greater difference of temperature. He takes the 
creep limits for a steel with an ultimate strength of 
65 kg. to 70 kg. per square millimetre (41-3 tons to 
44-5 tons per square inch), as 23 kg., 17 kg., 10 kg., and 
5-5 kg. per square millimetre (14-6 tons, 10-8 tons, 6-4 
tons and 3-5 tons per square inch) at temperatures of 
350 deg. 400 deg., 450 deg. and 500 deg. C. (662 deg., 
752 deg., 842 deg., and 942 deg. F.) respectively. Based 
on these values he states that the peripheral tubes 
have a very high factor of safety, not less than 2, in 
spite of the high average rates of evaporation. In 
the case of boilers with fixed tubes, the creep limit is 
reached at heat transmission rates much lower than 
those usually employed, the values being 295,000, 
250,000, and 230,000 calories per square metre (109,000, 
92,500 and 85,000 B.Th.U. per square foot) per hour 
respectively, for clean tubes and for tubes with 0-2 mm. 
and 0-4 mm. of scale. The rotor tubes have a further 
advantage in regard to the freedom of expansion. 
Owing to the rotation and the protection provided by 
the peripheral tubes it is possible to use large bore 
commercial tubes in the centre of the rotors, these 
taking the place of the expensive forged drums required 
for other types of boilers. 

With regard to the adaptability for intermittent 
service, it was stated that a pulverised-fuel boiler at the 
Mulhouse works is started up at 7 a.m., the load goes off 
at midday and comes on again at 1.30 p.m., the boiler 
being shut down at 5.30 p.m. On several occasions 
during tests an Atmos boiler has been shut down four 
times in three hours, the pressure falling from 100 kg. 
to 15 kg. per square centimetre (1,422 lb. to 213 lb. per 
square inch) each time, and no difficulties having been 
experienced. Starting cold, an Atmos boiler, using 
mazout oil, was at working pressure in 5 minutes, while 
after standing over night only one to two minutes 
were required to get up pressure and full load was 








reached in less than a quarter of an hour. The latter 
tests were made in the presence of representatives of 
the Alsatian Association of Boiler-Owners. It was 
further stated that priming tests have shown better 
results than those obtained in all types of high-pressure 
boilers. While, owing to the small volume of water in 
the boiler, sudden large variations in load are not 
recommended, it is claimed that variations of 40 per 
cent. to 100 per cent. can be readily obtained in the 
few minutes needed to adjust the firing. 








AUTOMATIC STEAM TRAP. 


Ws illustrate on this page an automatic steam trap, 
having no moving parts and of exceptionally light 
weight, which is made by the firm of Gustav F. Gerdts, 
Bremen, Germany. The characteristic feature of the 
trap, which is known as the Gestra, is that it discharges 
through a labyrinth packing of special design. When 
the amount of condensation is large, the whole of the 
passages are full of water, and velocities in consequence 
being low, the head lost in the labyrinth is less than when, 
with a reduced condensate, steam also begins to escape. 
In that case, the makers state the water is so buffeted 


Figt. 





(2828) 


about and the consequent turbulence so increased that 
the total discharge is reduced. Owing to this charac- 
teristic, the trap will work effectively and without hand 
adjustment at discharges ranging from 30 per cent. 
over to 70 per cent. under the rated capacity of the 
trap. es 

Sections through the trap are illustrated in Figs. 1 
and 2. Drainage entering at the inlet shown on the 
right of Fig. 1, fills the chamber shown, depositing 
there all heavy matter held in suspension. When the 
chamber is filled, the drainage collected passes, on 1ts 
way to the labyrinth, through the strainer a. It enters 
the labyrinth through the small hole 6, which registers 
with a corresponding hole in the bottom plate of the 
labyrinth. One of these plates is shown separately 
in Fig. 2, where the course of the fluid through it is 
shown by the arrows. The grooves and_ passages 
shown are roofed by the flat lower face of the second 
labyrinth plate, the hole in which registers with the 
groove p, Fig. 2. The number of bafile plates is 
varied with the pressure of the supply. The plates 
are all mounted on a central bolt of square section, 
which ensures the proper registration of each with its 
neighbour, and the complete set can be lifted out 
bodily as a single unit, as will be clear from Fig. 1. 
The unit is attached to the cover of the trap which is 
held in place by a cross bar and single eyebolt, as indi- 
cated in Fig. 1. The whole unit is readily taken apart ee: 
adjustment or cleaning purposes. With the standart 
adjustment, the discharge may, as already stated, rang, 
from 30 per cent. over to 70 per cent. under the norma 
rating of the trap. The plate c is provided with four 
holes of different sizes, any one of which can be made 
to register with the orifice b in the bottom bafile plate. 
The screw-down valve shown on the left of Fig. 1,1 
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used for washing out the collecting chamber when | figures given in Table I are calculated from them by 


required. 
Owing to its light weight, the trap can be fitted any- 


a method which will now be described. 
It is by no means obvious upon what numerical 


where on to a steam range, since it requires no special | basis a comparison should be made between the yield 


support. Two standard patterns are made, a heavy 


and a 


points observed in the various cases. Not only the 


lighter pattern, the former being intended | stress distribution, but also the character of the stress 


for steam pressures up to 170 lb. per square inch. | system varies. In tension and flexure there is only 
Both are made in sizes suitable for condensates ranging | a single principal stress at each point, while in torsion 


from 200 lb. up to 5,400 lb. per hour. 








THE UPPER AND LOWER YIELD 


| there are two principal stresses, and in the thick 
| cylinders three. Several theories have been proposed 
| regarding the conditions of stress and strain causing 
elastic breakdown. The older theories which regarded 
the maximum principal stress, or maximum principal 


POINTS IN STEEL EXPOSED TO | gtrain as criteria, have been generally discarded, 


NON-UNIFORM 
OF STRESS.* 
By Proressor G. Cook, D.Sc. 


In a recent paper, the author has described in detail 
an investigation to determine the stresses at the yield 
point, and during the initial stages of plastic strain in 
mild steel subjected to uniform and non-uniform stress 
distributions, and it is proposed, in this note, to 
summarise and discuss the results. 

The load-extension diagram of annealed or normalised 


mild steel tested in tension is peculiar in the sudden | only is considered. 


large fall in the load which takes place at the yield 
point. In the test as usually carried out, this is 
indicated by the drop of the beam. When, however, 
the means employed in the application and measure- 
ment of the load are such that at all instants the stress 
in the specimen is balanced, it is seen that the load 
required to continue the extension beyond the yield 
point is approximately constant at a value which 
may be as much as 30 per cent. below the initial yield 
stress, and this continues over a range of extension 
of the order of 10 times the total elastic extension up 
to the yield point. There are difficulties in determining 
the precise form of this part of the stress-strain diagram. 


Probably the weigh bar method, in which the load is | 


measured by the elastic extension of a bar in series 
with the test piece, gives the nearest approach to 


accurate stress measurement. But when, as is frequently | 
the case in mild steel, the breakdown occurs suddenly, | 
the elastic energy in the apparatus is always sufficient | 
to cause accelerations which are liable to mask to | 


some extent the effect, and make it difficult, if not 


impossible, to determine the true shape of the falling | 


portion of the curve. 


Nevertheless there is not much | 


doubt that, provided the loading has been truly axial, | 
and local concentrations of stress are avoided, the | 


reduction of load is abrupt, as shown in Fig. 1. 


It is, perhaps, desirable to notice here the difference | 


in character of the extensions represented by the 
portions OA and CD of this diagram. 


The extension | 


up to A is participated in simultaneously by all | 
parts of the material, and represents the combination | 


of elastic dilatation and distortion of the crystal lattice 
in the separate grains. The extension C D, on the 
other hand, is due to slip, and, as Muir and others have 
pointed out, is the result of a piecemeal process. It 
is, in other words, the externally observed effect of 
many discontinuous actions. 

The question which the author has attempted to 
answer by this investigation is as follows: is the 
phenomenon represented by Fig. 1 peculiar to the 
tensile test, in which all parts of the material are 
initially under uniform stress, or does it also occur 


when materials are overstrained in torsion, flexure, in | 
thick-walled cylinders exposed to internal pressure, | 


&c., that is, in all cases in which the yield point in the 
yi is exceeded, whatever may be the distribution 
or stress ? 


The materials used in the investigation were three | 





samples of mild steel, two of which, “A” and “ B,” | 


supplied by the Aeronautical Research Committee, had 
a carbon content of 0-13 per cent., and the third, ‘“ C,” 


supplied by Messrs. Thos. Firth and Sons, had a carbon | 


content of 0-21 per cent. The test pieces for tension 
were cut both longitudinally and transversely from the 


tolled bar, the longitudinal specimens, and also those | 


for torsion and flexure, being taken from the material 
between the centre and outside surface of the bar. The 
steel was normalised in vacuo after machining. 

Uppe r Yield Point.—In all cases the load-strain line 
during the elastic stage deviated from a straight line 


by an amount which was barely discernible, and 
further, as will be seen from the representative diagrams 
shown in Figs. 2 to 5, the point of breakdown was 
always sharply defined. The error involved in the 


calculation of the stress at the upper yield point in 





the non-uniform distributions was therefore quite 
negligible, The experimental results are given in 
detail in the paper previously referred to, and the 
i tribution to the Report of the Committee on 
oo & Overstrained Materials, to be presented to 
Section G of the British Association, London, on 


Septemb r 30, 1931. 
Phil. Trans. Roy. Soc. A., vol. cciii, page 103. 


| 


Failure. | | 
Steel A. | Steel B. | Steel C. 

—$—$—$___— a —. ps ——_$_______—_ 

| | 
Maximum princi-| Long. tension ..| 20°8 | 25:3 21-6 
pal stress | Trans. tension ..| 19°5 | 22-3 18-9 
| Torsion e-| 12-4 | 13-9 11-9 
Flexure --| 2492 | 28°2 24-2 
| Internal pressure} 13-4 | 14-4 12-6 
Maximum princi-| Long. tension ..| 20-8 | 25-3 21-6 
pal strain | Trans. tension ..| | 19°5 22-3 18-9 
| Torsion --| 16-0 17-9 15-3 
| Flexure ..| 24-2 | 28-2 | 24-2 
| Internal pressure) 16-1 | 17-3 15-2 
Maximum shear Long. tension ..| 20°8 | 25-3 21-6 
stress | Trans. tension ..| 19-5 2-3 | 18-9 
| ‘Torsion --| 24-8 27°8 23-8 
| Flexure «-| 24°2 28°2 24-2 
| Internal pressure| 24-0 26-0 22-8 

| 

| Maximum princi-| Long. tension ..| 20-8 | 25-3 | 21-6 
pal strain and | Trans. tension ..| 19-5 22-3 | 18-9 
shear stress | Torsion s| 20-7 | 23-2 | 19-9 
(Becker) | Flexure ""] 24.2 | 28-2 | 24-2 
| Internal pressure} 20-0 | 21-7 | 19-0 
Maximum total Long. tension al 20-8 | 25°3 21-6 
strain energy | Trans. tension ..| 19-5 | 22-3 18-9 
(Haigh) | Torsion | 19-9 | 22-3 19-1 
5 | Flexure oo| 24-2 28-2 | 24-2 
| Internal pressure) 19-5 | 20:9 | 18-2 
Maximum shear | Long. tension ..| 20-8 25-3 21-6 
strain energy | Trans. tension . .| 19-5 22°3 18-9 
(von Mises) Torsion --| 21-5 | 24-1 | 20-7 
Flexure ..| 24-2 | 28-2 | 24-9 
| Internal pressure} 20-8 | 22-5 | 19-8 








DISTRIBUTIONS (although the latter has survived in a modified form 


}in Becker’s hypothesis.* The maximum shear stress 
| theory, as restated by Guest,+ has been widely accepted 
/as holding for ductile materials, although the results 
of many tests have not shown a very good agreement 
with it. Its position has been seriously assailed by a 
number of theories depending upon the strain energy, 
the chief being that due independently to Haight and 
to Beltrami,§ in which the total strain energy is taken 
as the criterion, and that which appears to be originally 
due to von Mises,‘] in which the strain energy of shear 
Calculations based upon several 
of these theories have been made for the purpose of 
compiling Table I. The method adopted has been to 
determine an “ equivalent single tensile stress”? which 


Fig.1. 
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regarded as negative, and f is the equivalent single 
tensile stress, we have the following equations :— 
Maximum principal stress theory, 


f= Py. 
Maximum principal strain theory, 


s coo 2 as 
Maximum shear stress theory, 


f= Pi — Ps 
Maximum total strain energy theory, 


9 
f n/ {re + p3" Ps? — ae (Py Po + Pe Ps 
P3 P;) } . 


Maximum shear strain energy theory, 


1 
= V/s {(Py — P2)* + (Pe — Ps)? + (Ps — rs | 


1 - ? ; : - P 
= being Poisson’s ratio, which for the materials used 


(Pq + Ps)- 


m 


had a value 0-29. Becker’s hypothesis, in which 
failure is regarded as determined by critical values of 
both the maximum shear stress and maximum principal 
strain, is not so conveniently represented in this form. 
The equivalent tensile stress will be the greater value 
of f obtained from the two equations 


1 
=f 


m (P2 + Ps) 





| and 
a.f=P\—Py 
| where a is a constant, having a value for mild steel, 
| according to Becker, equal to 1-2. 
| It will be seen from Table I that consistent values for 
| f are not obtained for any of the theories represented. 
|The longitudinal and transverse tension tests show 
that the material is not quite isotropic, even after the 
| careful heat treatment which had been given, although 
| the difference may, to some extent, be due to the very 
small size of the specimens which it was necessary to 
use for the transverse tests. This made the probability 
| of securing perfectly uniform stress distribution less 
|favourable than in the longitudinal tests. If the 
results for the non-uniform distributions only are 
|examined, it will be seen that agreement is much 
| closer in the values calculated according to the maxi- 
mum shear stress theory than any other, but these are 


would produce the same numerical value of strain, or distinctly greater than the tensile values. Support is 


shear, or strain energy, as the case may be, as that 
actually found necessary to cause breakdown in each 
case. This has the advantage of avoiding the intro- 


TaBLe I.—Equivalent Tensile Stress at Upper Yield 
Point According to different Theories of Failure. 


| 


Equivalent Tensile Stress 
(tons per square inch). 


Theory of Type of Loading. | Kale 









































duction of elastic constants (other than Poisson’s ratio), 
and also of simplifying the comparison between the 
different theories, since the same value for simple tension 
is obtained in each case. If pj, po, p, are the principal 
stresses in descending order, compressive stresses being 





* Univ. of Illinois Bulletin, No. 85. 

+ Phil. Mag., Fifth Series, vol. 1 (1900), page 69. 
¢ B.A. Report, 1919, page 486. 

§ Collected Works, vol. iv. 

{| Gottingen Nachrichten, 1913, page 582. 


| 





thus given to this theory if the possibility is recognised 
that failure may be dependent not solely upon the 
magnitude of the stresses, but also upon their distribu- 
tion. This is particularly indicated by a comparison 
of the results of the flexure tests with those of tension. 


_|In uniform flexure, the stresses are simple tensiong 


; and compressions, and consequently the same value 
for the equivalent stress is obtained whatever theory 
| of failure may be assumed. It is seen to be sub- 
| stantially greater than the values obtained from the 
| tensile tests. Whatever may be the reason for the 
| discrepancy, it cannot be due to the inapplicability of 
| any particular theory of failure. On the other hand, 
| the agreement which is seen to exist between torsion 
|and tension (particularly transverse tension) in the 
| total strain energy figures, which considered by itself 
gives strong support to that theory, is of doubtful 
significance. The difference in the values of the 
maximum shear stress obtained from tensile tests and 
from torsion tests has sometimes been taken as indicat- 
ing the inapplicability of the shear theory, but it seems 
quite probable, in the light of the present tests, that 
the difference may be ascribed equally well to the 
character of the stress distribution. It may even be 
conjectured that the uncertainty regarding the laws of 
failure which still prevails may be due to neglect of 
this factor. 

It is interesting to note, in this connection, a scale 
| effect shown in tests of thick cylinders with holes of 
| small diameter. In Table II, page 345, are given the 
results of tests on cylinders machined from the same 
bar in the case of each material, the ratio of external 
to internal diameter being constant and equal to 3. 
The distinct rise which takes place in the stress when 
the size of the hole is less than j-in. diameter, sup- 
ports the view that the criterion of failure may not 





| be the constancy of a quantity solely dependent upon 
| the magnitude of stress and strain. 


The suggestion that the character of the stress 
distribution may affect the conditions at failure has 
been previously made, notably by Kennedy* and by 
Scoblet in connection with the flexure of beams. 
Scoble’s view is that the higher yield point observed 
in flexure is due to reinforcement of the more highly 
stressed layers at the surface by those more lightly 
stressed in the interior. A difficulty in accepting this 
explanation lies in visualising the mechanics of the 
process. The idea of reinforcement appears to require 
* ENGINEERING, vol. cxv (1923), page 736. 
+ ENGINEERING, vol. cxxiii (1927), page 65. 
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the existence of shear stress on planes parallel to the 
neutral surface of the beam. In ordinary flexure by 
central loads such stresses do exist, but they are absent 
when, as in the present tests, the bending moment is 
uniform, and provided also that the elastic properties 
are uniform. The same argument applies to torsion 
and thick-walled cylinders. There is no shear stress 
on concentric cylindrical surfaces either in a twisted 
bar or in a thick-walled cylinder exposed to internal 
or external pressure. 

The only alternative to the idea of reinforcement is 
to regard the surface layer as possessing a greater 
resistance to slip than the interior, and thus to suppose 
that mild steel exhibits a preference to yield at some 
point below the surface than at the surface itself. 
Calculation shows that such a layer from 0-01 in. to 
0-02 in. in thickness would be sufficient to account 


Fig.2. STRESS-STRAIN DIAGRAM FOR TENSION (LONGITUDINAL) 
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tested for each material, and the average results are given 
in the first two lines of Table III, on the opposite page. 

The question as to whether a similar sequence occurs 
when the material is strained in torsion, flexure, &c., 
can only be answered by an indirect method. It was 
pointed out in a paper by Professor Robertson and the 
author* that the shape of load deformation diagrams 
in torsion and flexure by deadweight methods of 
loading were consistent with a large difference between 
the upper and lower yield stresses, but, as will be seen 
below, deadweight methods of testing, particularly in 
torsion, do not allow of a determination of the true 
resistance to slow deformation after the upper yield 
point is passed, for the same reason as in tension. 
Weigh-bar methods were accordingly employed in the 
present tests in torsion and flexure. 

In the endeavour to determine the value of the lower 


Balla) 
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F 9.4. FLEXURE TEST: RELATION OF BENDING MOMENT TO CURVATURE 





(2748.0.) Ratio Yc, 

for the differences between the shear stresses in all 
cases, including the cylinders with small holes. There 
are objections to the hypothesis of a surface layer 
possessing an intrinsically higher elastic limit, especially 
when, as in the present tests, the heat treatment was 


carried out after mechining ; but there does not appear | 


to be any escape from a choice between this hypothesis, | 
with its physical diff‘culties, and that of reinforcement, | 


with its mechanical difficulties. 

Lower Yield Point.—A typical load-strain diagram 
for tension obtained in the present tests is shown in 
Fig. 2. The scales are chosen so that the load and 
strain at the upper yield point are unity. The straining 
mechanism was driven at a uniform rate, so that the 
time occupied in reaching the upper yield point was 
approximately 30 min. The sudden reduction 


in | 


stress carried by the specimen when yield occurred | 
prevented, for reasons which have already been given, | 


accurate observations being made on the stress imme- 
diately following the yield point. The distance shown 
by the dotted line represents the springing back of the 
loading appliance. Beyond this point the extension 
proceeded at the same rate as during the elastic exten- 
sion. What the exact shape of the load strain diagram 
immediately following the upper yield point would 
have been had the rate of extension remained constant, 


line. In the case illustrated the lower yield stress is 
about 75 per cent. of the upper. From three to five 
specimens, both longitudinal and transverse, were 


20 
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16 
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0-4 


yield stress in the non- 
uniform distributions, the 
method adopted was to 
assume that each layer in 
turn passed through the 
sequence represented by 
the ideal diagram in ten- 


0-2 


(2748.€.) 


sion, but with the maximum shear stress as the | 
| factor determining the initial yield and subsequent | 
to this assumption, each layer | 


flow. According 





Fi ig. 5. CYLINDER TEST: RELATION OF INTERNAL PRESSURE TO DIAMETRAL EXTENSION 


non-uniform stress will be linear until the upper 
yield point is reached at the most highly stressed 
surface. Beyond this pvint, the relation will depend 
upon the values at the upper yield point, and upon the 
ratio of the lower to the upper yield stress, which wil] 
be denoted by #. It is given by the following equa- 
tions :—For torsion 

m~ (a) ta" {1-()} 
where T, 6 are the torque and angle of twist per unit 
length at any instant during overstrain; T,, 0, the 
corresponding quantities when the yield first occurs. 

For flexure (round bar) 


ett Vos) 


(1) 


Fig.3. TORSION TEST: RELATION OF TORQUE TO ANGLE OF TWIST 






“ENGINEERING” 


Ratio Yoy 











v9 

=0°9 
20°8 
-0:7 


atio $ “ENGINEERING 
y 
c ,.—lwy 16 cy )*} ) : 
+ 2 —s A 2 oe 3 2) 
cy * .- = { i ( - ( 


is brought to the upper yield point in succes- | where M, c are the bending moment and curvature at 
sion, the maximum shear stress at that point being | any instant, and My, cy the corresponding initial yield 
s. Further strain results in a fall to the lower yield | values. 


shear stress s’, which remains constant during the 


process of overstrain, so long as the latter does not} sents no difficulties. 


The analysis leading to the above expressions pre- 
If the load and deformation at 


exceed about ten times the elastic strain. There will | the initial yield point are taken as unity, then the 
thus be, at any instant, a central portion in torsion | subsequent relation depends only on the value of #, 
and flexure, and an external zone in thick walled | and curves are plotted showing this relation in Figs. 3 


cylinders, which is still elastic, and in which the 


maximum shear stress at the surface separating the | 


and 4. On the same diagrams typical test results are 
plotted. The similarity in shape between the actual 


elastic from the overstrained region has a value s. | and theoretical diagrams is noticeable, and the distinct 
In the remainder of the material the maximum-shear | fall in twisting moment which occurs after the yield 


stress is uniform and equal to s’.. On the basis of this | 
stress distribution, which is shown diagrammatically | 
in Figs. 3 to 5, the theoretical shape of the load-defor- | 


point in torsion does not appear previously to have 
been specially noticed. As the theoretical curves 
indicate, such a fall is to be expected if the value of 


mation diagrams can be determined. A comparison | is less than 0-75—that is, if the fall in shear stress at 
is, of course, a matter of conjecture, but the proba-| with the actual load deformation diagrams will reveal | the yield point is greater than 25 per cent. In flexure 
bility is that it follows the course shown by the broken | the extent to which the assumptions are justified. 


* Proc. Roy. Soc. A, vol. Ixxxviii (1913) page 462. 





: | of a round bar there is no discontinuity in the theoreti- 
The relation of load to deformation in each case of | cal curves, those for « greater than about 0-65 rising 
continuously, but at a diminishing rate, while for 


| values of « less than 0-65 the curves rise to a maximum 
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soon after the yield point, and then fall, gradually 
approaching the horizontal for large deformations. 


The actual diagrams obtained resembled closely the | 


latter curves. 
Although the similarity between the theoretical and 
actual diagrams is strong evidence of the actual 


existence of a stress distribution of the same character | 


as that assumed, it must not be regarded as conclusive. 
The angle of twist, for example, measured on the torsion 
specimens, is the total twist over a definite length 
(about $ in. on a specimen 0-20 in. diameter), and, in 
view of the well-known manner in which yield takes 
place in tension, it is reasonable to suppose that it 
may not be uniformly distributed along the length. 
It will be seen, however, that for comparatively large 
deformations the diagram becomes approximately 
horizontal. The elastic region is then of small dimen- 
sions, and contributes little to the moment of resis- 


tance; so that whatever may be the stress conditions | 


in this portion, the torque or bending moment will not 
be appreciably affected. Equations (1) and (2) show 
that for large deformations 


3. 
an a . 
and , 
3m N 
k= 16 . My (4) 


approximately. For deformations greater than about 
four times that at the initial yield point the error 
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m ( 1 P ) 
| ey 2m—1 ~~ m* Py 
where P and ¢ are the internal pressure and diametral 
extension at any instant; P, and ey, their values at 
the initial yield point; & is the ratio of external to 
internal diameter of the cylinder; m the ratio of the 
diameter of the boundary of the over-strained region 


| ; ; 


9 


(6) 


. Ds 
to the internal diameter of the cylinder; and a 


Poisson’s ratio. The ratio m may be regarded as a 
parameter to which a series of values between | and k 
may be given, and corresponding values of P and e 
thus obtained. Fig. 5 shows curves plotted from these 
equations for a cylinder for which k = 3. 

The chief difficulty regarding the experimental 
determination of the pressure-extension diagram lies 
in the fact that, after the yield point is passed at the 
internal surface, the diametral extension differs in 
different directions. It has frequently been observed 
that when extensions are measured across a single 
| diameter the yield point at the internal surface may be 
| first shown by a diminution in the diameter rather 
| than an extension. This is due to the fact that yield 
[2 not simultaneous over the whole internal circum- 
| ference, and to the reduction in stress which accom- 
| panies the yield in the overstrained parts. The outer 
| surface becomes, in fact, quasi-elliptical, and the 
}extension will depend upon the particular diameter 
| chosen for measurement. In order to obtain a close 


TABLE II.—SHEAR StREsS AT YIELD Pornt In THICK-WALLED CYLINDERS HAVING RATIO EXTERNAL TO 
INTERNAL DIAMETER 3: 1. 















































Steel A. | Steel B. | Steel C. 
i 
| 
Internal Maximum | Internal | Maximum Tnternal Maximum 
Diameter. Shear Stress Diameter. Shear Stress Diameter. Shear Stress, 
in. tons per square inch. | in. | tons per square inch. in. tons per square inch. 
a —_ 0-437 | 12-7 0-437 11-4 
—_ — 0-375 12-6 0-375 11-4 
0-312 12-0 0:312 | 13-0 0-312 11-4 
0-222 12-9 0-250 | 13-3 0-250 11-6 
— 0-187 13-8 0-187 12-3 
0-127 14-4 0-125 14°5 0-125 12-6 
| | 
TABLE III.—Urrer anp Lower YIELD STRESSES (SHEAR STRESS). 
| 
Steel A. Steel B. Steel C. 
8 im | gf | 8 | im | 8’ 8 | ms | 8’ 
| | { 
| | 
Long. tension .. we a “ 10-4 | 0-72 7°75 | 12-6 | 0-67 | 8-5 10-8 | 0-72 7-7 
Trans. tension ve “ me 9-7 | 0-78 76 =| 11-1 0-67 7°5 9-4 | 0-78 7-4 
Torsion ea ae a 12-4 | 0-64 8-0 | 18-9 | 0-61 8-5 11-9 | 0-65 7-8 
Flexure.. as as ia ne 12:1 | 0-61 7-4 | 14-1 0-59 8-3 12-1 0°65 7°8 
Internal pressure ee ee ee 12-2 | 0-55 6-8 | 13-0 0-57 | 7-2 11-4 | 0-62 7-0 
| } | 
s = Shear stress at upper yield point (tons per square inch). 
s‘’= Shear stress at lower yield point (i.e., during initial stages of overstrain) directly observed in the tension tests, and 


calculated from the value of » in the non-uniform distributions. 


involved in neglecting the remaining terms is less than 
2 per cent. The values of » given in Table III are 
calculated in this way. 

The case of the thick-walled cylinder is more compli- 
cated, both as regards the theoretical calculation of 
the load-deformation diagrams and also their experi- 
mental determination. The load is taken as the 
internal pressure, and the deformation as the extension 
of the external diameter, which alone can be con- 
tinuously measured. The difficulty as regards the 
calculation lies in the uncertainty regarding the distri- 
bution of the longitudinal stress as the overstrain 
proceeds. So long as the whole cylinder remains 
elastic, the longitudinal stress due to the internal 
pressure is uniformly distributed over the cross-section. 
This follows from the fact that the longitudinal strain 
must be constant over the cross-section. The strain 
will probably remain uniform after the yield point has 
occurred in the inner layers, but nothing appears to 
be known as to the effect of overstrain proceeding 
in the transverse directions upon the stress in the 
longitudinal direction. Some assumption must accor- 
dingly be made, and the simplest is, of course, to 
regard the longitudinal stress in the over-strained layers 
as the same as that in the elastic region. It must be 
remarked that there is no real justification for this 
assumption, and indeed it is a point of some interest 
as to whether, while overstrain is proceeding in a 
ductile metal under the action of a shear stress due 
to a pair of principal stresses in one plane, it is still 
elastic for small stresses in the third principal direction. 
But in any case, the error involved by making this 
assumption is not likely to be large, provided that 
the extent of the overstrained region is not too great a 
Proportion of the total cross-section. 

With the above assumption, an analysis based upon 


4 process similar to that used for torsion and flexure 
leads to the following pair of equations :— 
2 eee, es 
Py = Ba tT TH. B= loge n* (5) 


approximation to the true value of the extension, 
the measurements must be made simultaneously on 
two diameters at right angles at the same cross-section. 
An instrument for this purpose was accordingly designed 
and constructed. Details of this will be found, together 
with a description of the other experimental apparatus, 
in the paper previously referred to. A typical diagram 
obtained by this means is shown in Fig. 5. 

It will be seen that it follows closely the shape of 
the theoretical curves, and the value of yp can be 
estimated by reference to the latter. 

The values of », and the corresponding values of 
the lower yield shear stress, are given in Table III for 
all the different stress distributions. When the limita- 
tions of the theoretical treatment, and the simplicity 
of the assumptions regarding the yielding process upon 
which it is based, are remembered, the agreement 
between the lower yield stress values is sufficiently 
close to be consistent with a constant value of the 
lower yield shear stress under all conditions, and it 
indicates that the process of yielding observed in 
tension is followed fairly closely in the non-uniform 
distributions. The first effect, that is to say, of the 
yield point being exceeded in any part of the material 
is a reduction in stress in that part, and a re-distribu- 
tion will normally follow. The well-known reliability 
of mild steel in structural work may be due in no small 
degree to this property; it explains why discon- 
tinuities in shape, which according to elastic theory 
would imply stresses greatly in excess of the yield 
point, can safely be permitted, provided that fatigue 
actions do not arise. 

Moser* has shown that the lower yield point in 
tension is less sensitive to the conditions of the test 
than the upper, and has suggested that it is preferable 
to use the lower value where a specification of the 
yield point is necessary. The present tests indicate 
that the variation in the value of the lower yield shear 








* V.D.I, Forschungsheft 295 (1927) page 74. 


stress is, indeed, comparatively small under widely 
different conditions of loading; but its determination 
requires special appliances that are not normally used 
in routine testing. On the other hand, the true value 
of the upper yield point is only obtained when concen- 
trations of stress are absent; under such conditions 
values are obtained in any one type of loading which 
do not vary among themselves to a greater degree than 
the lower yield-stress values. 

There does not appear to the author to be any need 
to assume that the peculiar behaviour of mild steel 
at the yield point is due to an actual reduction in the 
stress necessary to cause slips to take place after the 
process of yielding has begun. It is preferable, so 
long as shear stress is assumed to determine failure, 
to regard each slip as occurring when a definite degree 
of distortion is attained in the lattice, and to suppose 
that each slip is accompanied by a comparatively 
large displacement which relieves considerably the 
distortion within the same crystal. The process is 
thus essentially discontinuous, both in time and 
space, when it has once begun, and during the initial 
stages of overstrain elements may be found in all 
states of stress up to the upper yield stress, the resultant 
effect of which is the externally observed reduction of 
load. There appears, therefore, no necessity to regard 
the initial stages of plastic yield as occurring by a 
process essentially different from that taking place 
at the upper yield point, in spite of its different external 
manifestation ; and in this sense the upper yield point 
may be more rightly regarded as the true yield point of 
the material. 

The author wishes to acknowledge the help he has 
received from the Government Grant Committee of the 
Royal Society towards the cost of preparing the 
specimens used in the research, which was carried out 
in the Engineering Laboratory at King’s College, 
London. 








CATALOGUES. 


Valves.—We have received from Messrs. The Edward 
Valve and Manufacturing Company, East Chicago, 
U.S.A., a leaflet illustrating and describing valves made 
of forged steel for high pressures. 

Electric Meters.—A list of meters for alternating current 
is to hand from Messrs. Ferranti, Hollinwood, Lancs. 
These meters are made to meet the demand for instru- 
ments of small bulk and strong construction. 


Case-Hardening.—Some useful pamphlets are to hand 
from Messrs. The Cassel Cyanide Company, Limited, 
Oldbury, near Birmingham, containing much practical 
information about the case-hardening and heat-treatment 
processes. 

Gear-Cutting Machines.—The Reinecker machines 
for cutting and grinding toothed gears are described in 
two catalogues to hand from Messrs. Farmer Stedall and 
Company, 145, St. John-street, London, E.C.1, who are 
sole agents for the makers. 

Turning Tools.—A list of turning tools, including 
some twenty-seven standard shapes, is to hand from 
Messrs. Samuel Osborne and Company, Limited, Sheffield, 
These tools have ends of high-speed cutting alloy welded 
to a high-tensile steel shank. 

Kiln Linings.—A new catalogue to hand from Mr. 
Algernon Lewin Curtis, Chatteris, illustrates many 
patterns of blocks for the lining of rotary cement kilns 
at the burning zone. There is a good list of standard 
shapes suitable for kilns from 6 ft. to 12 ft. in diameter. 


Barrows.—A list of barrows, illustrating about sixty 
patterns in wood, steel and wrought iron, is to hand 
from Messrs. H. C. Slingsby, 95, Kingsway, London, 
W.C.2. We have also received a list of single-section 
steel-back ladders, barrel skids, and a slope-runway for 
the kerb. 

Rolling Shutters.—Some interesting information on 
rolling shutters, of both metal and wood, is given in a 
quarterly circular issued by Messrs. Haskins, St. John- 
street, Clerkenwell, London, E.C.1. Llustrations are 
also given of the company’s works and machinery at 
Walthamstow. 

Aluminium Work.—Messrs. The London Aluminium 
Company, Limited, Witton, Birmingham, have issued a 
useful pamphlet describing the machine parts, utensils, 
and articles that can be made from aluminium and its 
alloys. Many examples of these are illustrated from the 
work executed by the company. 

Small Oil Engines.—A useful list of engines, in six 
sizes, from 5 b.h.p. to 36 b.h.p., has been issued by 
Messrs. Petters, Limited, Yeovil. These engines run 
on either crude oil or ordinary petroleum and are all 
of the vertical type, with one cylinder up to 18 h.p. and 
two cylinders in the 24-h.p. and 36-h.p. sizes. 


Loading Appliances.—A catalogue of mechanical 
appliances for lifting and loading loose materials, such as 
coal, stone, &c., is to hand from Messrs. British Jeffrey- 
Diamond, Limited, Wakefield. The appliances are all 
portable, mounted on two, three or four wheels, and both 
belt and bucket conveyors are embodied in them. 


Special Steelwork.—Messrs. Ashmore, Benson, Pease 
and Company, Limited, Stockton-on-Tees, have sent us 
a list of products made of austenitic steel with the 
property of resisting acids, corrosion and rust. The 
articles illustrated include measuring tanks for nitric 





acid, agitating tanks, heat exchangers, &c., of both 
riveted and welded construction. 
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Fie. 3. 


SWING-HAMMER PULVERISING 
MACHINE. 


WE have, from time to time, in recent years, given 
accounts of some of the pulverisers used in the pre- 
paration of powdered coal for boiler and industrial 
furnace firing, but it may not be generally known that 
the principles adopted in these machines are also 
employed in those designed to reduce friable material 
to a lower degree of fineness, approximating to 
4-in. cube or under for other purposes than fuel prepara- 
tion. A good example of such a machine is found in 
the swing-hammer pulveriser illustrated in Figs. 1 to 
3 on this page. This machine is manufactured by 
Messrs. British Jeffrey-Diamond, Limited, Stennard 
Works, Wakefield, and is intended to handle materials 
such as asphalt, fertilisers, oil-cake, limestone, 
gypsum, burnt lime and others of similar consist- 
ency, as well as soal and coke. The machine con- 
sists of a rotor fitted with a number of hinged beating 
hammers, mounted in a casing composed of a top 
half having a breaker plate and a feeding hopper, 
and a bottom half containing a separating screen. 
It is made in sizes of from 15 in. by 8 in., to 42 
in. by 66 in., the first figure in each case representing 
the overall diameter of the rotor, and the second 
its overall length. The particular machine _ illus- 
trated in Figs. 1 to 3 has a rotor 24 in. in diameter 
by 20 in. long. It is provided with a belt drive, and 
requires between 30 and 40 h.p. 
generally used for heavier duties, such as breaking 
down limestone for road-making purposes, &c., and 
in consequence usually run at lower speeds than the 
smaller machines. It is impossible to give precise 


figures as to the actual operating speeds, as these vary | 


greatly with the material being treated, but a repre- 
sentative range may be taken at 600 r.p.m. to 2,400 
r.p.m., the latter figure being the maximum for the 
smaller machines. For the same reason capacities 
vary, though an example of the work of a 54-in. by 
48-in. may be quoted by way of illustration. This 
machine will produce broken limestone of }-in. cube 


The larger sizes are | 


shovel, at the rate of 110 tons per hour. The screen 
analysis shows, on the higher degrees of fineness, 
32 per cent. passing through a 6-mesh screen and 2 per 
cent. through a 100-mesh screen. 

The general external features of the typical machine 
are shown in Fig. 1. The lower half of the cas- 
ing is a single casting provided with portable covers 
back and front, giving ready access to the internal 
parts for examination or cleaning. The upper half 
is composed of two end castings with cross-connecting 
plates forming the top and one side of the hopper, 
a hinged curved cover at the back, and a hinged breaker 
plate at the front. This construction is, however, 
better shown by the section given in Fig. 2, which 
also shows the rotor. This latter, illustrated separately 
in Fig. 3, is built up of a number of discs threaded on 
|a heavy shaft of high-carbon steel. The hammers, 
| either of a manganese steel or high-carbon steel, depend- 
|ing on the material to be treated, are staggered in ad- 
| joining discs, and are carried on long bolts running 
| 
| 
| 
| 
| 





right through the rotor, which may be withdrawn 
endways without removing the rotor. The hammers 
are double-faced, so that they can be reversed when 
worn. It will be seen from Fig. 2 that the breaker 
| plate is provided with removable liners in three sec- 
| tions, the centre section being formed with a pro- 
| jecting ledge against which the material is thrown and 
| held by the revolving hammers. The breaker plate is 
| hinged along its top edge, and is secured by an adjust- 
ing screw at its lower edge, which enables the gap 
| between the ledge of the liner and the hammers to be 
varied, whilst the machine is in motion if necessary, 
in accordance with the size of product required. 

The size of product is also controlled in two other 
ways, the first, generally, though not always, practic- 
able, by altering the speed of the rotor, the second by 
changing the spacing of the bars in the semi-circular 
screen in the bottem casing. This screen is made in 
halves, the front half being held rigid in quadrantal 
grooves in the end casing, and the rear half being 
| hinged and kept rigid by an arrangement of levers and 
| toggles acted upon by a weighted lever. Should any 
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| way into the machine, it is ejected by throwing over 
|the Jever and opening the screen as shown by the 
| dotted lines in Fig. 2. Both halves of the screen are 
| held down by square bars at the line of junction 
| between the two casings. These are withdrawn 
endways, when it is desired to remove the screen. 
The front half is then partially rotated in its grooves, 
and is accessible through the opening provided by 
swinging the breaker plate out of the way. Similarly 
the rear half is reached by opening the hinged cover 
| above it. It may be mentioned here that the hinging 
| of the rear half of the screen is not invariably neces- 
jsary. The breaking action of the hammers continues, 
of course, all round the rotor, and any material which 
does not fall through the screen is passed back to 
undergo further disintegration. The screens are 
either made up of single bars with suitable spacing 
blocks between them or of two or three bars riveted 
together. When the half screens are withdrawn up- 
wards, the individual bars are removed and replaced 
with wider or narrower spacing blocks, as required, or 
by differently sized groups according to whichever 
method is adopted. The machine is claimed to give 
very uniform results, and, by reason of the simplicity 
of its working parts, to require the minimum of main- 
tenance. In addition to the materials already men- 
tioned, the machine can be designed to effect the 
reduction of those of a fibrous nature, such as wood 
refuse, garbage, &c. 





Hypro-Etectric ENERGY IN SwEDEN.—Sweden 
ranks as the third country in Europe in the matter of 
total resources of watei power, and, according to @ 
report issued by the Royal Swedish Board of Trade, 
now ranks as the sixth in actually exploited hydro- 
electric energy. The report also shows that, since 
1916, the capacity of Sweden’s water-power plants 
has nearly doubled, and is now about 1,195,000 kw. 
The Swedish Government owns plants producing some 
36 per cent. of the total energy generated, and is the 
largest single owner of electric installations in the 
country. It is from the three Government-owned power 
stations at Trollhattan, Porjus, and Motala that the 
electrified State Railways derive their power. 





Congress or ELEcTRICAL ENGINEERS IN SoUTH 
AMERICA.—With the object of providing means for the 
interchange of ideas between specialists in all branches 
of applied electricity, a congress is to be held in Buenos 
Aires from July 4 to 11, 1932. The President ot the 
Argentine Republic is acting as president of the honorary 
committee, and the executive committee, of which 
Mr. N. Besio Moreno is president, has been divided into 
15 sections, dealing with the generation and distribution 
of electrical energy, electricity in industry, lighting, 
| heating, communications, electro-chemistry, the uses of 
|electricity in medicine, agriculture and various other 
| branches of electrical work, which will be discussed in 
| numerous sub-divisions at the Congress. Visits to 
| power stations, industrial plants, scientific and educa- 
| tional institutions, &¢c., will form part of the proceedings, 
|and exhibitions are to be arranged by importers ol 
electrical machinery and appliances. Although the 
congress will be of a South American character, ithe 
collaboration of specialists from other countries 1s Inv ited. 
It was initiated by the Asociacién Argentina de Electro- 
técnicos, i.e., the Institution of Electrical Engineers in 
the Argentine, and the general secretary is Mr. Robe res 
Ascher. The offices of the Congress are at Pasco 





from run-of-quarry stone, handled by a }-vard steam | intractable material, such as a piece of iron, find its! Colén, 185, Buenos Aires. 
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FARADAY. 


Farapay has been acclaimed as the greatest of 
experimental philosophers, a tribute justified by the 
fundamental importance of many of his discoveries 
and the insight displayed in attaining them. It 
seems not inconceivable that his eminence was 
in part due to the very imperfection of his early 
education. Leaving school at the age of thirteen, 
his mathematical knowledge was rudimentary, not 
extending beyond the elements of arithmetic. 
Being thus unable to calculate, he was compelled 
to observe and to visualise. This is a more laborious 
and in some respects a less fascinating, procedure 
than that of deduction from assumed laws. Both 
methods have their disadvantages; the observa- 
tions of what Huxley called a scientific hodman 
may lead to little, whilst the mathematical specialist 
is sometimes too ready to assume that when 
experience appears to conflict with his predictions, 
the discrepancy lies, not in the inadequacy of his 
theories, but in the imperfections of the observations 
made. Thus Van der Waal’s hypothesis has failed 
to withstand the test of the quantitative comparison 
of calculation and observation ; yet the neatness 
and generality of the results deducible from it 
has kept it in favour with physical chemists and 
with writers on thermodynamics. Again, we still 
have engineers who claim that factors of safety 
should be based on the elastic limit, in spite of the 
impossibility of reconciling this theory with either 
experiment or experience. 

Huxley’s scientific hodman, on the other hand, 
is apt to consider mere measurement as an end in 
itself. His procedure is essentially that advocated 
by Lord Bacon, who, aghast at the then prevalence 
of untested speculations proposed to abandon 
hypothesis altogether, and to pile up observation 
on observation, measurement on measurement, in 
the hope that ultimately some adequate generalisa- 
tion might ultimately emerge. 

Faraday, as a matter of fact, was guided through- 
out by hypothesis, and his career is a striking 
confirmation of the view once expressed by the late 
Lord Rayleigh, to the effect that a good instinct 
and a little mathematics are often. better than a lot 
of calculation. His guiding idea was the doctrine 
of continuity, now somewhat at a discount amongst 
physicists, who for the present incline to the belief 
that at bottom nature is essentially discrete, or, as 
a German mathematician has put it, “‘ God made the 
integers, all else is the work of man.”* In Faraday’s 
day very different views were held. Faraday felt 
so strongly in this matter that he was reluctant to 
accept the reality of the chemical atom. He 
realised very clearly that his famous laws of electro- 
lysis were consistent with the atomic hypothesis, 
and, moreover, that, granted this, his laws pointed 
to a corresponding atomicity of electricity, but he 
was, he said, ‘‘ jealous of the term atom.” 

Born in 1791, the son of a blacksmith, and derived 
from yeoman stock, Faraday, at the age of thirteen, 
was apprenticed to a bookbinder, acting at first 
merely as errand boy. Later on, he took the oppor- 
tunity of studying the books he bound, and, thanks 
to some assistance from his brother, he was enabled 
to attend some popular lectures on science. He 
repeated, when practicable, with home-made appara- 
tus the experiments described. A customer of his 
master gave him tickets for some of Davy’s lectures 
at the Royal Institution, and when, on the com- 
pletion of his apprenticeship, Faraday found himself 
under an unsympathetic employer, he appealed to 
Davy, sending him a report he had made of these 
lectures, and asking for help towards a scientific 
career. Davy warned him that there was little 
money in science, but Faraday was in no way 
discouraged, and on March 1, 1813, became Labora- 
tory Assistant at the Royal Institution at a salary 
of 25s. per week, which was supplemented by the 
grant of living accommodation in two rooms at the 
top of the building. 

Coleridge, asked to name the ablest man of his 
acquaintance, said ‘Davy could eat them all. 
Living thoughts spring up like turf under his feet ; ” 
but great as were the Davy discoveries, Faraday 
was the greatest of them all. Davy’s prompt 





, The Nature of the Physical World. By A, 8. 
Eddington, F.R.S., page 246. 





recognition of something exceptional in his young | be noted that this device, originated in 1821, forms 


assistant led to Faraday’s accompanying him on the 
Continental tour, permission for which was due to 
the magnanimity of Napoleon. On this tour, 
Davy’s demeanour was better calculated to enhance 


d 


the reputation of his countrymen for scientific | 


insight than for good breeding. He compelled the 


admiration of the French savants, but repelled | 


them by his manners. Faraday, on the other hand, 


as he became famous, secured both admiration and | 
affection. The tour, which started on October 13 | 


1813, ended in April, 1815, and a fortnight later 
Faraday resumed his old appointment at the Royal 
Institution, and gradually completed his mastery 
of experimental processes. Brilliant as Davy was, 
and important as were the discoveries of his earlier 
days, he showed on occasions over-haste in publish- 
ing conclusions, which had afterwards to be recanted. 
Possibly, warned by this, Faraday was ever careful 
to make very certain of his facts before attempting 
to explain them. 

His first original investigation was made in 1816. 


This was an analysis of caustic lime, the work being | 


undertaken at the suggestion of Davy, at a time 
when Faraday’s “fear was greater than his confi- 
dence,”” and when he had “no thought of ever 
writing an original paper on science.”” Davy was 


the first chemist of his day, and it was natural | 


that, for some years after the return from the 
Continental tour, it was chemistry which mainly 
occupied Faraday’s attention. He liquefied chlorine 
and other gases, discovered benzene, made many 
new alloys of iron, and produced novel varieties 
of glass, one of which subsequently became famous, 
as with it Faraday first detected a relationship 
between light and magnetism. In 1819, however, 
Oersted discovered the effect of an electric current 
on a magnet. In some sense this discovery was 
accidental. That some effect should exist was 
suspected, but in analogy with gravitation it 
was thought that any force acting between a con- 
ductor and a magnet must be radial to the former. 
Hence, Oersted first tried the plan of placing the 
magnet, in the light of existing knowledge, at right 
angles to the conductor, and naturally got no 
effect on closing the circuit. Apparently it was 
merely a casual afterthought that made him, 
before abandoning the attempt, rearrange matters 
so that the needle lay parallel with the conductor. 
There was then a noticeable deflection on com- 
pleting the circuit, and the direction of the deflection 
changed when the direction the current was reversed. 
This observation led to further research elsewhere, 


and in particular by Arago, who not only showed | 
that a solenoid acted as a magnet, but found that | 


if a magnetic needle were suspended over a rotating 
copper disc, the needle followed the movement of the 
disc. 


A complete mathematical theory, based on the | 
conception of action at a distance, was worked out | 


by Ampere, and was illustrated and confirmed by 
a series of most ingenious experiments. Experi- 
ments on the same subject were also undertaken by 
Davy at the Royal Institution, in the course of 
which Faraday overheard Davy and Wollaston 
discussing the possibilities of making a conductor 
rotate in a magnetic field. They held the idea, 
apparently, that in such a field a conductor should 
rotate about its own axis. Faraday, having 
apparently already begun to think in terms of 
lines of force, conceived the idea that the rotation 
of Oersted’s magnetic needle was due to the poles 
moving in opposite directions along lines of force 
encircling the wire, and following out this hypo 
thesis, devised a simple experiment in which the 
desired rotation was obtained. In the one case 
a magnet was fastened at its lower end by a thread 
to the bottom of a vessel containing mercury. A 
wire was fixed above the mercury and dipped into 
it. On a current being passed from the mercury 
to the wire, the upper pole of the magnet rotated 
round the wire. In a variant of the experiment, 
a magnet was fixed in the centre of the mass of 
mercury with its axis vertical and one pole pro- 
truding above the surface. A movable wire 
pivoted at a point above the surface of the mercury, 
and dipping into it rotated in similar fashion 
round the central magnet when a current was 
passed from the wire to the mercury. It may 


the basis of the well-known Ferranti meter. 

During the next few years, Faraday made attempt 
|after attempt to “ produce electricity from mag- 
/netism.” What he looked for was a permanent 
current, and disappointment followed disappoint- 
ment, but in the course of these researches he in- 
vented a transformer and discovered self-induction. 
It was on October 17, 1831, that he discovered that 
on inserting or withdrawing a magnet from a 
helical coil, a momentary current was produced 
in the latter, and on October 28, 1831, he produced 
| the first dynamo, or perhaps we should say motor, 
using a large horse-shoe magnet belonging to the 
Royal Society. In this case a copper disc placed 
| between the poles of the magnet rotated when 
a current was passed from its axis to its periphery. 
His experiments thus definitely established the 
fact that momentary currents may be induced 
when a magnet is brought near a closed conducting 
circuit, and conversely when the circuit is moved 
about the magnet, and also when a current in a 
neighbouring circuit is either made or broken. He 
was insistent on the fact that the current was due 
to the cutting of the lines of magnetic force. 
The whole of the heavy electrical engineering 
trades are founded on these discoveries, but there 
was a long way to travel, much work to be done, 
and large sums of money to be fruitlessly expended, 
| before the electric generator and electric motor 
|became of commercial importance. It is. of 
| interest to note that in this practical development. 
| the motor took precedence of the generator, and 
‘that, in 1839, a boat was thus propelled on the Neva 
| at 23 miles an hour, the current being obtained 
from batteries, so that the cost was excessive. Thus, 
in a discussion at the Institution of Civil Engineers, 
in 1857, it was estimated that power derived from 
Daniel cells would cost 60 times as much as if 
produced by steam, although the steam engine at 
that date had a low thermo-dynamic efficiency, 

On the theoretical side, Faraday’s views led to 
equally striking developments. Possibly, he was 
responsible for the idea of a field of force. Ampére’s 
fundamentally important work was based on the 
idea that all the forces involved in the interaction 
of currents and magnets, could be represented 
by a direct pull or push. Writing in 1855, Sir 
George Airey emphasised the fact that in this 
way it was possible to account by strict numerical 
calculation for the action of one magnet .on 
another, and declared that he could “hardly 
|imagine any one who practically and numerically 
knows this agreement to hesitate an instant in 
the choice between this simple and precise action 
on the one hand, and anything so vague and 
varying as lines of force on the other.’ Clerk 
Maxwell, a greater man than Airey, made the 
choice the latter declared inconceivable, and, by deve- 
loping mathematically Faraday’s ideas, arrived at 
his famous equations. As a preparation for his 
task, Maxwell carefully avoided reading the German 
mathematical treatises on electricity, but carefully 
studied Faraday’s Experimental Researches. Here, 
at any rate were the facts, and it remained to be 
seen if Faraday’s hypothesis covered them. He 
found, he said, that Faraday’s lines of force, in 
tension along their length and mutually repelling 
each other, had the advantage of giving at each 
point “a clear physical conception ”’ of what was 
happening. 

Faraday’s researches pointed to the importance 
of the medium, an importance which was confirmed 
by his rediscovery of “ specific inductive capacity,” 
and Maxwell showed that the luminiferous ether, 
as developed in optical researches, had just the 
properties required for magnetic and electric induc- 
tion. He proved, moreover, that electro-magnetic 
waves should exist, differing merely in wave-length 
from ordinary light. Such was the success that 
attended Maxwell’s work, that Lord Kelvin, and he 
was not alone, was led to assert that the one certainty 
in science was the existence of the ether. As Lord 
Salisbury put it in his address to the British Associa- 
tion in 1894, the ether was required as the nominative 
of the verb to undulate, and where, it was asked, 
save in the ether, could be the light on its passage to 
us from the sun ? It is one of time’s curious revenges 
that to-day, with equal emphasis, Sir J. H.: Jeans 
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asserts that the one thing now certain is the | 
non-existence of the ether of Maxwell and Faraday. | 
Nevertheless, he observes that it still forms the most | 
sonvenient basis for the discussion of radiation. | 


INVESTIGATIONS OF 





—. 


STEEL STRUCTURES, 





From this point of view, it is as real as the equator 
and, like it, provides a useful “frame of reference.” 

This remark illustrates the marked difference | 
in the view taken of scientific theories to-day and | 
fifty years ago, a change largely due to the Cam- 
bridge philosopher, James Ward, who some years 
prior to the discovery both of the electron and | 
of radio-activity, maintained that Maxwell was 
mistaken in affirming the exact similarity of all the 
atoms of a given element, and emphasised the view, 
neatly expressed, a little later on, by Sir J. J. 
Thomson, that a scientific theory is a policy not a 
creed. A policy can be advantageously pursued 
wherever it works satisfactorily, but must not be 
regarded as infallible, or as applicable in all condi- 
tions. This view would not have been alien to 
Faraday himself, but the more general opinion in his 
times, and for some decades later, was well illus- 
trated by Huxley’s remark that Herbert Spencer’s 
definition of a tragedy would be a beautiful hypo- 
thesis killed by a fact. The ether may have no real 
existence, but in certain fields of inquiry, matters 
proceed much as if it did exist, and the concept is | 
therefore true in the pragmatic sense. It works. | 
As to what really happens, the modern physicist, 
according to Eddington, is not prepared to go further 
than to say that “ something unknown is doing we | 
don’t know what.” This pragmatic view has only 
been reached by very slow stages, and would | 
probably not have been attained at all, lacking the 
mechanical view of nature, which was the ruling idea | 
last century. This represented a necessary phase in 
scientific progress, and models will probably be used 
as extensively in the future as in the past, but they 
will not be regarded as more than models. 

Faraday was the first to prove conclusively that 
electricity was the same in its nature, however it 
was derived. All electrolytic work is, of course, 
based on his discoveries. Before these, it had been 
assumed by Davy and Grothuss that electrolysis 
was due to attractions at the metal terminals where 
these were wetted by the liquid. The interspace | 
between the two electrodes was, they suggested, | 
filled by a chain of decompositions. On their view, | kindly feelings. He was particularly generous in 
doubling the current should double both the number | recognising good work in others. By his spon- 
of chains formed and the velocity with which the ions , taneous unsolicited action he got for Melloni the 
moved. Hence the decomposition effected should | Rumford Medal of the Royal Society. The accom- 
vary as the square of the current. Faraday showed, | panying cash bonus was particularly welcome to 
however, that it was proportional to the current, and | Melloni, who was then a political exile in Paris, 
what was still more important, that when the same | and whose politics prevented the recognition of his 
current passed through different electrolytes, the | great improvements in the thermopile. Faraday 
decompositions effected were in the ratio of the|was devoted to the Royal Institution, and the 
chemical equivalents of the ions concerned. He | affection and trust were warmly reciprocated by the 
noted that, granted the atomic hypothesis, this|members. He was responsible for instituting both 
discovery pointed towards an atomic theory of | the now famous Friday evening lectures and the 
electricity, and Clerk Maxwell in fact used the | Christmas lectures to young people. 
term molecule of electricity in his classic treatise 
published in 1873, but like Faraday, he disliked 
the discontinuity involved, though in the following 
year Johnstone Stoney definitely advocated the 
atomic character of electricity, coining for it the Tyr theory on which the mechanical design of 
term electron. structures is based has to be interpreted in the light 

Faraday also realised the importance of the | of experimental data, which represent as ‘well as 
vacuum tube and detected the Faraday dark space. | they can the properties of the materials and con- 
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BRITISH INVESTIGATIONS OF 
STEEL STRUCTURES. 


His successes here were limited, however, by the | structions used, and require in addition a factor | 


inadequacy of his apparatus, and it was the same of safety to cover so much as the theory does 
instrumental insufficiency which made it impossible | not define sufficiently. With the progress of know- 
for him to detect the Zeeman effect. He felt such | ledge it is obvious that the available bases of 
an effect should exist, and looked for it, being con- | design must vary as time goes on, and in com- 
vinced that there must be a close connection between | munities such as those of this country, which enjoy 
magnetism and light. One such effect he did |an abundant variety of administrative control, the 
discover, viz., the rotation of the plane of polarisa- | extent of difference that may be found in the codes 
tion when light is passed through a magnetic field. | of different authorities will vary with the complete- 

He was a most lovable character. When someone 
made reference to certuin difficulties he had had with | and the latitude allowed in selecting the necessary 
Davy, he stopped the discussion, saying that he| assumptions. For a good many years past it has 
wished to remember only his kindnesses. Again, | been recognised, not only in this country, but in 
when Dumas on a visit to the Royal Institution | the United States, Germany and France, that more 
showed some lack of enthusiasm at the mention of |exact methods of calculation are necessary in 
Davy’s name, Faraday said nothing for the moment, | order to define uniform conditions for the design 
but later on took Dumas below Davy’s portrait | of buildings, and to permit of more precise factors of 


remarking, “he was a great man, wasn’t he. It/ safety. Consequently, in 1929, the Department of | 


was here he first spoke to me.’ Again he advised | Scientific and Industrial Research set up a Steel 
Tyndall to be slow of perception where a slight | Structures Research Committee to review present 
seemed to be intended, but quick to respond to | methods and regulations for the design of steel 
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| sive, and can hardly be exhausted in the five years 


RTC 
vag 
ava 

1) 





thy 
¥/. 
\ 8 
LA 
i 





a ae 





Fie. 1. ExPERIMENTAL FRAME. 


structures, to investigate the application to them of 
modern structural theory, and to make such 
recommendations as the results might suggest with 
the object of more efficient and economical design. 
The stimulus which led to this step was derived 
from the feeling, particularly among members of 
the steel industry, that building codes and autho- 
rised practice had not kept pace with recent ad- 
vances in the technique of steelwork, and that 
through imperfections in the data and assumptions 
on which those codes and practice were based, 
steel as a material for building construction was not 
being used to its full advantage. The work of this 
Committee was made possible through an offer from 
the British Steelwork Association, a body which 
was formed by the steel and structural engineering 
industries, to co-operate in the investigation with 
a contribution of 2,000/. a year for five years, 
and, after consultation with the Institution of Civil 
Engineers, the Department accepted this offer. 
The Committee is accordingly composed of members 
nominated by the Association and the Institution, 
as well as the Department, under the chairmanship 
of Sir Clement Hindley. The Department’s director 
of building research, Dr. R. E. Stradling, is acting 
as its executive officer, and under his general super- 
vision the research work is being conducted for the 
Committee under the leadership of Dr. C. H. Lobban. 
| An essential part of the work is being carried out 
lat the Building Research Station at Garston, as 
described in outline below. Determinations are 
also being made at the National Physical Labora- 
tory, and a variety of important investigations are 
being pursued at the Universities of Birmingham 
‘and Bristol under the supervision of Professor 
| Batho, Professor A. M. Robertson and Professor 
| A. J. S. Pippard, and will be undertaken elsewhere 
|as occasion may arise. 

The programme of work thus undertaken, which 
| ultimately is to include the use of steel in bridge 
_ construction as well as in buildings, is comprehen- 
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Fie. 4. STaNCcHION UNDER TEST. 


tor which provision has been made. It is, however, 
the intention of the Committee that resuits shall 
be made available as fast as possibie after they are 
obtained, and reports may therefore be expected 
at intervals, recording what may be hoped to be 
substantial advances. In these circumstances it 
may be of interest to describe the lines, so far as 
they have been laid down, on which investigations 
are proceeding at the Building Research Station, 
and the principal methods being adopted. For the 
information necessary to enable us to prepare such 
an account, we are indebted to Dr. Stradling, 
Dr. Lobban, and their colleagues. 


Work at Bumping RESEARCH STATION. 


The main subjects at present being studied relate 
© the loads on floors, the strains in buildings, the 
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Fia. 3. CompLtete MopreLt APPARATUS. 
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analysis of stress, specifications and properties 
of materials, the properties of welded connec- 
tions, and the effects of vibration. The experi- 
mental work at the Station is conducted prin- 
cipally along three lines of investigation. For the first 
group of these an experimental frame has been con- 
structed, representing that of a three-storey structure, 
on which extensometer observations are made under 
defined conditions. In context with this a mecha- 
nical analysis is being made of the more complicated 
stresses by means of models, the results of which 
serve to define the stresses in the structure under 
consideration, which may be in the form of the 
present experimental frame or any other. In the 
third group, apparatus and technique have been 
developed at the Station for observations which are 
being made on buildings in course of erection. 

A general view of the experimental frame is given 
in Fig. 1, opposite. It is a structure 32 ft. by 16 ft. 
in plan, composed of six stanchions arranged in two 
lines at 16-ft. centres, and carrying along the sides 


| are of rolled-steel joists 8 in. by 4 in. 





Fie. 8. ExTENSOMETER CASING. 


and ends, and across the centre, 21 beams in three 
tiers at 8-ft. centres. The stanchions in the back 
row have their webs at right angles to the line of 
the building, while those in the front row are fixed 
along it. Their bases rest on concrete foundations, 
connected to a reinforced-concrete raft by which 
the entire site is covered. AJJ beams and stanchions 
Three main 
types in complete sets are provided for the web 
and flange connections of beam to stanchion, by 
which it will be possible to determine any difference 
of stress imposed on the stanchion by the use of each 
type. Special brackets are also supplied for the 
flanged connections, to enable the stresses resulting 
from eccentricity to be studied. Separate determi- 
nations are to be made successively of connections 
of all types with black bolts, turned and fitted bolts, 
and rivets, and finally the frame will be electrically 
welded, so as to enable data to be obtained with 
regard to the relative stiffness of these several types 
of connections. The action of wind forces will be 
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Fia. 9. 


studied by applying horizontal forces to the stan- 
chions. <A steel scaffolding runs round the frame 
with platforms and gangways at levels of 4 ft. 


below the beams, so as to allow access to all parts | 


of the frame. 


Experimental loads are applied by means of | 


27 galvanised tanks, 2 ft. 9 in. in diameter and 





6 ft. deep, hung from the beams. These have a 
capacity each of 1 ton of water, and it is intended 
to place them at the quarter, half and three-quarter 
span of any beam, thus loading the beam up to a 
normal value of about 8 tons per square inch. 
The tanks can be adjusted for level merely by | 
tightening up or loosening two ?-in. nuts on each | 
beam, by which means the extra deflection of the | 
centre of the beam can be allowed for if found | 
necessary. The tanks on each beam are connected | 
by short lengths of rubber hose for convenience of | 
filling and emptying. The water supply is derived 
from a concrete tank let into the ground. This | 
holds 30 tons of water. delivery being by a 2-in. | 
motor-driven pump and 2-in. piping to all positions | 
in which tanks may have to be placed. Each | 
tank is provided with a gauge glass, and the arrange- | 
ments of connections is such that aJl 27 tanks can 
be emptied at the same time. 

The results to be obtained from this frame will, 
of course, be applicable strictly only to itself or to 
other structures of a similar type ; but it is hoped 
that sufficient data will be obtained to permit of 
some general conclusions. The wide difference be- 
tween the loads permissible under formulz allowed by | 
one or another of the present methods of calculation 
is well known, but the field for research may be 
realised even more clearly if the results of such 
methods are compared with those of a mathematical 
analysis of the experimental frame, made on the 
assumption of rigid joints. Taking, for example, this 
frame subjected to loads of 1 ton each at quarter, 
half and three-quarter span, two usual methods of 





calculating the stresses on the outside stanchions 
would be to take the eccentricity of loading to the | 
flange of the stanchion, or, in the alternative, to | 
take it to 1 in. outside. If the results so obtained | 
are compared with those obtained by analysis on | 
the assumption of rigid joints, it is found that with 
the web of the stanchion running along the line of | 
the building the stress imposed on the stanchions 
of the rigid structure at the top storey is 4°59 
and 4-0 times as great as that obtained by the two 
methods of caiculation mentioned above. If, again, 
one row of stanchions is at right angles to the line 
of the building, the respective increases are 13-35 
and 4-72 times that obtained from the present 
methods. In these cases the bending moments on 
the central stanchion balance on the two sides, 
though their excess over those on the outer stanchion 
serves to transfer an appreciable part of the load 
on the centre, a matter which affects the foundations 
as well as the stanchions. When, however, similar 
calculations are made for the corresponding cases 
in which one bay has been removed, so that large 
bending moments are introduced, the discrepancies 
between the figures obtained by the two methods of 
calculation become literally many times as great. 
These examples illustrate the urgent economical 
need for replacing the present bases of design by 
others with a direct experimental foundation, 
where it can be obtained. 


Stress ANALYSIS BY MODELS. 
The primary method which has been used for 








determining stresses in complicated structures by | 
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SPRING PLUNGER CARRYING 
DIAMOND. 


Fig. 11. 








Fig. 12. ExTENSOMETER 


means of models is subtantially that of Professor 
Beggs, and is being carried out on an instrument 
similar to his, which has been made at the Station, 
to slightly modificated design. The principle on 
which the method is based has been fully described 
in these columns* and is therefore familiar to our 
readers. It is that of Clerk Maxwell’s theorem of 
reciprocal deflections. The models on which the 
method is applied are two-dimensional, and repre- 
sent to scale the sides of the structure under investi- 
gation, one scale being chosen for the centre lines, 
and another for the width of the several members, 
which are made proportional to the cube root of 
their moments of inertia, so that the individual 
parts of the model correspond in their relative 
stiffness with the members themselves. By means 
of a gauge which can be attached at any point of 
the model, distortions of known value in bending, 
shear or thrust can be imposed on the model at that 
point, while the deflections resulting from these 
distortions can be measured by a travelling micro- 
scope at all points of the model. For each point 
at which such distortions are imposed, microscope 





* ENGINEERING, vol. cxxvi, page 31. 








MICROSCOPE ON GIRDER. 


readings are taken of the vertical and horizontal 
components of the deflection produced at a number 
of different points along the members, and the 
results, plotted on an outline diagram of the struc- 
ture, give a set of influence lines for the bending, 
shear, or thrust at the various points at which the 
applications were made. 

Fig. 2 shows the gauge applied to a point on one 
beam of the model, and Fig. 3 gives a view of the 
whole apparatus. The gauge itself is composed 
essentially of two steel bars, and between the 
parallel faces of these very accurately turned plugs 
are inserted. 

The bars are held together by springs, and one bar 
is fixed to a drawing board, on which rests a sheet 
of polished plate glass, carrying the model on small 
steel balls, which roll on the plate-glass support 
and allow the model to move freely. Normally the 
plugs are of equal size, and when the gauge has 
been applied and it is desired to impose a stress 


[on the model, the plugs are changed for others 


imposing distortions of known value. To produce 


a distortion corresponding with that of a bending 
moment, plugs of unequal sizes are inserted, rotating 
the movable bar relatively to the fixed bar. and 
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with it distorting the whole model. Similarly, when 
it is desired to produce the equivalent of a thrust, 
smaller or larger plugs of equal diameter are used, 
forcing the bars apart from each other. Other 
suitable variations in the relative sizes of the plugs 
produce the effect of shear. Where, as in Figs. 2 
and 3. the section at which distorsion is to be 
applied is not at a support, the model, attached to 
both fixed and movable bars, is cut across the 
section, and owing to its frictionless support, 
follows accurately the distorsions imposed by the 
change of plugs. The section is, of course, cemented 
together before the model is used again. 

In another method, which has been devised and 
worked out at the Station by Mr. J. F. Baker, the 
model frame is made in metal, and the distortions 
are produced by loads applied to the frame directly, 
the resulting slopes and horizontal deflections 
produced at various parts of the structure being 
measured by means of a pointer and microscope. 

The stress distributions disclosed by each of these 
methods are being checked off against those obtained 
by mathematical analysis, which for complicated 
structures are far too intricate to be applicable in 
ordinary practice. The concordance that is being 
obtained is highly encouraging, and it is hoped that 
by the use of the metal models the method will be 
found applicable to the investigation of plastic 
flow, such as must be common when using strictly 
rigid joints. 

Prior to the present investigations no successful 
full-scale tests appear to have been made on the steel 
frames of buildings in this country, and not many 
evenin the United States. Some question, moreover, 
arose as to the accuracy of the instruments used for 
such purposes, and, before instituting tests on actual 
buildings, it was therefore thought desirable to 
ascertain by experiment on built-up stanchions that 
the strain measurements corresponded with sufficient 
uniformity to the load. For this purpose, a series 
of tests were made on a stanchion consisting of 
a 10 in. by 6 in. I-beam, with three 12-in. by }-in. 
cover plates riveted to each flange, as shown 
in Fig. 4. 

Measurements were 
3-in. gauge length roller mirror extensometers, 
placed on the outer cover plate at 1 ft. 3 in. from 
the base, and four 10-in. gauge length instruments 
at 5 ft. 6 in. from the base, together with measure- 
ments on the centre of the web with two 5-in. 
gauge length extensometers, also at 5 ft. 6 in. 
from the base. The readings of a Berry strain gauge 


gation, and observing the relative movements of 
the measuring parts through an independent micro- 
meter microscope. Two tapered pins A and B 
(Fig. 5) are driven into the member under in- 
vestigation, 12 in. apart, and the object of the 
instrument is to measure their relative movements 
arising from strain in the member over the 12 in. 
gauge length. The pin A carries a mild steel 
bar, extending to within 8/1000ths of an inch from 
B, and the relative movement of the free end of 
the bar and the pin B, which will be the same as 
that of the two pins, is measured by a micrometer 
microscope. Stainless steel strips are soldered on 
to the free end of the bar and to the top of the pin 
B, and after they have been surfaced with fine 
emery paper are each indented with a diamond, 
as in the Vickers’ diamond hardness test, giving 
under the microscope black squares with sharp 
corners, the distance between which can be read 
accurately. A bridge-piece C keeps the bar pressed 
against a half-round stop under the action of a 
spring. so preventing the bar from rotating about 
A, while leaving it free to move longitudinally, and 
the milled-head screw above it enables the level 
of the bar to be adjusted, so as to bring the surface 
of its stainless steel tip into the same plane as the 
top of the pin. The whole instrument when in 
position is protected by a cast-iron bottomless box, 
shown in Fig. 8, attached to the member by three 
lugs, and shielded as far as possible from local 
temperature variations by a sheet of asbestos inside 
the lid. In Fig. 8 the box is shown with its lid 
removed to give access to the gauge. 

In erection, the hole for the centre holding-down 
screw D is first drilled and tapped, and after the 
box has been applied and held by D, the positions 


' of E and F are marked on the member, and with the 


made by means of four! 


was also taken at the edges of the outer cover, 


plate 3 ft. 6 in. from the base. It was found that 
at each of these levels the mean strain corre- 
sponded fairly closely with the value of a normal 
Young’s modulus (30 x 106 Ib. per square inch), and 
that though there was some unevenness of distribu- 


tion in the readings of loads near the base of the | 
' lowered into contact with the surface of the bar, and 


column, the distribution in the middle was good. 
The means of the Berry strain gauge readings gave 
reasonably similar values, though individual read- 


ings showed much larger errors than those of the | 


roller mirror extensometers. Special tests were 
also made to ascertain how far the unequal distribu- 
tion of end load over the cross section through 
imperfection of workmanship might affect the strains 
measured. 
were introduced at each end of the stanchion, so 
as to throw the whole load on the two outer flange 
plates. It was found that, except near the end, the 
strains were distributed uniformly. 

It appeared, therefore, that in principle strain 
Measurements on complex built-up structures 
could give reliable results, but it was evident that 
some improvement was desirable in the extenso- 
meter, partly to avoid the uncertainty in the 
temperature correction necessary in the Berry 
strain gauge, and partly to obtain an arrangement 
sufficiently robust to be unaffected by any shocks 
that might be transmitted to it by building opera- 
tions or other circumstances of practical use. For 
this purpose, the arrangement shown in the end view, 
plan and side elevation, in Figs. 5, 6 and 7, page 349, 
Was designed at the Station by Mr. J. F. Baker, 
in consultation with Professor C. F. Jenkin. In 
= method, the temperature difficulty is avoided 

Y making the extension element of the same 
material (mild steel) as the member under investi- 


For this purpose two packing pieces | 


| 


box removed are drilled and tapped. A jig shown 
in Fig. 9, and located by the screws D and E or F, 
is used for drilling and reamering the holes for the 
taper pins A and B, and as the drills and reamers are 
fitted with parallel shanks bearing in the hardened 
steel bushes of the jig, the correctness of the positions 
of these tapered pins is thus assured. The instru- 
ment having been removed and the pin B driven 
into place, a brass clamp, shown in Fig. 10, is slipped 
over B to hold the free end of the gauge bar while 
the pin A is being driven, and the bridge piece C 
is fixed in position on the member. 

The indenting diamond is carried at the end of a 
spring plunger H, Fig. 11, sliding in a heavy frame K 
with a bracket L attached, on the opposite side to 
which the frame is open to admit the ends of the 
gauge bar. The gauge bar being supported by a 
temporary packing piece, the indenter is pushed 
over its end until the inner face of the frame touches 
the pin B, and is then fixed there by a screw passing 
through the bracket L into the hole drilled for D 
Fig. 8. The diamond in the plunger H is then 


by the action of the spring head in the plunger is 
forced against it with a definite pressure. A square 
indentation is thus made on the bar with its centre 
12/1000ths of an inch from the edge, and after the 
indenter has been shifted and fixed at a distance 
of 32/1000ths of an inch between the pin and the 
inner face of the frame, a similar impression is made 
onthe pin. The diamond is fixed so that a diagonal 
of each indentation is at right angles to the edge 
of the bar, and the plunger is constrained to move 
up and down without turning, so that the indenta- 
tions have their diagonals accurately at right angles, 
as is necessary for exact measurement. 

The microscope used is shown in Fig. 12, strapped 
to a girder. Its tube is attached to a plate N, which 
slides on the surface of an aluminium casting P, and 
gives a slow motion in al] directions. This casting 
stands on three legs, and is fixed in any position 
by the strap passing round the member. The micro- 
meter eye-piece is fitted with a traversing knife- 
edged shutter, in addition to the usual cross-hair, 
and a vertical illuminator is provided. When the 
micrometer head, which is divided into 100 divisions, 
is turned through one division, the shutter is moved 
through a distance corresponding to about 0-00004- 
in. on the gauge, which for material of the modulus 
of elasticity of structural steel means that, with a 
gauge length of 12 inches, a relative movement of 
the indentation measured by one division of the 





micrometer head corresponds with a stress in the 
member of about a 100 lb. per square inch. To 
avoid loss of definition in the indentations they are 
kept normally covered with vaseline, which is 
washed off with benzole before a reading is taken. 
For use in awkward positions a right-angled eye- 
piece is fitted to the microscope. 

These methods are being applied in an extensive 
scheme of observations now being carried out by Dr. 
O. Faber on the steel framework of the new Geologi- 
cal Museum, South Kensington. This isa five-storey 
frame, part of which consists of a series of galleries 
round a central well, and observations are being 
made on one of the inside gallery stanchions forming 
the well and the beams connected to it. The floors 
will be loaded with building materials to loads of 
112} tons on the ground floor and 75 tons on the first, 
second and third floors. Strain gauges will be fixed 
to the steelwork of the stanchions at nine different 
levels, and also on all the beams connected with them 
and at various other points, making 54 gauges in all, 
and scaffolding, &c., is provided for giving access 
to them. The gauges will be read successively 
on the bare steel structure with no load applied, 
the several floors loaded consecutively, and after 
the load is removed from each floor in turn. These 
readings will be repeated after the steelwork has been 
enclosed and the floors constructed, the gauges 
being left in place, protected by the cast iron boxes. 


GENERAL WoRK OF COMMITTEE. 

The general investigations that are being carried 
out by the Committee are of much wider scope 
and variety than those described above. They 
include a large volume of enquiry, both as to the 
existing practice of designers and to the varying 
codes to which their work has at present to conform, 
and likewise the investigation of many details which 
require to be known before the results of the main 
experimental work can be fully interpreted. A full 
collection has been made of information on the 
building regulations current among the chief autho- 
rities of the world, and a sufficient compilation of 
the practice among designers. It is intended that, 
as far and as quickly as may be possible, recom- 
mendations shall be made to replace the requirements 
of existing codes by others, which will lead to more 
economical and effective design. To some extent 
this is already being done. Recommendations have 
now been drawn up for thus translating into practice 
the best available knowledge, derived mainly from 
the critical comparison of existing codes and practice 
so collected, and supplemented by the results of 
experimental work carried out for the Committee. 
These recommendations are now under the con- 
sideration of the London County Council, and the 
British Engineering Standards Association has been 
invited to use them as a basis for a British standard 
specification. 

Among the subjects on which the results of fresh 
experimental work are being utilised, is an investi- 
gation by Professor Andrew Robertson, which 
should lead to some improvement in the basis on 
which account is to be taken of the strength of 
struts. It is recognised, however, that no final 
recommendations can be reached, enabling full 
advantage to be taken of the mechanical properties 
of constructional steel, until it is possible to 
place the mathematical analysis of stresses in a 
framework on a rational foundation. At the present 
time, for instance, it is little more than matter of 
individual opinion to assess what allowance should 
be made for the fixity of connections between mem- 
bers, or for the eccentricity with which loads are 
transmitted to columns. The present work includes 
the re-examination of the mathematical basis of the 
analysis of stresses, and, when the experimental 
data are obtained, consideration will be given to 
simplifying assumptions which may be possible to 
fit the resulting formule for routine use. 

An important group of experiments is being con- 
ducted by Professor C. Batho at the University of 
Birmingham on the subject of riveted and bolted 
connections. At present the stress of such con 
nections has to be calculated on the assumption 
that they are either perfectly free or perfectly rigid. 
No account can be taken of what stresses are caused 
in members by the nature of the connections between 
them or between their built-up parts, and little 
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scientific guidance 1s available in determining even 
the design of the connections themselves. The extent 
of the rigidity of joints, the distribution of stresses 
among a series of rivets, the comparative behaviour 
of rivets, fitted bolts, and black bolts, the effect 
of vibration on black-bolted connections, and gener- 
ally the exact part played by friction and shear, 
are among the subjects to be studied experimen- 
tally. Experiments are to be carried out to deter- 
mine the circumstances in which rivets can be 
used safely in tension as well as shear, which some 
American and German investigations seem to show 
may be safely possible, though opposed to present 
British practice. The action of riveted and bolted 
joints under eccentric loading, and the effect of 
workmanship and methods of fabrication, are also 
to be further investigated, and studies are con- 
templated on the behaviour of joints under repeated 
and alternating loads. It is hoped that as the 
result of these investigations, and of the clearer 
knowledge they are likely to give of the behaviour 
of all parts of structures, it will be possible to design 
details on a more rational basis, and to increase 
the allowable working stresses. 

A series of experiments is being carried out by 
Professor Andrew Robertson at Bristol, with the 
object of obtaining a more accurate means of measur- 
ing the yield point, on which it is thought allowable 
designs stresses might be based, instead of on 
ultimate strength or elastic limit. The difficulty 
hitherto, with the usual large flat specimens held 
in wedge grips, has been to obtain a definite yield 
point, and Professor Robertson’s investigations are 
directed to asvertaining the results of employing 
quite small specimens, accurately turned and held 
in special grips ensuring axial loading. The results 
so far show that over the range tested the small 
turned specimens with a gauge length of 1 in. have 
given more uniform, and usually higher yield points, 
than the flat 8-in. gauge length specimens held in 
wedge grips with which they have been compared. 
Incidentally, observations have been made on the 
effect of heat treatment, and these gave results that 
were both higher and also distinctly more uniform. 
The latter point isof the more importance in con- 
sidering built-up sections, which with untreated 
material may show much wider differences in their 
constituent sections than would be likely to be found 
in different parts of a single section. If these results 
are borne out by furtherexperiments, they seem likely 
to have an important bearing both on the accuracy 
and on the convenience with which these tests may 
be made. 

With the co-operation of the welding industry 
a comprehensive programme of experiments is 
being carried out on the application of electric weld- 
ing to the use of structural] steel in buildings. The 
investigation does not extend to the technique of 
welding, which it is thought safe to assume has 
attained a high degree of efficiency. The primary 
object in view is to ascertain what is a safe allow- 
ance to be made in design for the strength of a welded 
joint. It is recognised also that with this new 
method of construction it may well be that advantage 
may be found in modifying methods of designing 
so as to take account of whatever may be the 
secondary stresses which welding introduces into the 
joints themselves. A third purpose, which, so far, 
shows no great signs of being realised, is to obtain a 
means of knowing whether a welded joint is soundly 
made. If, indeed, this should prove to be impossible, 
it would not be a conclusive objection against the 
process, for it would only be comparable with, for 
example, the impossibility of knowing by inspection 
whether the reinforcement of concrete is in the right 
position. If, on the other hand, it were possible, it 
would obviously be a matter of the first consequence. 
Without at present any confident hope of success, 
various methods for elaborating a non-destructive 
test for welded joints are being examined. The 
main programme, however, lies in a statistical 
examination of the strength of joints when account 
is taken of all the many variables. Another group 
of tests will be directed to the design and strength 
of welds, and will include fatigue and shock tests, 
as well as the measurement of physical constants. 
The introduction of welded connections enhances, 
moreover, the importance of stress analysis, giving, 
as it does, definite assurance of rigid connections 





between members, and the analysis will therefore 
include the case of strictly rigid connections. Ex- 
amination may also be made into the variety of 
materials now available having higher tensile 
strengths than mild steel. 
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(Continued from page 291.) 
ELECTRICITY DEPARTMENT. 


Measurement of Alternating-Current Nickel-Alloy 
Cored Transformers.—The development of improved 
methods of measuring large alternating currents 
has for some considerable time occupied a prominent 
position in the research programme of the Electro- 
technics Division. During the past year experience 
in the application of such methods has been extended 
in several directions, and opportunities have 
occurred for studying the characteristics and testing 
the performance of recently designed apparatus. 
The work as a whole has thus reached a stage at 
which it is possible to review the principal directions 
in which, under the guidance of Dr. E. H. Rayner, 
the superintendent of the Electricity Department, 
substantial progress has been achieved. It has 
been recognised from the outset that the accurate 
measurement of power essential for assessing the 
design and performance of many types of electrical 
plant and for the verification of integrating meters, 
is of greater importance than that of voltage or 
current. 

Close attention has been paid, therefore, to the 
desirable qualities of that class of instrument, 
now in general use for the measurement of large 
electric powers, in which the circuits are actuated 
by voltage and current transformers. In the past 
the ratio between secondary and primary current 
has not been sufficiently constant over a wide range 
of current rating; and, what is frequently more 
serious, the lack of time coincidence between the 
secondary and primary currents has given rise to 
errors of which the magnitude increases rapidly as 
the current is reduced below its full rated value. 
Even with the best current transformers formerly 
available, instrumental errors encountered, for 
example, during tests of power transformers com- 
monly ranged from 7 per cent. at full load to 20 per 
cent. at lower loads. Since many hundreds of 
high-voltage transformers, representing hundreds of 
thousands of kilowatts, are required for the National 
network, this lack of perfection in measuring 
apparatus has assumed a technical and commercial 
importance of very considerable magnitude. Recent 
discoveries with regard to the production and 
magnetic properties of certain nickel-iron alloys 
could hardly in the circumstances have been more 
opportune. The use of these alloys has enabled 
instrument transformers to be constructed in which 
the errors of phase interval are less than 1 per cent. 
of those previously encountered, and in which the 
ratio between primary and secondary circuits is 
constant for all practical purposes from full load 
to a small fraction of full load. Periodic tests on 
a number of nickel-alloy cored transformers in use 
at the Laboratory have revealed, moreover, that 
the characteristics of these particular instruments 
are completely stable. These transformers have 
also been checked in the course of routine test 
work against the water-cooled manganin tube 
resistance standards, with such satisfactory results 
as to suggest that they may eventually replace the 
water-cooled standards, with a great gain in conve- 
nience. 

It is noteworthy that, in view of the respon- 
sibility which attaches to trials of high-power 
plant sold to close guarantees of efficiency, the 
transformers have been tested under conditions 
very much more severe than they should encounter 
in practice. The research of the Electrotechnics 
Division into the accurate determination of the 
very small defects of these new transformers con- 
stitutes a material contribution towards the improve- 
ment of alternating-current measurements. The 
work has demanded the evolution of new methods 
and increasingly precise apparatus, the benefits of 
which are immediately available to the electrical 





industry. It has led, also, to the acquisition, for 





general standardisation and measurement purposes 
of a range of experimental equipment having ratings 
from 100 to 20,000 amperes, by means of which 
instruments for measuring current and power can 
now be investigated to approximately uniform 
relative accuracy over the whole of this range, 

Resistors and Resistance Standards.—A noteworthy 
example of the class of apparatus just mentioned is 
a resistor of 0-00002 ohm, which has been found 
capable of measuring currents between 2,000 
amperes and 25,000 amperes direct current to an 
accuracy of about 1 part in 1,000. The resistor has 
also been tested under alternating currents as large 
(momentarily) as 35,000 amperes. Accurate measure- 
ment of the alternating current was made by a new 
standard current transformer, which has displayed 
highly satisfactory characteristics, the ratio error 
being within 2 parts in 10,000, and the phase-angle 
error within one minute from full current to one- 
twentieth full current. A new 40-kv., shielded 
resistor, to which brief reference was made last 
year,* has now been completed and is in use for 
the purpose of testing voltage transformers. As 
shown in Fig. 26, the apparatus consists of a main 
resistor of which each section is surrounded by a 
perforated metal container, and an auxiliary resistor 
by means of which each container in the main 
resistor is maintained at the mean potential of the 
section it encloses. The leads connecting the 
sections of the main resistor are shielded im such 
a way that, under normal conditions of working, 
there is a potential difference of 5,500 volts between 
the two halves of the conductor shielding each lead 
between the boxes. A self-inductor of 0-117 henry 
is inserted in the middle of the winding of each 
section, and thus compensates for the phase angle 
which is introduced owing to the shielding being in 
sections instead of continuous. 

The calibration of four-terminal resistance stan- 
dards by means of a Kelvin double bridge, as 
modified for use with alternating current, has the 
disadvantage that current has to be taken from the 
voltage terminals of the two resistances which are 
being compared. Dr. A. H. M. Arnold has now 
developed a substitution method which eliminates 
this undesirable feature, and Fig. 27 shows the 
witing diagram for the comparison of two resis- 
tances, R, and R,, of the same nominal value. 
R, and R, are connected in series with a nickel-iron 
cored transformer of ratio n. The secondary of 
this transformer is connected to a resistance D 
a little greater than R, x n. By means of the 
double-pole change-over switch S the voltage 
across either R, or R, may be opposed to the voltage 
drop across D through the vibration galvanometer G, 
the deflection of G being reduced to zero in each case 
by adjusting resistance and capacity shunts, r + C, 
across D. The difference in the values of these 
shunts for the two balances is a measure of the 
difference of resistance and time constant of R, 
and R,. The accuracy of this method, which 
depends on the constancy of the transformer ratio 
and phase angle when § is switched over, is remark- 
ably good, time constants being determined to 
approximately 1 x 10-8 and resistances to | partin 
100,000. For the comparison of unequal resistances 
a specially designed resistance divider shown in 
Fig. 28, consisting of 10 equal sections connected 
in series, is substituted for resistance D of Fig. 27. 

High Voltage Laboratory.—Messrs. R. Davis, 
G. W. Bowdler and W. G. Standring have been 
studying in detail the measurement of high alter- 
nating voltages} by the rectification of a condenser 
current and by means of a condenser divider. Peak 
voltages up to 108 volts have been measured by both 
methods and agreement obtained within one or 
two parts in 1,000, the voltage on the low-tension 
arm in the latter arrangement being rectified by the 
valve D (Fig. 29) to give the peak. The errors in the 
peak voltmeter reading V3, which arise in the use 
of the condenser divider method may be summat! sed, 
using the nomenclature of Fig. 29, as follows :— 

1. The shunting effect of R’ on C, introduces an 
error 

= V3 e 
2 [R’ w (C, + C2) 
where = 2m frequency. 


* See ENGINEERING, vol. exxx, page 272, 1931. 
+ See Journal of the Institution of Electrical Engineers, 
Vol. 68, No. 405, September, 1930. 
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2. The capacity K across the valve introduces 
errors 
ee 
(C, + C,) 
Vv, K 
cS 
3. The leakage resistance R across the peak con- 


(i) 


(in) 








denser introduces (i) an error —— “38 » and (ii) 
an error depending on V3, on the valve characteristic, 
and on the wave form of the supply voltage. All 
these errors can be determined when accurate 
measurements are required, or the circuit may be so 
arranged that most of them are negligible. 





of Dr. D. W. Dye, for a new absolute determination 
of the ohm. For this purpose, the Lorenz machine 
has been reconditioned and minutely adjusted. A 
comparative determination is also being undertaken, 
by the alternating current method proposed by 
Mr. Albert Campbell, from which some preliminary 
results, agreeing within + 26 parts in a million, have 
already been obtained. The mean of these obser- 
vations has the value :— 


1 international ohm = 1-00055 c.g.s. ohm. 
A study of these observations has suggested that 


one of the most important sources of error is stray 
mutual inductances in the leads joining the various 











Fig.26. 
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Fig. 28. 
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_ Observation of the depreciation of the surface 
insulating properties of transmission line insulators 
on the experimental 132-kv. system has shown that 
the value of the power factor of an insulator system 
of ordinary design is a valuable measure of the degree 
of surface depreciation. The capitance also changes 
as contamination progresses. To determine the 
design of insulator best adapted to exposure, exten- 
Sive tests are being made, at the request of the Central 
Electricity Board, on a large number of typical 
insulator systems specially erected in a district 
more than usually liable to smoke and fog. These 
conditions, as well as the added effects of frost, are 
expected to prove most exacting during winter 
months. 

Resistance and Radio Frequency Standards.—As 
a result of a meeting, in June, 1930, of the inter- 
national Comité Consultatif d’Electricité (one of 
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Whose objects is the establishment of c.g.s. units 
In place of the present international units), prepara- 
tions are now well advanced, under the supervision 
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components of the bridge. Improvements in this 
and other directions have now been made, and the 
final series of observations will shortly be com- 
menced. 

In the endeavour to attain a standard of radio- 
frequency which shall be constant to one part in a 
million, a considerable amount of work has been 
directed, during the year, towards perfecting the 
valve-maintained tuning forks of the multi-vibrator. 
Experiments have shown that the damping of the 
forks depends very largely on the magnetisation 
produced by the permanent magnets used to polarise 
the cores of the windings connected to the grid and 
anode, respectively. As a result of remounting 
the forks with very large air gaps, producing only 
weak magnetic fields between poles and prongs, 
the logarithmic decrements of the forks have been 
reduced by about two-thirds. An observed effect 
of amplitude on frequency has led to a reduction 
of amplitude in the primary standard forks, such 





cause not more than one in a million change of 
frequency. The effect of barometric pressure on 
frequency is found to be linear, and of the order 
— 2-5 parts in 10° per centimetre of mercury. 
The standard forks are, accordingly, to be mounted 
in an airtight, double-walled, copper box, fitted 
with heating mats controlled by a toluene thermo- 
regulator, by means of which the temperature of 
the forks and magnetic screens should remain 
constant to 0-002 deg. C. Experiments are now 
in progress, before the forks are finally enclosed, 
with the object of attaining a more perfect balance 
of the prongs. 

Inductance and Capacitance—The importance 
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Fig. 29. MEASUREMENT OF HIGH 
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of atmospheric humidity as a probable factor 
influencing the uniformity of certain types of 
electrical standards is at present receiving the close 
attention of Dr. L. Hartshorn and Mr. N. F. Astbury. 
During the autumn of 1930 some quite unusual 
changes were observed in the frequency corrections 
of a variable mutual] inductance standard. From 
the magnitude and rapidity of the variations, it 
was concluded that the wax impregnating the coils 
was no longer an effective seal, and that the unusually 
high humidity which prevailed during the major 
part of last summer was the primary cause of the 
changes noted. Recent measurements have shown, 
also, that increase of atmospheric humidity produces 
a change in the capacitance of a special mica con- 
denser which is on loan, for purposes of international 
comparison, from the U.S. Bureau of Standards. 
Instability of the mica condensers used as laboratory 
sub-standards has also been particularly noticeable 
during the past year, especially for the smaller 
values of capacity. In every case the capacity 
has increased, leading to the conclusion that 
humidity is again the disturbing factor. It has 
become quite evident that it will not be possible to 
use mica condensers, as now made, for precision 
work without frequent calibration. In the case of 
a standard air condenser, however, which is being 
used at voltages of the order of 5,000, in an investi- 
gation into the power losses in dielectrics, changes 
in the relative humidity of the air from 20 to 90 
per cent. have revealed, during tests, no appreciable 
change of power factor. On a somewhat similar 
subject, an investigation is proceeding, on behalf 
of the Electrical Research Association, into the 
ageing effects of high-grade ebonite, with special 
reference to moisture content. 

Improved Methods of Measurement.—The demand 
for a robust, portable instrument capable of 
measuring the current supplied to alternating 
bridges has been supplied in the form of a copper- 
oxide rectifier in combination with an ordinary 





that a 10 per cent. change in amplitude would 





moving-coil direct current milliameter. The 
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complete instrument is usually calibrated at 50 cycles 
per second and graduated to read r.m.s. values of 
current. Although the rectifier produces some 
distortion of the wave form, an accuracy of 1 per 
cent. is usually obtainable. At audio frequencies, 
however, instruments supplied by manufacturers 






tancies of the rectifiers, and these errors require 
compensation which, Dr. L. Hartshorn finds, may 
be satisfactorily effected by providing the instrument 
with an inductive shunt. 

Determinations of the power factors of small 
condensers by comparison with a standard air 
condenser and, alternatively, by means of the Carey 
Foster bridge, show discrepancies which have 


condenser. A system of screens has now been 
way that it introduces no appreciable error. This 
arrangement has now been adopted as standard, 


and power factor. 

A method of estimating the small plate-grid 
capacities of screen grid valves, which may be as 
low as 0-O00luuF., has been devised by Messrs. 
T. I. Jones and J. E. Vigoureux. Between the grid 
and filament is a tunea circuit of which the coil is 
loosely coupled to the output coil of a radio- 
frequency generator. Readings of the tuned 
circuit condenser are noted with and without a/| 
large impedance in the plate circuit, the difference 
between these readings being equal to the plate- | 
grid capacity multiplied by the amplification factor | 
of the valve. 

Magnetic Measurements.—In connection with the | 
Alloys of Iron Research, mentioned earlier under | 
the work of the Metallurgy Department, Mr. C. E 
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are subject to large errors arising from the capaci- | 


recently been traced to distributed capacity to | 
earth in the arm of the bridge containing the | 


devised which distributes the capacity in such a} 


and its use has led to appreciable improvement in | 
the general consistency of measurements of capacity | 
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| Webb has examined the magnetic properties of the 
| whole range of iron-chromium alloys. As far as 
| possible, specimens were tested in the form of 
| Tings ; but, on account of the bad mechanical 
properties of alloys containing more than 80 per 
cent. of chromium, such materials had to be tested 
in the form of discs or short rods. The high- 
purity iron of the alloys showed maximum per- 
meabilities of 20,000 to 25,000. At values of H 
|above 5 an almost uniform decrease in the value 
|of B for a given H was found with increasing 
/chromium content, until, at approximately 70 


| 


ALUMINIUM ’Bus-BAaR AND SELECTOR-SWITCH CHAMBER. 





| per cent. chromium, the alloys became non-magnetic 
/at room temperature due to a lowering of the 
|magnetic change point. At the temperature of 
liquid oxygen, alloys with higher proportions 
of chromium could be brought into the magnetic 
state. Alloys containing more than 85 per cent. | 
chromium, however, remained non-magnetic at | 
the lowest temperatures attained. Similar work 
is now in progress on alloys containing 30 per cent. 
to 60 per cent. of manganese. From preliminary | 
tests these alloys appear to be very feebly magnetic | 
| at room temperature, and the investigation is to be 
extended to low temperatures. 

At the request of the Geological Survey of Great | 
Britain, measurements have been made of the mag- 
| netic susceptibility of a number of different kinds | 
of rock. For the immediate purpose no extreme 
precision is needed, and a balance similar to that 
used by Professor Ernest Wilson* has been employed. 
The specimen of rock, in the form of a rod 3 cm. | 
long and 1 cm. diameter, is suspended, from a light 
aluminium torsion arm, between the poles of a| 
ring electromagnet. | 


| 
| 
| 
| 


The latter is built up of stalloy | 
stampings and produces a gap flux density of about | 
2,500. The magnet is rotated about the same | 
- 


iat | 
* Proc. Roy. Soc., A, Vol. 96, page 429, 1928. | 
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vertical axis as the torsion arm, and the specimen 
is drawn after the magnet until the torsional control 
exceeds the magnetic force exerted on the specimen. 
A beam of light, reflected from a mirror on the 
suspension, records the maximum deflection of the 
torsion arm and is a measure of the maximum 
magnetic force. The latter is proportional to 
" ! 
xv 

The apparatus is sufficiently sensitive to allow 
materials to be tested which are a 100,000,000 times 
less magnetic than ordinary iron. 


(T'o he continued.) 














































, which may be evaluated by calibration. 








MODERN HIGH-CAPACITY 
SWITCHGEAR. 
Tue interconnection of the large public generating 
stations in this country, which is now being gradually 
undertaken, will impose much more difficult conditions 


|on the existing switchgear than those for which it was 


originally designed. So much so that it has been 
necessary, in many cases, to provide new equipment 
of modern pattern with a rupturing capacity sufficiently 
great to deal with any currents that may be generated, 
owing to the occurrence of faults or surges. This 
equipment has, of course, normally to deal with energy 
at the generated voltage, with the result that the cross- 
section of the current-carrying parts must be consider- 
able, while the limitations of space and the natural 


ay 


| desire to avoid unnecessary building costs also impose 


certain difficulties on the designers. ; 
These points may be illustrated by referring to 4 


| switchboard which has been constructed at the Stafford 


Works of Messrs. The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W C.2, 
for the Croydon Corporation and the Central Electri- 
city Board. This board consists of fourteen panels, 
some of which are illustrated in Fig. 1. The equipment 
on each of these panels has a rupturing capacity of 
1,000,000 kv.-a. at 6,600 volts, the rated current 
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Fig. 4. *Bus-Bars AND CONNECTIONS. 


varying from 1,200 amperes to 3,000 amperes, accord- 
ing to duty. The board is built up on heavy cast- 
iron L-frames, upon which, as will be clear from 
Fig. 2, the *bus-bars, selector-switch chambers and 
fixed portion of the circuit-breakers are mounted, 
and on which the moving portion of the latter, 
which is of the horizontal draw-out pattern, can slide. 
Fig. 2 also illustrates the way in which the ’bus- 
barchambers are mounted. It is a matter of interest 
to note that, with a view to keeping down the weight 
where possible, these chambers have been made of 
aluminium, the necessary castings, which are obviously 
of complicated design, being among the largest of this 
material that have yet been turned out in this country. 
As will also be seen, the ’bus-bars, which are in dupli- 
cate, are hollow and consist of copper bars built up 
to form a square. They have the unusually large 
current-carrying capacity of 4,000 amperes and, except 
for a short length at each end, are wrapped with insulat- 
ing tape of a resistance sufficient to withstand the 
normal voltage of the system. They are further sup- 
ported on Bakelite insulators, which is not only a satis- 
factory material from the dielectric point of view, but 
's capable of withstanding the short-circuit stresses and 
the temperatures which occur while the chambers are 
being filled with compound. The connections between 
the individual sections of ’bus-bar are made by flexible 
straps, which act as expansion joints and are covered 
with muffs. The ends of the ’bus-bar chamber proper are 
closed by insulating partitions, so that they can be filled 
with compound before dispatch from the works, the hole 
through which the compound is inserted being covered 
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by a transport plate. This 
plate is removed when 
erection is completed, its 
place being taken by an 
expansion dome. The ad- 
vantages claimed for this 
arrangement are that it 


allows free expansion of the compound to take place 


when heating occurs and obviates it being forced out 
through the joints ; the formation of cavities on cooling 
is thus prevented. It also prevents stresses from being 
set up on the spouts, supporting insulators and covers. 

Fig. 4 shows a typical *bus-bar chamber before 
filling with compound and with one half cover re- 
moved. It will be noted that each bar is completely 
insulated by means of tape, and such insulation is 
adequate for the normal voltage of the system on 
which the units are to operate. 

The incoming and outgoing cables terminate in a com- 
pound-filled dividing box, whence connection is made 
to the current transformers. The latter are housed in 
a special chamber immediately below the ’bus-bars, 
which can accommodate three transformers per phase, 
so that the normal requirements for indicating instru- 
ments, meters and protective devices are satisfactorily 
complied with. These transformers are connected to 
the lowest of the three sets of isolating sockets on the 
fixed part of the switch, the sockets themselves, which 
comprise laminated copper-strip contacts of the self- 
aligning type, being deeply recessed into insulating bush- 
ings, and housed in the lowest of the three rows of cylin- 
drical spouts visible in Fig. 2. These spouts are bolted 
to the front of the ’bus-bar chamber. Similar sockets 
are provided for the two sets of ’bus-bars, connection 
to the latter being made by laminated copper strip. 
When the moving portion of the switch is withdrawn, 
the mouths of all the spouts are covered by felt-lined 
shutters, which are counterweighted so that they fall 
automatically into position. The operating mechanism 
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also contains a cam, so that the shutter is pressed 
tightly against the spout face, thus forming a dust, 
moisture and vermin-proof joint. It may he added 
that the felt lining is mechanically fixed to a metal 
plate which, in turn, is fastened to the shutter, so that 
there is no risk of its being torn away. The shutters, 
which can be locked in the closed position by padlock 
plates, are lifted by a bar on the moving carriage as 
the switch is racked in. The fixed portion of the unit 
is completed by an oil-filled potential transformer, 
not shown in the illustration, which is mounted on 
rollers in front of the cable-dividing box, connections 
to the latter being made by a plug and socket, the 
mouth of which is also closed by a shutter. This 
transformer is provided with oil-immersed limiting 
resistances and fuses, which can be changed without 
opening the main circuit. 

The moving portion of the switch is mounted on 
rollers, which run on the horizontal part of the frame, 
the upper faces of the latter being machined to pro- 
vide an accurate track. This portion of the frame also 
carries a rack, with which pinions fixed to the top plate 
of the moving portion engage, so that the latter can be 
moved in or out by turning the handwheel visible in 
Fig. 1. This moving portion consists of a selector 
chamber of cast-aluminium, which is carried on the top 
plate of the breaker proper, and to which castings 
carrying sets of contacts, similar to those already de- 
scribed, are bolted. The selector chamber is filled with 
oil and houses a selector switch with a fan-shaped blade, 
so that either the upper or middle contact of the three 
can be placed in circuit, depending on whether it is 
desired to utilise the upper or lower set of ’bus-bars. 
This selector switch is designed for making the change 
from one set of bars to the other under load, and is 
operated by means of the large handwheel shown at 
the top of the panel on the right in Fig. 1. An auto- 
matic tell-tale indicates which set of ’bus-bars, ‘‘ red ”’ 
or ‘‘green,” is in circuit. This arrangement, it is 
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claimed, is both quicker and simpler than the more 
usual method of changing the plugs or altering the 
position of the carriages. 

The circuit-breaker proper comprises of a heavy steel 
top plate, a typical view of which is given in Fig. 3. 
This carries the operating mechanism, and the oil tank 
is hung on it. The fixed contacts, which are of the 
laminated-brush type, are suspended from the lower 
end of two insulating bushings which protrude through 
the top plate into the selector-switch chamber, and 
from which connection is made to the lower isolating 
contact and to one side of the selector switch, respec- 
tively. The moving contact consists of a U-shaped 
horizontal bar, of which each of the outer ends engages 
with one of the fixed contacts, so that two breaks in 
series are provided. Sparking tips are also fixed at each 
point of the break. The centre of this bar is attached 
to a vertical rod which, in turn, is connected to the 
solenoid-type operating mechanism, the movement 
being accelerated, when the switch is opened, by 
powerful push-off springs. The breaker can be closed by 
hand in cases either of emergency or when it is desired 
to make an inspection. This is effected by a hydraulic 
jack, which enables the speed of closing to be regulated 
as desired, or the contacts to be left in an intermediate 
position. 

Another interesting feature of this switch is the 
employment of a series of baffle plates which are 
fitted inside the top of the breaker over each break, 
and in which there are a series of small holes. These 
holes form a connection between the small air space 
which is left above the surface of the oil as a cushion 
for the opening shock and an expansion chamber from 
which vent pipes lead into the open air. The advant- 
ages claimed for this arrangement are that very little 
oil is exposed to the air, and that the baffle plates are 
situated at the point where the pressure is generated, 
instead of at the end of the vent pipes. In addition, 
the gases are cooled in passing through the baffle plates, 
and the velocity of the oil is reduced and it becomes 
separated from the gas. The latter, therefore, passes 
freely through the vents, while the oil is retained in the 
expansion chamber and subsequently drains back into 
the tank. Since the baffles are placed at the point 
where the pressure is generated, the vent pipes can 
be made very small, while their number prevents the 
syphon action which is caused by the oil splashed into 
the vent pipe forming an oil film and, finally, a plug 
in the pipe. 

The contacts for each phase are housed in a 
steel-plate tank of oval section, which is bolted to 
the top plate by easily accessible bolts provided 
with lock nuts. In addition to the safety devices 
already mentioned, !any attempt to withdraw the 
moving portion of the circuit-breaker when the 
switch is closed is prevented by an interlock, which 
operates the tripping mechanism directly the racking 
handle is moved. This interlock also prevents the 
moving portion from being plugged in with the switch 
closed. As an additional precaution, a mechanical 
latch prevents the moving portion from being inched 
out by vibration, while holding-down catches placed at 
each corner of the top plate of the breakers prevent 
the moving portion from jumping when the contacts are 
opened. The selector switch cannot be used to break 
circuit, and unless it is fully engaged with one or other 
set of ’bus-bars, the main contacts cannot be closed. 
Locking pins are provided to lock the moving carriage 
in either the “in service,” “test,” or “fully out” 
positions. The small wiring is run in rigid or flexible 
metal tubing, according to its position on the unit, 
and the contacts for the testing jumpers are of the 
knife-switch type. 

The equipment we have just described is con- 
trolled from a main control board, which is bvilt 
round three sides of a square. This board consists 
of a series of cubicles, each provided with lights 
which are switched on directly the door is opened. 
The panels of this board are of ebony Sindanyo, 
over which is a mimic diagram, consisting of 
planished-steel strips on a white enamelled back- 
ground. 

Reference may also be made to the 132-kv. circuit- 
breakers which Messrs. The English Electric Company 
have constructed to the order of the Central Electricity 
Board. These breakers consist of three single-phase 
units, each of which is conte ined in a separate cylindrical 
tank of heavy boiler plate, the rupturing capacity being 
1,500,000 kv.-a. The tank is mounted on the ground, 
and is provided with three insulating linings which 
are spaced from each other and from the tank so 
as to ensure that there is always a quiescent layer of 
oil between these parts of the apparatus. The switch 
is operated by a solenoid which, with its associated 
equipment, is housed in a separate cabinet and is 
connected to toggle mechanism of conventional design 
through pull rods enclosed in steel tubing. These rods 
are never in compression, so that slight variations 
in alignment are of no consequence. The design enables 

a high speed of breaking to be obtained without it 








being necessary to employ an excessive plunger bar 
velocity. The general construction of one of these 
switches will be clear from the sectional view given 
in Fig. 5, page 355, and from Fig. 7, page 362, which 
shows one of the units being assembled in the works, 
while Fig. 8 illustrates the construction of the contacts. 
There are two main and four auxiliary contacts, the 
circuit being broken entirely on the latter, which are 
so arranged that they break one after the other, the 
timing being such that one of the four contacts will 
begin to open when the current is passing through 
its zero value. The others follow at predetermined 
intervals, the total length of break obtained in this 
way being 88 in. 

As will be seen from Fig. 8, the main and auxiliary 
contacts are carried on a frame, which is supported by 
two vertical guides and a cross-bar. This frame is 
moved up and down by a vertical rod, which is attached 
to the centre of the cross-bar, while the latter carries the 
main wedge-shaped moving contacts. These contacts 
engage with copper segments, which are held by copper 
springs, while the auxiliary contacts, which are of the 
same pattern as those already described, are also 
operated by it. Corona shields are fitted to enclose the 
auxiliary contacts, each set of shields and contacts 
being readily removable. The venting arrangements 
are also similar to those on the lower voltage equipment, 
one of the perforated baffle plates being visible near the 
top of Fig. 8. The bushings, which extend well down 
into the tank, are of the oil-filled type, the level of the 
oil being shown by a lighthouse indicator at the top. 
It is possible to remove any one of the single-phase 
breakers bodily by means of jacking rollers, which run 
on a 4-ft. 84-in. track, while the breaker itself can be 
lifted by placing jacks under the lugs which are welded 
to the bottom of the tank. 

Fig. 6 is a general view of the switchgear at the 
Central Electricity Board’s 132-kv. substation at 
Brighton, and is reproduced to show the neat arrange- 
ment it is possible to adopt by using concrete posts 
instead of steelwork for supporting the ’bus-bars and 
isolating switches. The circuit-breaker in the fore- 
ground is of the same pattern as that which has just 
been described, while the isolating switches are of the 
rotating centre-pillar type, in which the centre post 
carrying the blade is rotated through 90 deg. in passing 
from its open to its closed position. All the switches 
are interlocked to prevent incorrect operation. 








INTERNATIONAL ILLUMINATION 
CONGRESS. 


(Concluded from page 311.) 

On Thursday, September 10, a further technical 
session of the International Illumination Congress was 
held at Buxton, at which a paper on ‘‘ The Lighting 
of Factories and Other Large Buildings’’ was _ pre- 
sented by the Society of British Gas Industries. It 
was generally admitted that factory lighting should 
aid production, both as to quantity and quality, 
facilitate supervision, encourage cleanliness and order, 
reduce accidents, help the eyesight of the workers, 
and create a cheerful environment. There was no 
difficulty from the gas engineer’s point of view in pro- 
viding a system of illumination which met these 
requirements. It might be added that the compara- 
tively low intrinsic brilliancy and the radiant efficiency 
of the mantle were important factors in the provision 
of restful light. The running costs of an up-to-date 
installation would frequently be no more, and often 
would be less, than those of one which was inadequate. 
Distance control was now being widely adopted, the 
systems most usually employed being the pneumatic, 
the mechanical, and one in which the turning on of the 
supply automatically lighted the burner. Another 
important advance was the production of a mantle 
which gave a light approximating to that of daylight 
with only a slight reduction in the luminous flux per 
cubic foot, and without any appreciable increase in 
cost, 

In a paper entitled ‘*‘ Humanitarian Footcandles,” 
Messrs. M. Luckiesh and F. K. Moss pointed out that 
prevalent intensities of illumination were woefully 
low when considered on the broad basis of evolution 
of the eyes, of daylight intensities, of relationships 
between lighting and seeing, and of the conservation of 
human resources. Moreover, they could scarcely be 
justified, even on the usual narrow basis of economics. 
Current lighting practice was in a primitive stage, 
because it tacitly assumed the workers to be ‘‘ work- 
horses ’’ rather than human beings. Employers, 
workers and the public, could not, however, be 
expected to awaken to the importance of lighting, 
unless specialists assisted them, and in general those 
engaged in lighting practice were far behind the avail- 
able data. 

In a paper on “ Electric Light as Related to Archi- 
tecture,’ Messrs. R. W. Maitland and H. Robertson, 
said that the architect to-day was conscious of the 
importance of artificial light as a contribution to the 











finest effect in the interior, and was consequently 
finding that considerable forethought was required in 
considering the lighting at an early stage in his design. 
The aim of modern lighting was to eliminate the exces- 
sive use of small suspended light sources and to distri- 
bute the light over comparatively large areas, with a 
resultant low surface brightness. As a result, the 
engineer had found himself faced with the task of 
setting aside his ideas of lighting in foot-candles only, 
and was now obliged to consider quality at least as 
much as quantity. To-day, lighting was also being 
introduced into buildings as a novelty with a resultant 
tendency to create unrest; but this was a passing 
phase, and did not affect the basic principles of employ- 
ing light both as an illuminant and as a combined 
illuminant and decoration. In the former case, the 
utmost simplicity was desirable, and was best obtained 
by the use of indirect lighting. The latter gave infinite 
scope to the designer, but it was easier to find amusing 
decorative fittings than those which were simple and 
functional. Future developments would depend very 
largely on the trend of technique. The filament lamp 
was a great discovery, but there was no reason to sup- 

se that it might not be further developed or super- 
seded by the gas tube or some other type of element. 
Possible lines of development were the application of 
the neon tube to internal illumination to give new 
and very satisfactory architectural effects. In the 
meantime, attention might be directed towards reflec- 
tive lighting in fixed or mobile elements of decorations 
and furnishing, as this allowed great economy in current 
consumption and more varied effects. 

In a paper on ‘‘ L’Eclairage Artistique en France de 
1928 & 1931,’ Messrs. H. Maisonneuve and J. Wetzel 
mentioned that L’Association des Ingénieurs de 
l’Eclairage had set up a committee composed of light- 
ing engineers and fittings manufacturers with the object 
of studying the proper methods of adopting the aesthe- 
tic form of the fittings to the requirements of the general 
principles of lighting. The subject of artistic lighting 
was almost limitless, and in its development glass was 
undoubtedly the most important material, owing to the 
variety of forms in which it could be produced and 
used. It required some support, however, and this, in 
its turn, might be very simple or highly decorative. 
In France during the last few years, artistic illumination 
in the most varied form had been developed both for 
external and internal lighting, while the close collabora- 
tion which fortunately existed between artists and 
technical men would no doubt result in further progress 
along the right lines. 

A paper on “ A Standard of Illumination for Mines ” 
was presented by Mr. W. Maurice, who said that it 
was in those parts of the mine where coal was worked 
and filled that the risks were greatest and where the 
least attempt had been made to use light for the 
protection of life and limb and the promotion of effi- 
ciency. It had been stated by Dr. T. L. Llewellyn, in 
1920, that the average illumination at the coal face in 
a safety-lamp pit was 0-018 foot-candle, and where 
electric hand lamps were used it was 0-03 foot-candle. 
Since then, conditions had not improved. There was 
no lighting standard for mine lamps until 1911, when 
it was laid down that flame safety lamps should have 
a minimum candle power of 0-3, and electric lamps a 
candle power of one all round in a horizontal plane 
throughout a period of not less than 10 hours. These 
extraordinarily low requirements had not yet been 
revised, though last December the Mines Department 
had issued a circular letter stating that it was desir- 
able to secure an improved standard of lighting gener- 
ally, it being suggested that every new flame safety 
lamp should have a candle-power of 1 and every new 
electric safety lamp a candle-power of 1-3 at the end 
of nine hours of burning. Thus, after electric lamps 
had been in use for twenty years, it was proposed to 
raise the lighting standard from one stage of insignific- 
ance to another, and the mining industry did not seem 
willing to accept even that improvement. Though 
lamps were now available from which an average of 
2-71 candle-power could be obtained, it was doubtful 
whether even such an intensity formed any basis for 
the foundation of a practically useful illuminating 
standard. The researches of Dr. W. J. Roche seemed 
to show that a light intensity of 4 candle-power only 
allowed the miner to see with ‘“ half-an-eye,” and it 
was therefore difficult to understand the use of recom- 
mending still lower values. In 1929, the author had 
suggested that a minimum of 8 foot-candles should be 
aimed at, while in the tenth annual report of the 
Industrial Health Research Association, Mr. S.. Adams 
had stated that even rough work required at least 
3 foot-candles. To give this illumination at a distance 
of 3 ft. would mean using lamps of 27 candle-power, but 
this need not be regarded as a serious practical diffi- 
culty. If the authorities could determine the intensity 
of illumination necessary to prevent the occurrence of 
nystagmus, that mightiwell form the basis of standard 
coal-face illumination. e 

Dealing with “Incandescent Lighting in British 
Cinema Studios," Mr. W. A. Villiers said that the 
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first large-scale experiment with this type of illuminant 
were made early in 1927, considerable impetus being 
given to it by the advent of talking pictures in 1929. 
By the beginning of 1930, nearly all British studios 
were equipped with incandescent lighting, though a 
number of are lamps had been put back into service 
after the effort to silence them had been partially 
successful, At the present time, the average studio 
used 70 per cent. incandescent and 30 per cent. arc 
lighting. For general lighting, an even diffused light 
over the whole set was required, the units being 
generally arranged partly overhead and partly on 
floor stands. In the former, either 1,500-watt lamps 
fitted in one reflector or 500-watt lamps, each with its 


separate reflector, were used. The number of lamps per |, 


unit varied from one to forty. The floor stands were 
equipped with a 1,500-watt lamp, and suitable reflector, 
though sometimes 3-kw. lamps were employed. The 
latter lamps were also used for spotlights, in conjunc- 
tion with an 18-in. parabolic mirror, to give about 
800,000 candle-power. These lamps had now attained 
a high degree of efficiency and mechanical strength. 
A particular kind of hard glass was used for the bulbs, 
and blackening had been overcome by special treat- 
ment of the filament supports. In some cases, a 2-kw. 
lamp, with a bulb only 6 in. in diameter, was used, in 
conjunction with a lens and spherical mirror, a beam 
candle-power of about 300,000 being obtained. To 
secure an appearance of sunlight, a very powerful 
single light source was required, and 10-kw. lamps had 
been developed for this purpose. Owing to the heat 
generated, these were provided with very hard glass 
bulbs, and forced air cooling. Arrangements were also 
made so that the lamp remained vertical when the pro- 
jector was tilted, so as to prevent filament distortion. 
Switching on was effected through resistances. A com- 
bination of such a lamp with a 30-in. parabolic mirror 
would give a beam candle-power of about 5,750,000, 
or considerably in excess of a 150-ampere arc lamp. 

Ina paper on “‘ Kiinstliches Tages-und Sonnenlicht,” 
Messrs. E. Lax and M. Pirani pointed out that, as a 
result of colorimetric investigations into the change 
of the colours of pigments in artificial light, it had 
been established that artificial daylight and good 
colour reproduction could be obtained by the use of 
gas-discharge tubes, possibly in combination with 
incandescent lamps. 

On Thursday afternoon, the ‘‘ Engineering Aspects 
of Architectural Illumination” were dealt with in a 
paper by Mr. W. J. Jones, who said that architectural 
lighting was a natural evolution from the point system. 
The architect had not been slow to grasp its potentiali- 
ties, and, to meet his demands, the illuminating engineer 
had had to revise many of his previous ideas. Luminous 
or illuminated surfaces placed at a variety of positions, 
both in the horizontal and vertical planes, had now to 
be dealt with, and, while a degree of illumination suit- 
able for the activities carried on must be supplied, 
the chief attraction was architectural effectiveness. 
Each step had led towards a lower surface brightness, 
so that to-day illumination might be secured from 
glass panels lighted to 0-5 candle per square inch, 
while a few years ago direct illumination from fila- 
ments of 5,000 candles per square inch would have 
been employed. This development was timely in 
view of the upward trend of illumination intensities, 
and the more general appreciation of the harmful 
effects of glare, since it enabled the highest intensities 
to be attained without ocular discomfort. The 
engineer would be required to provide masses of 
lighted surface of a specified brightness and, as the 
architect was concerned with the proportional bright- 
ness of one surface to another, and not with the inten- 
sive brightness of any individual element, the design 
must, therefore, be carried out so that the total 
illumination from the ceiling, walls and lighted panels 
was appropriate to the purpose of the interior. The 
engineering problem, therefore, resolved itself into 
deciding upon the minimum illumination to be pro- 
vided on the plane of work, ascertaining the brightness 
upon all lighted and luminous surfaces to give an 
aggregate illumination value not lower than that 
given by this minimum, and deriving the total wattage 
and number of lamps necessary to give a predetermined 
value of brightness to the architectural lighting feature. 

In a paper on “Illumination and Architecture,” 
Mr. L. C. Kalff said that electric lighting made it possible 
to illuminate interiors by the same method as that 
employed by architects of former centuries with regard 
to daylight, that is by a proper balance of light and 
shadow effect. This would be very difficult to realise, 
and the solution required that the effect of the lighting 
unit on the component parts of the buildings and the 
impressions it would make upon the beholder should 
be ascertained, and such factors as whether a large 
amount of light was to be reflected from the ceiling, 
whether the walls were to be luminous, and whether 
coloured light was to be employed must be considered. 
This would call for new methods of construction, 
which would make the cross sections of buildings 
very ditferent from what they were at present. 








Dealing with ‘‘ Electric Light on the Farm,” Mr. R. 
Borlase Matthews said that of 391,659 farms in Great 
Britain with an area of five acres and over, only about 
3,500 had electricity installed, while in America there 
were more than 700,000 such farms, and in the district 
round Lucerne, 95 per cent. were connected. The sub- 
ject must be approached in two ways: Lighting as a 
means of illumination, and lighting as a medium of 
increasing productivity. As regards the first, it was 
generally agreed that the lamps should give a reason- 
ably uniform illumination over the entire plant, as 
in the factory. When this was done the time taken over 
the various operations could be reduced by some 35 
per cent., compared with what was necessary with oil 
lamps. In a byre, for instance, the intensity of light 
should be 2} foot-candles on the working plane, this 
being considered as on a level with the cows’ udders. 
The lights themselves must be at least 10 ft. from the 
floor, British standard dispersive reflectors with 60 watt 
pearl lamps being employed. In mixing and other 
rooms, the lights should be arranged so that an intensity 
of about 3 foot-candles was obtained some 2 ft. 6 in. 
from the floor. Considering lighting as a direct means of 
increasing productivity, it had been found that the 
winter production of eggs could be increased from 
15 to 40 per cent. by the use of electric lighting in the 
laying house. It must, however, be pointed out that 
it was not the total annual production, but only its 
distribution that was altered. Light treatment could 
also be advantageously applied to plants, though its 
exact value was hard to determine owing to the number 
of factors involved. It had been found that it was the 
longer waves of the spectrum which had the greatest 
stimulating effect if the temperature were kept down, 
and that relatively greater progress per hour of treat- 
ment was made when the plants were treated one night 
in six instead of every night. Electric light was also 
being successfully used in moth traps, while one of the 
latest developments was the treating of farm stock 
by ultra-violet rays, especially during the winter 
months. 

Further information on this subject was contained 
in a paper on “ Plant Cultivation with the Aid of 
Electric Light,” which was presented by Messrs. S. 
Oden, G. Kohler and G. Nelson. This stated that the 
investigations into plant cultivation by electric light, 
which had been made in Sweden, were first directed 
towards ascertaining the effect of lights of different 
wave lengths on development, and then, after positive 
results had been obtained, upon experiments with 
lights and the practical arrangement of light installa- 
tions. A number of alternative schemes had been 
investigated, the results of which would enable the 
horticulturist to form his own ideas as to the type of 
installation best suited to his needs and its first and 
operating costs. Mr. K. Vogl, in a paper entitled 
‘“*Kiinstliche Beleuchtung im Gewachshaus,” stated 
that plants required long-wave red light with some 
short-wave blue light ; the electric lamp was, therefore, 
suitable for prolonging the natural day in the winter 
and thus providing improved conditions in glass houses. 
The most favourable, and in particular the most 
profitable, intensity and duration of the additional 
light must be investigated, and researches carried out 
on large groups of plants, comprising Lorraine begonias 
and hydrangeas, showed that illuminations of 835 and 
120 lux, both applied for three hours before sunrise, 
gave equally good results, while an illumination of 
100 to 150 lux applied so as to prolong the natural 
day to 12 hours increased the net profit and improved 
the economic efficiency. 

At the conclusion of this meeting, the delegates 
travelled to Birmingham, where a further series of 
meetings was held on Friday morning, September 11. 
The papers presented included one on “ Motor Vehicle 
Lamps,” by Mr. J. D. Morgan, who said that the 
driver of a vehicle, when travelling at night, required 
adequate illumination of the road, while other users 
needed freedom from glare. Lamps for motor vehicles 
must, therefore, satisfy two conditions which were 
mutually incompatible: The provision of the light 
required in an efficient manner, and the reduction of 
the brightness of the source to a minimum. The first 
necessitated the collection of the light and its trans- 
mission in useful directions, and thirty years’ experi- 
ence had led to the almost universal adoption of the 
parabolic reflector for this purpose, as this gave a 
uniform and adequate illumination of the whole width 
of the road for a long distance ahead. On the other 
hand, the best means of minimising glare was still a 
matter of controversy. Many devices had been 
suggested, but they all diminished the illumination on 
the road, so that the avoidance of temporary incon- 
venience to the observer was obtained by imposing 
permanent risk on the driver. It followed that an 
anti-glare device should be capable of being brought 
into action when the necessity for it arose. Neither 
dimming nor. dipping devices provided a complete 
solution of the problem, though the latter was now the 
more strongly favoured. This could be effected either 
by the employment of a pivoted reflector or by the 


use of two light sources contained in the same or 
separate bulbs. Either gave good results. 

In a paper on “Selenium Ruby Glass,’ Mr. K. 
Fuwa pointed out that since selenium had been found to 
be a better colouring agent than gold or copper in ruby 
glass manufacture, its use had markedly increased. It 
was cheaper than gold and with proper manipulation it 
always gave the pure desired colour, while other agents 
produced colours which allowed light in other parts of 
the spectrum to pass. As a result of spectro-photo- 
metric measurements it was found that the contents of 
selenium and cadmium sulphide in the glass must each 
be more than 0-2 per cent., and that the sum of the 
two must be more than 1 per cent. Lead glass alone 
was unsuitable for the production of selenium red 
glass, and the easier the glass could be melted, the easier 
its colour was developed on reheating. 

On Friday afternoon, visits were paid to the works 
of Messrs. Lucas, Limited, and Messrs. Cadbury 
Brothers, while in the evening a civic reception was held 
at the town hall by the Lord Mayor of Birmingham. 
On Saturday, a trip was made to Stratford-on-Avon, 
while on Sunday the delegates travelled to Cambridge, 
where meetings of the International Illumination 
Commission have been held during the week at Trinity 
College. At these a report on the work of the various 
committees since the last meeting was presented by the 
president, Mr. C. C. Paterson. be 


HIGH-SPEED KNEE-TYPE MILLING 
MACHINES. 


In a recent issue we gave an account of a milling 
machine of British design and manufacture embodying 
a novel and ingenious system of table control, and 
now follow it up by a description of a new American 
type also possessing distinctive characteristics, though 
the two designs will be, perhaps, more instructive 
when contrasted than when compared. The American 
machine tools here dealt with are a new series of knee- 
type Milwaukee milling machines manufactured by 
Messrs. Kearney and Trecker Corporation, Milwaukee, 
Wisconsin, U.S.A., a firm represented in this country 
by Messrs. Burton, Griffiths and Company, Limited, 
Montgomery-street, Sparkbrook, Birmingham. The 
leading points in the design are, firstly, a very wide 
range both of spindle speeds and table feeds, the former 
varying from 15 to 1,500 r.p.m., and the latter from 
+ in. to 60 in. per minute. In the second place, a 
new type of spindle mounting, with a worm drive, 
is adopted ; lateral stiffening to the knee bracket is 
provided ; and the self-contained motor in the column 
is set at right angles to the spindle, which it drives 
through vee belts. The new milling machine is made 
both of the horizontal type and with a vertical sliding 
head. The first type is illustrated in Figs. 1 to 4 on 
page 358, and the second type in Figs. 5 to 8 on page 
359. Both are manufactured in two sizes, and the 
design of the horizontal machine is varied somewhat 
in accordance with the precise duties required, the 
three different kinds so formed being termed the 
universal, plain and manufacturing patterns. This 
explanation will make clear the distinction between 
Figs. 1 and 2, the first of which illustrates a Size 1, 
universal machine, and the second a Size 2, manufac- 
turing machine. With regard to these figures, it may 
be mentioned, in passing, that the machine shown in 
Fig. 1 is fitted with the firm’s newly introduced pre- 
cision hypoid spiral bevel gear dividing head. This will 
be referred to more fully later. 

In general construction the horizontal patterns do 
not greatly differ, the heavy box-section column, with 
its integrally-cast projecting base, wide sliding surface 
for the knee, and transversely-situated motor being 
adopted in all. This latter arrangement not only 
contributes to the strength of the column, but has the 
advantage that the motor is accessible from ‘éither 
end. For this purpose a hinged door is provided in 
each side of the column. One of these is shown open 
in Fig. 3, and exposes the multiple Vee-belt drive from 
the small motor pulley below to the large pulley above, 
the latter having its arms formed as fan vanes. This 
device ensures a current of air being drawn in through 
the curved louvres of the door, and discharged over 
the motor through the opposite door. The motor is 
mounted on a pivoted bracket, which permits the 
necessary adjustment for tensioning the belt. The 
knee is of box section in the centre, providing an oil 
bath for the gears and bearings within it, but has 
heavy horizontal flanges at the bottom, extending to 
the bearing surface of the slide. The makers have 
given the name of sponson-type to this knee, from the 
resemblance of this flange to the old-fashioned paddle- 
box side struts. The bearing surface is carried to 
the level of the top of the saddle, and provides a rigid 
connection between the knee and the column. The 
two are locked together by a clamp actuated by a lever 
handle at the side of the knee. 

The saddle is somewhat unusual in having a deep 








rib down the centre, which projects into a corresponding 
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UNIVERSAL Type Horizontat MILLING MACHINE. Fia. 
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MuLTIPLeE Ver-Bre_t Drive. 


Fria. 3. 











SPEED AND FEED CHANGE WHEELS. 


Fia. 4. 


recess on the top of the knee, the object being to get | release the clutch, and the feed is then re-engaged with 
as stiff a structure as possible without making the | 


level of the table top too high. The saddle is locked 
to the knee by a clamping lever, and is made to swivel 
in the universal pattern, though not in the other 
two plain and manufacturing patterns. All the 
patterns have quick traverse in six directions, viz., 


the reverse lever. The quick-traverse rate for the 
longitudinal travel of the table is 150 in. per minute, 
and for the motions of the knee and saddle 75 in. per 
minute. The feed and quick-traverse levers are in 


| duplicate, one set for operating the machine at the 


up and down the knee and forward and reverse for | 


both the longitudinal motion of the table and the 
transverse motion of the saddle. The quick traverse 
is effected by means of a multiple-dise clutch running 
in oil and situated in a readily accessible position at 
the front of the knee. The engagement of the quick 
traverse does not disengage the feed, and when the 
handle controlling it is released the feed automatically 
comes into operation again. When running the work 
up to the cutter, however, a dog on the table is used to 





front of the table, and the second set for use from the 
rear of the table. The starting and stopping lever is 
situated on the top of the column, and may be adjusted 
to suit any convenient operating position. The whole 
of the operating handles differ either in shape or ma- 
terial, in order to render inadvertent use of the wrong 
one unlikely. 

As already stated, the new machines. have a very 
wide feed range. This has been provided to give a 
slower feed for delicate work than has hitherto been 
possible on knee-type milling machines, and, at the 


MANUFACTURING Type HortzonTaL MILLING MACHINE. 








same time, to make provision for the higher feeds 
appropriate to the use of modern tools such as tungsten 
and tantalum-carbide milling cutters. The feed 
range provides a ratio of 1 to 240, with 27 individual 
changes from } in. per minute to 60 in. per minute. 
The lever and dial for the feed changes are on the front 
of the knee in the universal machine, as shown in 
Fig. 1. One turn of the lever in either direction 
decreases or increases the feed by one change, and 
rotates the dial ,.th of a revolution, the rate put into 
operation being visible on the dial against a fixed 
pointer. The figures are so large that they may be 
read from a distance of 20 ft. to 30 ft. from the machine, 
this scale being adopted to enable foremen or superin- 
tendents to see at a glance exactly what rate of feed 
is being used. The feed changes for the manufacturing 
and plain machines are, it will be observed by the 
absence of the dial in Fig. 2, not effected by a lever 
handle, neither, although the range is the same, are there 
so many of them, there being 24 as against 27. The 
feeds are varied by eight pairs of change wheels, along 
with a three-position lever. The change wheels are 
situated at one side of the column, and are protected 
by a hinged cover, which, when closed, keeps the 
wheels in position on their shafts. The cover is shown 
open in Fig. 4, the bottom pair of wheels being for the 
feed changes. The adjoining table gives the feeds 
obtainable for the eight change wheels, when the lever 
above the gears is in the low, medium or high positions. 

The upper pair of gears in Fig. 4 is that for changing 
the speeds, of which in the plain and manufacturing 
machines there are 24, obtained by eight pairs of 
change wheels and the lever. The range is from 
15 r.p.m. to 1,500 r.p.m. This range permits surface 
speeds in either direction as low as 50 ft. per minute 
for a cutter 12} in. in diameter, and as much faster as 
may be desired, depending upon the cutting material 
and the nature of the work. At the other end of the 
range, 100 ft. per minute can be obtained with a }-in. 
cutter, and slower if desired. In the universal machine 
both the method of changing the speeds and their 
number differs. The change is effected by a single 
lever and recorded by a large direct-reading dial, as 
shown in Fig. 1. The range is the 1 to 100 ratio, as 
in the other two patterns, but there are 27 speeds. The 
lever always remains in the same position, but one 
complete revolution of it in either a clockwise or an 
anti-clockwise direction alters the position of the dial 
relative to its fixed index point by one division. The 
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KNEE-TYPE VERTICAL SLIDING-HEAD MILLING 


KEARNEY AND TRECKER CORPORATION, ENGINEERS, MILWAUKEE, WIS., U.S.A. 


MACHINES. 























Fie. 5. Puain Tyre Verticat Sirpinc-HEap 


SPEED-SETTING DIAL. 


Fig. 7. 


vertical sliding-head machine shown in Figs. 5 and 6 
is also provided with the dial type-of speed and feed 
regulation, and enlarged views of the respective dials 
are given in Figs. 7 and 8. These views will enable 
the various steps between the changes to be noted 
and emphasise the legibility of the graduation, the 
figures of the speed-change dial being visible at a 
distance of from 40 ft. to 50 ft. 

The spindle-driving train is carried on very short 
multiple-splined shafts between two walls ‘in the 
column, and all run on anti-friction bearings. In 
those machines with 27 speed changes, the speeds are 
divided into three series of nine each. The nine highest 
Speeds are obtained through worm gearing, with the 
worm directly on the spindle. The reduction is 
="0 to 1, so that, although the spindle may at times 
Tun at as high as 1,500 r.p.m., no other shaft can run 
faster than 600 r.p.m. The nine intermediate and 


aig lowest speeds are obtained by gears. The pinion | could not be removed from the machine without first | 
ao last-named is particularly large and heavy, | taking off the cutters. The centre arbor support in 
ne acts as a flywheel for all speeds of the spindle. |the new machines is made in halves, each of which | 








MILLING MACHINE. Fic. 6. 














FEED-SETTING DIAL. 


Fic. 8. 


The sliding gears for the intermediate and lowest 
speeds are, of course, in neutral position when the 
high-speed worm drive is in action. The spindle is 
exceptionally well supported, there being three bearings 
in its length, each of the two drives, 7.e., the worm 
and the pinion, being supported on each side. This 
has resulted in a spindle of considerably greater stiffness 
than usual. The front and centre bearings are arranged 
to take both radial and thrust loads. The rear bearing 
is of the roller type and takes the radial load only. 
The arbor supports also show departures from 





PRECISION Stop GEAR IN SLIDING Heap. 


is slung on one of the over-arms, but formed at the 
lower part to make a complete bearing. When it is 
desired to preserve the original cutter spacing, each 
half of the support is swung out of the way, and the 
arbor can then be removed intact. Cutters can also 
be set up on a spare arbor for the next piece of work 
while the first operation is going on. As will be clear 
from the oil-level indicating windows in Figs. 1 and 2, 
each half of the support has its own oil reservoir, and 
the effective lubrication of the bush is ensured. 
Regarding the general system of lubrication, a forced 
supply is delivered to all gears, shafts, and internal 
mechanism throughout the entire machine. A large 
reservoir is formed in the lower part of the column 
behind the motor. The circulating pump is accessible 
through the pulley-door opening. A filter is embodied 
in the system, and a window indicator at the upper 
part of the machine shows the operator that the oil 
is circulating properly. The reservoir for the cutting 
fluid is formed in the base of the machine. The pump 
for it is also accessible through the pulley-guard 
opening. It can be readily thrown in or out of action by 
aconvenient handle. There are two distributing pipes, 
with universal joints, giving a wide directing range. 
The sliding-head vertical machine is made in the 
manufacturing pattern with 24 speeds and feeds from 
change wheels, and also in the plain pattern with 
27 speeds and feeds from the lever and dial mechanism. 











accepted design. As will be seen from Figs. 1 and 2, 
| there is a double overarm. This carries a front arbor | 
| bearing, held against the knee strut by two bolts and | 
provided with an oil reservoir for the adjustable 
bushing. The centre arbor support differs considerably. 
| Hitherto, when this has been used in work involving 
|a gang of cutters, it has usually meant that the arbor 








A No. 2 machine of this pattern is shown in Fig. 5. 
The spindle is driven, as in the horizontal machines, 
by a combination of worm and spur gearing for the 
higher and lower speeds, respectively. There is, 
further, little difference in the drive, knee, saddle and 
table, and in the lower part of the column. The head 
has a vertical travel of 6 in., adjusted by a hand wheel. 
A full power equipment, however, includes a power 
feed of 27 rates, viz., from } in. to 30 in. per minute, 
and a quick traverse of 75 in. per minute. The hand- 
wheel is automatically disengaged when the feed or 
rapid traverse is thrown in, and re-engages when they 
are released. Adjustable dogs are provided to trip 
the feed or rapid traverse at any desired point within 
its range. The stop gear shown in Fig. 6 facilitates 
the milling of three or four heights in accurate 
relation to one another. After being run up to the 
work by the quick traverse, the head is tripped by one 
of the four screws on the precision stop. The hand 
wheel is then used to lower the head a few thousandths 
of an inch to the zero point on the dial. 
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The dividing head, supplied as an extra, and shown 
mounted in position on the table of the universal 
machine illustrated in Fig. 1, may be briefly noticed, 
as it does not appear in sufficient detail to permit of 
extended description. The primary dividing mecha- 
nism is a pair of accurately matched hypoid spiral- 
bevel gears. The gear and pinion have a 5 to | ratio, 
which makes for rapid indexing on small numbers. 
The range is wide, as the mechanism of the head will 
give leads for cutting threads as fine as 38 per inch on 
the one hand, and up to one turn in 2,900 in. on the 
other. This is effected by means of a spiral lead 
gear-box which bolts to the end of the table and can 
be quickly removed when not needed. It can be 
driven either from the table screw or a shaft parallel 
to that screw. The change mechanism includes three 
sets of reversible worms and gears, which give com- 
binations permitting 40,362 leads to be obtained, 
many of which vary from one another by as small an 
amount as js)9) in. This gives greatly increased 
chances of getting exactly the right lead for a given 
precision job. The clamping arrangements of the 
spindle are such that no side pressure is imposed on it, 
and a cause tending to inaccuracy is thereby removed. 
The spindle can be set at any desired angle from 
10 deg. below the horizontal to 10 deg. beyond the 
vertical. Since the dividing-head spindle can be 
rotated by power without the engagement of the 
table screw, the dividing head becomes, in effect, a 
rotary table having the spindle set at any desired angle, 
and circular and cam milling can be done. An attach- 
ment for milling threads can also be provided, which, 
together with the new dividing head, makes it now 
possible, for perhaps the first time, to perform this 
operation by power on a milling machine. 








ENGINEERING TRAINING AND 
EDUCATION. 


University of London, University College.—Particu- 
lars of the courses in civil, mechanical, electrical, 
chemical, and municipal engineering, and in chemistry. 
geology, mathematics and physics, available in the 
Faculty of Engineering of University of London, 
University College, Gower-street, London, W.C.1, 
are given in a prospectus issued recently by the college 
authorities. In addition to full details, time-tables, 
fees and regulations respecting the various courses, 
the pamphlet contains information regarding entrance 
and other scholarships, exhibitions, bursaries and 
studentships tenable at the college, post-graduate 
and research work, and special students’ societies 
connected with the college. The forthcoming 1931-32 
session will begin on October 5 next. Copies of the 
prospectus of the Faculty of Engineering are obtainable 
on application to the secretary of the college. 

City Literary Institute—The prospectus of the City 
Literary Evening Institute, Goldsmith-street, Drury- 
lane, London, W.C.2, has recently been issued. The 
Institute provides instruction in such subjects as 
literature and the writing of English, speech training, 
art and architecture, history, economics, science 
(including astronomy, geology, wireless telegraphy 
and photography) and languages. Asa rule, the classes 
last two hours, the first hour being devoted to a lecture 
and the second to discussion and illustration. The 
Institute is open to men and women of 18 years and 
upwards. Enrolments commenced on Monday, Septem- 
ber 14, and will continue during next week, while the 
classes will begin on Monday, September 28. An inclu- 
sive fee of 10s., which covers any course or courses held 
during the session, is payable by students residing in 
the County of London. Further particulars may be 
obtained on application to the Principal of the Insti- 
tute, at Goldsmith-street, or to the Education Officer, 
London County Council, County Hall, Westminster 
Bridge, London, S8.E.1. 

Royal Technical College, Glasgow.—The Calendar 
for the 1931-1932 session of the Royal Technical 
College, Glasgow, has recently been issued. This 
contains full particulars regarding the day and evening 
courses of study held in the College, in civil, mechanical, 
electrical and mining engineering, naval architecture, 
metallurgy and other technical subjects. The Calendar, 
in addition to being a detailed prospectus, is also a work 
of reference, and cortains sections devoted to such 
matters as the constitution and history of the College, 
lists of past officers, students’ societies, and appoint- 
ments held by associates and other past students of the 
college. The forthcoming 1931-1932 session, which 
constitutes the 136th, will begin on Monday, September 
21. Copies of the Calendar may be obtained on 
application to the Director of the College. 











MAIzE CRUSHERS FOR ARGENTINA.—A report from the 
Department of Overseas Trade of the Board of Trade 
draws attention to an unusual demand in the Argentine 
for small crushers for maize, selling at from 185 to 240 
Argentine paper pesos. A list of importers of machinery 
through whom sales might be effected is obtainable from 
the Department. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Pumping Plant.—The supply of low-lift pumping 
plant, including motor and control gear. Invercargill 
City Council, New Zealand. October 28. (Ref. No. G.X. 
10738.) 

Cycle and Motor-Cycle Parts.—The supply of cycle 
and motor-cycle parts and accessories, including chains, 
handlebar grips, &c. Tender Board of the Union of 
South Africa. November 6. (Ref. No. G.X. 10739.) 

Sprayers.—The supply of sprayers, double-action 
dusters, &c. Egyptian Ministry of Agriculture, Cairo. 
November 23. (Ref. No. F.X. 1266.) 








CONTRACT. 


Messrs. THe British THoMsON-HousTton CoMPANy, 
LivITep, Rugby, have supplied the 28,000-s.h.p. turbo- 
electric propelling machinery for the new liners Strath- 
naver and Strathaird, built by Messrs. Vickers-Arm- 
strongs, Limited, for the Peninsular and Oriental Steam 
Navigation Company. The machinery comprises two 
separate turbo-alternator sets, each having its own 
condensing plant and auxiliaries, two double-unit 
synchronous motors which are coupled direct to the twin 
propeller shafts, a contactor cubicle to control the power 
from the alternators to the propulsion motors, and two 
balance booster sets for excitation purposes. 








BOOKS RECEIVED. 


The Motor Manual. Twenty-eighth edition. London: 
Temple Press, Limited. [Price 2s. 6d. net.] 
Quelques autres Précurseurs des Chaudiéres 4 Cir 
Accélére. By Pavut AvGustiIn-NORMAND. 
Société d’Editions Geographiques, Maritimes 

Coloniales. 

Department of Scientific and Industrial Research. The 
Application of X-Ray Crystal Analysis to Industrial 
Problems. London: His Majesty’s Stationery Office. 
[Price 9d. net.] 

United States Bureau of Standards. Research Paper 
No. 324. A Multiple Manometer and Piston Gauges 
for Precision Measurements. By C. H. Meyers and 
R. 8S. Jessup. [Price 10 cents.] No. 327. Special 
Refractories for Use at High Temperature. By W. H. 
SwaNGeR and F. R. Catpwetu. [Price 10 cents.] 
Washington: Government Printing Office. 

Chemistry in the Service of Man. By ALEXANDER FInp- 
LAY. Fourth edition. London: Longmans, Green 
andCompany. [Price 6s. net.] 

Advancing Science, being Personal Reminiscences of 
the British Association in the Nineteenth Century. By 
Str OLivER LopeE. London: Ernest Benn, Limited. 
[Price 6s. net.] 

Anuario de Mineria, Metalurgia, Electricidad y demas 
Industrias de Espaiia (anuario de la Industria Espaiiola) 
1931. Edited by Don Ramon Ortot, Don LAUREANO 
MENENDEZ PucEetT and Don Luis Orton, Madrid : 


late, 


Paris : 
et 





Revista Minera, Metalirgica y de Ingenieria. [Price 
12 pesetas. } 
Air Ministry. Meteorological Office. The Weekly 


Weather Report for the Period March 2, 1930, to February 
28, 1931. Particulars of Temperature, Rainfall and 
Bright Sunshine for each Week. London: His 
Majesty's Stationery Office. [Price 15s. net.] 

Mathematics. A Text-Book for Technical Students. By 
Bevis BruneEL Low. London: Longmans, Green 
and Company. [Price 12s. 6d. net.] 

Air Ministry. Aeronautical Research Committee. Reports 
and Memoranda No. 1874. Oxidation Characteristics 
of Fuel Vapours with Regard to Engine Detonation. 
By E. Marptes. [Price ls. 6d. net.] No. 1376. 
Strength of Wooden Seaplane Hulls (Full Sized Machine 
—Third Series). By W.C.S.Wietey. [Price ls. net.] 
No. 1389. The Pressure on the Front Generator of a 
Cylinder. By A. THom. [Price 9d. net.] No. 1390. 
The Protection of Magnesium Alloys against Corrosion. 
By H. Surron and L, F. LE Brocg. [Price ls. net.] 
No. 1392. Accelerations on Aircraft during Maneuvres. 


By E. Fryw and A. E. Woopwarp Nutt. [Price 9d. 
net.] No. 1393. Several Cases of Non-Circular 
Torsion solved by Analysis and Direct Test. By JAMES 


Orr. [Price ls. 3d. net.] London: 
Stationery Office. 

Linoleum-Handbuch. Ein praktischer Ftihrer fdr Industrie 
und Handel. By Dr. H. G. BoDENBENDER. Berlin- 
Steglitz : Chemisch-technischer Verlag. Dr. Boden- 
bender. [Price 13s. 6d. net.] 

Internationale Sprachnormung in der Technik besonders 
in der Elektrotechnik. By Dr. Inc. E. WistTer. 
Berlin: V.D.1.-Verlag G.m.b.H. [Price 20 marks.] 

Entziindung und Verbrennung von Gas und Brennstoff- 

dampf-Gemischen. By Dr. Inc. W. LinpnER. Berlin : 

V.D.1.-Verlag G.m.b.H. Price 7-50 marks. 

‘nited States Bureau of Labour Statistics. Bulletin 

No. 535. Wages and Hours of Labour in the Slaughtering 

and Meat-Packing Industry, 1929. [Price 20 cents.] 

No. 536. Proceedings of the Seventeenth Annual Meeting 

of the International Association of Industrial Accident 

Boards and Commissions Held at Wilmington, Del., 

September 22-26, 1930. [Price 50 cents.) Washing- 

ton : Government Printing Office. 
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PERSONAL. 


Mr. J. F. I. THomas, until recently with Messrs 
Vickers Limited, has been elected to the board of Messrs, 
British Jeffrey-Diamond, Limited, Stennard Works, 
Wakefield, as co-managing director. 

Messrs. MoseErs, LIMITED, 4, Marshalsea-road, London, 
8.E.1, have been appointed stockists and distributors 
for the new Sankey-Lloyd British steel pulley. 

THE DEPARTMENT OF OVERSEAS TRADE announces 
that, in connection with the Trade Commissioner Service 
in Canada and Newfoundland, Mr. H. F. Gurney, Junior 
Trade Commissioner, Montreal, has now been appointed 
H.M. Trade Commissioner in Newfoundland and Maritime 
Provinees of Canada, with headquarters still at Montreal, 


Messrs. JOHN BENNIE, LIMITED, 149-155, Moncur- 
street, Glasgow, S.E., state that their London office js 
being transferred from 47 to 39, Victoria-street, S.W., 
and that branches are being opened at 134, Deansgate, 
Manchester; 19, Preston-parade, Beeston, Leeds; 
3, Cork-hill, Dublin; 28, Chapel-walks, South Castle- 
street, Liverpool; Alliance Buildings, 4, Mosley-street, 
Newcastle-on-Tyne ; and 34, Queen-street, Edinburgh. 
The firm has also appointed as agents The Central 
Engine Works, 65, Geylang-road, Singapore, 7, Mac. 
arthur-street, Kuala Lumpur, and 48, Lahat-road, 
Ipoh; Messrs. A. and T. Burt, Limited, Courtenay- 
place, Wellington, New Zealand ; The Mort’s Dock and 
Engineering Company, Limited, Balmain, Sydney ; and 
Messrs. Oliver J. Nilsen and Company, 45-47, Bourke- 
street, Melbourne. 

Messrs. VICKERS-ARMSTRONGS, LIMITED, Broadway, 
Westminster, S.W., inform us that the manufacture of 
the Vickers pyramid hardness-testing machine is being 
transferred, owing to the closing of their Erith works, to 
their works at Crayford, Kent. 

Messrs. BuRN SILENT GEaRs, LIMITED, who, as stated 
last week, have taken over all business for the silent 
Burn gear, for which British rights have previously been 
held by Messrs. Stothert and Pitt, Limited, Bath, state 
that, in co-operation with Messrs. James Howden and 
Company, Limited, Glasgow, they are now in a position 
to supply Burn gears for a wide range of applications. 

Messrs. DorMAN, LoNG AND Company, LIMITED, have 
opened a branch office at Royal Insurance Buildings, 
Grey-street, Newcastle-on-Tyne. Sir Alexander Leith, 
of Messrs. Alexander Leith and Company, of 25, Colling- 
wood-street, Newcastle-on-Tyne, will continue _ his 
connection with the firm in connection with the Tyne 
and Wear districts. 








NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

Effect of the Budget.—There is general approval in iron 
and steel and heavy engineering circles in the North 
Western district of the Budget provisions, and the 
opinion is fairly generally expressed that the new 
Government’s determined effort to ensure financial 
stability will rapidly be productive of restored confidence 
and increased business in the commercial world. In 
particular, leading industrialists in the area are apprecia- 
tive of the higher allowance for plant depreciation, which 
will, it is believed, have beneficial results on local 
industries. Sufficient time has not yet elapsed, of 
course, for any improvement in demand to have been 
noted in any particular section, but hope is entertained 
that the next month or two will witness a decided 
improvement in several branches of the heavy engineer- 
ing industry. Meanwhile, the improved demand of the 
last few weeks for foundry iron continues, and machine- 
tool manufacturers, who have recently booked fairly 
important orders from Russia, are now regarding the 
future with less anxiety. Locomotive builders and 
textile-machinery manufacturers, unfortunately, are still 
badly placed, and, at the moment, there is little prospect 
of any definite improvement, at any rate before the 
end of the year. 

Structural Steelwork.—Although several firms report 
that important schemes under contemplation, which 
would necessitate the use of relatively large quantities 
of steelwork, have been delayed for one reason or 
another, leading firms continue to be fairly well employed 
on extensive orders secured earlier in the year. At Man- 
chester, Messrs. Walton, Banister and Company, Limited, 
of Trafford-park, are still busily employed on the fabrica- 
tion of sections for the new Manchester Reference 
Library, in the erection of which more than 2,000 tons of 
steel will be required. Messrs. Redpath, Brown and 
Company, Limited, also of Trafford-park, are well booked, 
one of the largest contracts they have on hand being 
for materials for the new Rylands building in Market- 
street, Manchester. Messrs. Edward Wood and Com- 
pany, Limited, of the Ocean Ironworks, Manchester, 
have also orders on their books entailing, in the aggregate, 
several thousand tons of structural steelwork. Messrs. 
Nasmyth, Wilson and Company, Limited, locomotive, 
hydraulic and general engineers and iron founders, of 
Manchester, have reported a loss on the year s trading 
of 11,255/., compared with a profit of 13,1461. in 1929. 
The directors report that the number of orders secured 
for locomotives was 72 per cent. less than the average 
for the last 35 years, and that the lessened demand makes 
for greater competition. Production in the Barrow 
hematite pig-iron trade is still at a low ebb, and in the 
continued absence of orders of any magnitude for local 
steelmakers there is little hope of any immediate 
improvement in demand. 








MacuINneE Toot Exuisition.—It is announced that the 
next exhibition to be organised by the Machine Too 
Trades Association will take place in 1934. 
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NOTES FROM THE SOUTH-WEST. 


Carprirr, Wednesday. 


The Coal Trade.—-Further consideration has been 
given to the question of minimum coal prices by the 
executive committee of the South Wales Marketing 
Association. For along time there has been an agitation 
for a lowering of small coal prices, but the executive 
decideu at a meeting yesterday not to make an alteration 
in the minima, which range from lls. to 13s. 6d. per 
ton f.o.b., according to quality. In the meantime the 
general demand remains exceedingly quiet, and collieries 
cannot work regularly while smalls of all classes are 
being dumped, in order that wagons may be cleared, 
to provide transport facilities for other classes. The 
possibility cf import duties being imposed on foreign 
goods has raised hopes of an improvement in inland 
trade which would naturaily result in an increased 
production of home iron and steel, and consequently 
colliery owners are watching developments with keen 
and anxious interest. Meanwhile the export trade is as 
unsatisfactory as ever, while freights for coal are below 
pre-war rates and at the lowest levels touched for twenty- 
five years. Genoa has been fixed as low as 5s. 3d, from 
Cardiff, Alexandria at 5s. 9d., Port Said at 6s., and 
River Plate at 9s.—figures which must leave shipowners 
with a loss. In August, shipments of coal abroad from 
South Wales amounted to 1,452,903 tons, compared with 
1,399,518 tons in July when they were at the lowest 
level since January. The average f.o.b. price of the 
coal shipped at 16s. 2d. per ton was 14d. less than in 
July, the value of steam and bituminous coal advancing 
by 18s. 4d. to 17s. 2}d., but of anthracite falling 2s. 4d. 
to 24s, 4}d., the latter drop, owing to the smaller propor- 
tion of coal exported, being responsible for the general 
reduction. 


Iron and Steel.—Exports of iron and steel goods were 
substantially increased in the past week. Shipments of 
tinplates and terne-plates were reduced from 6,055 tons 
to 6,035 tons, but of other iron and steel goods increased 
from 112 tons to 5,528 tons, of black plates and sheets 
from 660 tons to 741 tons, and of galvanised sheets from 
1,664 tons to 2,570 tons. Prices of Welsh tinplates 
have fallen to 12s. 9d. per standard box, some makers 
having decided to close down until trade revives and 
having accepted a cut price to dispose of stocks. 


Officer Crew.—The Cardiff steamer Firtree is manned 
by officers of the fleet of four vessels belonging to the 
company. The four masters are acting as master, 
mate, and second mate, respectively, with the fourth 
master looking after the three laid-up vessels, while four 
mates are acting as sailors, together with two second 
mates. The four chief engineers are acting as chief, 
second engineer and assistant, with the fourth chief 
looking after the laid-up steamers of the fleet. 











NOTES FROM THE NORTH. 


GuLascow, Wednesday. 

Scottish Steel Trade.—The past week has not brought 
forth anything much in the way of new business in the 
Scottish steel trade, and all classes of orders are badly 
required by producers. The proposals of the new 
Government for raising the necessary revenue to liquidate 
the country’s liabilities and balance the budget have left 
the trade in uncertain mind. Home buying is not likely 
to improve much in the meantime, but there are signs 
of more confidence all round. The main trouble at the 
moment, however, is the low level which the world’s 
trading has reached, but it is freely anticipated that the 
latest move by Britain will have far-reaching effects, 
and that trade in general will gradually improve. Only 
a small proportion of plant in this area is in operation 
at present, but a fairly good undertone exists, and we 
may see better times at no very distant date. In the 
black steel sheet trade business is quiet, and while the 
inquiries are somewhat better, actual dealing is very 
limited, Prices show no change, and are as follows :— 
Boilerplates, 107. 10s. per ton; ship plates, 8/. 15s. per 
ton; sections, 8/. 7s. 6d. per ton; black steel sheets, 
4 in., 7. 58. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 101, 12s. 6d. per ton, all delivered at 
Glasgow stations, 


Malleable-Iron Trade-——A dull tone continues to 
prevail in the malleable-iron trade of the West of Scotland, 
and very little business is passing. The re-rollers of steel 
bars are also finding difficulty in securing orders, because 
ot the severe competition which has been ruling of late. 
rhe current market quotations are as follows:—Crown 
bars, 101. 5s. per ton for home delivery, and 91. 10s. per 
ton for export ; re-rolled steel bars, 6/. per ton for home 
delivery or export. 


Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade are still very unsatisfactory, and the 
output is unchanged. The recent reduction in prices 
has not stimulated business to any extent, as con- 
Sumers are being well catered for by the agents for 
Indian and English pig-iron. The following are to-day’s 
market quotations :—Hematite, 68s. 6d. per ton, 
delivered at the steel works ; foundry iron, No. 1, 72s. 
per ton, and No. 3, 69s. 6d. per ton, both on trucks at 
makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
Pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 12 amounted to 572 tons. Of 
that total, 315 tons went overseas and 257 tons coast- 
wise. During the corresponding week of last year the 
figures were 105 tons overseas and 78 tons coastwise, 
making a total shipment of 183 tons. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Restricted make of Cleve- 
land pig-iron is little in excess of current moderate needs, 
and accumulations at the blast furnaces, while as large 
as ironmasters care to carry, are hardly of embarrassing 
size. A disquieting feature of the present position is the 
continued steady delivery of Midland iron for consump- 
tion here, and the still occasional purchase of small 
parcels from that quarter. Merchants are still unable 
to do much in Cleveland pig, as makers continue to 
supply direct principal home users, and export demand 
does not improve. Dealers in overseas iron retain 
possession of the Scottish trade by selling to firms there 
on terms well below the specially low figures makers of 
Cleveland pig are prepared to accept from customers 
beyond the Tweed. For home purposes, ironmasters 
hold to the following fixed prices: No. 1 Cleveland, 61s. ; 
No. 3 g.m.b., 58s. 6d.; No. 4 foundry, 57s. 6d. ; and No. 4 
forge, 57s. 

Hematite.-—-East Coast hematite pig is comparatively 
very cheap, and values still tend downward, though 
producers, for some time past, in their anxiety to liqui- 
date stocks, have been accepting orders at substantially 
below cost. Quantities stored at makers’ yards are of 
hampering dimension and are steadily increasing. The 
statistical situation is causing much anxiety. For 
ordinary qualities, the price is now 59s. 6d. to 60s. No. 1 
is put at a premium of 6d. Manufacturers report a little 
trade doing with Sheffield and with the Midlands, and 
both producers and merchants manage to dispose of 
small odd lots to customers abroad, but export orders 
are obtainable only by severe price-cutting. 


Foreign Ore.—There is no market for foreign ores 
Consumers have heavy stocks and are well bought. 
In the absence of transactions, values are difficult to 
fix. Best rubio is in the neighbourhood of 14s. c.i.f. 
Tees, 


Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and in very quiet demand. Sellers still base 
market rates on good average qualities at 15s. delivered 
to local users. 


Manufactured Iron and Steel.—There are no quotable 
changes in prices of manufactured iron and _ steel. 
Orders for nearly all descriptions of material are urgently 
needed, but sections producing constructional steel keep 
well employed, and a few contracts for railway material 
have been arranged. Among the principal market 
quotations are : Common iron bars, 10/.; best bars, 
107. 10s.; double best bars, 11/.; treble best bars, 
111. 10s. ; packing (parallel), 87. ; packing (tapered), 107. ; 
steel billets (soft), 51. 15s.; steel billets (medium), 
61. 12s. 6d. ; steel billets (hard), 7/. 2s. 6d. ; iron and steel 
rivets, 11/. 5s.; steel ship plates, 8/. 15s.; steel angles, 
81. 7s. 6d.; steel joists, 82. 15s.; heavy sections of steel 
rails, 82. 10s. for parcels of 500 tons and over, and 9. 
for smaller lots; fish plates, 12/7. 10s.; black sheets 
(No. 24 gauge), 7/. 10s.; and galvanised corrugated 
sheets (No. 24 gauge), 91. 

Scrap.—Scrap is very slow of sale, and quotations for 
several descriptions are nominal. Borings are 22s. ; 
turnings, 26s.; light cast iron, 3le. 6d.; heavy cast 
iron, 40s.; machinery metal, 42s.; and heavy steel, 
378. 6d. 








GENERATION OF ELECTRICITY IN GREAT BRITAIN.— 
During the first eight months of 1931, the total amount 
of electricity generated by authorised undertakers in 
Great Britain was 7,173 million units, as compared with 
6,928 million units during the corresponding period of 
1930, representing an increase of 3-5 per cent. 


TUNNEL UNDER THE HooGuty at CALcuTTa.—Messrs., 
The Calcutta Electric Supply Corporation, Limited, have 
long been faced with the growing difficulty of providing 
electrical energy for the important residential and indus- 
trial area in the South of Howrah, on the right bank of 
the river Hooghly. The load is rapidly increasing, and 
though the Corporation has a modern station at Garden 
Reach on the left bank of the river, the problem has been 
to get its cables to the other side. The river at this point 
is frequented by ocean-going steamers, and cables laid 
in the bed of the river are liable to be damaged by ships’ 
anchors. The problem could be solved either by building 
a new and expensive generating station in Howrah or 
by taking current from the left bank through some form 
of tunnel under the river. As a result of consultation 
with Mr. H. H. Dalrymple Hay, the latter course was 
decided upon and a contract for the construction of a 
tunnel placed with Messrs. John Cochrane and Sons, 
Limited, Victoria-street, London, 8.W.1. Work was 
commenced in December, 1929, and information has 
recently been received that the tunnel, which was driven 
from the left bank, has reached the shaft on the Howrah 
side. The river is only one-third of a mile at this point, 
but it has never been tunnelled before. It is stated that 
this is the first shield-driven iron-lined tunnel ever 
constructed under a great tidal river in the East. British 
supervision was provided throughout, but Indian labour 
alone was employed. The crown of the tunnel is 36 ft. 
below the bed of the deepest part of the river, and 
15 ft. below the level of the deepest known scour. The 
Corporation, whose offices are at Victoria House, Vernon- 
place, Bloomsbury-square, London, W.C.1, have stated 
that, during the six months ending June 30 last, 
some 85,000,000 units have been sold, compared with 
87,000,000 during the corresponding period of 1930. 
The decrease, it is pointed out, is due entirely to the short- 
time working of the jute mills. 


NOTICES OF MEETINGS. 


Roya InstirutTion, BritisH ASsocIATION, LystITU- 
TION OF ELECTRICAL ENGINEERS, AND OTHERS.—Faraday 
Centenary Celebrations. Saturday, September 12, to 
Friday, September 25. For full programme see page 197 
ante, 

Betrast ASSOCIATION OF ENGINEERS.—Monday, 
September 21, 7.45 p.m., Queen’s University, Belfast. 
Faraday Centenary. Lecture on “ Faraday’s Life and 
Work,” by Mr. W. J. McC. Girvan. 

BritisH AssocraTion.—Centenary Meeting. Wednes- 
day, September 23, to Wednesday, September 30. For 
list of papers, excursions and visits, see page 198 ante, 





INSTITUTE oF FurEL.—Wednesday, September 23, 
6 p.m., Chemical Society, Burlington House, Piccadilly, 
W.1. “The Reactivity of Coke. A Report to the 
Blast-Furnace Committee, Iron and Steel Industrial 
Research Council,’ by Mr. J. G. King and Mr. J. H. 
Jones. 


INSTITUTION oF LocoMOTIVE ENGINEERS.—Thursday, 
September 24, 6 p.m., Institution of Mechanical Engi- 
neers, Storey’s Gate, S.W.1. Presidential Address, 
“ Railway Electrification”? by Mr. W. A. Agnew. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Though inquiries are somewhat more 
abundant, the position shows little general change, and 
for the most part steel and engineering plants are working 
less than half-time. One of the biggest forge and rolling 
mill concerns in Sheffield, which has made a succession 
of losses, reports that, during the past year, its plant has 
been engaged at only about 20 per cent. of capacity. 
The possibility of an early introduction of tariffs is 
eagerly being canvassed by iron and steel manufacturers, 
who find themselves severely undersold in competition 
against surplus products from abroad, which are offered 
at anything from 2/. to 3/. per ton below the local manu- 
facturing cost. Engineering firms, whose outlet for iron- 
works and steelworks machinery is severely restricted 
owing to depression in the staple trades, are embarking 
on new lines of production, and already have booked a 
considerable number of valuable orders. Sheffield is to 
share in the supply of steel rails for South Africa, and 
further business is expected from China, in connection 
with the Boxer Indemnity Funds. Solid progress con- 
tinues to be made in the latest high-class steels, Sheffield 
had a direct interest in the Schneider Trophy flight, 
essential parts of the engines in the British seaplanes 
having been made at local works. Still further uses are 
being found for stainless steel. One of the latest pro- 
ducts is a 12-ft. boat, which is light enough to be lifted 
by two men. There is a steady demand for stainless iron 
for turbine blades, and for stainless steel in the form of 
sheets, strips, and bars. One of the latest uses for steel 
is in the manufacture of ovens for the bakery trade. 
Such ovens are capable of withstanding great heat 
without deterioration, and are comparatively cheap. 
Inquiries are in circulation from Singapore for malleable 
iron pipe fittings, and from the South Indian Railway 
for wire ropes. Raw and semi-finished materials are 
still in a more or less stagnant condition, though owing 
to slightly improved order books a few more furnaces 
have been re-started at local works. There is a fair 
market for cold rolled strip and bars. Quotations: 
Derbyshire foundry pig-iron, 63s. 6d. ; Derbyshire forge 
iron, 60s. 6d.; crown iron bars, 9/. 15s.; iron hoops, 
11l. 158.; steel hoops, 91; soft wire rods, 7/. 10s. ; 
Siemens acid billets, 9/7. 2s. 6d.; hard basic billets, 
6l. 12s. 6d. to 8/. 12s. 6d.; soft basic billets, 61. ; basic 
scrap, 34s. 6d. 


South Yorkshire Coal T'rade.—Owing to the Doncaster 
Races, and holidays at the pits, production has been 
restricted, and sufficient orders have been booked in 
the meantime to warrant fairly regular operations during 
the remainder of the month. Since increased prices were 
levied, house coal demands have diminished, though fair 
sales of best qualities are recorded. Business in industrial 
fuel is irregular. The export demand is still on the weak 
side, though official rates are fully maintained. A mode- 
rate tonnage is going inland under contract. Large 
surpluses of secondary qualities and smalls are held. 
The market in blast-furnace coke is depressed, and, as 
is usual at this period of the year, business in gas cokes 
is on a moderate scale. Quotations: Best branch hand- 
picked, 248, 6d. to 25s. 6d.; Derbyshire bright house coal, 
218. to 22s.; best house coal, 218. 6d. to 22s. 6d. ; screened 
house coal, 19s. to 20s. ; screened nuts, 16s. 6d. to 19s. ; 
Yorkshire hards, 17s. to 18s, 6d. ; Derbyshire hards, 17s. 
to 18s, 6d.; rough slacks, 9s, 6d. to 10s. 6d.; nutty 
slacks, 7s. 6d. to 8s. 6d.; smalls, 5s. 6d. to 6s. 6d. 








British COMMERCE WITH Mataya.—A memorandum 
on methods of trading, terms of payment, appointment of 
agents, buying seasons, &c., in British Malaya, has been 
prepared by the Department of Overseas Trade, 35, Old 
Queen-street, London, 8.W.1. Copies of the pamphlet 
may be obtained on ones to the Department, 
quoting reference No. C.X. 3,635. Mr. R. W. Boulter, 
C.M.G., H.M. Trade Commissioner in Singapore, is at 
present in the United Kingdom, and will be available for 
the purpose of interviewing firms interested in trade with 
British Malaya, at the Department and at certain 

rovincial centres, for a short period from October 5, 

irms desiring to make an appointment, should-com- 
municate with the Department of Overseas Trade, 





quoting reference No. 2361/1/81. 
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132,000-VOLT OUTDOOR SWITCHGEAR. 
CONSTRUCTED BY MESSRS. THE ENGLISH ELECTRIC COMPANY, LIMITED, ENGINEERS, STAFFORD. 
(For Description, see Page 354.) 
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Fie. 6. CENTRAL ELECTRICITY BOARD SUBSTATION AT BRIGHTON. 

















Cracuir BREAKER. Fie. 8. Contacts oF Circuit BREAKER. 
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ENGINEERING. 


We may begin our further account of the Ship- 
ping, Engineering and Machinery Exhibition at 
Olympia, which will remain open until to-morrow 
week, by referring to the equipment which is being 
shown by some of the electrical firms. 

Messrs. Elliott Brothers (London), Limited, 
Century Works, Lewisham, London, S8.E.13, are 





meters is proportional to the rate at which water 
is evaporated from the wick surrounding the 
bulb of the latter, while this rate, in its turn, is 
proportional to the amount of moisture in the 
surrounding atmosphere after a correction for the 
dry-bulb temperature has been made. The actual 





determination of the relative humidity is therefore 


being adjusted until the overflow drips continuously. 
The rate of evaporation is about 10 cub. in. a 
day at a temperature of 40 deg. C. Where the 
temperature exceeds 40 deg. C., the motor and fan 
must be installed outside the room and may be 
dispensed with altogether if the air is moving 
rapidly. A further type of instrument has been 
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Fies. 45 anD 46. Direct-Reaping Humipiry Meter: Messrs. ELiiorr 
BrotHers (Lonpon), LIMITED. 


exhibiting a number of their instruments for heat 
control and other purposes in the power station 
and factory, the majority of which have recently 
been dealt with in our columns.* These include 
their chopper-bar six-colour recorder, total radia- 
tion pyrometer, and smoke-density meter. Details 
may, however, be given of the Siemens humidity 
meter, a view of which is given in Fig. 45, while its 
method of operation will be clear from the diagram 
reproduced in Fig. 46. The meter works on the 
psychrometric principle, like the ordinary wet and 
dry bulb thermometer, and possesses, it is claimed, 
the great advantage that the relative humidity can 
be read off directly without the use of curves or 
tables being necessary. The readings can also be 
transmitted toa distance and indicated or recorded 
at a central point. As is well known, the difference 
between the readings of the dry and wet bulb thermo- 








* ENGINEERING, vol. ¢xxxi, pages 557 and 600 (1930). 











Fig. 47. 


“ENGINEERING” 


somewhat involved. 
In the Siemens 
meter, on the other 
hand, the relative 
humidity can be read off directly, owing to 
three electrical resistance thermometers being 
employed as shown in Fig. 46. Of these, two 
form the wet and dry bulbs, respectively, while 
the third is a further dry bulb, by which the 
correction for the dry-bulb temperature is made. 
These thermometers are connected to a measuring 
system, which consists of a cross-coil movement 
and a double Wheatstone bridge. As will be seen 
from Fig. 46, the air or gas under test is drawn 
through the transmitter by a small electrically- 
driven fan f, so that it passes first over two air 
thermometers of the resistance-element type c, 
then through the curved tube h, and finally over 
the wet thermometer d. The latter is kept moist 
by a tightly-fitting cotton stocking, the end of 
which dips into a trough of water b. The trans- 
mitter itself is supported by the lugs a. It is 
recommended that the trough should be _per- 





manently connected to a water supply, the flow 


Spiit-CorrE CURRENT TRANSFORMER; Messrs. ELLiotr 


BrotHers (Lonpon), Limirep. 


designed for use in large gas mains. This is fitted 
with a flange, so that the whole transmitter can be 
installed inside the pipe. Indication or recording 
at a central point is effected through a multi-way 
switch and indicator, and the latter can, if desired, 
be arranged to indicate the room temperature on 
a second scale. When a recorder is used, the 
humidities or temperatures at the various points 
can be shown in different colours. 

The same firm are showing examples of the 
scissors type of split-core current transformer, one 
of which is illustrated in Fig. 47. These enable 
the alternating current passing through a cable to 
be measured without interrupting the supply, and 
are wound for a secondary current of 50 milli- 
amperes at full load, so that they can be used with 
very long leads without the readings being affected. 
The instrument with which they are fitted can 
also be calibrated as a voltmeter, the combination 
thus providing a compact testing set for the distri- 
bution engineer. The transformers are designed for 
several ranges, that required being connected in 
circuit by turning a milled nut and thus altering 
the length of an air gap in the core. The use of 
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Messrs. WILD-BARFIELD 


Evectric Furnaces, LIMirep, 


this open gap, it is claimed, also eliminates errors 
due to dirt. The transformers are light and com- 
pact, and are designed for use both on low and 
high-tension circuits. These are made in three 
ranges, for currents between 50 and 200 amperes at 
500 volts and between 250 and 1,000 amperes at 
250 volts and 6,600 volts. 

Messrs. Wild-Barfield Electric Furnaces, Limited, 
North-road, Holloway, London, N.7, are exhibiting 
a pit-type forced-draught oven, which they have 
designed for tempering and certain other forms 
of low-temperature heat treatment. As shown 
diagrammatically in Fig. 48, its essential feature 


is the use of the Wild-Barfield paddle fan, which | 
is installed under the heating chamber to augment 
the natural convection currents, and thus to increase | 


both the rate of heating and the output of treated 
work. The arrows indicate the direction of the air 
stream, and it will be seen that this passes both 
over the heating elements and round and through 
the charge. 
is heated and the moment at which it reaches the 
required temperature are recorded by thermo- 
couples. The oven can also be adapted to the 
heat treatment of non-ferrous metals, both in 
sheet and finished form. 
the operation of this system is being illustrated by 
a model with an outer cylinder of glass, the air 
circulation being clearly indicated by means of 
minute solid particles. 

The same firm are exhibiting a number of 
their automatic hardening furnaces, a feature of 


which, as is well-known, is that the exact moment 


indicated 
last trace 


by 
of 


for quenching the steel parts is 
detecting the moment when the 
magnetism leaves the steel. 


large section, but in a new design of carburising | 
and general heat-treatment furnace, which we 
illustrate in Fig. 49, heavy nickel-chrome hairpin 
rods, as shown in Fig. 50, are used. These rods | 
run the whole length of the roof, walls and floor | 
of the furnace, and when necessary can be fitted 
in the door and back as well. In furnaces the length | 
of which does not exceed 9 ft., this arrangement, | 
it is claimed, has important thermal advantages, | 
while, in addition, it enables the elements to be easily | 
and quickly removed. For instance, an element can 


The actual rate at which the charge | 


It may be added that | 


These furnaces are | 
heated by elements co sisting of wire helices of | 


a pair of tongs, even when the furnace is at its 
working temperature. 


on to the ’bus-bars at the back. In furnaces over 
8 or 9 ft. long, the elements are, however, made up 
of drawn rods of sinuous form. 

A third Wild-Barfield exhibit of which mention 
;may be made is a pusher furnace for hardening 
|or normalising purposes. This comprises a 4 in. 
| by 4 in. by 48-in. rectangular chamber of tunnel 





and pulling the * hairpin’”’ out of the chamber with | 





ENC/NEBRING 


| 


It is then only necessary | 
to push in a new “hairpin ’’ and to bolt its ends | 





| bricks, which encloses helical-shaped chrome-nickel | 


}elements. The loading of the latter is 4-5 kw., 
|and they are designed for operation either on a 
220 volts. The furnace is fed by a pusher mech- 
anism which, in the particular model shown, has 


been designed for the treatment of small cylin- | 
This mechanism consists of a motor- | 


drical parts. 
driven reduction gear, the slow shaft of which 
is fitted with an adjustable crank, so that a 
reciprocating motion 
pusher levers. These, in turn, operate the pusher 
heads. These heads slide in two Vee channels, 
which pass right through the furnace and 
arranged to take’ a double row of parts. 


furnace outlet they are sloped downwards, so 


‘that the parts slide under gravity down a sealed | 


chute into the quenching medium. The furnace 
is fitted with thermo-electric automatic control, and 
the variations which it is possible to make, both 
in the temperature and in the time and length of 
the pusher stroke, enable it to be utilised for a 
large range of products. 


diameter and 4$ in. long are being treated. 
Messrs. Laurence Scott and Electromotors, 
Limited, Norwich, a firm which for many years has 
been closely connected with the manufacture of 
electrical equipment for Admiralty and other 
marine purposes, are exhibiting a number of their 
standard winches and capstans, the latter being 
made in conjunction with Messrs. Elliott and 


| Garrood, Limited, Beccles, as well as two examples 


of the Burke-Scott welder. Special attention may, 
however, be drawn to their mill-type motor, illus- 
trated in Fig. 51, which exemplifies recent practice 


can be imparted to the) 


are | 
For | 
most of their length they are level, but near the | 


It is stated that an output | 
of 30 lb. per hour is obtainable when parts } in. in| 


single-phase or three-phase circuit at 200 volts to | 





Fig. 50. 
Fics. 49 anp 50. CARBURISING AND GENERAL 
Heat - TREATMENT FURNACE; Messrs. WILD- 
BARFIELD ELECTRIC FURNACES, LIMITED. 


it is of fabricated steel construction. It is reversible 
end for end, so that either shaft extension may 
be used for the drive. The frame is of wrought 
steel, and its feet, which extend for the full length, 
are strutted to the bearing housings. The latter 
are of cast-steel and are attached to the frame by 
welding, all the machining required being effected 
after this operation has been performed. The shaft 
is of high-grade steel, and is provided with an 
extension at each end, which can either be tapered 
or parallel. The extension not in use is protected 





by a steel cap. The magnet frame is in halves, so 
| that access to the windings is easy, while the commu- 
|tator can be inspected through a large opening, 
| which is provided with a steel cover. The two 
| halves of the frame are secured at each corner by a 
large bolt, rigidity being ensured by the use of two 


be withdrawn by unscrewing two nuts at the back, | in the manufacture of electrical machinery in that | taper dowels. The four main poles are of laminated 
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Fie. 51. Wertpep-SterL Miti-Type Motor; Messrs. LAURENCE ScorTtT 
AND ELECTROMOTORS, LIMITED. 




















with separate 
magnetic blow- 
outs. They are 
bolted on to iron 
bars, which are 
fixed in the case 
in such a way 
that each unit 
is opposed by an 

. : operating cam. 
steel, while the interpoles are solid. Both are secured | This cam is carried on a long spindle, As the spindle 
by tap‘bolts to the motor carcase. The interpole | is rotated, the cams push the contactors into or out 
and series windings are made up of copper strip, | of position, a quick make and break being ensured 














Fie. 53. ELectricAL TACHOMETER; Messrs. THE RECORD ELECTRICAL 
Company, LIMITED. 


which is asbestos covered, the completed coils 
being insulated from the frame by micanite. The 
armature is of the sleeve type, so that the shaft can 
be removed when required, and consists of a cast- 
steel spider on which the core is shrunk after it has 
been built up by hydraulic pressure and bored. 
The drums supporting the winding are of fabricated | 
steel, and are welded to the spider. The windings, | 
which are either of wire or strip, are former wound, | 
each bar being served with micanite tape. The | 
bundle of bars required for each slot is also covered 
with a micanite serving, and the completed winding 
is then laid in a trough of the same material, being | 
held in place in the slot by Bakelite wedges. In 
addition, the end windings are secured by steel-wire | 
binders. The commutator is a separate unit, and is 
forced and keyed on to the armature spider. The | 
cone rings are of weldless forged steel, the pressure | 
being applied by a number of forged bolts of | 
normalised steel. The insulation rings are of mica- | 
nite, sufficient overlap being provided to ensure | 
that the leakage is low, while the conducting sections | 
are of hard-drawn copper with integral risers, so | 
that riveting or sweating is unnecessary. Special | 


| by making the former fairly steep and by the use of 


Fia@. 52. CAamM-OPERATED REVERSING CONTROLLER ; MESSRS. 
LAURENCE Scott anD ELEcTRomMoTORS, LIMITED. 


three types ; lightweight for aircraft, general pur- 
pose, and watertight for ships, the two last being 
designed for running continuously for long periods 
without attention, and differing only in the design of 
the external housings. Fig. 53, illustrates the 
watertight type. The armature and field magnets, 
which form the electrical system, are completely 
enclosed in a cast-iron case, so that they are 
effectually screened from the influence of magnetic 
fields. In the general-purpose type, the case is 
dust and splashproof, while in the watertight 
type packing glands are, in addition, provided 
round the shaft and in the terminal box. The 





body is provided with slotted feet, so that its posi- 
























a star wheel. Rapid extinguishing of the arc is| tion can be adjusted to take up the slack of the 
further assisted by a blow-out for each pair of | belt or chain. These sets are designed to run at 
contacts, so that burning is, it is claimed, practically 'an armature speed of 2,000 r.p.m., and step up or 
eliminated. The switch units are mica-insulated, | step-down gear must, therefore, be provided between 
and only the current-carrying parts are alive, neither|them and the driving shaft, where necessary. 
the framework, clamps nor even the operating | Their output is sufficient for supplying several 
cams themselves forming part of any circuit. The | indicators of the moving-coil type. For this pur- 
same design is also applied to the larger sizes of | pose, the firm’s Cirescale or edgewise pattern 
hand-operated starters, the camshaft taking the | instruments are specially suitable, the former, on 
place of the drum and the cam units cutting out | account of their long scale and deadbeat qualities, 
the resistance by steps in the same way as the brush | and the latter on account of their compactness. 
fingers do on the smaller patterns. Any reverse |The latter can also be utilised with advantage when 





| motion of the handle brings out the circuit-breaker, | the speeds of several machines have to be compared, 


so that current is only broken on the cam-operated|as the relative speeds can be distinguished by 
units. It may be added that micanite is used as an | sighting the pointers along the dials. 
insulator throughout this equipment, which is of| Control gear of a type, which has been designed 
skeleton design so that it can easly be inspected from | for engine-room auxiliaries, is being shown by 
the front. There are no back connections or| Messrs. Brookhirst Switchgear, Limited, Chester. 
hidden resistances. | This includes an example of the firm’s Unistart 
Messrs. The Record Electrical Company, Limited, | system, which has been designed to reduce the 
Broadheath, Altrincham, Cheshire, are showing a|space occupied by the motor-control gear. To 
wide range of their well-known measuring instru- | explain the principle on which this system works, it 
ments and testing sets, as well as of circuit-breakers may be recalled that a motor-control panel normally 





attention has been paid to securing rigidity and/for direct and alternating-current circuits for | comprises a starter, with the necessary resistances, 


easy adjustment of the brush gear. 
Fig. 52 shows a cam-operated reversing con- 


| currents up to 2,000 amperes. In addition, they | and a circuit-breaker with no-volt and overload 
are exhibiting examples of their electrical tacho-| releases. While, however, the latter equipment 






























troller, which is being exhibited by the same firm. | meters, one of which we illustrate in Fig. 53. 
This is built up of a series of units, each of which is | This consists of two units, a dynamo, or transmitter, 
Similar to an ordinary contactor, except that the | which generates a voltage proportional to the speed 
Operating coil is omitted. These units are fitted | of the rotating body to which it is coupled, and a 
with plain or laminated knuckle contacts, depending | voltmeter, or indicator, which measures the voltage 
on the current they are intended to carry, and | thus generated, and is calibrated in revolutions per 
When required to break a circuit they are provided ' minute. These instruments are manufactured in 








must be provided for each motor, there is no reason 
why the former should not be used to start a number 
of machines. In addition, to the space saved by 
adopting this course a further advantage is that the 
individual circuit-breakers can be mounted together 
on or adjacent to the main switchboard, so that the 
fuses and other protective devices, which would, in 
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the ordinary way, be fitted at the distribution point, 
can be eliminated. T 
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drum-type control panels, one of which we illustrate 
in Fig. 54. This equipment, which is intended for 
variable-speed direct-current motors, is made in a 
range of sizes covering outputs up to 100 h.p. The 
starter is of the drum type and is actuated by a 
ratchet handle, thus givinga step-by-stepmovement 
and slow-motion starting by single-handle operation. 
It is interlocked with a contactor-type circuit- 
breaker, so that the armature circuit of the motor 
is always broken by the latter and not on the starter 
contacts. To reduce wear, the circuit-breaker 
contacts are of the rolling-butt pattern and are 
fitted with magnetic blow outs. The overload 
trip is of the solenoid type and is fitted with an 
adjustable time lag. The speed regulator, which 
is, of course, in the shunt circuit, is of the horizontal 
type and is interlocked with the starter, so that 
the motor cannot be started up with a weak field. 
The whole of the interior of the panel, including 
the starting and speed-regulating resistances, is | 
arranged on a hinged frame and can be brought 
forward horizontally by releasing two set screws. 
The enclosing case is formed of heavy-gauge sheets 
which are reinforced to secure additional rigidity, 
and are lipped at the door joint to provide 
effective sealing when the front inspection door is 
closed. The door itself is fitted with glazed port- 
hole openings, which are protected by hinged 
cast guards, so that a good view of the interior 
is obtainable. 

Fig. 55 illustrates the Pneutrol device, which has 
been developed by Messrs. Brookhirst Switchgear, 
Limited, in conjunction with an automatic control 
panel for starting and stopping electrically-driven 
pumps, and thus provides an alternative to the float 
type of switch. It consists of a U-tube containing 
mercury, in each limb of which is an electrode, the | 
position of which can be adjusted. The closed end 














Fie. 54. Drum-TypeE Controu PANEL ; Fie. 55. Pneutrot Pump ConTROLLER ; 
of the stand pipe in the tank which is to be emptied | Mzssrs. Brooxuirst SwitcHeeaR, LIMITED. Messrs. BROOKHIRST SWITCHGEAR, LIMITED. 


or filled by the pump is connected to this tube by | 
a }-in. copper pipe, so that any rise in the level of | 
the liquid in the tank produces an increase in the | 
air pressure in the latter, and thus causes the 
mercury in one limb of the U-tube to rise and contact | 
to be made with one of the electrodes. The closing | 
of this contact energises a control relay, with the 
result that the pump motor is either started or 
stopped in the usual way. An adjustable time-delay | 
relay is connected between the control relay and the 
operating coil of the starter, so as to provide an | 
interval during which the stand pipe can be charged | 
with air at atmospheric pressure through ports | 
placed at the minimum level of the liquid in the | 
tank. When a tank is being emptied, this delay | 
occurs just before the pump stops, while when it is | 
being filled, it happens just before it starts. It is | 
stated that it is unnecessary to place this device | 


near the tank, where the atmospheric conditions | 
may be unsuitable, but that it can be installed in | 
some convenient position under cover. A further | 
advantage is that the contacts, being enclosed in | 


lass, are unaffected by external conditions, and that | 
| 

| 

| 

| 





Fig. 56. 





Fig. 57. 
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the starting and stopping limits are not altered by 

any rolling or surging of the liquid in the tank or 
sump. getty ~~ ~~~ ~~ ------------ 
The portable filter unit illustrated in Figs. 56 and} _ . a = a 
57, on this page, is being shown by Messrs. The | Fies. 56 anp 57. PortTaBLEe FILTER FOR TRANSFORMER O1L; Messrs. THE STREAM-LINE FILTER 
Stream-Line Filter Company, Limited, 45, Horse- | Company, Lrirep. 
ferry-road, Westminster, 8.W.1, and has an output 

of 100 gallons per hour. It is intended for dealing | dehydrator and a pumping set, these four units | hydrator in the form of water vapour, and is drawn 


with transformer oil, and it may be mentioned that | being mounted on a four-wheeled trolley. The} off by the vacuum pump. The latter is driven by 
the firm has recently completed the installation of | oil to be treated is first raised to a temperature of | an electric motor, as shown in Fig. 56. The same 
transformer-oil filters for sixteen stations of the/85 deg. C. by passing it through the preheater | motor drives a second pump, which serves to dis- 
Central Electricity Boacd. These were described in | shown in both figures, the oil being heated electri- | charge the clean dry oil. The air bottle for cleaning 
ENGINEERING, vol. exxviii, page 421, (1929.) Inj cally. It is then passed through the filter, which is | the filter is mounted below the chassis. The whole 
the acceptance tests carried out at each station, the|of the Stream-Line edge filtration type. This|equipment is covered by a light sheet-metal 
dielectric strength of the filtered oil was found to/| principle of filtration has already been fully | casing with the control lever on the outside, access 
be over 60 kv., as compared with 45 kv., which is | dealt with in our columns. The filter is contained | being given to the heaters and pumps by hinged 
the guaranteed figure for new oil. The dirty oil/in the renovator shown to the left in Fig. 56. In|doors. As already stated, the filter has an output 
before filtering had a dielectric strength of from | it all solid particles, including colloidal carbon, |of 100 gallons of transformer oil per hour, the 
5 kv. to 20 kv. are effectively removed. A vacuum dehydrator, | output for switch oil being 40 gallons per hour, or 
As the plant shown in the figures is generally | working in conjunction with the filter, ensures the | upwards, according to its condition. The total 
similar in principle, but of smaller dimensions, to | removal of all traces of moisture from the oil. | weight of the plant is 12 ewt., and it is 4 ft. 10 in. 
the units already described, it is not necessary | The filtered oil leaves the space between adjacent | long, 2 ft. 1 in. broad, and 4 ft. 24 in. high. 
to deal with it in any great detail. It consists of | discs in the filter as a film of microscopic thickness, In addition to the filter for transformer oil. 
four essential components, a preheater, a filter, a|and any contained moisture is liberated in the de-! Messrs. The Stream-Line Filter Company are 
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Fig. 58. 


showing a number of small pressure-operated lubri- 
cating oil filters, suitable for small engine users, 
garages, &c. Larger vacuum-operated filters for 
lubricating oils are also shown, together with a model 
of the firm’s Stream-Line oil separator for removing 
oil from bilge and ballast water. A Stream-Line 
filter for the latter purpose was described in Enet- 
NEERING, vol. cxx, page 607 (1925). 

Messrs. British Separators, Limited, Buckingham 
Works, York, display a group of Vickcen centrifugal 
separators of both portable and stationary types. 
Some of the machines are of well-established patterns 
and are therefore well known, but two, at least, are 
of recent development. The set illustrated in Figs. 
58,59 and 60, on this page, is, though the smallest 
of the range, of interest in that it is a wholly self- 
contained plant, the separator, with its motor, and 
both the dirty and clean oil tanks, being assembled 
in a group which may be mounted either on a trolley 
or on the semi-portable stand shown in the figures. 
The oil tank forming the base is approximately 
cubical and is divided into two compartments each 
he ‘ding 25 gallons. About half the area of the tank 
top is formed with movable lids to give access to 
the interior of the tanks. The remaining half is 
strengthened by angle framing, to which is bolted 
the cast-iron bedplate carrying the separator and 
driving motor. The plant is specially designed for 
treating crank-case oils, and is therefore suitable 
for garage work as well as for general power purposes. 
The separator has a dual purpose bowl, so that the 
machine may be used as a purifier or as a super- 
clarifier. There is accordingly a by-pass arrange- 
ment on the pipe line of the rotary gear pump which 
draws the oil from the dirty-oil compartment of 
the tank and delivers it, by means of a flexible 
Pipe, to the top of the separator. When the feed- 
control valve on the pump discharge is closed, the 
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oil is returned to the dirty-oil compartment by 
way of a relief valve. The clean-oil discharge pipe 
from the separator is also provided with a by-pass, 
by means of which the clean oil may be returned 
to the dirty-oil compartment when desired. When 
the separator is not used for the oil in the tank 
the clean oil spout may be diverted, as shown by 
the dotted lines in Fig. 60, to fill a container. The 
water and sludge discharge funnel is provided with 
a flexible pipe for filling any suitable portable vessel. 
The motor is }-h.p., of the industrial type, suitable 
for operating on either direct current or single- 
phase alternating circuits up to 250 volts. It is 
controlled by the rotary switch seen on the front 
of the tank in Fig. 58. Below this is a second 
rotary switch, which controls an immersion-type 
heater at the bottom of the dirty-oil compartment. 
Three degrees of heat are available. The other 
new separator is known as the fumeless oil purifier, 
and is intended specially for work in confined 
spaces, such as marine stokeholds. This is fitted 
with hinged self-contained collecting traps of 
aluminium, having self-sealing joints in the oil, 
overflow and water discharge spouts, which are 
also provided with large sight glasses. This machine 
can be stopped, the traps lifted, the bowl cleaned, 
and all restarted in a very short time and with great 
ease. 

The oil filters manufactured by Messrs. Auto 
Klean Strainers, Limited, Tower House, 40, Trinity- 
square, E.C.3, are employed for a wide variety of 
purposes. The principle employed, of edge filtra- 
tion between hollow discs, is now too well known 
to require description, but its application to 
strainers for all marine purposes is well brought out 
by the firm’s exhibits. Two new strainers are 
shown, illustrated in Figs. 61 and 62, page 368. 
One of these, illustrated in Fig. 62, has been 
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Fias. 58 To 60. Srxtr-ConTAINED VICKCEN Or SEPARATOR; Messrs. BRITISH SEPARATORS, LIMITED. 


specially designed for straining fuel and lubricating 
oil for modern airless-injection engines and other 
high-speed machinery. The makers have aimed at 
producing a strainer that can be made in very large 
units, which have a straining equivalent of 150 by 
150 gauze mesh. This new strainer retains the 
Auto-Klean system of edge filtration referred to, 
but, instead of the liquid being strained through a 
single cartridge, multiple cartridges are provided 
to give the necessary capacity. The illustration 
shows the internal arrangement of the strainer, 
which has seven cartridges, and is suitable for a 
3-in. bore pipe. All the cartridges are geared to 
a central spindle, and they can be cleaned while the 
strainer is in use by merely giving the handle a 
turn when required—say, once per watch. The 
improvements which have been effected by this 
method of construction have been made possible 
by the greater accuracy with which the small 
components, from which the cartridges are con- 
structed, can be machined, as compared with the 
large units which have hitherto been used for 
cartridges up to 7 in. or 8 in. in diameter. 

The second new strainer, illustrated in Fig. 61, has 
been designed to retain particles of only 0-0005 in. 
magnitude. This strainer is also constructed from 
multiple cartridges, but departs from the maker’s 
usual practice of cleaning the space between the 
discs by interleaved cleaners. The cartridges 
are geared to a central spindle, and when the handle 
is turned, they rotate against external scrapers, 
which remove the dirt from the outside surface. 
The rotation of the handle also operates a pump 
which is located in the upper part of the strainer 
body. This pump discharges clean oil back 
through the spaces between the discs, and effectively 
cleans half the cartridges while the others maintain 
a full flow of oil. 
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STRAINER WITH SELF-CONTAINED CLEANING Pump; Messsrs. AUTO-KLEAN STRAINERS, 


LIMITED. 


Fia. 61. 





























Fic. 62. Furi-Om Srrarmine Unit; Messrs. 
AvutTo-KLEAN STRAINERS, LIMITED. 
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Fie. 63. 


Fies. 63 AND 64. PoRTABLE CENTRIFUGAL OrL PuRIFIER; Messrs. Hopkinsons, LIMITED. 


Messrs. Hopkinsons, Limited, Huddersfield, have | of the drum. By allowing a small quantity of water 
a thoroughly representative display of boiler | to be fed into the machine along with the oil, a water | 
mountings and accessories, chiefly the latest forms | seal is set up, as shown in the figure, by the motion | 
of their established designs. Amongst the material} of the drum. All the oil is constrained to pass | 
developed more recently we may mention examples | through this seal and all foreign particles separated | 
of the firm’s system of electrical valve control, | from the oil are retained in it and carried out by the | 
and of electrically-operated engine-room telegraphs, | water on its discharge through the upper passage | 
which were described and illustrated in ENGINEER- | shown. 
ING, vol. exxviii, page 320 (1929) and vol. cxxix, The separation is, of course, assisted by the | 
page 392 (1930), respectively. Two of the exhibits | usual collecting trays between the top and bottom 
we have not before dealt with may now be described. | passages, only a few trays being shown in the figure. | 
The first of these is a portable centrifugal oil purifier | The water seal is stated to be particularly effective 
with a capacity, when handling transformer oil, of | in removing from the oil minute fibres, which are too 
100 gallons per hour. It is illustrated in Fig. 63, | light to be affected by centrifugal force unless water- | 
above, while Fig. 64 is a diagrammatic section | logged, when their effective separation becomes poss- | 












of the characteristic arrangement of the bow] of | 
the Hopkinson machines. It will be seen from 
this section that the dirty oil is admitted at the 
centre of the drum and travels downwards from 
A to B and then outwards, along the unperforated 


ible and a source of reduction in dielectric strength 
of transformer oil is eliminated. The water seal also 


contributes to the removal of water-soluble acids | 
from the oil, a particularly useful property where | 


turbine lubricating oils are being dealt with, and, it | Fie. 65. 


skirt of the bow] which extends almost to the wall ' is claimed, enables the machine to be run effectively | 

















32-Point LusricaTING Pump; MEssrs. 
Hopxinsons, LIMITED. 
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Fig. 67. 


Fias. 66 AND 67. 


300-H.P. Stx-CyLInDER Om ENGINE wWitH WELDED FRAME; Messrs. Davey, 


PAXMAN AND Company, LIMITED. 


for long periods without cleaning. The Hopkinson 
centrifugal oil purifier is always furnished with a 
positive motor drive to the spindle through spur 
gearing, the motor, as will be seen in Fig. 63, being 
arranged vertically alongside the separator. The 
unit is mounted on a trolley with ball-bearing 
rubber-tyred castors, and so is readily moved about. 


It comprises, in addition to the purifier and motor, | 


an oil heater of the electric immersion type provided 
with the necessary switches and fuses, thermostatic 
control being fitted if required ; a de-aeration tank 
and water tank ; strainers and pumps, the latter, of 
which there are two, being gear driven from the 
motor spindle. 

The second exhibit, above referred to, is illus- 
trated in Fig. 65. Itis a forced-feed 32-point lubri- 
cating pump designed to meet the need in modern 
machine tools and similar complex apparatus for 
the supply of small but regular quantities of lubri- 
cant at points both widely separated and at different 
levels. The box-like casing seen in the figure con- 
tains the whole of the mechanism, the nipples being 
the connecting points for the various delivery pipes. 
The casing is divided by a partition, parallel to its 
back and front faces, into two portions, the rear one 


of which forms an oil reservoir. This is filled through 
a strainer, normally closed by the cap seen behind the 
pressure gauge, and the level of the contained oil 
is observed through a window at the back. The 
front portion of the casing is kept full of oil under 
pressure, by means of a small pump, having ball 
valves in both suction and piston, and driven by an 
eccentric on the shaft of the pulley at the right hand. 
|The pump body is carried in the partition of the 
| casing, which is also perforated by a port closed by a 
| spring-loaded piston valve. The valve is adjustable, 
|and the amount of oil returned through it to the 
| reservoir determines the degree of pressure main- 
|tained in the front portion. Immediately behind 
|the nipples on the inside of the casing is a circular 
| disc pressed to the wall by a spring and covering all 
| the openings to the nipples except one, to which the 
oil under pressure finds its way by a radial groove 
in the face of the disc. Rotation of the disc, which is 
| effected by means of a worm on the pulley shaft, 
| brings each hole in turn in line with the groove and 
a supply of oil finds its way to the point concerned. 
The pump is usually operated at a pressure of 40 lb. 
per square inch, and the amount of oil delivered to 
either a few or all of the points can be regulated 











within a range of one drop per hour to 0-8 cub. in. 
per revolution of the disc, by adjustment of a small 
valve at the delivery point. 

One of the most striking developments in recent 
engineering practice is the employment of fabricated 
steel frames in place of iron castings for certain 
engineering products. Where lightness, combined 
with stiffness, is of importance, as in the case of en- 
gine frames for marine or land transport work, this 
system of construction possesses obvious advantages, 
but it is also finding wider application for such 
purposes as stator and machine-tool frames. In 
the latter case, quantity production is facilitated 
by the mass production of the component parts of 
the frame, and close uniformity in the quality of 
the material throughout is assured. The adoption 
of welded steel framing in engine construction is 
exemplified by the engine shown at the exhibition 
by Messrs. Davey, Paxman and Company, Limited, 
Colchester, and illustrated in Figs. 66 and 67, on 
this page. The system employed is that developed 
by Mr. C. H. Stevens, described in ENGINEERING, 
vol. cxxxii, page 91 (1931). 

The engine is a six-cylinder model, developing 
300 b.h.p. when running at 600 r.p.m., and as 
shown in Fig. 66, it is direct-coupled to a 200-kw. 
direct-current generator. The set is actually 
Tunning at the exhibition to demonstrate the 
smoothness of operation and freedom from vibration. 
The outstanding feature of the engine is the welded 
steel frame, already mentioned, by means of which 
the explosion stresses are taken directly from the 
cylinder heads to the main bearings by continuous 
steel slings. There is one such sling between each 
pair of cylinders, as will be clear from Fig. 6 in 
the article on the frames already referred to. 
In effect, the constructional system is such that 
the whole framework becomes a single unit, 
bored to receive the separate cylinder liners and 
the crankshaft. Very careful attention has been 
given to accessibility. The arrangement of the 
main framing, for example, is such that, after the 
removal of the big-end bearing, the piston and rod 
can be lowered into the crankcase and drawn out 
sideways, as shown in Fig. 67. This operation can 
be carried out without removing the cylinder head 
or disturbing any piping or valve gear, all that is 
necessary being to remove the atomiser and insert 
the special slinging bolt. The whole operation can 
be easily performed in less than 10 minutes. It 
should be mentioned that the photograph repro- 
duced in Fig. 67 is actually of a slightly earlier 
engine, with a cast-iron frame. The method of 
removing the piston is identical in the latest engine. 

As regards the remaining parts of the engine, all 
the valves are carried in separate detachable cages, 
and are operated with plain rockers with a simple 
adjustment. The whole of the valve gear, rockers 
and camshaft bearings are forced lubricated and 
enclosed by sliding covers, while the main crankcase 
openings are covered by light doors secured by a 
special type of clip requiring the minimum time for 
removal. The fuel injection is on the well-known 
Paxman spring-injection system, previously des- 
cribed in our columns. The fuel-measuring pumps, 
which run at half engine speed, and supply a regular 
quantity of oil to the spring-injection mechanism 
on the cylinder head, together with the governor, 
are separately driven from the two camshafts. 

The crankshaft is fully machined, and is of ample 
diameter with heavy webs, ensuring smooth opera- 
tion of the engine at all speeds up to its maximum. 
The main and big-end bearings are of gunmetal, 
lined with a high tin base white metal, while the 
connecting rods, which are of H _ section, are 
forged from special steel and fully machined. 
Particular care is taken during construction to see 
that all working parts are exactly matched and 
brought to standard sizes and weight, thereby ensur- 
ing perfect balance. A Hans Renold chain, which 
is totally enclosed in a large casing, drives a central 
lay-shaft at the flywheel end of the engine, and 
from this the drive is taken by two spur gears te 
the two camshafts situated on either side of the 
engine. Ready means of adjustment are provided 
for the chain drive. Both the air manifold and the 
water-cooled exhaust manifold are carried above 
the engine, and form the top supports for the flat 
sliding covers protecting the valve gear. These 
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manifolds are so designed that it is not necessary|an exceptionally clean 
to disturb them should it be required to move the | external appearance. 
cylinder heads. The lubricating-oil pump is driven | Messrs. Blackstone are 
directly from the crankshaft through a free-wheel | showing a full range of 
attachment which enables it to prime the oiling | their high-speed engines 
system. The oil is drawn from the storage tank|at Olympia, comprising 
and forced through a cooler on the main supply | units having from one to 
to the pressure system feeding the main bearings, | six cylinders, and deve- 
big-end bearings, small-end bearings and pistons,|loping from 10 brake 
while an independent low-pressure pump supplies | horse-power to 60 brake 
oil to the camshaft and valve gear from the camshaft | horse-power at 1,000 
troughs. Due to the small headroom required, low|r.p.m. The four-cylinder 
weight, accessibility, and quiet running, these engines | ; model, which is rated at 
should form very suitable units for auxiliary duties | 36/40 h.p., is illustrated 
on board ship, where they can be installed between | in Figs. 68, 69 and 70, 
decks, or in space insufficient for vertical engines| but before referring to 
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of more conventional type. 


In the introductoryremarks to our first supplement | 
|the engines have been 


on the Exhibition, we mentioned that the greater 


proportion of high-speed heavy-oil engines shown | 


were being manufactured under foreign licence. 


Actually, only four of these engines appear to be of | 


entirely British design and construction, and 
amongst these, the models exhibited by Messrs. 
Blackstone and Company, Limited, of Stamford, 


deserve particular attention in view of their wide | 


departure from conventional design. The feature 


in which these engines differ markedly from others | 


on the market intended for the same class of work 
is the method of injecting the fuel, the spring- 
injection principle being employed. This system 
of injection, with which the name of the makers 


has now been particularly associated for a number | 
of years, was described in ENGINEERING, vol. cxviii, | 
It may b» recalled that the essential | 


page 60 (1924). 
features of this system are that the fuel is trapped 
between the fuel-inlet valve and the spraying valve 


while under pressure from a spring-loaded plunger, | 
the fuel being injected very effectively on the spray- | 


ing valve being opened. Apart from attaining very | 
efficient combustion, the system avoids the necessity | 
for subjecting the fuel oil to a high pressure until | 





these figures in detail, it 
may be mentioned that 


Cs 
an 






thoroughly tested in ser- 
vice for a wide variety of 
applications. A number 
of commercial vehicles, 
in particular, have been 
equipped with the four- 
and six-cylinder engines, 
and have proved both 
reliable and economical 
in service. 

Dealing now with the engine shown in Figs. 68 
to 70, the cylinders form a monobloc casting with 
detachable heads each embracing two cylinders. 
The liners are separate castings, with the usual 
provision for expansion at the lower end, and are 
readily replaceable. The running parts do not call 
for particular comment, with the exception of the 
crankshaft. It will be seen from Figs. 68 and 69, 
that this is carried in two roller and one ball bearing, 
all of large diameter, and that it is divided in the 
|centre for assembly purposes. The shaft itself is 
| forged from 40-ton steel, and is oil-tempered. The 
‘camshaft is in the crankcase, and is driven by skew 





it is imprisoned in the injector block, so that an gearing from the crankshaft at the end remote from 


external high- ~pressure fuel system is avoided. | 
Actually, the fuel is led to the injectors through a | 


| the flywheel. As shown in Figs. 69 and 70, the 
| valves are horizontal, and are operated by push 


manifold in the cylinder heads, thus eliminating | rods and rocker arms in accordance with standard 


outside pipes and connections. 





The result is| Blackstone practice. 


An enlarged view of the 
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Figs. 68 To 70. 40-H.P. 
Messrs. BLACKSTONE AND Company, LIMITED. 
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Four-CYLINDER SPRING-INJECTION OIL ENGINE ; 


injector block and valve gear is given in Fig. 70. It 
will be seen that a roller on one arm of a bell-crank 
lever makes contact with a cap on a sliding sleeve 
the movement of which compresses a stiff helical 
spring. This spring, in turn, tends to force the feed 
plunger to the right, thus putting the fuel behind 
it under pressure, but, as explained, the plunger 
cannot move until the spraying valve is opened. 
Actually, this valve is held on to its seat by a spring 
acting through an inclined rod and the bell-crank 
lever visible in Fig. 70 above the valve, and at the 
required point in the stroke this spring is compressed 
by a lug on the main operating lever and the oil 
pressure lifts the spray valve. The compression 
ratio is 14to 1. Any of the injectors can be removed 
for inspection by undoing two nuts, no pipe joints 
having to be broken and re-made. 

The lubricating oil is carried in the engine sump 
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Fig. 71. 


150-H.P. S1x-CyLInDER yy ni ENGINE AND GENERATOR; 
Messrs. THE NationaL Gas 


NGINE Company, LIMITED. 
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60-90-H.P. Stx-CyiInpDER AIRLESS-[NJECTION ENGINE; Mzssrs. CrossLEY BROTHERS, 


LIMITED. 


and is circulated by a pump of the gear type. The 
oil is forced through a manifold to a trough under 
each big end. The connecting-rod bearings, cylin- 
der walls and cams are all splash lubricated, the 
total lubricating oil consumption being 0-04 lb. 
per cylinder per hour. The fuel consumption is 
‘)-46 lb. per brake horse power hour. The engine is 
normally started by an electric motor with Bendix 
drive, but a small air-cooled starting engine can be 
fitted as an alternative. 

The engine exhibited by Messrs. The National 
Gas Engine Company, Limited, Ashton-under- 
Lyne, and illustrated in Fig. 71, on this page, is a 
six-cylinder Diesel unit developed as an auxiliary for 
all classes of vessel. It is adaptable for propulsion 
when required. The rated output is 150 brake 
horse-power at 600 r.p.m. The engine is built to 
Lloyds’ specification, and operates on the four-stroke 
cycle, starting up from cold on compressed air. 
The column is cast in one piece with the cylinder 
block. The cylinders are fitted with separate 
liners, and have separate heads secured to the block 
by studs. Large inspection doors are fitted on 





the column, as shown, to give easy access to the 
crankshaft and connecting-rod bearings. The crank- 
shaft is carried in large-diameter steel bearings lined 
with anti-friction metal and mounted in the bed- 
plate. The camshaft is driven by spur gearing at the 
flywheel end, the cams being arranged to dip in an 
oil bath, and the camshaft bearings being pressure 
ifed. The shaft, together with the valve mechanism, 
‘is totally enclosed. The lubricating-oil pump is 
| mounted below the crankshaft at one end directly 
lover the oil tank, the latter being secured to the 
| baseplate. The oil is circulated in the usual way 
| through holes drilled in the crankshaft to the main 
and big-end bearings, and thence through the con- 
necting rods to the small-end bearings. Pressure 
lubrication is also provided for the valve mechanism, 
and means are included for priming the whole 
system before starting up the engine. The lubricat- 
ing oil tank contains a large filter which can be 
readily removed for cleaning purposes. The gover- 
nor is mounted on the crankshaft and controls the 
effective portion of the fuel-pump stroke, the oil 
being by-passed earlier or later in the stroke accord- 








ing to the load. Careful attention has been given to 
the interchangeability of all parts. Engines of 
similar design are manufactured with four and five 
cylinders, developing 100 and 125 brake horse-power, 
respectively. 

The exhibit of Messrs. Crossley Brothers, Limited, 
Openshaw, Manchester, consists of a marine gen- 
erating set, a horizontal opposed-cylinder engine, 
and a high-speed heavy-oil engine, all the three 
exhibits being shown in operation. The marine 
generating set is constituted by a three-cylinder 
vertical engine direct coupled to a compound- 
wound generator manufactured by Messrs. The 
Sunderland Forge and Engineering Company, 
Limited. The output of the set is 130 kw., at 
220-240 volts. The engine is similar to the four- 
cylinder model described in ENGINEERING, vol. 
exxix, page 203 (1930). The generator is specially 
wound for marine conditions, with protective 
covering over the armature, and the combination 
is mounted on a substantial cast-iron base. The 
horizontal engine exhibited is a Crossley-Premier 
four-cylinder model, with a normal capacity of 
310 brake horse-power when running at 180 r.p.m. 
It has been manufactured for one of the Nelson Line 
vessels, and is similar to 10 others, already supplied 
for direct coupling to ammonia compressors. The 
cylinder bore is 164 in., and the piston stroke is 
24in. <A similar engine, but of larger size, was 
described in ENGINEERING, vol. cxxx, page 723 
(1930). 

The third exhibit is illustrated in Fig. 72, on this 
page. This engine is one of the firm’s latest products, 
and is suitable for direct coupling to a dynamo, 
pump or air compressor, for which purposes it is 
mounted on a baseplate. The engine can also 
be employed for commercial vehicles or tractors, 
the one shown in operation on the stand being of 
the same size and type as those used on Crossley 
*buses. The engine is a six-cylinder model rated 
at 60 to 90 brake horse-power at speeds of from 
1,000 to 1,800 r.p.m. The cylinder bore is 4} in., 
and the piston stroke is 6in. The cylinders are cast 
in groups of three, with separate liners. The valves 
are of the overhead type, operated by push rods, 
with both ends working in oil. Aluminium-alloy 
pistons are employed, with two pressure and one 
scraper ring. The crank-case is also of aluminium 
alloy. The main bearing bolts are carried through 
to the cylinder blocks. The connecting rods are 
drop forgings of high-grade carbon steel. The small- 
end bearings are phosphor-bronze bushed, and the 
big-end bearings are of phosphor-bronze lined with 
white metal. The crankshaft is of high-tensile steel, 
machined all over and carried in seven bearings. 
It is fitted with a torsional-oscillation damper. 
The camshaft is a drop forging with integral cams. 
The fuel pump and atomisers are of the Bosch type 
and the governor is of the usual spring-loaded type. 
The flywheel is a drop forging machined all over, 
and is dynamically balanced. The engine will 
operate on any of the customary fuels, and has a 
consumption at full load of approximately 0-45 Ib. 
per brake horse-power hour. An electric starting 
motor is fitted, and a charging dynamo and battery 
can be included in the equipment, if required. 

The exhibit of Messrs. Stothert and Pitt, Limited, 
of Bath, consists of a comprehensive range of their 
rotary displacement pumps. These pumps have 
been previously described in our columns, and it 
may be recalled that they consist essentially of two 
eccentric rotors revolving in the same casing. The 
inner rotor is roughly in the form of either a triangle 
or heptagon with rounded corners and hollow sides, 
while the outer rotor is provided with either four 
or eight recesses or pockets, with which the corners 
of the inner rotor successively engage. By this 
means, line contact is always maintained between 
the two moving parts, and the pumping action is 
effected by the fluid being alternately drawn 
into, and expelled from, the pockets. It should be 
understood that the outer rotor is driven by the 
inner one. The heptagon type, which the makers 
term the “seven-eight,” can be run at higher 
speeds than the triangular type, and can therefore 
be generally direct coupled to a motor. The actual 
pumps exhibited include an electrically-driven 
** seven-eight ”’ pump suitable for forced lubrication, 
with an output of 20 tons per hour against a working 
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pressure of 30 lb. per square inch ; an electrically- 
driven fuel-transfer pump of the triangular design 
operating through worm gearing with an output of 
about 150 tons per hour; and the petrol-engine 
driven pump illustrated in Fig. 73. 

The latter exhibit is a recent development for the 
discharge and loading of fuel-oil tanks on road 
wagons. As will be clear from the figure, the pump 
is direct coupled to the engine, and is designed for 
either discharging or loading the wagon tank with 
a constant direction of engine rotation. The pump 
is of the “seven-eight” type, and is of special 
design, in that a two-way cock is formed in the 
pump body for diverting the flow in the required 
direction. This cock can be clearly seen in the 
figure. The speed of the unit varies between 600 
r.p.m. and about 1,200 r.p.m., the required speed 
being determined by the viscosity of the oil handled. 
The output is about 23 tons per hour at the maxi- 
mum speed. It will be obvious that weight is of 
importance for a plant of this type, and the actual 
weight has been reduced to approximately 475 Ib. 
by the use of aluminium alloy for the main castings. 

The principal exhibit on the stand of Messrs. 
Tangyes, Limited, Cornwall Works, Birmingham, 
is the three-cylinder vertical oil engine illustrated 
in Fig. 74, on this page. The engine has an output 
of 200 brake horse-power at 500 r.p.m., and is direct 
coupled to a direct-current generator manufactured 
by Messrs. The Electric Construction Company, of 
Wolverhampton. For intermittent services where 
higher speeds are required, the engine can be run up 
to 600 r.p.m. with a corresponding increase in power. 
The engine operates on the four-stroke cycle, with 
forced lubrication throughout, and follows the latest 
practice in being totally enclosed in a casing of the 
simplest possible external form. The casing is a 
single monobloc casting with detachable cylinder 
head, through bolts being fitted to transmit the 
explosion stresses from the cylinder head to the 
bedplate. The casing walls are thus relieved from 
tension stresses, and an exceptionally large opening 
can be provided for access to the moving parts. 

The crankshaft is of 40-ton steel, oil hardened and 
tempered, and of dimensions exceeding Lloyd’s 
requirements for marine service. It is impossible 
to balance completely a three-cylinder engine 
without the use of elaborate devices, but, by the 
employment of suitable balance weights on the two 
outer crank throws, the out-of-balance forces are 
reduced to a minimum in both the horizontal and 
vertical directions. As regards torsional vibrations 
and critical speeds, the crankshaft has been enlarged 
between the last cylinder and the flywheel 
that the natural frequency of vibration is well above 
the frequency of the forced impulses. The cam- 
shaft is chain-driven from the flywheel end of the 
crankshaft. It is located at the top of the crank- 
case, and is enclosed in a cast-iron casing fitted 
with sliding covers. The whole of the valve gear 
can be readily inspected during operation, and 
such noise as it creates is stated to be practically 
inaudible at floor level. The governor is driven 
by the camshaft chain. A separate fuel pump 
for each cylinder is mounted under the casing 
which encloses the camshaft. In this position, 
the pumps are easily accessible, and the piping 
between the pumps and the sprayers is very short. 
The sprayers are located in the centre of the cylin- 
der heads. Particular care has been devoted to 
the design of the head with a view to allowing 
freedom for expansion of the surfaces in contact 
with the gases, and also with the object of evenly 
and adequately cooling these surfaces and the 
exhaust-gas passages. There is one inlet valve 
and two exhaust valves per cylinder, mounted in 
removable cages. The combustion space is of 
hemispherical form. 

The lubricating-oil ana water pumps are driven 
from the rear end of the engine. A cooler is fitted 
for the lubricating oil, together with the usual 
filters. A gear-type pump, driven by the same 
mechanism, is fitted for delivering the heavier 
oils through an Auto Klean strainer and a fuel 
meter. The latter indicates the relative quantity of 
fuel delivered to each cylinder. The various engine 
controls are mounted at the flywheel end, one 
lever serving to control the starting, stopping, and 
running of the engine. A handwheel is provided, in 


so 


THE ENGINEERING AND 


ol 


Fia. 73. 












MACHINERY EXHIBITION. 





O-Pume Set FoR TANK-WaGON FILLING ; MEssRS. STOTHERT AND Pitt, LIMITED. 





ENG NEERING 





Fic. 74. 


addition, which enables the speed of the engine to 
be varied within plus or minus 5 per cent. Starting 
is effected by supplying compressed air to all three 
cylinders with the fuel cut off. When speed has been 
gained, the control lever is put in the running posi- 
tion, when the air is automatically cut off and the 
fuel injection commences on full compression. The 
engine can be started and put on load in less than 
30 seconds, and will, if necessary, start up with 
only 150 lb. per square inch pressure in the starting 
bottle. A bottle of 16 cub. ft. capacity will give 








200-B.H.P. THREE-CYLINDER O1L ENGINE AND GENERATOR; Messrs. TANGYES, LIMITED. 


ten starts when charged up to 350 lb. per square 
|inch. The starting valve incorporates a device for 
| charging the bottle. During this process, the fuel 
is cut off the charging cylinder and the engine run 
at reduced speed. Should the engine be accidently 
overloaded, or should a piston or other part com- 
mence to seize, the action of the control gear is such 
| that the fuel is cut off and the engine automatically 
| shut down before damage occurs. A load indicator 
and exhaust-gas pyrometer are fitted as standard. 
|The unit exhibited weighs about 8 tons, but for 
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Fic. 75. HorizontaL Borne, MILLING AND DRILLING MacHINE; MEssRs. 
WERKZEUGMASCHINENFABRIK UNION. 
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Fig. 77. Surrace-GRINDING MACHINE wITH HypDRAULIC TRAVERSE; Messrs. A.-B. SLIPMATERIAL. 
marine auxiliary use, the weight can be brought | fabrik Union, Chemnitz. 
down to 6} tons by utilising a fabricated base, asteel| the particular example shown having a spindle 
stator for the generator, and a lighter construction | 3 in. in diameter, a boring capacity up to 13 in. in 
for the engine frame. If weight is of paramount | diameter, a maximum distance from the table to 
importance, Messrs. Tangyes state that further | 

reductions can be made to bring the total weight | 


| 

















Fie. 76. DRILLING MACHINE WITH HyDRAULIC 
Freep; Messrs. Hitte-WeERKE, A.-G. 


speeds ranging from 11 r.p.m. to 268 r.p.m. The 
spindle may be traversed 24 in. in a horizontal 
direction at one setting. The spindle head is 
balanced on the column and is adjustable verti- 
cally both by hand and power; it also has quick 
power traverse in both directions. Scales with 
verniers are provided for both the horizontal 
motions. The bearing for the spindle support is 
geared with the spindle head, so that the movement 
of the latter is accompanied by a similar motion of 
| the former and no separate alignment is necessary. 
| The column and support may be completely removed 
| from the bed when extra long work is to be handled. 
The table has longitudinal and transverse feeds 
by both hand and power, with a quick power 
traverse of from 6 ft. to 9 ft. per minute. When 
used for milling, both the transverse feed and 
quick power traverse may be tripped at any 
desired point by an adjustable dog, as well as by 
the end stops. The movement of the quick power 
traverse is in all cases in the opposite direction 
to the set feed. 

The automatic drilling machine shown in Fig. 76, 
on this page, is notable for its hydraulic-feed 
mechanism. Themachine is manufactured by Messrs. 
Hille-Werke Aktiengesellschaft, Dresden, and, as will 








It is made in six sizes, | be seen from the figure, is electrically driven, a motor 


for the spindle being provided on the top of the 
column and another on the base-plate for the oil pump 
for the feed motion. The general construction may 


the centre line of the spindle of 30 in., and a| be also gathered from the figure, so our description 
maximum distance between the spindle nose and | will be chiefly confined to the hydraulic gear. The 


of the unit to about 5 tons. Arrangements are | the bearing of the spindle support of 80 in. The cardinal feature of this is the regulation of the feed 


being made to manufacture a range of similar 
engines with from two to eight cylinders, having 
outputs from 140 to 560 brake horse-power at 
oU0 r.p.m. 

Of the dozen or so machine tools shown in 
operation by Messrs. The United Machine Tool|of its power-traverse motions. The spindle is 
Company, Limited, Holborn Hall, Gray’s Inn-road, | carried in a rotating sleeve and is supported at its 
London, W.C.1, we select two for illustration. | rear end by a cross head running on a slide carried 
The “Union” horizontal boring, milling and|on a bracket projecting from the head. There 
drilling machine, illustrated by Fig. 75, above, |are 24 feeds available, both forward and reverse, 
1s manufactured by Messrs. Werkzeugmaschinen- | ranging from 0-0012 in. to 0-787 in., and 12 spindle 


table is provided, in addition to longitudinal and | by varying the stroke of the pump, which is effected, 
transverse motions, with swivelling motion for aj while the machine is working, by means of a 
complete circle, and has a surface of 40 in. by 32 in. | graduated hand wheel, and not by means of throttle 
Characteristic features of the machine are the extent | valves on the pipe lines, as is more usually done. 
of its speed and feed range and the completeness | A second distinctive feature is that of automatically 


freeing the oil from air bubbles, both in the pump 
cylinder and in the feed-head actuating cylinder. 
This, it is claimed, ensures complete smoothness in 
working, while the simplicity of the gear generally 
prevents any deleterious rise in temperature of the 
oil, even when working at a pressure of 1,000 lb. per 
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Feed is given to the drill head at the correct 
speeds and load from a pressure cylinder which is 
directly connected to it. This is controlled by a 
piston valve on the pump pipe lines, this valve being 
operated by the adjustable stops seen in the figure 
on the feed head. The machine is fully automatic. 
The drill is run up to the work with a quick 
power traverse under a low pressure, but when it | 
touches the work the cutting feed immediately | 
comes into operation and continues until the 
required depth is reached. The return stroke is 
made under the quick power, and the cycle then 
repeats itself. The quick traverse may be also 
arranged to come into operation in any space exist- | 
ing between two surfaces, both of which are to be 
drilled with holes in line. Further, a reduced rate 
of speed can be provided for use for spot-facing, | 
or at the moment when large drills break through | 
the surface. Semi-automatic action, 7.e., stoppage | 
at the completion of a cut, can be provided. When 
hand feed is required in addition, the machine is | 
made, as shown in the figure, with the spindle | 
carried in a quill. The quill is clamped in the 
sliding drill-head when hydraulic traverse is used, | 
and the head itself clamped to the slide for hand | 
feed when the quill is traversed. The head is 
clamped to the column and the quill released, or | 
vice versa, by one movement of a single lever. The | Fie. 78. 


table shown in the figure is of the ordinary T-slot | 
type, but cross-sliding or rotary tables with suitable so P. ED CAST IRON PULLEY. 
ROUGH MACHINED CONTROL SHAFT. 6. oe: al Saddle --- 


indexing positions can be provided to render the 'a.80 " 
Rear Saddle — sce 


machine more fully automatic. 4 Muruutes 
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Another firm showing a range of machine tools a.79 
too extensive to be detailed here is Messrs. Selson Fig.79. 
Engineering Company, Limited, 26-28, Charles- 
street, Hatton-garden, London, E.C.1. We have 
selected three of the machines for notice. A rotary 
surface grinding machine with a magnetic chuck 
and hydraulic reciprocating movement, made by 
Messrs. A.-B. Slipmaterial, Vastervik, Sweden, is 
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shown in Fig. 77, page 373. The machine is belt- | S.M. STEEL CYLINDER & FLANGES. 5 

driven from counter shafting, a three-step pulley | CAST /RON SPUR-WHEELS. ; ent Sedilie a 

at 600 r.p.m., giving spindle speeds of from 1,500 5 Mins. +- Rear Saddle ——- vd R +H MACHINED BOLTS 
to 2,000 r.p.m. The drive is by way of the lower ‘ 131 { ais { 6 is Pi Rear Saddle ' 
pulley shown, the upper being a jockey pulley, and Fig. 81. 3] out : 


over the long pulley on the spindle which slides 
under the belt as the head reciprocates. The maxi- 
mum grinding wheel used is about 11{ in. in diameter 


t 
by about 1} in. wide. The grinding head, as will be = 
; : A 
gathered from the figure, is reciprocated by a 
hydraulic cylinder attached to its under side, and ' 
: i 
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working on a fixed piston and rod. The working ae ’ . 

fluid, a light maehine oil, is supplied by a pump | Front Saddle - 


driven from the shaft of the lower pump. An air | 
vessel is inserted on the pipe line, and the working (2865.8) 
of the device is so positive that accurate grinding | 
can be done on work having collars. The traverse of | 
the head can be regulated by means of stops, between | 
the limits of 3 in. and 9} in., micrometer adjustment | taneously on each side. The method of operation is | front and rear slides to approach the work rapidly 
being provided. The magnetic clutch is 15} in. in| best understood from Figs. 79 to 83, above, which: in a transverse direction by means of the quick- 
diameter, and work up to 17} in. in diameter can | show different tool lay-outs, and from which it will| return motors. The front slide is then changed 
be ground on it. The clutch is rotated by means of | be gathered that while the front saddle is provided | over automatically to the cutting feed rate, and the 
gearing at speeds of from 13 r.p.m. to 85 r.p.m. in| with both longitudinal and transverse automatic | tool takes up a position to give the desired depth 
24 steps. It has a vertical adjustment of about | motions, the rear saddle has the latter motion only. | of cut. When this is reached the longitudinal feed 
12 in., and may be inclined to an angle of 5 degrees | The saddles are quite independent of each other, | comes into operation until the slide comes up against 
on each side of the axis in a vertical plane passing | both as regards rates of feed and times of engage-|a stop. When the rear slide reaches the work, it 
through the grinding head spindle, for use when | ment and withdrawal of the tool, and both also have | also is changed over to the feed rate until its 
taper work is being done. | separate quick-return motions to the original posi- | limiting stop has been reached. At this point the 
Another grinding machine designed for specially | tions. When once it has been set the lathe has a | rapid return motors are again started automatically, 
accurate work, such as tools, dies and parts of | high productive rate. It will accommodate work of a | and both saddles are brought back into the starting 
machine tools, may be noted. This machine is|maximum diameter of 10§ in., and 18 in, long| position when the end stops bring the movements 
manufactured by Messrs. Naxos-Union, Frankfort- | between the centres. It is driven either from a! toa close. The machine can also be provided with 
on-Main, and has a horizontal face-grinding wheel | single pulley or by motor, a maximum of 15-h.p. | push-button control for the motions, should the 
mounted directly on the spindle of a vertical motor, | being required, but, as will be seen from Fig. 78, | semi-automatic device be considered unsuitable for 
the feed being effected either by hand or hydraulic- | two other motors, at the right hand, are integral | any particular work. 
ally. The work table, which is also hydraulically | parts of the mechanism. | Messrs. Siemens-Schuckert (Great Britain), Lim- 
operated, can be adjusted for speeds between 7{ in.| These motors are for driving the quick return| ited, of 30, New Bridge-street, London, E.C.4, 
to 32 ft. 10 in. per minute. The arrangements for | motions of the two slides. The front saddle derives | are exhibiting a number of their electric welders. 
protecting the working parts from the cooling water | its feed motion from the spindle through a gear box | the most interesting of which is one which has been 
are particularly thorough. | and change wheels, 12 rates of feed being available | designed for welding the circumferential and longi- 
The multi-tool lathe shown in Fig. 78, annexed, is | both longitudinally and transversely. The rear | tudinal seam of vessels, square containers and other 
made by Messrs. Ferdinand C. Weipert, Heilbronn, | saddle is moved by hand longitudinally, and derives | articles, such as steel pressings, where several pieces 
Wurtemburg. It is for repetition work, and has two | its feed motion from the spindle through gears|of mild steel have to be joined. This machine. @ 
independent saddles, viz., one in front and one at the | giving five feed rates. The cycle of tool movements | view of which is given in Fig. 84, page 375, is mounted 
rear, the cross-slides of which have tool-holders | is as follows: Assuming the saddles to be in their|on a substantial steel frame which carries the 
capabie of carrying a number of tools in different | correct longitudinal positions for the work in hand, | welding head, and to which the work is secured by 
positions, so that several cuts may be taken simul-!the starting up of the machine causes both the! appropriate clamps, so that vessels varying from 
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Fie. 84. Auromatic WELDING MacurinEe; Mussrs. SIEMENS-SCHUCKERT (GREAT Britain), LIMITED. 


2 ft. to 10 ft. in diameter and from 3 ft. to 10 ft. in | away the potential difference across the terminals | either the horizontal or vertical position for driving 


length can be dealt with. The head, which carries 
the electrode, is traversed along the work by a 


small self-contained, shunt-wound electric motor, | pawl which is attached to the latter, is drawn over 


which is started, stopped and reversed by push 


| of this coil rise, with the result that when a certain 
| value is reached an armature is attracted, and a 


| the rack of the carbon holder. This movement 


such auxiliaries as fans, generators, or pumps. 

| Messrs. Separators, Limited, 55, West Regent- 
| street, Glasgow, are showing a typical Comyn oil 
separator, together with a small demonstration 


buttons, while its speed can be altered by a nine- | breaks the circuit of the shunt coil in the way that | plant. The separators are made in any size to 
point rheostat, so that traversing speeds varying | is familiar in the electric bell, so that the armature | suit the space available, the model on the stand 
from 9 in. to 12 in. per minute and up to 3 ft. per|is withdrawn to its original position by a spring. | being 5 ft. in diameter by 6 ft. high. They can be 
minute can be obtained, depending on whether | This causes the rack to be moved forward one tooth | placed in any position on board a ship, and their 


metal or carbon electrodes are being used. Travel 
in either direction is checked by limit switches, 
while if the arc is broken at any time, the movement 
of the head is immediately reversed by a special 
relay and it then continues to run back until the 


welding circuit is re-established, thus ensuring that | 


there will be no gaps in the weld. Normally welding 
is effected in one direction only and arrangements 
are made so that the head can be run back on a 
quick-return stroke. Power from the motor is 
transmitted through a clutch which can be dis- 
engaged by a wheel, so that the position of 
the head can be rapidly and roughly adjusted by 
hand, 

The head shown in the illustration is designed for 
use with metal wire electrodes, which are carried on 
drums, whence they are drawn down into the elec- 
trode holder by a small motor through a pair of 
straightening dies. This motor is also started and 
stopped by push buttons, and its speed can be con- 
trolled by a five-point rheostat in its shunt circuit. 


The lower part of the head can also be moved up | 


and down, while the position of the holder with 
regard to the work can be finely adjusted by a milled 
nut, as it has been found advantageous for the 
electrode, which may be either bare or covered, to 
be sloped back slightly relatively to the direction 
of travel. The welding current is switched on by a 
further push button which, like those controlling the 


motors and the usual measuring instruments, is | 


placed in an easily accessible position on the head. 
When carbon electrodes are used, the electrode 
head just described is replaced by one of another 
pattern, which consists essentially of a copper tube 
in whose upper end a rack is cut and a coil, which is 


shunted across the arc circuit. As the carbon burns| motor. In marine service, they can be used in/ to meet the demand for a strongly built and powerful 


| at a time by the pawl, until the potential across 
| the coil has fallen to the desired working value. 
The necessary energy for operating this welder is 
| obtained through two motor-generators from the 
| alternating current mains. 

The same firm are showing a portable weatherproof 
| welding plant, an important feature of which is that 
it can be employed, within the limits of its capacity, 
with any make or size of bare wire or flux-coated 
electrodes and for any thickness of material. The 
machine is self-exciting and it is claimed that the 
arc is so stable that it is possible to weld vertically 
and overhead with bare wire electrodes. 

An exhibit of considerable interest is shown on the 
stand of Messrs. A. G. Mumford, Limited, Culver- 
street Engineering Works, Colchester. This is a 
rotary piston steam engine designed to meet the 
|demand for a high-speed light weight unit. The 
engine has eight cylinders, formed in one casting, 
land revolving on ball and roller bearings. An 
eccentric casing, also running on ball and roller 
bearings, surrounds the cylinders, and the piston 


with, the casing. The steam and exhaust ports 
are in the central stationary trunnion. The engines 
are made in a number of standard sizes, and the 
makers state that they have shown an almost 
complete absence of wear in service. The ball and 
roller bearings have given no trouble, and have been 


| standing for a long period after being under steam. 
|The engines are claimed to be suitable for any 
| service where process steam is used, and it is stated 
| that they offer a saving in space, coupled with a 
| wider speed range, when compared with an electric 


thrust is taken by a ring inside of, and revolving | 


free from corrosion even after an engine has been | 


| efficiency is not affected in any way by the move- 
ment of the vessel. They can be cleaned in a few 
minutes without opening them up. The essential 
features of this separator were described in 
ENGINEERING, vol. cxxii, page 29 (1926), and it 
may be recalled that the turbulence in the oily 
mixture as it passes through the separator is 
| destroyed by multiple spirals, with a view to obtain- 
|ing maximum separation in a given space. The 
characteristic of each spiral is that the distance of 
|any point on it from the starting point is propor- 
‘tional to the angle turned. The several spirals 
start from equispaced points, equidistant from the 
centre of the container, and each extends through 
| 500 deg., the distance between consecutive spirals 
increasing uniformly from the centre outwards. 
The conditions for steady motion are, therefore, 
present. As the liquid enters the centre of the 
spirals from the discharge pipe of the pump, it meets 
| with the greatest resistance to its flow, the resistance 
| becoming gradually less as the liquid flows away from 
the centre. 
A range of their well-known auto-trucks is being 
|shown by Messrs. R. A. Lister and Company, 
Limited, Dursley. Typical examples of these 
trucks were described in ENGINEERING, vol. cxxvii, 
page 194 (1929) and vol. cxxviii, page 648 (1929), 
| the former description referring to a rail truck and 
| the latter to a road sweeper and sprinkler. A new 
| swivelling tipping truck isshown. The body, which 
| has a capacity of 30 cub. ft., is mounted on a turn- 
| table, so that the load can be discharged either 
|at the rear or the side. In other respects, the 
truck is very similar to earlier models. Another 
| new exhibit is a universal electric truck, introduced 
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carrier, which will stand up to hard usage such as | 
may be anticipated in dock, quay and similar | 
work. The firm are also showing one of their airless- | 
injection engines for marine use, and a small airless- 
injection plant for direct lighting on ships. The 
range of airless-injection engines manufactured by 
Messrs. Lister, in conjunction with Messrs. Ruston 
and Hornsby, has been recently described in our | 
columns. 

The exhibit of Messrs. the Foster Instrument | 
Company, of Letchworth, includes an interesting | 
demonstration of various types of Foster instru- | 
ments under conditions of service which have to 
be met with on board ship, and also, to some | 
extent, in other industrial service. Different types | 
of recording and indicating pyrometers, engine | 
speed indicators, &c., are mounted on a_ panel | 
which is continuously subjected to rolling, throbbing | 
and rapid vibration. As the instruments are shown 
in actual service, they furnish a very convincing 
demonstration of their capacity to give accurate | 
records and indications under these conditions. | 
The instruments incorporate the well-known 
Resilia spring mounting of the moving system, 
in which the coil and pointer with its pivots and | 
bearing jewels, are all free to vibrate in any direc- 
tion, so that there is cushioned freedom against all 
types of shock. The pivot, which is necessarily 
very finely pointed, cannot become separated from Fig. 87. 
the jewel, and therefore there is no danger of their Figs. 85 tro 87. Two-Crank Stneue-Acting Compressor; Messrs. REAVELL AND 
striking each other when vibrated. These instru- | Company, LrmiTep. 
ments have been repeatedly described in our | 
columns, and reference may be made more par-| From the great variety of air compressors, &c.,| between the chassis frames. From Figs. 85 and 
ticularly to the automatic temperature controller | exhibited by Messrs. Reavell and Company, | 86 it will be clear that the machine is a two-cylinder 
and recorder described in ENGINEERING, vol. cxxix, Limited, Ranelagh Works, Ipswich, though it |single-acting one. It runs at 1,000 r.p.m. and 
page 213 (1930). | does not really cover the whole range of the firm’s | delivers air at a pressure of 100 lb. per square inch. 

Messrs. F. J. Edwards, Limited, 406, Euston- manufactures, we have selected two examples for | The inlet piston valve to each cylinder is driven by 
road, N.W.1, are exhibiting a very comprehensive | comment, as both are excellent examples of small |a large eccentric on the crank shaft. There is no 
range of sheet-metal ‘vorking machinery. One of | vertical machines. The compressor shown in /| gland, large collar-like surfaces on the bottom of 
the most interesing machines shown is an angle- | Figs. 85, 86 and 87, on this page, isemployed at the | the valve forming at once a guide and a seal. 
iron bender of new pattern. The machine is of the | exhibition for running the windlasses, capstans| The adoption of the device arises from the difti- 
three-roller type, and produces a ring of angle iron, | and other deck machinery shown in operation, and | culty, at high rotational speeds, of getting the air 
tee-iron, or similar sections, which can be moved | is remarkable for its practically complete silence | in and out of a cylinder through plate valves without 
on completion by merely lifting the upper roller,| when working. This desirable feature is due to | considerable loss of absolute pressure, a difficulty 
the machine being open ended. The bottom rollers |a novel use of a piston valve for controlling the | which increases with the number of reciprocations, 
have outside supports, and are 4} in. in diameter. inlet air. The compressor is direct driven, as will | however lightly the plate valves may be loaded 
The top roller is 4 in. in diameter, and is carried on | be seen from Fig. 87, by a Bull motor, and has a| with springs. By using a piston valve to control the 
a slide with screw adjustment. The machine can | particularly neat appearance. The side flanged | inlet air to the cylinder, the attenuation due to a 
be supplied either hand operated, or power operated, | bedplate is adopted, so that the compressor may be | spring-loaded valve is entirely done away with, 
with reversing pulleys. All the gearing is machine | compactly arranged as a portable unit if required, | and the quietness of operation already referred to is 
cut. the lower part of the crank casing being then | secured at the same time. As the piston rises, the 
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cylinder port is opened by the top edge of the valve, 
and the air is passed over the top of the valve to 
be discharged through a plate valve of the firm’s 
standard construction. When the piston has com- 
pleted its up-stroke the piston valve has only com- 
pleted about half its up-stroke, and continues to 
tise even when the crank has turned over. The 
delivery air entrapped by the piston valve is then 
pushed through the plate valve at a much slower 
rate than if it had been expelled by the piston itself. 
In the meantime the lower edge of the piston valve 
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|has opened the cylinder port to the suction inlet, 
|and by the time the piston valve begins its down- 
stroke the plate valve has reseated itself gently and 
| noiselessly. 

| The other example illustrated in Figs. 88 and 89, 
; above, is a single cylinder single-acting compressor 
designed for charging the starting-air bottles of 
internal combustion engines. It has a piston 
displacement of 5-2 cub. ft. per minute, at a speed 
of 750 r.p.m., at which rate it will charge a receiver 


pressure per square inch, in less than ten minutes. 
The drawings show the compressor arranged for belt 
drive with fast and loose pulleys, but it is also made 
for working direct coupled to either an oil engine or 
an electric motor on a combination bedplate, the 
example shown on Messrs. Reavell’s stand being of 
the latter type. The illustrations give a good idea of 
the simple and robust design of the compressor. Its 
distinctive feature, however, is the method of cooling 
the air cylinder and valves, this being effected by 
surrounding them by a large open-topped hopper 
kept filled with water, a method which is quite 
effective for machines not running continuously, and 
moreover only doing work on one stroke, with a 
cooler piston in consequence. 

The stand of Messrs. Alfred Herbert, Limited, 
Coventry, stages examples of two of the firm’s 
products other than its well-known machine tools. 
One of these consists of a pulverised coal-fired 
forging and re-heating furnace, the pulverising and 
firing processes being effected by a No. 6 Herbert 
Atritor. The Atritor pulveriser has been dealt 
with in these columns, in various forms, on more 
than one occasion, its adaptation for conditions in 
the United States, for example, being discussed 
in ENGINEERING, vol. cxxxi, page 253 (1931). It 
should be, therefore, quite familiar to our readers. 
The furnace which the machine exhibited serves 
has been designed by Messrs. Brett’s Patent Lifter 
Company, Limited, Foleshill Works, Coventry, for 
heating billets for drop stamp and other classes of 
forging. The general layout of the plant is shown 
in Fig. 90, annexed, in which its self-contained 
nature is clear. The raw coal is supplied from the 
overhead bin to the feeder of the Atritor, where 
the output of the machine is controlled. After the 
separation of foreign matter, such as iron, stone, 
&c., pulverisation is effected in two stages, and the 
coal is dried at the same time by means of hot 
gases drawn from the furnace. The pulverised 
coal then passes through a rejector, which controls 
the fineness, to the fan, whence it is blown direct 
to the burner. The furnace is of firebrick encased 
in massive cast iron plates. Careful attention has 
been paid in its design to the means for removing 
ash. Itis usual to install a waste heat boiler above 
the furnace, from which sufficient steam can be 
raised to operate the hammers allotted to the 
furnace. Such a boiler does not, however, form 
part of the present exhibit. The fuel saving 
effected by the use of pulverised coal is stated to 
vary from 25 per cent. to 40 per cent. over the 
best hand-fired practice. The second exhibit 
illustrates the Modave dust arrester, as manufac- 
tured by Messrs. Herbert. This apparatus removes 
dust, sulphur oxides, &c., from flue gases by means 
of films of running water. It has also been described 
before. An account of its general construction will 
be found in ENGINEERING, vol. cxxvii, page 831 
(1929), and one of some interesting tests upon it, 
carried out at Messrs. Herbert’s works, in our issue 
of July 3 last, on page 12. 

Messrs. Alexander Turnbull and Company, 
Limited, St. Mungo Works, Bishopbriggs, Glasgow, 
show an example of the Turnbull-Karnath full-bore 
type valve which is widely used in power stations, 
&c., on the Continent for working pressures up to 
1,400 lb. per square inch and temperatures of 
850 deg. F. The principle feature of the valve is 
the rotation of the discs away from their seats, 
instead of employing the usual sliding motion. In 
consequence, the spindle does not rise, thereby 
reducing the height required, while the friction is 
so much reduced that no by-pass is required. An 
illustrated account of this valve will be found in 
ENGINEERING, vol. cxxxi, page 45 (1931). 

Messrs. The British Dardelet Threadlock, Limited, 
Chase-road, London, N.W.10, shows amongst a 
variety of bolts, screws, nuts and taps, examples of 
the self-locking thread from which the firm takes 
itsname. This device, while rendering unnecessary 
locknuts, springs, or any other clamping accessory, 
is claimed to be proof against any form or degree of 
vibration. It was described in detail in ENG@INEER- 
ING, vol. cxxx, page 282 (1930). 

Messrs. F. Gilman (B.S.T.), Ltd., 221, High 
Street, Smethwick, Staffs., are showing a compre- 
hensive range of their well-known scaling machines. 





‘of 2-75 cub. ft. capacity from 200 lb. to 350 Ib. 


These include tube-scaling machines for all kinds 
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of multi-tube boilers, special plants for large pipe 
lines up to 12 in. internal diameter, and scaling 
equipment for drum-type boilers. The standard 
machines are electrically driven, and are operated 
by a l}h.p. motor. This motor is mounted either 
ona base plate with wheels or arranged for sus- 
pension. A similar equipment is available for 
heavy duty with a 2}-3 h.p. motor. A variety of 
gear driven machines with 1, 2, 3, 4 or more spindles 
is shown for special work, together with petrol- 
driven equipments and a range of pneumatic scaling 
tools. One of the four-spindle machines was des- 
cribed in ENGINEERING, Vol. cxxix, page 211 (1930). 

In addition to the 250-kw. geared turbine set, 
which we described on page 325 of our last issue, 
Messrs. C. A. Parsons and Company, Limited, 
Heaton Works, Newcastle-on-Tyne are exhibiting 
examples of their transformers, though naturally 
space precludes these being of any very great 
capacity. It is possible, however, to appreciate the 
general design of this equipment by inspecting the 
800 kv.-a. unit which we illustrate in Figs. 91 and 
92, above. This has been constructed for use on the 
system of the Newcastle-on-Tyne Electric Supply 
Company, Limited, and is of the outdoor type with 
waterproof cover plate and terminals. As will be 
seen the tank is fitted with flattened cooling tubes 
three rows of which are provided at the sides, and 
two at the ends. It is claimed that this enables the 
space occupied by the transformer to be reduced, 
a matter which is of some importance when the 


difficulties of obtaining sub-station sites is so great. | 
The underbase is provided with a skid to facilitate | 
It will be clear from | 


transport over rough ground. 


Fig. 92, that the transformer is of the core type, the | 


limbs and yoke being built up of non-ageing low-loss | 
steel plates, which are insulated from each other by 
varnish, while interleaving is employed in the usual 
way at the junctions. 
the windings being seperated from the metal by a 
Bakelite tube over which the primary turns are 
placed. These are built up of copper wires covered 
with cotton and treated with varnish, each turn 
being separated from the next by paper spacers. 
The primary winding is separated from the secondary 
by a further Bakelite tube. In 
windings are formed into a series of cylindrical coils, 
a method which has been found suitable where 
heavy currents at medium voltages have to be 


Mgssrs. C. 


All three cores are wound, | 


both cases the | 
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dealt with. To provide a certain range of voltage 
a tap-changing switch is fitted on the high tension 
side. This is of the sliding contact type and is 
operated by a handle from the top of the tank. 
Its action is positive, so that the sliding contacts, 
which are capable of carrying currents up to 
3,000 amperes, cannot be left partly in the on 
and partly in the off position. The range obtain- 
able in this way is + 6 per cent. The tank is fitted 
with a breather, which contains a series of trays 
carrying calcium chloride and is equipped with ball 
valves on both the outlet and inlet, so that unless it is 
subjected either to suction or pressure, due to a 
change in the oil level in the tank, its contents are 
not in communication with the external atmosphere. 
This ensures that several months may be allowed to 
elapse between the times at which it is necessary 
to change the calcium chloride. 

Messrs. Edward Bennis and Company, Limited, 
Little Hulton, Bolton, show some full-sized sections 
of their latest patterns of mechanical stokers and 
some public wash-house plant. The largest of the 
former is the Bennis automatic sprinkler stoker, 
with a self-cleaning furnace arranged for a pre- 
heated air supply, as applied to a marine boiler. 
Though this particular exhibit has some small 
modifications in detail, an illustrated description 
given in ENGINEERING, vol. exxviii, page 527 (1929), 
may be taken as applying to it in all essentials. 
| The other furnace exhibit is a portion of the Bennis 
| forced-draught carrier-bar travelling grate. This 
'is, in principle, a chain-grate stoker in which each 
|row of links is isolated from the other as regards 
air supply, and longitudinal subdivision of the 
grate is also provided. The result of this distribu- 
| tion of the grate into definite sections is that combus- 
tion can be exactly regulated in any particular area, 
e.g., Should this be burning black more air can 
be supplied. The rows of links are, moreover, 
1] provided with hinged flaps on the underside, which, 
|in addition to their regulation of the air supply, | 
intercept any fine unburned fuel at the end of the 
front half of the grate and any ash at the back half, 
these materials being returned to the stoker 
hopper and ash dump, respectively. In the display 





firm for large installations at Bolton and Liverpool. 
When dealing with the British Industries Fair in 
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1929, we described a portable petrol-driven air 
compressor shown by Messrs. Lacy-Hulbert and 
Company, Limited, Boreas Works, Beddington, 
Croydon. It may be recalled that this machine 
is driven by a Lister engine, and is mainly intended 
for operating spray pistols for painting. This 
compressor is again being shown at Olympia, 
together with a wide range of other Boreas 
plant. Included is an electrically-driven air com- 
pressor, similar to that also described in the volume 
referred to, with the exception that the machine 
shown at Olympia is mounted on a trolley, and is 
fitted with two cylinders for cooling the air after 
compression. These cylinders are located in the 
frame of the machine, and ensure clean, cool, 
dry air being delivered to the spray gun. 

Messrs. Hancock and Company (Engineers), 
Limited, Aurelia-road, Croydon, are showing four 
oxygen-jet cutting machines in continuous opera- 
tion. These consist of an automatic longitudinal 
profiler, a direct-cutting and profiling machine, a 
reflex profiling machine, and a straight-cutting 
machine. The most interesting of these machines 
is the reflex profiler, in which the burner and tracer 
are supported on crossheads which move easily on 
two parallel and horizontally supported bars. 
These bars are supported at the centre by a bracket 
which is mounted on a vertical post so as to be able 
to swing freely in a horizontal plane. The burner 
crosshead is on one side of this post and the tracer 
crosshead on the other. At the extreme ends of 
the bars are mounted two pulley wheels round 
which runs an endless cable. The two crossheads 
are attached to this cable, one on one side and one 
on the other. When the tracer is moved inwards 
towards the post, the burner will also move inwards, 
As the crossheads are both attached 
to the cable equidistant from the centre post and 


| the whole can swing about the centre, any move- 














ment traced out by the tracer is copied exactly by 
the burner. A drawing table is supported under 
the tracer and a support for the workpiece under 
the burner. As an alternative method of operating, 

the pivot post supporting the bars and crossheads 
can be removed from the machine, fixed in a tripod 


of washing and drying plant, the apparatus is, we | stand, and placed directly on the workpiece, as 
understand, generally similar to that supplied by the | when dealing with very large plates. 


The pivot 
post can be mounted on a carriage for moving along 
a straight rail when cutting long plates. 
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/ECONOMIES AND ORGANISATION. 
| From the onlooker’s point of view, the most 
| noteworthy point about the Trade Union Congress, 
held last week at Bristol, was its practical failure 
to justify its opposition to the course into which 
| national affairs have now been guided in order to 
| save us from what clearly promised to be calamity. 
What little reputation that body made for itself 
‘early in its session has largely been discounted by 
| the debates in the House of Commons, and especially 
that of Friday last, when Mr. Thomas proceeded to 
put his erstwhile colleagues into the hole in which 
they had acclaimed him to be in when he first took 
| his seat among the present Government. 

It is significant of the general attitude of the 
Council that it should have considered itself specially 
entitled to arrange terms with the late Government, 
and that its opposition to the present one was 
announced before the policy of the latter was 
disclosed. And it is to be noted that on the subjects 

|on which it and the Congress have had most to 
say, as it turns out when all the facts are known, its 
own members cannot have been at heart quite so 
| far divided from their late colleagues as they might 
have wished for purposes of honest propaganda. 
| As the debates in Parliament proceed, this becomes 
|more and more clear. The weakness of the trades 
|union official position has made it necessary to 
| bolster it up by efforts to place the blame for the 
| crisis in such absurd quarters that the Opposition 
| speeches in the more critical atmosphere of the 
| House of Commons have little resembled those 
| made outside, and neither one nor the others have, 
| in the light of recent disclosures, any true ring. 

When all is said and done, the two main differences 

| between the new Government and the seceders 
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| ment pay, and our credit abroad. 


Into the turmoil 
other matters have been thrust, it is true, such as 


‘ntein, Durban, and various branches and book-| the ‘‘ mobilisation of British capital abroad ”’, as 
Wm. Dawson and Sons}. 


if it were possible, without still further dislocating, 
to our disadvantage, the trade of the world, and 
abandoning to others many of our interests in the 


real value. Such ruinous propositions have been 
quickly demolished, and without constructive 
contributions the Opposition is faced with the fact 
that the late Cabinet accepted very large economies 
in principle, including cuts in many directions in 
which ex-ministers would now like to pose as cham- 
pions of the oppressed. The greatest controversy 
has centred round the cut in unemployment pay, 
which the Prime Minister has shown is more 
apparent than real, since, owing to the fall in the 
cost of living, the cut will leave the recipients, even 
now, better off than in 1929. The success of any 
appeal of the Opposition is, on this score, therefore 
dependent upon the telling of half a truth only, 
either through wilful deception or innate incapacity 
to take a broad view of big subjects. 

A great deal, moreover, has been made about the 
cuts being applied first to the poorest. There is, 
however, no priority in this matter. If anyone has 
a right to protest, surely it would be the direct 
taxpayer, who, already heavily burdened, is now 
faced with further calls on diminishing incomings, 
to rectify the results of extravagances to which he 
has always been opposed. Being, however, loyal at 
heart, and knowing that, both for themselves and 
the unemployed, half a loaf is better than no bread, 
this class will doubtless put its shoulder to the 
wheel once more and carry on with the quiet 
optimism of the race. 

With regard to the standing abroad of British 
credit, it seems to have escaped the notice of the 
Opposition that we must obviously allow other 
countries to form their own opinions of us, just as 
ordinary business men do of one another among 
ourselves. Spending beyond its means brings a 
nation into the bankruptcy court in the end, just 
as it does a firm or private individual, and there is 
no reason why we should expect special circum- 
stances to operate in our case any more than in 
that of Germany or of Australia. Surely this 
country, in its difficulties, can do no less than its 
daughter nation and brace itself to face the situation 
manfully and with good heart. 

Naturally, no one will like the extra burdens 
forced upon us by recent profligacy, but we have the 
consolation that they are at least better for us than 
the continuation of the course lately pursued, and 
will, we believe, be for this reason accepted by the 
country, which still contains a level-headed majority. 
When a crisis was thrust upon us in 1926, the 
country proved, in no uncertain manner, that it 
could rise above it. In Australia, where labour 
has been strongly entrenched for many years, 
common sense is now in the saddle, and the majority 
will prefer to be guided in the same way here. 

The one thing to be regretted is that the proposals 
of the Government are not more constructive from 
the industrial point of view. Economy, it is 
recognised, is essential, but it is only half the battle, 
which will ultimately turn on trade. For the 
moment revival in this will, unfortunately, tend to 
be postponed by retrenchment on the large scale, 
since all will feel the need of spending less. In the 
circumstances, it becomes essential to spend more 
wisely, and in directions which will ensure the 
maximum of employment. Under the pledges 
given through which the Government was formed, 
it is almost too much to hope that a finishing 
touch might be given to the new structure by an 
Imperial change of outlook. With our Dominions 
in difficulties, as ourselves, though fortunately to 
a less degree, it would seem fitting that a National 
Government here should take at least some steps 
to inaugurate a change for which practically all are 
now prepared, and most would like to see, unfettered 
by Party considerations. And with this larger 
aspect of our affairs, may we not with some reason 
look to such a Government to translate into effect 
the talk we have heard so much of in recent years, 
of rationalisation throughout the Empire. 

As in the war, we drew our bands closer and 
presented a united whole to our foes, so surely is now 
the time to see whether we cannot weld ourselves 
into an entity which may be better able to resist 
the troubles which are upon the world, than can be 
done by each acting singly. If actual form could 
not be given to such a scheme, might it not even be 
possible to set about some of the non-contentious 





Empire itself, to obtain anything in the way of 





essentials, such as the appointment of a body to 
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inquire into the formation of, for instance, an 
Empire Industrial Council or Development Board 
of the kind suggested by Sir Robert Hadfield and 
others, ultimately to become a directing centre of 
industrial enterprise. 

From quite another aspect it would also seem 
timely to raise this subject once again. Celebra- 
tions are close upon us of events which gave birth 
to one of the most wonderful of the industries of 
the present day, and during these we shall have 
graphically presented to us how science and 
industry in these days walk hand in hand. The 
British Association for the Advancement of Science 
also celebrates its Centenary in London in the coming 
week, and, representing as it does, in a very special 
way, science and its applications, throughout the 
Kmpire, would seem to be a body well suited to 
move in a matter of this kind. With delegates 
attending from all parts, and with its close personal 
contacts with our Dominions, no body could better 
voice the desires of the Empire to be merged into 
and treated as an economic and industrial whole, 
to be developed under the best advice as one 
concern. On this occasion, the Association is 
presided over by a statesman whose wide views 
are renowned and respected throughout our borders, 
and carry much weight in our Councils of the 
Empire, and it should not be too much to hope 
that at this particular meeting something may be 
done to range the Association even more definitely 
on the side of Empire development than it has 
been in the past. Here an opportunity seems to 
present itself. While eschewing politics, the Associa- 
tion is bound up with Empire subjects, in which, 
indeed, a National Government may also be 
expected to take a broader view than is more usual 

- with our Party Ministries. 





REGENERATIVE OPERATION ON 
TRAMWAYS. 

ONE of the advantages claimed for electric 
traction by its supporters is that it is possible for 
a proportion of the power utilised in accelerating 
and driving the train or tram car to be returned to 
the supply network on falling gradients. That this 
advantage is by no means negligible is shown by 
the fact that on the Pietermaritzburg-Glencoe 
section of the South African Government Railways, 
on which, as is well known, direct-current traction 
at 3,000 volts is employed, a saving in energy 
consumption of some 20 per cent. is effected by 
this practice, while, in addition, there is a reduction 
in the maintenance costs of such equipment as 
tyres, brake blocks and rigging. The driver is 
also able to run his train throughout the journey 
at the speeds which experience has shown are best 
suited to the configuration of the road. The same 
is true on lines where three-phase traction is used, 
and it was, in fact, on these that regeneration was 
first successfully utilised, principally because of 
its simplicity, while, as we showed in an article 
published in last week’s issue of ENGINEERING, 
its application has recently been extended to the 
Swiss Federal Railways, where single-phase traction 
has for many years been extensively employed. If 
we go a step farther and deal with the form of 
electric tracticn with which we, in this country, 
are most familiar, it is found that on level tram- 
way routes regenerative operation leads to a 
reduction in energy consumption of about 10 per 
cent., while where the streets are undulating, the 
saving may easily amount to about double that 
figure. It is therefore strange that, in actual 
practice, the tramway systems on which regenera- 
tive working is used are few and, considering what 
has just been said, it may not be unprofitable to 
examine the reasons for what, at first sight, appears 
to be a lack of enterprise, especially as, theoretically, 
45 per cent. of the energy absorbed in operating the 
car under normal conditions is wasted in stopping 
it again. 

To begin with, the employment of regeneration 
necessitates the use of more complicated control 
equipment and larger motors than would otherwise 
he necessary, owing to the fact that the amount of 
heat generated is greater. This arises primarily 
from the fact that the standard series traction 
motor cannot readily be converted into a generator 





for returning energy to the line, and that if shunt 
motors are used, there are practical difficulties, 
both in ensuring that the load is evenly distributed 
between the two units, and in regulating the fields 
when a change is being made from series to parallel 
working. More or less successful attempts were, how- 
ever, made to overcome these drawbacks some 25 
years ago, the results being systems associated 
with the names of Raworth and Johnson-Lundell, 
in which two forms of compounding were employed, 
so that technical difficulties cannot be said to have 
formed the main obstacle, and failure to proceed 
further may probably be ascribed to the fact that 
in those spacious days a little extravagance in 
current consumption was no great matter. On 
the other hand, existing conditions on our streets 
favour the extended use of this system, since the 
increase in the traffic makes it very difficult to 
obtain a high schedule speed merely by increasing 
the free running speed of the tram. In other words, 
owing to the frequent checks which occur, it is 
necessary to employ high rates both of retardation 
and acceleration if a high average speed is to be 
maintained. 

On the ordinary tram this is expensive, since the 
loss in energy depends on the square of the maxi- 
mum speed at which braking is applied, with 
the result that to improve the schedule speed by 
5 per cent. may mean an increase of as much 
as 35 per cent. in current consumption. When 
regeneration is used, however, the maximum speed 
at which the brakes are applied has little effect on 
the current consumption, since, although more 
energy is put into the car to attain the higher speed, 
this is practically all returned into the line during 
the braking period. Moreover, a greater number of 
economical speeds are obtainable, so that the one 
most suitable for the existing traffic requirements can 
be found more easily than when the standard system 
is employed without the use of resistances, and with- 
out it being necessary to “inch ” the controller. 

It is, therefore, not surprising to learn from a 
paper which was read before the recent Annual 
Meeting (Managers’ Section) of the Municipal 
Tramways and Transport Association, by Mr. 
G. H. Fletcher, that attention is once again being 
directed to this subject. It appears, in fact, that, 
as the result of a visit of the Association to Paris, 
it was decided, for experimental purposes, to 
convert a double-deck single-truck car on the 
Manchester system to regenerative working, and 
thus to obtain some idea of its possibilities. This 
sar was originally equipped with two 50-h.p. motors, 
of which the temperature rise in service was only 
about 38 deg. C., so that they could be safely con- 
verted to the new method of working without 
risk of overheating. In fact, the only changes 
which were made were the replacement of the 
original two-turn coils on the armature by others 
containing three turns, so as to reduce the losses in 
the resistances at starting and to bring down the 
regenerative speed, and the addition of shunt 
windings to the fields. The original gear ratio of 
13 to 62 was retained. New controller equipment 
was, however, necessary, the principal feature in 
which was a field control drum. This enabled two 
resistance and three field control notches to be 
obtained with the motors in series, and one resist- 
ance notch and five field control notches with the 
motors in series. In addition, there were three 
notches for rheostatic braking. The transition 
from series to parallel, and vice versa, was made on 
the bridge system, a resistance being introduced in 
the bridge connection to reduce the local currents 
set up by the shunt excitation during this operation. 

The blow-out coils on the main contactors were 
arranged to deal both with the normal main 
currents and with the local currents set up during 
transition, anda special resistance was inserted to pro- 
tect the lamps from any over-voltage which might 
occur should the supply fail during regeneration. 

As pointed out by Mr. Fletcher, this car can be 
started and accelerated up to full parallel in the 
same way as those provided with normal series 
motors. On the other hand, when the controller is 
moved back from the last parallel notch the shunt 
field is strengthened, so that the voltage of the 
motors, which are now running as generators, rises, 





time the speed of the car is retarded. This strength- 
ening of the field is continued for three more 
notches, after which further movement of the 
handle inserts resistances in series with the motors, 
while on the next notch the change-over from 
parallel to series connection is made. The shunt 
fields are then again progressively strengthened on 
six further notches. When the speed reaches such 
a value that no appreciable regeneration is possible, 
a change-over to magnetic braking is made, the 
motors being connected in series, so that braking is 
obtained down to a very low speed. 

The results of a test with this equipment, in 
which runs were made on a level track 220 yards 
long, showed that a schedule speed of 11-4 m.p.h, 

yas possible, compared with 11 m.p.h. when 
standard series motors were used, the maximum 
speeds being 18-9 m.p.h. and 18 m.p.h., respect ively. 
The accleration and retardation were the same in 
both cases, the figures being 1-5 m.p.h. and 2 m.p.h. 
per second. As regards energy consumption, the 
series motors required 0-278 kw.-hour and the 
regenerative system 0-251 kw.-hour per car mile, but 
of the latter amount 0-09 kw.-hour was regained, 
making a net energy consumption of 1-26 kw.-hours 
per car mile, compared with 2-22 kw.-hours with 
the series motor, or a saving of 42-2 per cent. This 
is a result which should make it worth while to 
continue the experiments on a more extensive scale, 
though it may be pointed out that the consumption 
of the series motor can be reduced below the figures 
given by increasing the acceleration to 2 m.p.h. 
per second, until a speed of 17-6 m.p.h. is reached, 
and then coasting down to 13 m.p.h. before the 
brakes are applied. It is probable, however, that 
to apply this method would be difficult in 
crowded streets, and, as a set-off, it is found that 
there is a considerable increase in energy consump- 
tion when any departure is made from the theoreti- 
cally correct shape of the running curve. In the 
case of the regenerative equipment, the car was 
accelerated up to 19 m.p.h. by placing the controller 
on the last notch. This speed could then be main- 
tained by notching back, until the regenerative 
braking was applied. It is worth noting that 
with the regenerative system, less energy is absorbed 
in accelerating the car, a result which is largely due 
to the losses in the starting resistances being lower, 
but that this saving decreases as the number of 
stops per mile rises. 

The results obtained with this system lead Mr. 
Fletcher to conclude that, compared with either 
series or parallel operation, it has the advantages 
that the motors are lighter, a larger range of 
speed is permissible, and higher schedule speeds 
can be obtained, while, in addition, there is the 
important practical consideration that existing 
motors can be utilised and are quite satisfactory 
from the point of view of commutation. Some 
care is, of course, necessary to ensure that the 
ratios of the series to the shunt turns on the 
motors, and the proportions between the maximum 
shunt-field strength on the first parallel notch to 
the minimum shunt-field strength on the last series 
notch are correct, while attention must also be paid 
to the saturation curve of the magnetic circuit, the 
time constant of the various electrical circuits, and 
the correct value of the bridge resistance. On the 
other hand, a certain amount of new capital will 
be necessary to effect the change, and there may be 
some difficulty in accustoming the drivers to working 
with two types of equipment during the transition 
period. Electrically, too, the control of a regenera- 
tive system is a little more complicated, owing to 
the additional transition notches, and there may be 
some difficulty in disposing of the regenerated 
current when only one car is in a section. We 
shall, however, not be going too far when we remark 
that these obstacles should not be insuperable and 
that it will be worth while to tackle them, seem¢ 
that the result will be saving of nearly half the 
present energy consumption. At the present time 
the financial position of our tramways, as of many 
other industries, is none too rosy, but expenditure 
to obtain such an end as is here recorded would be 
fully justified, and we shall await with interest t 
see what steps are taken to obtain it. Mr. Fletcher 
has given no figures of the estimated cost of conver 
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THE INSTITUTE OF METALS; 
ZURICH MEETING. 

Tne twenty-third annual autumn meeting of the 
Institute of Metals opened in Ziirich on last Sunday 
evening, September 13, and terminates to-day. 
The proceedings on the first day commenced at 
7.30 p.m., in the Auditorium Maximum of the 
Eidgendssische Technische Hochschule (Federal 
Polytechnic School), the president of the Institute, 
Dr. R. Seligman, occupying the chair. The minutes 
of the previous meeting having been dealt with, the 
Secretary read a list of the names of members, 
nominated by the council, to be balloted for in 
connection with the election of officers for the year 
1932-33. Among these nominations were: presi- 
dent, Sir Henry Fowler ; vice-presidents, Mr. W. R. 
Barclay and Dr. H. Moore; members of council, 
Messrs. M. 8. Gibb, R. Lloyd Gibbins, J. Steven, 
W. G. Turner, H. B. Weeks, and E. L. Morcom. An 
official welcome to the Institute, on this its first 
meeting in Switzerland, was extended by Colonel 
E. Messner, on behalf of the president and council 
of the Swiss Association for Testing Materials and 
also in the name of the canton and City of Ziirich. 
After Dr. Seligman had returned thanks, a number 
of congratulatory speeches were made, including 
one by Mr. W. B. Price, who represented the 
Institute of Metals Division of the American Institute 
of Mining and Metallurgical Engineers, and one 
by Sir Henry Fowler, acting as representative of 
H.M. Government. Dr. Seligman, in a brief speech, 
then introduced Mr. U. R. Evans to the meeting 
and called upon him to deliver the tenth autumn 
lecture. 


Turn Firms In RELATION TO CORROSION PROBLEMS. 


After a brief introduction in which he alluded 
to the general cleanliness and freedom from grime 
of the industrial quarter of Ziirich, Mr. Evans 
stated that he proposed that evening to discuss 
the effect of thin films on the behaviour of metals 
towards corrosive influences and tarnishing. It 
was a matter of common knowledge, said Mr. 
Evans, that when a metal, such as copper or 
nickel, was heated in pure air, the surface showed 
a series of beautiful colours, due to the interference 
of ligkt by thin oxide-films on the surface. The 
range of film-thickness which produced the bright 
colours might extend from about 400 A to about 
3,000 A, the exact range naturally depended on the 
nature of the metal. Films thinner than about 
200 A did not cause interference of any light waves 
to which our eyes were sensitive. They were, 
therefore, invisible while in optical contact with the 
brightly reflecting metal, although they became 
perfectly visible when removed from the metallic 
basis. It was these ultra-thin invisible films 
which altered the chemical behaviour of the metal ; 
the slightly thicker films, responsible for the colours, 
had often but little protective power, being too 
liable to cracking. Other things being equal, 
thick films were almost always more liable to 
cracking than thin films. The part played by 
protective films had been shown particularly well 
by the work of W. H. J. Vernon, on the tarnishing 
of copper by the sulphur compounds in the atmos- 
phere. Vernon had found that, by gently baking 
his copper, he could increase its resistance to tar- 
nishing, It was not necessary to use a temperature 
at which the baking produced interference tints ; 
baking at a lower temperature (75 deg. C.) causing 
no visible change in the appearance, was sufficient 
to effect this remarkable immunity towards an 
impure atmosphere. Nevertheless, Vernon had 
shown that the baking did produce an increase in 
weight ; the resistance to tarnishing was, therefore, 
due to something which possessed weight, and was 
not due to annealing or to other internal change in 
the metal itself. 

On some materials, like aluminium and stainless 
steel, the oxide normally present had considerable 
protective power, and the familiar stability of these 
materials was entirely due to this fact. If alumin- 
tum were amalgamated with mercury, a surface 
Was produced to which the oxide film did not 
adhere satisfactorily, and the attack on the alumin- 
lum under ordinary conditions became quite 
sensationally rapid. A case was on record in 
which an aluminium vat at a brewery had been 
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completely perforated in a remarkable short space 
of time, simply through the breakage of a small 
mercury thermometer. Quite strictly, aluminium 
ought not to be pictured as a stable metal at all, 
but as a highly reactive metal which encased itself 
in a remarkably water-tight skin of oxide. On 
the aluminium alloys, however, the natural skin 
was less reliable, but it could be improved by 
suitable oxidising treatment. In the process of 
Bengough and Stuart, now widely employed on 
aircraft alloys, the articles were subjected to anodic 
treatment in a warm solution of chromic acid. 
The case of stainless steel, containing 13 per cent. of 
chromium, was rather similar. There was no doubt 
that the resistance of stainless steel depended on 
its oxide skin, and here also, pre-treatment with 
oxidising agents rendered the skin still more 
resistant. Hatfield, for instance, had shown that if 
stainless steel were immersed in dilute nitric acid, 
it afterwards became abnormally resistant to 
sulphuric acid. 

In practically all important cases, the oxide 
skin had now been isolated. A method employed 
by his collaborators at Cambridge to isolate films 
from copper and nickel, as well as from pure iron, 
mild steel and stainless steel, involved anodic 
treatment. In most cases it had been found possible 
to separate films of the invisible ultra-thin class, 
as well as the rather thicker films responsible for 
interference colours. The bottom of the specimen 
was first trimmed, and the whole was made the 
anode in one limb of a U-shaped electrolytic 
cell containing potassium chloride solution (or, 
where it was desired to remove films from copper, 
potassium sulphate solution). The other limb 
contained a cathode, usually consisting of the same 
metal as the anode. The current flowing produced 
dissolution of the metal of the anode, commencing 
at the bottom, where the film had been cut through 
by the trimming. The attack extended upwards 
and the film was undermined and loosened. It 
finally peeled off in curling flakes, which might be 
washed by decantation and examined at leisure. 
The films preserved all the grooves and ridges pro- 
duced by the original grinding of the metal; they 
represented the original metallic surface of the metal 
converted into oxide without alteration of shape. 

The idea that a pure metal was necessarily more 
resistant than the same metal containing small 
amounts of other constituents was inconsistent with 
the facts. Certain additions, especially of metals 
which entered into solid solution, might definitely 
add to the resistance of the metal. Sometimes they 
modified the primary film ; more often they ensured 
that the film should be of a self-repairing character, 
so that if the film were damaged locally by scratching 
or bending, the corrosion product produced at a 
weak point should be of a nature suited to repair 
the damage. On the other hand, certain other 
additions, especially those which caused a second 
phase to appear in the material, increased greatly 
the liability of the film to breakdown. 

Recently the name of topochemical reactions had 
been given to changes which were governed by 
geometrical considerations. An example of this 
was the effect of a drop of sodium-chloride solution 
on a zine surface. Here electrochemical action 
produced sodium hydroxide at the cathodic portions 
around the edge, and zine chloride at the anodic 
portions in the centre. Where they met, they 
produced zinc hydroxide, but this was mainly formed 
as a membranous wall extending out at right angles 
to the metal. At any rate, the precipitate was 
formed in a position where it gave no protection. 
If, instead of one drop, many small drops lay on the 
zine surface, the zinc hydroxide was necessarily 
precipitated closer to the surface. If the zinc were 
exposed periodically to a mist of small salt-water 
droplets, which settled on the metal and then dried 
up, zine chloride and sodium hydroxide would be 
alternately formed at each spot, and the zinc 
hydroxide—although a secondary product—would 
be formed very close to the surface itself. Thus, 
the layer would possess at least some protective 
properties. This explained why galvanised-iron 
buildings erected near the sea, and thus exposed 
intermittently to salt spray, might last reasonably 
well, whereas sheets of the same galvanised iron, 
if stacked before erection in a horizontal position 
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on the sea-shore (one resting upon another, so that 
drops of considerable size might be entrapped 
between the sheets and remain there some time 
before they evaporated), might be found to be 
already rusty before they were erected. 

Mechanical considerations determined the distri- 
bution of electro-chemical attack under conditions 
of service where the mechanical damage to the skin 
at any point was constantly renewed. A specially 
important example was that of corrosion fatigue, 
in which the two destructive influences (mechanical 
stress and chemical corrosion) produced, when 
acting simultaneously, a destructive effect far greater 
than either could produce when acting alone. 
Likewise, there were numerous cases known where 
mechanical erosion combined with chemical attack 
produced very serious damage. Unfortunately, in 
such cases the engineer usually attributed the effect 
to mechanical erosion and the chemist to chemical 
corrosion, each preferring to attribute the failure 
to the influence with which he was familiar. In a 
sense both disputants were right ; evidently there 
was both a mechanical and a chemical aspect of 
the process. As long, however, as the engineer 
insisted on ignoring the chemical side, and the 
chemist the mechanical side, so long would complete 
understanding of these cases be impossible. It was 
absolutely necessary for the engineer to become 
more cognisant with chemical and electrochemical 
phenomena, and the chemist with the effect of 
stresses, than was at present the case. Possibly 
in the near future scientific researches would indicate 
the manner in which many of the practical problems 
of corrosion could be solved. It was to be feared, 
however, that any success achieved in the researches, 
no matter how complete, would not in itself prevent 
the recurrence of corrosion troubles. Chemistry 
was so much neglected in the engineer’s training 
to-day that the correct application of the results, 
when obtained, might be deferred indefinitely. 
The difficulties of forcing an increasing number of 
new subjects into the curriculum were fully appre- 
ciated, but they did not afford a justification for 
the neglect of chemistry by engineers at a time 
when chemical problems were assuming, for 
engineers, a growing importance. 

A vote of thanks to Mr. U. R. Evans for his 
lecture was proposed by Professor Carl Benedicks 
and seconded by Mr. F. von Wiirstemberger. 

Cotp-RoLiine or Some LEAD ALLOys. 

On Monday morning, September 14, at 9 o’clock, 
the members re-assembled in one of the meeting 
halls of the Federal Polytechnic, and the chair 
was again taken by Dr. Seligman. The first paper 
on the agenda was a communication from the 
Research Department, Woolwich, by Messrs. H. 
Waterhouse and R. Willows, and entitled ‘“‘ The 
Effects of Cold-Rolling and of Heat Treatment on 
Some Lead Alloys.” This will be found on page 387, 
of the present issue. In the absence of the authors 
the paper was presented to the meeting by Dr. H. 
Moore. 

Mr. Kenneth Gray, who opened the discussion, 
said that he would confine his remarks to two of the 
alloys—namely, that containing lead, cadmium, 
and antimony, and that containing lead, cadmium, 
and tin. These alloys, and especially that com- 
posed of lead, cadmium and antimony, had been 
applied to the sheathing of electric cables. They 
had completely overcome difficulties which had 
previously arisen owing to the fatigue failure of 
ordinary lead. At the present time, when electric 
cables were ordered by any department of the 
British Government, it was specified that they should 
be sheathed with these alloys. A word should be 
said about costs. The alloys employed were, in 
themselves, naturally more expensive than ordinary 
lead, but their tensile strength was of such an order 
that, whereas with 1 ton of lead it was possible to 
produce, say, 200 yards of piping of a given diameter, 
using the new alloys 300 yards of piping could be 
produced. 

The solvent action of water on lead was viewed 
seriously by the medical profession, and the amount 
of lead dissolved by soft waters was, at times, 
astonishingly high. At Glossop, for instance, it 
had been found that no less than 4 grain of lead 
was dissolved by | gallon of water after an appli- 
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tin offered a much greater resistance to the solvent 
action of water than ordinary lead, and were, on 
that account, employed to advantage in districts in 
which the water was soft. When a piece of ordinary 
lead soil pipe was bent, the outside of the bend 
became thin and the plumber had to give it a good 
deal of ** beating up” at this point. Furthermore, 
when a piece of ordinary lead pipe was bent, 
especially when the bend was through a small 
radius, the outside became strained, the surface 
was uneven, and the material appeared to be on 
the way to rupture. These characteristics did not 
occur to anything like the same extent if the alloy 
were used. The strain was not observable to the 
naked eye, and much less “ beating up” was 
required. It was also interesting to note, moreover, 
that the plumber would not know that he was 
dealing with other than a pure lead pipe; he would 
probably think that he was using a pipe of specially 
high-quality lead. Turning to lead sheets, it had 
sometimes been found that when these were used 
for “flashing”? in ordinary building construction 
the lead sheet tended to come out from the corners 
and positions in which it had been worked. Alloy 
sheets did not do this. 

Professor H. F. Moore stated that at the Univer- 
sity of Illinois work was being carried out on lead 
sheathing for high-tension cables. Their special 
field of study was in connection with the tendency 
of lead to creep slowly under steady load. When 
allusion was made to the tensile strength of lead 
and lead alloys, it was always necessary to mention 
the time in which the work had been done, as the 
tensile strength could vary enormously. They had 
found a very marked tendency to creep in the case 
of all the alloys of lead tested. The President 
having intimated that the discussion would be 
replied to in writing, the meeting passed on to the 
next paper. 


PROTECTION OF MAGNESIUM ALLOYS FROM 
CORROSION. 
The second contribution placed before the 


meeting was that by Messrs. H. Sutton and L. F. 
Le Brocq, on the subject of ‘The Protection of 
Magnesium Alloys against Corrosion.” It was 
read in abstract by Mr. Sutton, who stated that, 
of the methods of protection examined, the most 
promising appeared to be that of chemical treatment 
of the surface followed by the application of lanolin 
or a suitable enamel. The chemical processes 
developed involved immersion of the magnesium for 
six hours in baths containing either potassium 
dichromate, alum and caustic soda solution, or 
potassium dichromate and sodium-sulphate solu- 
tion. We hope to reproduce this paper in a future 
issue of ENGINEERING. 

Mr. W. H. O. Ziegler, who opened the discussion, | 
thought that when considering magnesium-mangan- 
ese alloys from the corrosion-resistance point of 
view, it was important to know whether the mangan- 
ese was in the form of solid solution or whether | 
the alloy possessed a heterogeneous structure. He 
himself had found that the solid-solution structure 
offered good resistance to corrosive influences, but 
that the heterogeneous structure was less resistant. 
His experience with sherardising, calorising and 
similar processes, was identical with that of the 
authors. The drawback to the dichromate treat- 
ment was that it required extensive plant and 
careful control of temperature, &c. Moreover, the 
resultant surface did not stand up to very severe 
conditions. Therefore, it was necessary to fall 
back on varnish, which, incidentally, was an easier 
form of treatment, and took up less time. It was 
necessary to remove all traces of grease from the 
surface of the specimens before any varnishing was 
carried out. His firm employed a_ titanium 
pigment in the priming coat, and had found that a 
synthetic resin and asphalt varnish gave good 
protection. 

Dr. K. L. Meissner, who spoke next, drew atten- 
tion to a process, which had been recently evolved 
for coating magnesium and magnesium alloys with 
pure aluminium or aluminium alloys, such as 
the aluminium-silicon alloy. Bearing in mind the 
position of magnesium in the electro-chemical 
series, however, it was doubtful whether such a 





process would be of any practical use. The next 
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speaker, Dr. M. Haas, pointed out the essential 
differences which existed between the film of oxide 
of aluminium, Al,, O3;, and that of magnesium, 
MgO. The discussion was then taken up by Dr. W. 
Rosenhain, who stated that he was not sure that 
the authors or any speaker in the discussion had 
exhausted the possibilities of the subject. He 
agreed that MgO as a surface coating was rather 
hopeless. In consequence, it was necessary to 
apply to the surface the principle of alloying. If, 
instead of producing MgO, a mixture of oxides, 
such as MgO and Al,0, were produced on the sur- 
face, better results might be obtained. Further- 
more, he had recently ascertained that magnesium 
metal had successfully been employed for the electro- 
lytic production of fluorine, which, as was well 
known, was an intensely reactive element. The 
magnesium became coated with a film of magnesium 
fluoride which was inert to further attacks by the 
fluorine. Unfortunately, experiment had shown 
that the film was not inert to water. This was 
disappointing, but the possibilities of this type of 
treatment were not exhausted. 

Mr. U. R. Evans said that an aluminium coating 
protected iron because the aluminium was anodic 
to the iron. Even if a gap in the coating were 
sprayed, the underlying iron would remain un- 
corroded. On the other hand, if a gap occurred in 
the coating of aluminium on magnesium, severe 
corrosion of the magnesium resulted. It was 
possible to fill up the pores of the aluminium 
protective film with synthetic resin. It had been 
found, however, that aluminium coatings, treated 
in this way, were more brittle, and were apt to 
break away from the underlying metal if, for 
example, this were bent. The last speaker, Dr. 
R. 8. Hutton, pointed out that most of the practical 
magnesium alloys contained a good proportion of 
aluminium. Consequently, if a self-healing film of 
mixed oxides were required, on the lines suggested 
by Dr. Rosenhain, it should be possible to derive 
it from the body of the alloy itself. In a very 
brief reply to the discussion, Mr. Sutton stated 
that he and Mr. Le Brocq had endeavoured to 
render their magnesium-manganese alloy homo- 
geneous, but it was not entirely in the form of solid 
solution. He had no experience of the aluminium 
coating method alluded to by Dr. K. L. Meissner. 


NICKEL-CoprpER ALLOYS OF HicH Etxastic Limit. 


The next contribution to the proceedings bore 
the title ‘ Nickel-Copper Alloys of High Elastic 
Limit,”’ and was by Mr. D. G. Jones, Dr. L. B. Pfeil, 
and Mr. W. 'T. Griffiths. It was presented to the 
meeting by Mr. Griffiths. The authors stated that 
nickel-copper alloys could be obtained in a condition 
of high strength and high elastic limit, together with 
good ductility, and there were three simple methods 





TABLE L. 
Maximum Stress.| Elastic Limit. | Elongation on | Reduction of 
Tons persq. in. | Tons persq.in.| 2in. per cent. | Area percent. 
42-2 | 27-6 21 57 +4 


' | 

of achieving this result. In the first method, the 
alloy was cold-worked to a degree determined by 
the elastic limit and the strength required, and was 
subsequently heated for one hour at from 400 deg. 
to 550 deg. C., according to the composition. In 
the second method, silicon was added to the copper- 
nickel base in a quantity determined by the copper- 
nickel ratio and the mechanical properties required. 
High strength and elastic limit were developed by 
rapid cooling from 800 deg. to 900 deg. C., followed 
by reheating for I hour from 500 deg. to 550 deg. C. 
The third method was a combination of the first 
two, and had been studied particularly for those 
alloys containing 20 per cent. of nickel or less. 
Exceptionally good mechanical properties were 
obtainable with these alloys when they contained 
even less than 0-25 per cent. of silicon. The 
addition of other elements, such as manganese, was 
beneficial in raising the softening temperatures, and 
thus allowing the ready development of the full 
benefits of the two effects. Thus, in the 80:20 
copper-nickel alloy, containing 0-17 per cent. of 
silicon, and 1-26 per cent. of manganese, the 
properties quoted in Table I were developed, first 


by cooling comparatively rapidly from a tempera- 
ture of about 900 deg. C., then cold-working to a 
reduction of 50 per cent. in cross-sectional area, 
and finally reheating for 1 hour at 550 deg. C. A 
composition such as that indicated had the well- 
known workability of the cupro-nickels, and this, 
combined with the mechanical properties shown 
and a good resistance to certain types of corrosion, 
resulted in a material suitable for a number of 
engineering purposes. 

Mr. W. R. Barclay stated that hitherto the 
cupro-nickel alloys had been rather regarded as 
having special applications. For example, the 
80: 20 cupro-nickels were used in munition work 
and the 43-45 nickel alloys, known as Constantan, 
were employed for electrical purposes. The alloys 
studied by the authors opened up an interesting 
field of usefulness in the engineering industry. A 
material which possessed a high elastic limit, a 
maximum strength value of upwards of 40 tons per 
square inch, together with appreciable ductility, 
obviously, commended itself to engineers. The 
additions of manganese and silicon had been made 
with a view to deoxidising the melt. Manganese 
was certainly useful as a desulphurising agent. 
Whenever a considerable quantity of scrap was 
used, manganese was an extremely useful, and 
indeed an essential, addition to the melt. It was 
clearly implied in the paper that manganese and 
silicon should both be recognised as_ alloying 
elements. The next speaker, Dr. H. Moore, said 
that the authors had furnished an_ interesting 
example of the use of silicon as an alloying element. 
Silicon in aluminium was, of course, well known. 
He believed that the alloys described by the authors 
were entirely free from susceptibility to season- 
cracking. If this were indeed the case, it would 
give them an advantage over the high-tensile 
brasses. Mr. W. E. Alkins, who spoke next, said 
that he had had experience of season-cracking in 
silicon-copper alloys and also in copper-nickel- 
silicon alloys low in nickel. 

Dr. L. B. Pfeil, in reply, said that they had 
undertaken and continued the work in the hope of 
establishing the usefulness of the alloys as engi- 
neering materials. The term “ deoxidiser”’ had 
been employed in much the same way as it was 
used by steelmakers, i.e., to include both desul- 
phurisation and deoxidisation. He agreed that 
manganese played a prominent part in desulphuri- 
sation. It was quite safe to say that after a low- 
temperature treatment, these alloys were free from 
susceptibility to season-cracking. He would not 
go so far as to say that such would be the case if 
the low-temperature annealing treatment were not 


applied. A cold-drawn bar, for instance, might 
crack unless subsequently subjected to heat 
treatment. 

UNSOUNDNESS IN ALUMINIUM SAND CASTINGS. 


The next two papers on the agenda, namely, 
‘“Unsoundness in Aluminium Sand _ Castings: 
Part I1—Pinholes ; their Causes and Prevention,” 
and ‘* Part I1—The Effects of Using Metal Pre- 
viously Subjected to Corrosive Conditions,” by 
Professor D. Hanson and Mr. I. G. Slater, were 
taken together for the purpose of discussion. ‘The 
contributions were introduced by Professor Hanson, 
who stated that the presence of water-vapour in 
contact with molten aluminium or its alloys led 
to the production of pinholes in sand castings. 
Treatment with nitrogen or with chlorine was 
sometimes successful, but could not always be 
relied upon to produce castings perfectly free from 
pinholes. Titanium tetrachloride was effective with 
Y-alloy, but was found to be less certain with other 
alloys, although the grain refinement which it 
produced might make the pinholes very small 
without reducing the total volume of the cavities. 
The most generally successful method was found to 
be treatment with a mixture of equal parts of 
nitrogen and chlorine, by means of which all the 
alloys examined could be made practically sound 
by a treatment of 20 minutes’ duration at 700 deg. C. 
Sixty-pound melts of 3 Lil-alloy (8 per cent. 
copper) were successfully treated at from 730 deg. 
to 750 deg. C. on a works scale, but difficulties were 
experienced with 300-Ib. melts of 3 L11 and 2 L5 





(3 per cent. copper, 13 per cent. zinc) alloys. The 
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success of all gas treatments depended on the 
temperature of the molten metal. Just above the 
liquidus most of the methods proposed were very 
effective, but if the temperature of the metal were 
much above 700 deg. C. it was doubtful if any 
method so far proposed could be relied upon to 
vive successful results. Treatment with volatile 
constituents, such as sulphur, selenium, tellurium 
and cadmium, had been tried, with varying results. 
Superheating the 2L5-alloy to 950 deg. C., prior to 
casting at the normal temperature, greatly reduced 
the number of pinholes. 

Turning to Part II of the contribution, Professor 
Hanson stated that it was found that virgin alumi- 
nium after exposure to corrosive conditions, and 
subsequently sand-cast, was unsound and contained 
pinholes. Alloys of aluminium, including 3L11, 
2 L5, Y. and 12 per cent. silicon alloy, showed a 
similar phenomenon. Exposure for six months 
indoors, under good conditions of storage, produced 
practically no deterioration, whilst samples exposed 
for six months out-of-doors and then cast were found 
to be very unsound and to contain large numbers of 
pinholes. Two attempts had been made to restore 
exposed and deteriorated metal, one by heating in 
an electric tube furnace for four hours at 500 deg. C. 
in a stream of dry nitrogen, and the other by electro- 
chemical pickling using the specimen as anode, 
oxygen being liberated freely at the surface of the 
metal. Both methods were unsuccessful. It was 
suggested that the deterioration was the result of 
electrolytic action on corrosion, involving the 
liberation of hydrogen in the nascent state, which 
was absorbed by the metal. On remelting and 
casting, the hydrogen was evolved in the molecular 
condition, and produced pinholes. 

Professor A. von Zeerleder said that aluminium 
or its alloys melted in an open-hearth furnace in 
moist weather or in a new furnace, even after this 
had been carefully dried, was found to be more 
porous than metal melted in normal circumstances. 
Again, when a new crucible was used for the first 
time it gave rise to greater porosity in the alumi- 
nium. The authors suggested that hydrogen was 
the cause of this difficulty. He had tried to find 
another explanation. The products of corrosion of 
aluminium consisted of Al (OH),;. When this was 
heated, the following reaction took place :— 

2 Al(O H)s = Al, O3 + 3H, O. 

He suggested, therefore, that a surface coated with 
Al(OH), would give rise to greater porosity than 
any hydrogen which might have penetrated the 
metal, in the manner suggested by the authors. 
The paper contained important advice to foundry- 
men to store carefully their supplies of aluminium. 

Dr. A. G. C. Gwyer stated that the authors had 
made contact prints from polished half-sections 
of their ingots. This was quite a good method for 
revealing large differences in soundness between 
materials, but in cases in which differences were 
small, 7.e., when it was desired to distinguish 
various degrees of ‘‘ goodness ” in a good material, 
he preferred to rely upon density measurements. 
Furthermore the authors had had to cut their 
ingots in half, whereas, with care, it was possible to 
determine the density of quite large pieces of metal. 
He could confirm that the treatment of the melt 
with nitrogen was not of much use. Using titanium 
tetrachloride, however, he could confirm the results 
obtained by Dr. Rosenhain and his colleagues, 
namely, that this treatment was very successful 
in degasifying the melt, moreover, improvement 
resulted owing to grain-size refinement and _ this 
was of considerable importance to founders. The 
only difficulty with regard to all these treatments, 
When applied to a commercial foundry, was that 
they had to be applied at comparatively low tem- 
peratures in the neighbourhood of 700 deg. C. 

He wondered whether the explanation of un- 
soundness, resulting from melting aluminium alloys 
after exposure to corrosive influences, contained 
in the second paper, were really the true one. 

The 3L11 and 2L35 alloys suffered less from de- 
terioration in the authors’ experiments than the 
Y-alloy and silicon alloy, which normally were 
more resistant. , This fact might throw some doubt 
On the authors’ explanation involving nascent 
hydrogen. Some attention should be paid to dross 
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small in the case of a few melts, but might become 
important when extended over twelve months in a 
commercial foundry. In future investigations he 
would like to ask the authors to bear in mind the 
question of dross. 

Mr. G. Mortimer stated that aluminium castings 
were not normally full of pin holes like pieces of 
pumice stone. The standard of acceptance for air- 
craft and other modern engineering requirements, 
however, was very high. Great strides had been 
made in foundry technique. About two years 
previously, if asked to produce very large Diesel- 
engine pistons, an output of two sound castings and 
ten bad might be obtained. Asa matter of fact, at 
the. present time, this work could be done with 
precision and it would now be surprising to get 
unsound castings. Yet none of the methods 
described in the paper was employed. Production 
had been organised and it was possible to guarantee 
pin-hole free castings of Y alloy. It was difficult to 
see how a melt of 10 tons could be dealt with by the 
methods described by the authors. An expensive 
bath of metal would have to be treated with large 
volumes of expensive gas and this without increasing 
the price of the resultant ingots. Altogether, the 
industry appeared to be far from dealing with large 
melts in the manner indicated in the paper. Hence 
it was better to find the cause of pin holes and to 
endeavour to remove it rather than to find a cure 
for the trouble. 

Dr. W. Rosenhain regretted that the present 
investigation had been carried out without the 
active co-operation of the laboratory in which much 
work on similar lines had been done. The authors 
had stated that a mixture of equal proportions of 
nitrogen and of chlorine gave results superior to 
those obtained by either of the gases used separately. 
The point was that this mixture was not much 
easier to use than chlorine by itself. The authors 
had drawn attention to the use of a salamander gas 
lead-in tube. In commercial work this would prove 
too fragile. In referring to the use of titanium 
tetrachloride, the authors had referred to the large 
volumes of fumes evolved. In the experiments 
conducted in his own laboratory, the fumes had 
been negligible. This was a point upon which a 
little comparing of notes would have proved fruitful. 
Mr. Mortimer had said that after blowing expensive 
gas through expensive metal no better price could be 
secured for the metal. He ventured to state that if 
one manufacturer produced good gas-free metal, 
the others would be bound to look to their business. 
The suggestion made in the second paper that the 
corrosion of the metal was dangerous in subsequent 
melting operations, was of great importance. It 
was difficult for the foundrymen to store his materials 
out of reach of corrosive influences. If this sugges- 
tion were true it would be best to buy aluminium 
in as large blocks as could be handled in order to 
diminish the exposed surface. 

Professor Hanson, in his reply, wished to make 
it quite clear that, in putting the various processes 
of degasification before the meeting, they did not 
desire to recommend any one of them as being 
generally suitable. All had their practical difficulties. 
He would not like, for instance, to recommend the 
chlorine process for general use. On the other hand, 
there might be occasions in which a manufacturer 
would like to know of a method of producing gas- 
free metal, no matter how difficult the process 
might be. The explanation given in the second 
paper, involving nascent hydrogen had been given 
tentatively and with a considerable amount of 
caution. The explanation given by Professor von 
Zeerleder was unsatisfactory because they had 
taken exposed ingots, had cleaned off the corrosion 
products, and in some cases had pickled them, and 
had still had unsoundness on subsequent remelting. 
ExLectric FURNACES FOR BRIGHT ANNEALING. 

The sixth contribution considered was _ that 
entitled, ‘‘ Applications of the Electric Furnace for 
Non-Ferrous Metals, with Special Reference to the 
Bright-Annealing Process,” by Messrs. H. C. 
Kloninger, G. Keller, and H. Meuche. It was 
presented to the meeting by Mr. Kloninger, and will 
be found on page 390 of the present issue. Although 
it was announced that discussion would be in 
writing, Dr. Scherzer was permitted to show a few 





in investigations of this type. This might be very 


slides depicting the Osnabriick-Junker process for 


non-ferrous wire in strip. In this process, the 
charge is covered by a thin heat-resisting cap of 
chromium steel provided with a flange capable of 
being water sealed. A cylindrical muffle is lowered 
over the cap and the charge beneath it by means of 
a hoist. To speed up the cooling on the removal of 
the heating muffle, a water jacket can be put over 
the cap. 


Macro-EtcH1ng oF ALUMINIUM-SILICON ALLOYS. 


The next paper, entitled “‘ The Macro-Etching of 
Aluminium-Silicon Alloys,” was presented by its 
author, Dr. W. Hume-Rothery. Dr. Hume-Rothery 
stated that in a recent paper presented to the 
Institute by Dr. M. L. V. Gayler, it had been pointed 
out that difficulties existed in the macro-etching of 
aluminium-silicon alloys, and that no satisfactory 
reagent had yet been discovered in this connection. 
In view of the fact that these alloys are of commer- 
cial importance, a search for some suitable reagent 
had been made and, as a result, a fairly satisfactory 
method had now been developed. The etching 
solution employed contained from 150 grams to 
160 grams’ of cupric chloride per litre, and etching 
was carried out by immersing the specimen several 
times in the solution, the deposit of copper being 
removed between each immersion. The etching 
process tended to darken the surface of the alloy, 
and this effect was more pronounced as the silicon 
content increased. If this were considered a dis- 
advantage, a considerable brightening could be 
obtained by dipping the alloy into a dilute solution 
of chromic acid after the final treatment with 
cupric chloride. Satisfactory results had been 
obtained with the etching solution in the case of 
alloys containing 5 per cent., 10 per cent., and 
11 per cent. of silicon, respectively. 

After Dr. Hume-Rothery had exhibited samples 
illustrative of the results obtained, the President 
announced that discussion on this paper would be 
in writing. 

FAILURE OF A HIGH-STRENGTH Brass. 

The last paper considered at the meeting on 
Monday morning was a “ Note on the Failure of a 
High-Strength Brass,’ by Messrs. Newson and 
A. Wragg. It was read in abstract by the former 
author, who stated that it had been determined 
that the reeling process for straightening, after 
extension, in the case of a brass with a high yield 
point, was responsible for residual stresses of such 
an order that failure due to internal cracking might 
result during storage, or on subsequent machining. 
We intend to reproduce this contribution to the 
proceedings in a forthcoming issue of ENGINEERING. 

Dr. H. Moore, the only speaker in the discussion, 
said that the authors had shown that the operation 
of reeling put a severe stress on the material. In 
referring to cracking due to residual stress, they 
had stated that the mechanism of this was obscure. 
He ventured to state that this obscurity would 
have been removed if they had studied a paper on 
‘Season Cracking,” by Beckinsale, published in 
1923, which paper contained the results of an 
investigation conducted at the Research Depart- 
ment, Woolwich. There was no doubt that the 
reeling operation brought about compression in the 
outer layers of the bar and tension in the inner 
layers. After stating that the authors would reply 
in writing, the President adjourned the meeting 
until 9 a.m. on the following day, Tuesday, Septem- 
ber 15. 

VIsITSs AND EXcURSIONS. 

During the afternoon, visits were paid to a 
number of works in the neighbourhood of Ziirich. 
These included the Kraftwerke Waggital, the large 
hydro-electric power station, situated some 30 miles 
from Ziirich, and an illustrated description of which 
was given on page 292 ante; the testing-machine 
and instrument-making works of Messrs. Alfred J. 
Amsler and Company, and the shops and foundries 
of Messrs. Eisen und Stahlwerke, vorm. G. Fischer, 
both of which firms are in Schaffhausen. The 
turbine and engineering works of Messrs. Escher, 
Wyss and Company, which are situated in Ziirich 
itself, were also visited. In the evening a dinner 
was held at the Grand Hotel Dolder, at the invita- 
tion of the City and Canton of Ziirich. The ad- 
journed general meeting of members for the reading 





and discussion of papers was continued at the 
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Federal Polytechnic on the morning of September 15, 
and a full report of the proceedings will appear in 
our next issue. The remainder of the period of the 
meeting was devoted to visits to works at Oerlikon, 
Baden, and Winterthur, and to a more extended 
tour to works and places of interest in various parts 
of Switzerland, which tour terminates to-day, 
Friday, September 18. 


(To be continued.) 








NOTE. 
THE SHIPPING, ENGINEERING AND MACHINERY 
EXHIBITION. 

Sin AusTEN CHAMBERLAIN, First Lord of the 
Admiralty, in opening the Shipping, Engineering 
and Machinery Exhibition at Olympia, shortly after 
midday on Thursday, September 10, made an 
interesting review of the astonishing progress in all 
directions in naval practice since he first entered 
the Admiralty, 36 years ago, and later, at the 
luncheon following the opening ceremony, com- 
mented encouragingly on the adaptability of 
British industry. Sir Austen was, however, unable 
to remain sufficiently late at the luncheon to listen 
to a couple of conversations which illustrated most 
aptly both his points. These were carried on 
between the chairman, Admiral of the Fleet 
The Right Hon. Lord Wester Wemyss, at Olympia, 
and Captain Latta, of S.S. Empress of Britain, and 
Captain Bulman, of 8.S. Homeric, at sea. Lord 
Wemyss used an ordinary telephone receiver on 
the table in front of him, but the officers’ replies 
were broadcast to the guests by a loudspeaker. 
The conversations were perfectly audible to the 
400 people assembled, and seeing that both vessels 
were well out, the Empress of Britain being 700 
miles west of the Scilly Islands, formed an excellent 
example of the strides which wireless telephony 
has made. The demonstration was made possible 
by co-operation between the General Post Office 
and the Marconi Company, and took place over 
the Post Office and Radio Marine Telephone Service, 
available for liners on the Atlantic routes. |The 
transmission station was at Rugby, and the receiving 
station at Baldock. Other speakers at the luncheon 
besides Sir Austen Chamberlain and Lord Wemyss 
were Sir J. Fortescue Flannery, Dr. H. 8. Hele- 
Shaw, Sir Alan G. Anderson, Mr. W. Reavell, and 
Mr. W. A. Appleton. In the evening, a dinner 
was given in honour of overseas visitors to the 
exhibition, the chair being taken by Lord Wester 
Wemyss. In replying to the toast of International 
Shipping and Engineering, proposed by General Le 
Rond, President of the International Shipbuilding 
and Engineering Company, Danzig, Colonel C. F. 
Hitchins, D.S.0., M.I.Mech.E., said the exhibition 
came at a very bad time for the shipbuilding and 
engineering industries, but there was some hope 
for the future when it was remembered that, of the 
present world tonnage of 60,000,000, some 11,000,000 
tons was over 25 years old, and 6,000,000 tons over 
20 years old. Ships over 20 years old were hopeless 
economically, and would have to be replaced. 
The tanker trade, he added, also required replace- 
ments at the rate of about 1,250,000 tons annually. 
A hopeful feature of the engineering industry 
generally was the good spirit of labour, and although 
there were many difficulties at the present time, 
great markets were open to our trade if we explored 
them. The toast of ‘“ Our Overseas Guests”? was 
proposed by the Chairman and responded to by 
Mr. F. C. Sturrock, M.P., of South Africa, while 
Colonel J. 8. Ruston proposed the toast of the 
Chairman. 


Woop-PRESERVING Exutprrion,—In connection with 
the forthcoming meetings of the Forestry sub-section 
of the British Association, the British Wood Preserving 
Association is arranging a comprehensive wood -preserving 
exhibit, which is to be staged in the Department of Botany, 
Imperial College of Science, Prince Consort-road, South 
Kensington, London, 8.W.7. It will remain open during 
the whole meeting, namely, from September 23 to 
September 30. The exhibition, which includes fence 
posts of home-grown timbers, treated Douglas fir timbers, 
and wooden structures attacked by fungi, insects and 
marine borers, is designed as an educational exhibit, 
to show how wood can be protected against its fungal 
and insect enemies by suitable means. The offices of 





the British Wood Preserving Association are at 166, | 
Piceadilly, London, W.1. 


LETTER TO THE EDITOR. 


TRACING PAPERS. 
To THE EpiTor oF ENGINEERING. 

Smr,—The subject of tracing papers, raised by Mr. 
Thos. H. Webster, A.M.Inst.C.E., in the letter pub- 
lished in your issue of August 28 (page 256), is one 
that should quicken interest in a class of material 
that has been as much on the drawing boards as in 
other directions bread and butter has been on the 
table. As there are various qualities of bread and 
butter, so with tracing paper; there are many from 
which choice may be made, and again, it is a matter 
of taste or selection for a particular purpose. Further, 
the question of price would appear to enter into con- 
sideration, and especially is this the case in present 
days of strict economy. 

The point of your correspondent’s submission would 
appear to be directed to the British paper maker 
rather than to the manufacturer of tracing paper, 
though the latter is an interested party to the discus- 
sion, because the class of material which is condemned 
is not alone a matter of paper making. 

It would appear that your correspondent has a 
distinct preference for what is called ‘‘ pure paper,” 
this evidently of the class sold as “‘ natural tracing 
paper,” “ parchment,” &c. Vegetable parchment or 
greaseproof is a class of material primarily used for 
packing provisions, &c., that offered as tracing paper 
being specially selected qualities. No one will dispute 
that this class of material is made more successfully 
abroad than in this country, but its adoption as a 
drawing office material is decided rather on the grounds 
of economy than for its superiority or durability as a 
tracing paper. 

Not only is it the fact that the ‘‘ pure paper ”’ comes 
from Germany or Belgium, but the mills of these 
countries and France for sixty years or more have 
made the base paper for what is called the ‘“ shiny 
variety’ and sold it in the “ prepared”’ state also. 
There is still a good demand for this class of tracing 
paper, and it is not limited to the “‘ shiny ”’ variety, 
but various substances and finishes may be obtained. 

British mills have proved as successful in producing 
this class of base paper as any foreign competitor, 
but, whether British or foreign, the bulk produced is 
considerably less than that of the greaseproof variety, 
It is more of a speciality class, limited in use and not 
having the outlets for purposes to which greaseproof 
may be applied, but as a material for a particular 
purpose it meets the demands. 

If permanent records are desired apart from the 
original drawings, other material should be selected 
as a means of retaining them, for whether “ prepared ”’ 
or “ natural’ tracing paper is used, there is no guaran- 
tee of security, each class being subject to deterioration. 
This is hastened by the use to which either is put 
before storing. Continual folding always weakens the 
material; and there is evidence that the ‘ pure” 
paper is affected considerably when used to obtain 
photo prints. Tracing paper of either class is a means 
to an end, and whilst some on the point of economy 
may utilise it to store a plan or record, the sound policy 
is to use it only as an intermediary between the original 
drawing and a photo print on more stable material. 

What is more suited to the purpose than a British- 
made bank ? 

Yours truly, 
W. A. HaLpen. 

Reddish, September 15. 





THE EFFECT OF CALCIUM 
CHLORIDE ON CONCRETE. 


In recent years resort has sometimes been had to 
the admixture of calcium chloride to cement used in 
making concrete, for the purpose of accelerating 
setting and hardening. Although instances, where 
such results were found, may be cited, a good deal of 
conflicting information has also been published, and 
little reliable data had existed on the manner in which 
the salt acted to cause any satisfactory changes. 
An investigation of the matter was therefore under- 
taken recently at Ohio State University, Columbus, 
U.S.A., with the co-operation of the Calcium Chloride 
Publicity Committee, and exhaustive tests have been 
carried out by Professor R. C. Sloane, Professor W. J. 
McCaughey, Mr. W. D. Foster and Mr. Carl Shrewe. 

These investigators in due course prepared a report, 
and this, entitled ‘‘ Effect of Calcium Chloride as an 
Admixture in Portland Cement Concrete,’’ has now 
been published as an Engineering Experiment Station 
Bulletin (Ohio State University. Priee, 50 cents). 

Cement has for its principal constituents the silicates 
and aluminates of calcium. The effect of calcium 
chloride upon these individual components was first 
investigated separately, as a possible means of ensuring 
a better understanding of the action upon them when 











intimately mixed in the actual cement. The effect 
of the presence of the chloride was found to be different 
with the different constituents. It retarded the 
hydration of the aluminate, but accelerated that of the 
silicates. The net effect upon the whole mixture, or 
actual Portland cement, was that the hydration was 
accelerated when chloride was present, in the periods 
of the first three days and after about thirty days. 
In the intermediate period, however, hydration in 
the case of test specimens, in which calcium chloride 
was used with the cement, was found to be slower 
than for similar examples which were untreated. 

In practice, the customary addition of calcium 
chloride has been 2 per cent. by weight of the cement 
used. Other proportions were also tested in these 
experiments. The results afforded definite evidence 
that the chloride does not, in the quantities used in 
practice, combine chemically with the silicates in the 
cement, or with the hydroxides produced by their 
hydration. On the other constituent the effect was 
quite different. It was found that the chloride com- 
bined with a part of the aluminate in the cement, 
forming a chloraluminate. Examination by X-ray 
methods confirmed the other evidence, of the failure 
of the chloride to act chemically upon the hydration 
products of the silicates in the cement. Having 
thus established the chemical effects, which might 
account for the change in the properties of a concrete 
where calcium chloride was present, as compared with 
examples without the admixture, the work revealed 
a very interesting action. This concerned the silica 
gel produced in the breaking up of the silicates during 
hydration. Although the authors of the report 
attached no quantitative value to the results obtained 
in the few experiments referred to in this part of the 
report, they found good evidence that the presence of 
calcium chloride made the silica gel less pervious to 
the hydrating solution. This indication of denser 
structure in the gel obtained with a treated cement 
might account for the stronger concretes resulting 
from the applications of such mixtures. It seemed to 
be the case that the chloride was positively adsorbed. 

Shrinkage tests showed that treated concrete was 
affected more than plain concrete from the first to the 
tenth day. It was thought that this action was 
merely one of attaining the total shrinkage sooner, 
and that the actual volume change would be nearly 
the same as for untreated concrete. One important 
matter to those concerned with the testing of concrete 
was found in the course of this work, namely, the 
marked effect which variations in the humidity of the 
atmosphere and temperature had upon the results 
of the shrinkage tests. The relative results were 
very largely dependent on the atmospheric conditions 
during the first day of curing. In that early stage, 
the treated concrete was not affected by these con- 
ditions to the same extent as the plain concrete. 








THE Arrsute R 100.—It was announced last week, 
in connection with the Government’s national economy 
schemes, that the airship R100 is to be sold. The 
following are the leading particulars of this vessel and 
have been supplied to us in substitution of figures given 
on page 215 ante, in an article on the U.S. rigid airship 
Akron. The R 100 has a nominal gas volume of 5,155,000 
cub, ft. Her length is 719 ft., and maximum diameter 
133 ft. The height overall is 134 ft., and the gross lift 
156-5 tons. She is provided with six engines of a total 
maximum horsepower of 4,200, giving a maximum speed 
of 82 miles per hour, The vessel’s range at cruising speed, 
without refuelling, is 7,000 miles. 


ASSOCIATION OF SPECIAL LIBRARIES AND INFORMATION 
Bureaux.—tThe eighth annual conference of the Associa- 
tion of Special Libraries and Information Bureaux will 
be held in the Lady Margaret Hall, Oxford, this week- 
end, commencing to-day. At 8.30 p.m., this evening, 
Professor A. M. Carr-Saunders will speak on ‘* Some 
Problems of Professionalism.’’ At 9.30 a.m., to-morrow, 
four contributions will be presented, namely, ‘ How 
the Manufacturer can Help the Librarian,’ by Mr. 
E. N. Simons; ‘ Practical Methods of Arrangement, 
Indexing, and Routine in the Business Library and 
Information Bureau,’ by Mr. B. M. Headicar ; “* Interna- 
tional Abstracting and Indexing,’’ by Colonel Sir Frederic 
Nathan; and “‘ An Ever-Ready Printed Catalogue,” by 
Dr. A. Predeek. The annual general meeting of the 
Association will be held at 5 p.m. on the same day, 
under the chairmanship of Dr. R. S. Hutton. At 8.30 
p-m., Mr. F, A. Hoare will speak on “‘ Films as a Medium 
of Information in Education, Science, and Industry.’ 
On the morning of September 20, five contributions will 
be considered, namely, ‘‘ Report on the Board of Educa- 
tion Committee on Education for Salesmanship,” by 
Sir Francis Goodenough; ‘‘The Publications of the 
L.L.O. and the League of Nations,”’ by Mr. C. A. Macart- 
ney; ‘The Library and Information Department ot 
the Royal Institute of International Affairs,’ by Miss 
M. E. Cleeve ; ‘“‘ The Sources of Information in Agricul- 
tural Economics,” by Mr. J. P. Maxton; and, “ Docu- 
mentation in Business Organisation,’ by Mr. G. A. A. 
de Voogd. At 8.30 p.m., on the same day, Dr. E. 
Shenkman will speak on ‘The Russian Five-Year Plan 
in its Special Relation to British Industry and Com- 
merce. 
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THE SCHNEIDER TROPHY CONTEST. 


AtrHouaH the withdrawal of the French and Italian 
entries from this year’s Schneider Trophy Contest robbed 
the event of some of its interest, the result affords ample 
compensation, and is one on which the designers of 
the machine and engine, as well as the pilots of the 
High Speed Flight of the Royal Air Force, may feel 
justly proud. 

A triangular course, 50 km. in length, over Spithead 
and the Solent was selected for the contest, which was 
arranged to take place on Saturday, September 12, 
but was deferred until the following day on account 
of bad weather. On Sunday, September 13, Flight 
Lieut. J. N. Boothman covered seven laps of the course 
at an average speed of 340-08 miles per hour, flying 
a Vickers Supermarine §.6.B monoplane, No. 8.1595, 
fitted with a Rolls-Royce engine. Great Britain has 
thus won the trophy three times in succession and will 
now retain it. For purposes of comparison it may 
be of interest to mention that, on the previous occasion, 
i.€., in 1929, the contest was won by a Supermarine 
Rolls-Royce 8.6 machine, piloted by the late Flying 
Officer H. R. D. Waghorn at an average speed of 
328-63 m.p.h., while in the 1927 contest the speed 
attained was 281-656 m.p.h., the winning machine 
being a Supermarine-Napier 8.5, piloted by Flight- 
Lieut. S. N. Webster. After the Schneider Trophy 
contest on Sunday last, Flight-Lieut. G. H. Stainforth, 
flying a similar machine, No. 8.1596, broke the world’s 
speed record for a 3-km. straight course, with a mean 
speed for four consecutive runs of 379-05 m.p.h. It 
is understood, however, that an attempt will be made 
this week to improve on this figure, if suitable weather 
conditions prevail. Previously, this record stood at 
357-7 m.p.h., and was set up by Squadron Leader 
A. H. Orlebar, in a Supermarine-Rolls Royce S.6 
seaplane, at Calshot, in September, 1929. 

It is obviously not permissible to publish a detailed 
technical description of the Vickers Supermarine-Rolls 
Royce 5.6.B machines, but the photograph of the 
8.1596 machine, with which the world’s speed record 
was broken, as aboveistated, is reproduced on this page, 
and from this some idea of the general features of its 
design can be obtained. We should, perhaps, explain 
that British participation in the 1931 Schneider Trophy 
contest was not decided on until January last, and the 
time available was therefore insufficient for the 
evolution and testing out of an entirely new design. 

The course adopted then by Mr. R. J. Mitchell, the 
chief designer of Messrs. Supermarine Aviation Works 
(Vickers), Limited, was to modify the 8.6 design, as 
used for the 1929 contest, in certain details and fit a 
more highly developed Rolls-Royce racing engine. 








Briefly, the chief points of difference between the 8.6 
and the 8.6.B. machines are that the latter is of increased 
horse power, has provision for carrying more fuel and 
oil, has a more efficient oil-cooling system, more water- 
cooling surface and increased radiator efficiency. 
The fuel load in the floats has been redistributed to 
balance the greater engine torque, especially while 
taking off, the floats have been redesigned and the 
control surfaces statically balanced. The wings, chassis, 
bracing wires, &c., have been strengthened for the 
extra load, a new type of airscrew, designed and con- 
structed by Messrs. Fairey Aviation Company, Limited, 
of Hayes, Middlesex, has been fitted, and the main 
dimensions of the machine, with the exception of the 
fuselage, have been slightly increased. As a result of 
these modifications, the mean speed for the seven laps 
of the 50 km. triangular course has been increased 
by about 114 miles per hour, in spite of the increased 
loading. 

The whole of the upper and lower surfaces of the 
wings, as well as the upper surfaces of the floats, are 
used as radiators for the cooling water, these surfaces 
being formed by a double skin of Duralumin and the 
water from the jackets being circulated through the 
narrow intervening space. Lubricating oil is carried 
in the tail fin, and, between this point and the engine, 
is passed through three oil coolers extending along the 
side of the fuselage for the greater part of its length. 
It may be of interest to note that, to maintain the engine 
at its normal running temperature at full throttle, it is 
necessary to dissipate 40,000 B.Th.U’s. per minute 
from the oil and water. Fuel is carried inside the floats 
and is forced by engine-driven pumps to a small pressure 
tank in the fuselage, from which it is fed to the engine. 
A point of interest in connection with the fuel supply 
is that, on steeply banked turns, the centrifugal force 
is sufficient to prevent the fuel pumps from operating, 
but the supply is maintained by the pressure tank 
until the turn has been negotiated and the pump 
delivery recommences. With regard to the distribution 
of the fuel, to which reference has already been made, 
it may be pointed out that the greater part is carried 
in the starboard float, the additional load on this float, 
in comparison with that on the port float, serving to 
balance the engine torque, particularly during the take- 
off. The maximum torque is equivalent to the trans- 
ference of a load of about 500 lb. from one float to the 
other, and, but for the balancing effect of the fuel 
distribution, the take-off would be rendered extremely 
difficult, if not impossible. In connection with the 
floats, it may be mentioned that their aerodynamic 
and hydrodynamic qualities have been materially 
improved, in comparison with those of the 1929 
machines, by model tests in Messrs. Vickers’ experi- 




















mental tank at St. Albans and in the wind tunnel at 
the National Physical Laboratory. The construction 
of the new floats was complicated by the need for 
providing water-cooling radiators on the whole of the 
upper surfaces, as already mentioned. The temperature 
ofythe cooling water is sufficient to cause an ex- 
pansion in the radiators of nearly 4} in., and, to pre- 
vent buckling of the outer skin, it was necessary to 
provide an elastic framework to take up the expansion. 
It was also necessary to insulate the fuel tank from the 
water cooling surface, to prevent evaporation of fuel. 

Since, presumbly, there will be no further contests 
for the Schneider Trophy, it may be of interest to 
recall that the first contest took place in 1913, and was 
won by France, with a Deperdussin seaplane, fitted with 
a 160-h.p. Gnome engine, the speed attained being 
only 45-75 m.p.h. Since then there have been 11 
contests, one of which was declared void, and of the 
remainder, five have been won by Great Britain, three 
by Italy, and two by the United States. The speeds 
attained in the first and in the last three contests 
have been given above, and for those held in 1914, 
1920, 1921, 1922, 1923, 1925, and 1926, the speeds, 
in miles per hour, were 86-8, 107-0, 111-0, 145-7, 
177-38, 232-57 and 246-496, respectively. These 
results, it will be admitted, constitute a notable record 
of progress, and the efforts made to achieve them can 
hardly have failed to have a beneficial influence on the 
design of aircraft for normal purposes, since high speed, 
provided it can be attained with safety and efficiency, 
is the main attribute of aviation. 


OvuTBOARD-Motor Terst.—An_ interesting test is 
reported on an outboard motor weighing 33 Ib. and made 
by Messrs. John Marston, Limited, Wolverhampton. 
This motor was sunk in the Mersey for a month at a 
spot where it was washed by acid effluents from a chemi- 
cal factory, and after cleaning was at once started up suc- 
cessfully. In November and December last it was 
submitted to a 100 hou's’ test on a dinghy which often 
had to cut through ice. It is rated at 1 h.p. at 3,000 
r.p.m., and 1} h.p. at 4,000 r.p.m., being a 78 c.c, model. 
It will run for 1 hour on } gallon of petrol. 

Hetium Propuction InN THE UNITED Srares,—The 
new United States airship, Akron, is, as is known, to be 
filled with helium. The gas required has been produced 
at the Government plant at Amarillo, Texas, which has 
now been in operation for a little more than two years. 
It is stated by the Bureau of Mines that the net cost 
of the 22 million cub. ft. produced in this time at the 
plant, has worked out at 11-47 dols. per 1,000 cub. ft. 
Improvements made in the course of operation are indi- 
cated by the fact that present cost now stands at no 
more than 5-95 dols. per 1,000 cub. ft. The Akron, it 
may be stated, has on board an open flame gas cooker, 
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LABOUR NOTES. 


A CIRCULAR issued by the Executive Council of the 
Amalgamated Engineering Union to branch secretaries 
states that as the alterations to rules made earlier in 
the year were insufficient to meet the current financial 
deficit and the drain on the funds through increased 
unemployment has become still heavier, they are 
reluctantly compelled to increase the contributions of 
members, in accordance with Rule 27, clause 1, and also 
to suspend, for a period, payment of low benefit to 
all sections in respect of Donation and Sickness. Details 
of the changes are given in the circular. ‘‘ The Exe- 
cutive Council,” it is added, “‘ regret the necessity for 
the foregoing, but the present financial position of the 
organisation has made it impossible to take any other 
step, and it is hoped, with the co-operation of officers 
and members throughout the districts, that the Union 
will soon be in a position to restore benefits as laid down 
in Rule.” fue 

In August, the home branch membership of the 
Amalgamated Engineering Union increased from 
188,522 to 188,734, and the colonial branch membership 
decreased from 24,982 to 24,873. The number of 
members in receipt of sick benefit decreased from 4,314 
to 3,933, the number in receipt of superannuation 
benefit increased from 11,769 to 11,853, and the number 
in receipt of donation benefit decreased from 34,895 
to 30,035. The total number of unemployed members 
increased from 47,583 to 48,166. 





Writing in the September issue of the Electrical 
Trades Journal, the organ of the Electrical Trades 
Union, ‘‘ J. R.” says that there is not much change to 
report in the unprecedentedly bad state of trade. ‘* But 
from reports received,’ he adds, ‘‘ what little change 
there is appears to be for the better, and it is earnestly 
desired that these reports are not just temporary but 
are a direct indication of the turn of the tide. Cer- 
tainly, better means of employment for the huge army 
of unemployed are a pressing necessity.” 


Addressing the Trades Union Congress at Bristol, 
Mr. J. V. Moreschi, the fraternal delegate of the 
American Federation of Labour, said that in the United 
States they were suffering from the same malady of 
unemployment as Great Britain. Wide difference of 
opinion existed concerning its causes, but it was 
admitted by all that the machine had contributed 
much towards it. The machine, invented by man, and 
intended by him to increase the happiness and _pros- 
perity of the worker, had been so utilized by industry 
as to cause him distress, misery, and want. It had 
given comforts to the world, but it had nearly ruined 
the lives of the worker and his dependents. The con- 
ditions of the past two years had brought home to all 
that there could be no profitable mass production unless 
there were mass consumers. While productivity had 
increased 40 per cent. in the past 10 years, wages had 
increased only by 24 per cent. Wage-earners and their 
families constituted 80 per cent. of the customers of 
retail business, and because the income of the 80 per 
cent. had increased by only one half of the increased 
productivity, there were not enough buyers to keep 
production going at capacity. Their experiences of 
the past two years had firmly convinced them that the 
principle of high wages was an essential balance to 
industrial prosperity. 


trading relations, and would have authority to regulate, 
restrict, or prohibit imports if the nature of the com- 
petition and other circumstances justified that course 
and to fix prices of iron and steel in the home market 
with due regard to the necessity of stimulating the 
activities of import-using trades; (e) regional joint 
conciliation boards to be set up to deal with wages 
and conditions of labour that are local in character, and 
a national joint conciliation board to deal with those of 
a national character. On a card vote, the resolution 
was adopted by 1,794,000 to 1,434,000. 


The General Council’s resolution welcoming ‘‘ the 
present tendency towards a planned and regulated 
economy in our national life,” and expressing the view 
that ‘‘ only by a comprehensive planning of our econo- 
mic development and regulated trading relations can 
the needs of the present day be met,”’ was carried, on 
a card vote, by 2,866,000 to 749,000. 





During August, the average numbers of persons on 
the registers of employment exchanges in Great Britain 
were 1,948,676 wholly unemployed, 671,733 temporarily 
stopped, and 112,025 normally in casual employment, 
making a total of 2,732,434, of whom 1,833,824 were 
men aged 21 and over, 151,657 men aged 18 to 20, 
75,148 boys aged 14 to 17, 519,920 women aged 21 and 
over, 91,628 women aged 18 to 20, and 60,257 girls 
aged 14 to 17. 


During the four weeks ended August 24, the number 
of vacant situations filled through the Employment 
Exchanges and Juvenile Employment Bureaux, was 


138,521. Since the beginning of the year, 1,291,572 
vacant situations have been filled, an increase of 


168,903 as compared with the corresponding period of 
last year. 


The number of inspections and visits made in 1929 
by the Italian National Association for the Prevention 
of Accidents was 87,194, as against about 70,000 in 
the previous year. According to a report of the presi- 
dent of the Association, this number rose to 87,735 
in 1930. Of these inspections, 70,840 were intended 
to secure the strict enforcement of accident prevention 
legislation. In this connection, advice was given in 
456,428 instances. The other inspections were made, 
with the consent of manufacturers, by specialised 
engineers for the purpose of testing electric plant, 
centrifugal pumping plant, ladders, cranes and hoists, 
lifts for passengers and goods, &c. A special service 
has been set up to improve the statutory inspection 
of lifts and hoists. 


The weekly organ of the International Labour 
Office at Geneva states that the hours of attendance 
of young persons under 16 years of age, and also of 
women, employed in factories under the Japanese 
Factory Act, are now limited to 11 daily, including 
one hour’s rest. The employment of these persons 
for 12 hours a day (including one hour’s rest) was 
permitted exceptionally in spinning mills and factories 
for the manufacture of woven silk goods for export, 


specified for the purpose by the prefectural governor, 
and in factories where the number of persons usually 
employed did not exceed 10, but which engaged in 


weaving or doubling by the use of power-driven 
machinery. This exemption expired on August 31, 









According to Mr. Moreschi, public opinion in America 
is against the system of doles. 
everyone in America appreciated that if the present 
condition of employment continued, the system of doles 
or some substitute would have to be adopted, but it was 


Nevertheless, he said, 

























generally agreed that if it became necessary it should be 
at most a temporary emergency provision, and not a 
fixed policy or permanent system, because they believed 
that in the long run it would be neither an advantage 
to the worker, nor a cure for his ills. 


At Friday’s session, Mr. Arthur Pugh moved, and 


and were excluded from the exception. 
engaged in the manufacture of woven silk goods for 
export also took advantage of the exemption, and are 
thus affected. 
however, are those in which the number of persons 
usually employed does not exceed 10, but which engage 


and, as from September 1, the hours of attendance of 
young persons under 16 years of age and of women in 
factories coming under the Factory Act, are limited 
without exception to 11 (including one hour for rest). 
The spinning mills affected by the expiry of the 
exceptional provisions are those in which one shift is 
worked, and their number was 19 only in November, 
1930. The majority of spinning mills work two shifts, 
Factories 


The factories most seriously affected, 


‘ N 2 » sy a8 j a *} . . . . 
Mr. C, T. Cramp seconded, a resolution embodying the | ;, weaving or doubling by the use of power-driven 


proposals for the re-organisation of the iron and steel 
industry recently formulated by the Iron and Steel 
Trades Confederatior. These advocated (a) the appli- 
cation of a national scheme of planning of the industry 
in all its main brarches, in well-defined regions of 
organisation, with managerial boards responsible for 
the operation of the industry in their respective regions ; | 
(6) a central board for the general supervision of the 
regional organisations, but allowing such local autonomy 
as will secure the fullest degree of initiative to produce 
the best results consistent with a sound national policy ; 
(c) the central board would arrange for an adequate 
supply and distribution of ores and other raw materials, 
the co-ordination of research work, the distribution 
of orders, and the marketing of the finished products ; 
(d) would act for the industry as a whole in formulating 
agreements with other countries, with regard to inter- 





machinery. 
throughout the country, and the number of workers 
they employ amounts to about 56,000. 


Federation 
National Civic Federation of the United States, recently 
submitted to Mr. Gerard, chairman of the Commission 
on Industrial Enquiry of the National Civic Federation, 
a detailed proposal for a National Economic Congress. 


These factories number about 13,000 


Mr. Matthew Woll, vice-president of the American 
of Labour and acting president of the 


‘I propose,” he said, “‘that the National Civic 


Federation summon a great American Congress of 
Industry to be composed of representatives of all forms 
and character of industrial organisations already in 
existence, 
economic and industrial factors, to estimate our probable 


to ascertain and evaluate all essential 


and normal industrial and commercial growth, say 
for the next ten years, to determine, as far as human 
knowledge and foresight permit, the tendency of new 
fields of industrial activity and changes within our 
present scheme of things, thereafter to seek co-ordina. 
tion for the promotion of industrial balance, and to 
begin that march toward permanence of machinery 
without which we cannot infuse into industry that 
democratic urge and authority vital to its life as q 
field of human endeavour and vital to its salvation from 
an onslaught of State political control that cannot 
be avoided in the absence of self-control.”’ 


Mr. Gerard has transmitted the suggestion with a 
tentative invitation to representatives of industrial 
groups throughout the United States, adding that the 
National Civic Federation has considered the proposal, 
and offers to convene such a congress if there is reason- 
able assurance that the response will be such as to 
made success probable. 


In the Bulletin of the Industrial Commissioner of 
New York State, the Chief Mediator of the Division 
of Industrial Relations mentions the case of a manu- 
facturer who, finding himself pressed for ready cash, 
went to his employees—about 75 in number—and told 
them that each must lend him 300 dols. “* Most of 
them,’ the Mediator says, “‘ did not have 300 dols., 
and those who had it were not inclined to give it to 
him. When informed that they had not got the 
money, he told them to borrow it from the Morris Plan, 
or get it anyway they could, the alternative being a 
lock-out. The men did not produce the money, the 
lock-out followed, and the shop was closed and picketed 
for two months. At the end of that time, there 
was a reorganisation of the firm, the demand for a 
forced loan from the employees was withdrawn, and 
business was resumed in orderly fashion.” 





At September 7, the numbers of persons on the regis- 
ters of employment exchanges in Great Britain were 
2,002,756 wholly unemployed, 685,501 temporarily 
stopped, and 112,374 normally in casual employment. 
making a total of 2,800,631. This was 38,412 more 
than a week before and 661,060 more than a year 
before. Of the total number, 2,035,943 were men, 
77,522 boys, 625,597 women, and 61,569 girls. 


Committees of the cotton manufacturers and opera- 
tive weavers met separately in Manchester on Tuesday. 
and discussed anew the ‘‘ more looms’ question. At 
the close of the employers’ meeting, it was ofticially 
stated that nothing had occurred to ease the dead- 
lock in the negotiations. An official statement issued 
at the close of the operatives’ meeting contained the 
following :—** In the opinion of the Central Committee 
there does not appear to be any justifiable reason why 
joint negotiations should be resumed at this juncture 
unless there is some alteration in the employers’ pro- 
posals, which caused the breakdown of the negotiations 
nearly a fortnight ago. It is well known that the 
employers’ representatives consulted the chairmen of 
their district associations, and we have been hoping 
that some communication would have been made to 
us that might have opened the door to a renewal of 
negotiations. The break between the employers 
organisations and the amalgamation was a clean one 
on the question of the wage that should be paid to 
the weaver running more than four looms, and, in view 
of the fact that the operatives’ representatives had 
approached the negotiations with an open, friendly- 
disposed mind, and found the employers firmly en- 
trenched upon their proposals of last October, we are 
of the opinion that there does not exist at the moment 
the disposition for an approach to a satisfactory issue 
upon the first question that has been considered— 
namely, the wages to be paid to the operatives working 
the new system.” 

‘This, however,” the official statement continued. 
‘cannot be the final word, and it is to be hoped that 
during the next few days the employers, who are 
anxious to see this system tried out on a larger scale 
in the county with the support and co-operation of 
the operatives, will revise their proposals so as to 
make the system more attractive to the operatives 
representatives. It is the intention of the Central 
Committee to ask the General Council to leave the 
conduct of the negotiations entirely in their hands. 
The General Council meets to-morrow. 








Tue KEerRNoT ENGINEERING SCHOOL AT MELBOURNE. 
A new engineering school was opened recently in Mel- 
bourne at the Working Men’s College, by the Minister 0! 
Education, Mr. Lemmon. It has been named aiter the 
late Professor W. C. Kernot, member of the College 
Council from its inception and president from 1889 to 
1899. 
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AND OF HEAT-TREATMENT ON 
SOME LEAD ALLOYS.* 


By H. WATERHOUSE, M.Met., and R. WILLows, 
M.Sc. 

Tue work to be described is part of a general research 
on lead and lead alloys carried out on behalf of the 
British Non-Ferrous Metals Research Association. 
Its objects were to study the behaviour of a number of 
lead alloys, containing at least 95 per cent. of lead, 
during the process of cold-rolling to sheet, and to 
determine the effect of storage at three different 
temperatures within the atmospheric range on the 
sheet in the conditions “‘ as rolled’? and after heat- 
treatment. For comparison, tests on pure lead were 
included. The method of testing employed throughout 
was the Brinell hardness test. Originally it had been 
hoped to include tensile tests on the rolled materials, 
and provision was made for the test-pieces in preparing 
the ingots, but it was soon apparent that some of the 
changes it was desired to study would in most cases 
be complete before the test-pieces could be made. 
Later work, not described in this paper, has shown 
that the tensile strength of lead and lead-alloy sheet 
is very nearly proportional to the Brinell hardness 
over the range of hardness values possible in such 
materials, and may be deduced, in tons per square inch, 
by dividing the Brinell hardness number by 4. 

Ingots were prepared of pure lead and of each of the 
14 alloys listed in Table I. The additions of tin and 
cadmium were made in the form of the pure metals, 
and the antimony was added as a 12-5 per cent. 
antimony-lead alloy hardener. Three ingots, each 
6 in. by 3-5 in. by 2 in., and weighing approximately 
22 lb.. of each composition were cast in a vertical 
steel mould. A small additional ingot of each alloy 
was cast after the second of the large ingots and used 
for chemical analysis. 

TaBLe I.—Composition (addition per cent.). 


No. Cadmium. | Tin. | Antimony. 

1 re Pure lead 

2 — 3-0 ~_ 
3 -— 5-0 — 
4 — — 0-5 
5 — —_ 1-0 
6 — = 2-0 
‘4 — — 3-0 
8 0-25 1-5 —_ 
9 0-5 3-0 — 
10 2-0 0-5 | — 
11 0-25 — 0-35 
12 0-25 — | 0-5 
13 0-5 — 1-0 
14 1-0 = | 2-0 
15 1-5 — | 0-5 





The compositions were found to be identical in nearly 
every case with those aimed at, the few differences 
being small and within the limits of analytical error. 

One ingot of each composition was tested for Brinell 
hardness 24 hours after casting. Five impressions were 
made on the surface after polishing, using a 5-mm. 
ball and 25-kg. load maintained for 30 seconds. This 
combination of size of ball, load, and duration of 
application of load was used throughout the investi- 
gation. From the average results it was found that 
the hardness number of pure lead “as cast”? was 
4-2, whilst the hardness numbers of the alloys ranged 
from 5-3 (antimony 0-5) to 17-8 (cadmium 1-5 + 
antimony 0-5 per cent.). 

Cold-Rolling.—Brinell hardness tests were made at 
stages during rolling corresponding with successive 
reductions of approximately 10 per cent. of the original 
thickness (2 in.) up to a total reduction of 90 per cent. 

In the case of pure lead and the softer alloys (Nos. 2, 
4, 5, 8, 9, 11, and 12) the influence of three different 
amounts of reduction per pass was also investigated. 
The light passes gave average reductions of 1 per cent., 
the medium passes average reductions of 3-3 per cent., 
and the heavy passes reductions of 6 per cent. The 
harder alloys (Nos. 3, 6, 7, 10, 13, 14, and 15) were 
reduced by medium passes only. The temperature 
of the rolling room was 15 deg. C. The rolling and 
testing were carried out as expeditiously as possible, 
m view of the knowledge that lead self-anneals very 
Tapidly at atmospheric temperature. In applying 
the medium and heavy passes, the rolling and testing 
occupied three to four minutes for each 10 per cent. 
reduction, and of this period more than half was taken 
up in making and measuring the Brinell impression. 
In order to cause the minimum interruption to the 
rolling, only one test was made at each intermediate 
Stage. There were, unfortunately, occasional delays 
iM securing the entry of some of the harder alloys into 
the rolls at certain stages. These difficulties occurred 
generally after 20 per cent. to 40 per cent. reduction 








.. Communication from the Research Department, 
oolwich, read before the Institute of Metals, Ziirich, 


THE EFFECTS OF COLD-ROLLING 


in thickness, and were due partly to the hardness of the 
alloys and partly to their thickness at that stage in 
relation to the curvature of the rolls. 

No difficulty was experienced during the first few 
passes, nor in the late stages of rolling. Towards the 
end the rolling was facilitated by the thinness and 
softness of the sheet, and by the increased plasticity 
due to a noticeable rise in temperature. A slight 
increase in temperature of the metal was noticed after 
a few passes, and the heating, became more pronounced 
as the thickness decreased, presumably because the 
reduction per pass increased proportionately through- 
out. The final 10 per cent. reduction, which was 
equal to 50 per cent. reduction from the previous 
thickness, caused a rise to a temperature of the order 
of 40 deg. C. 

Slight edge-cracking occurred in most of the harder 
alloys at about 20-40 per cent. reduction in thickness, 
but the cracking did not spread during the subsequent 
rolling; in practice it would not have entailed any 
serious loss by trimming, and could have been avoided 
by rolling the ingot hot in the early stages until the 
cast structure had been broken down. On completion 
of the rolling of each ingot, the sheet, which was 
5 ft. long, 4 in. wide, and 0-2 in. thick, was cut in a 
guillotine cutter into convenient pieces, approximately 
4 in. long. One piece was immediately tested for 
Brinell hardness, three impressions being made. The 
remaining pieces were transferred as quickly as possible 
to a constant-temperature storage oven or ice-box. 

The most striking general conclusion, which is 
based on fully checked measurements before and after 
rolling, is that lead alloys of widely different initial 
hardnesses are brought to a common level of hardness 
by cold-rolling to a big reduction in thickness. Cold- 
rolling increases the hardness of initially soft alloys 
and decreases the hardness of initially hard alloys, 
so that alloys with Brinell hardness numbers varying 
from 5 to 18 in the cast condition, are affected in such 
a manner that the Brinell hardness immediately after 
cold-rolling lies in every case within a relatively narrow 
range of Nos. 8-11. 

Storage of Rolled Sheet.—Within a few minutes of 
the completion of rolling of each ingot pieces of the 
sheet were transferred to storage chambers, where 
they were maintained at 0 deg., 27 deg., or 55 deg. C., 
for periods of several weeks or months until constant 
hardnesses had been attained. Tests were carried 
out after one and three days, at weekly intervals up to 
four weeks, and thereafter at four-weekly intervals. 
The specimens were kept out of the storage chambers 
for as little time as possible for hardness testing, 
generally about 15 minutes. At least three impres- 
sions were made at each stage, and the most noteworthy 
features of the results are given below. 

Appreciable softening took place in every case. 
The rate of self-annealing was greater, and the time 
taken to reach the minimum hardness less, the higher 
the temperature of storage and the lower the total 
amount of particular additions. With certain excep- 
tions, softening was observed from the commencement 
of the experiments. With pure lead and certain of the 
alloys, chiefly those containing tin, or tin and cadmium, 
(Nos. 2, 3, 4, 8, and 9), the softening was complete 
at all three temperatures within one day. The rates 
of softening of the other alloys (Nos. 5, 6, 7, 10, 11, 12, 
13, 14, and 15) were slower, to an extent depending on 
the temperature of storage. In most cases the mini- 
mum hardness was attained during storage at 27 deg. 
and 55 deg. C. within one or two weeks. Softening of 
the alloys containing the higher percentages of anti- 
mony, or antimony + cadmium (Nos. 6, 7, 11, 12, 13, 
14, and 15) stored at 0 deg. C. proceeded relatively 
slowly, the ultimate hardness not being reached in 
certain cases until after 12 weeks. Several of the 
alloys showed a distinct rise in hardness during the 
first 24 hours at 0 deg. C., a phenomenon which occurs 
as a preliminary to the annealing of other cold-worked 
metals. The most significant general effect was that 
the eventual hardness for every alloy was within a 
relatively narrow range of Brinell hardness Nos. 6-8 
and, with a few exceptions, within the range of Brinell 
hardness Nos. 6-7. 

Whilst the storage was in progress, the attempt was 
made to arrive at the minimum hardness of sheet 
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of each composition by annealing at 100 deg. C. 
Specimens of rolled sheet were heated in boiling water 
for 1 hour., air-cooled, and Brinell hardness tested. 
Although the hardness after this treatment agreed 
fairly well in most cases with the minimum hardness 
after prolonged storage of the untreated sheet, several 
alloys showed a small but quite definite rise in hard- 
ness. 

Heat-Treatment and Ageing.—It was well known from 
earlier work that many of the alloys were capable 
of being hardened by suitable heat-treatment and 
ageing, and experiments on these lines were carried out. 
Pieces of rolled sheet of each alloy, approximately 
4 in. square + 0-2 in. thick, were heated for 30 minutes 
in an oil bath at 240 deg. C., quenched in cold water, 


and tested for Brinell hardness (three impressions) 
within 10 minutes of quenching. They were then 
transferred to the storage chambers, maintained at 
0 deg., 27 deg. and 55 deg. C. After intervals of 
one and three days, one, two, three and four weeks, 
and each four weeks subsequently up to 44 weeks, 
the specimens were re-tested, at least three impressions 
being made at each stage. 

The principal features of the results are that a 
marked rise in hardness occurs in nearly every case, 
the exceptions being the 3 and 5 per cent. tin and the 
cadmium 0-25 + tin 1-5 per cent. alloys, Nos. 2, 3, 
and 8, stored at 27 deg. and 55 deg. C. These three 
alloys hardened to some extent at 0 deg. C., but the 
increases were relatively small. After rising to a 
maximum, after a period depending on the composi- 
tion and ageing temperature, the hardness either 
remained fairly constant, or fell slightly, and then 
remained fairly constant. In general, the rate of 
hardening was greater, and the time taken to reach 
a stable hardness less the higher the ageing tempera- 
ture. With a few exceptions the specimens stored at 
0 deg. C. were ultimately harder, and those stored at 
55 deg. C. ultimately softer than similar specimens 
stored at 27 deg. C. The changes were completed 
most rapidly in the tin binary and tin-cadmium ternary 
alloys. The cadmium 2:0 + tin 0-5 alloy (No. 
10), hardened appreciably at all three temperatures 
within the first day, and retained most of the 
increased hardness for two weeks, after which a marked 
decline in hardness set in; eventually, after two or 
three months, all the excess hardness due to heat- 
treatment had been lost. 

The alloys most markedly susceptible to age-harden- 
ing were the antimony binary alloys and the ternary 
alloys containing antimony and cadmium. Ultimate 
hardness numbers exceeding 15 were shown by the 
richer alloys aged at 0 deg. and 27 deg. C., whilst the 
antimony 2:0 and 3-0 per cent. and the cadmium 1-5 + 
antimony 0-5 per cent. alloys (Nos. 6, 7, and 15), aged 
at 0 deg. C., attained Brinell hardnesses of about 20. 
Even at 55 deg. C., the ultimate hardnesses of this 
group of alloys were of the order of 11-13, i.e., approxi- 
mately double the hardnesses of the same materials 
after rolling and prolonged storage. The rate of in- 
crease in hardness of most of the antimony-containing 
alloys stored at 0 deg. C. was relatively slow. This was 
most apparent with the antimony 1-0 per cent. 
alloy (No. 5), which attained its maximum hardness 
after ten months. The main general conclusion to be 
reached from the results is that the hardness of the 
rolled alloy sheet may be restored to approximately 
the same level as the “ as cast ” hardness or, in certain 
alloys, even higher. 

Cold-Rolling of Age-Hardened Alloys.—Small strips, 
0-5 in. wide, were cut from a number of the specimens 
used in the age-hardening experiments after ageing 
for a sufficient period to allow of substantial increases 
in hardness in susceptible alloys. With one exception, 
the specimens had been aged at 0 deg. C. The strips 
were reduced 50 per cent. in thickness by cold-rolling 
cut in half, and one half was rolled to a total reduction 
of 80 per cent. After both pieces of each alloy had 
been hardness tested, the thinner pieces were replaced 
in the same storage chamber as before rolling, for a 
period of 10 days, and then retested. 

In order to permit of the use of the standard ball 
and load (5 mm. and 25 kg.), it was necessary to 
double the 50 per cent. reduction specimens once (two 
thicknesses), and the 80 per cent. reduction specimens 
twice (four thicknesses). Although this procedure 
may have impaired the accuracy of the tests to a small 
extent, the results point to certain definite tendencies. 
Thus the softer alloys, the initial Brinell hardness of 
which was less than about 9-0, were hardened by the 
50 per cent. reduction, whilst the further reduction 
caused no change, or some degree of softening. The 
initially harder alloys were, however, softened as a 
result of both the 50 per cent. and 80 per cent. reduc- 
tions. The effect of storage for 10 days after rolling 
was to cause considerable softening in all cases, the 
final Brinell hardness being low (5-7), and similar to 
the ultimate hardnesses observed in the previous cold- 
rolling and storage experiments. The effects of cold- 
rolling and storage on Brinell hardness appear to be 
similar, whether the alloys prior to rolling are in the 
“as cast’? or in the heat-treated and age-hardened 
conditions. 

Discussion of Results.—The results described indicate 
that the materials investigated are of particular interest 
in view of the number and variety of the phenomena 
which may influence their mechanical properties. 
These include work-hardening, work-softening, self- 
annealing (preceded in some cases by ‘‘low-tempera- 
ture” temporary hardening), and age-hardening 
(including air-hardening in cast ingots). It is clear 
that in order to appreciate correctly the results of 
mechanical tests on such materials, particlarly the 
lead-antimony binary, and lead-cadmium-antimony 





ternary alloys, account should be taken of the previous 
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history of the material. The alloys investigated may 
be conveniently divided into three main classes, accord- 
ing to their susceptibility to change in hardness. The 
first class includes the tin 3 per cent. and 5 per cent. 
and the cadmium 0-25 + tin 1-5 per cent. alloys. 
Like pure lead, they may be hardened by cold-work, 
but they self-anneal rapidly at atmospheric tempera- 
tures. Compared with the other alloys they are only 
slightly susceptible to age-hardening. The second 
class comprises the cadmium 0-5 + tin 3-0 per cent. 
and the cadmium 2-0 + tin 0-5 per cent. ternary 
alloys, which are similar to the first group, but are 
more susceptible to age-hardening. The age-hardening 
is, however, only temporary, and is lost after a few 
weeks. / 

The third and most interesting class contains the 
lead-antimony binary and lead-cadmium-antimony 
ternary alloys. The lower members of the series are 
soft in the cast condition, but may be hardened by 
cold-work. The work hardness is lost at atmospheric 
temperatures by self-annealing, but at a slower rate 
than with the tin-containing alloys. They are also 
susceptible to age-hardening, but the hardening 
develops relatively slowly. The richer alloys in this 
class are, however, markedly susceptible to age- 
hardening, even after cooling from the eutectic tempera- 
ture at relatively slow rates, e.g., after casting. Cold- 
working, however, destroys the age-hardening effect, 
and the softening is carried still further by self-annealing 
during storage at atmospheric temperatures. The 
most noteworthy alloy in this group is the cadmium 
1-5 + antimony 0-5 per cent. alloy, which age- 
hardens with extreme readiness. 

Mention must be made of the work of Hargreaves 
and Hills on soft metals and eutectic alloys, especially 
that relating to work-softening and self-annealing of 
eutectics. These investigators propounded the theory 
that work-softening is due to ‘‘ interphase boundary 
action and the retention of the individual phases in 
a quasi-viscous condition.” The present authors’ 
view of the work-softening of the lead-antimony 
eutectic ig that the softening is largely attributable 
to the work-softening of the age-hardened solid solution 
phase. This phase is almost certainly supersaturated 
after cooling from the casting temperature to atmos- 
pheric temperature at a normal rate, and may be 
assumed to age-harden rapidly during subsequent 
storage. The effect of cold-work on the eutectic is 
therefore to work-soften the solid solution phase and 
to disintegrate the antimony phase. The resultant 
structure consists of separate, fragmentary crystals of 
antimony embedded in a soft solid solution matrix, 
and the resistance to deformation of the whole is largely 
determined by that of the matrix, which undergoes self 
annealing at atmospheric temperature in a manner 
similar to work-hardened, unsaturated lead solid 
solutions. It is probable that a similar explanation 
may be applied to other eutectics which undergo 
work-softening. 

Practical Applications.—It is apparent that in lead 
alloys which are to be used in a severely cold-worked 
condition, such as cold-rolled sheet, little advantage 
accrues from the presence of more than a relatively 
small proportion of alloying addition. The authors 
have found that cold-rolled 7 per cent. antimony-lead 
alloy is very little harder than cold-rolled 1 per cent. 
antimony-lead alloy. The Brinell hardness numbers 
of cast lead-antimony alloys containing 5 per cent. 
to 12 per cent. of antimony are of the same order as 
the hardnesses of several of the alloys dealt with in 
this paper after age-hardening. Crennell and Milligan* 
have recently given experimental proof that the 5 per 
cent. to 12 per cent. antimony-lead alloys, extensively 
used commercially for accumulator grids, suffer from 
serious drawbacks from which lead alloys containing 
smaller amounts of antimony are free. 


INSTITUTION OF NAVAL ARcHITECTS.—An index to 
the Transactions of the Institution of Naval Architects, 
volumes lxviii to Ixxii. covering the years from 
1926 to 1930, has lately been published. The volume 
comprises a list of the papers contained in the volumes 
concerned, a nominal index and a subject index. It is 
obtainable, either from the offices of the Institution, 
2, Adam-street, Adelphi-terrace, London, W.C.2, or 
from Messrs. Henry Sotheran and Company, 43, Picca- 
dilly, London, W.i. ‘ 

SHipwReEcK Startistics.—Returns for the quarter 
ending March 3] last, issued recently by Lloyd’s Register 
of Shipping, show that 75 vessels, aggregating 96,227 tons, 
were totally lost or condemned in consequence of casualty 
or stress of weather, during the three months under 
review. Of these, 68 ships, making together 94,412 tons, 
were steamers and motorships, 11 of which, aggregating 
12,757 tons, were British. Vessels otherwise broken 
up or condemned totalled 69 steamers and motorships, 
making together 204,721 tons, and four sailing ships, 
aggregating 933 tons. Included in these totals are 
13 British steamers and motorships, making together 
17,096 tons. 


» vol, xxvii, page 103 (1931). 
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FLEXIBLE DISC STOP VALVE. 


THE growing use of indiarubber in modern engineer- 
ing practice is well illustrated by the valve described 
below by the aid of the accompanying Figs. 1 to 3. 
This fitting, known as the Saunders Streamline Valve, 
is made by Messrs. The Rees Roturbo Manufacturing 
Company, Limited, Wolverhampton, and has, we 
understand, been well tried out for a variety of purposes. 
As regards principle, it may be compared most nearly 
with the common laboratory method of interrupting 
a flow in a rubber tube by means of a spring clip, 


Fig.1. 
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Fig.2. SECTION A.B. 
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inasmuch as in the Saunders valve one side of the 
passage is brought into contact with the other to close 
it, and returns to the open position, partly as a result 
of the resilience of the material and partly of the in- 
ternal pressure, when the closing force is withdrawn. 
The valve body is, as will be clear from Figs. 1 and 2, 
of the straight-through type. The openings are 
circular, but the section across the passages changes 
from circular to segmental towards the centre, where 
a flattened ridge is provided to form what may be 
called the valve seat. The contour of this central 
passage will be clear from the cross-sectional view 
given in Fig. 3. 

The completion of the passage in the valve body 
is effected by a dished reinforced rubber diaphragm. 
The curvature of this disc, which is imparted to it 
by its original moulding, is such as to continue that 


of the two sides”of the body passage in the streamline 
contour from which the valve derives its name. It 
is also, as will be seen in Fig. 3, practically the converse 
of the curvature of the seating ridge. The thickness 
depends chiefly upon the pressure for which the valve 
is required, but also upon the degree of resiliency 
possessed by the disc, so as to ensure a prompt return 
to its original curve. As the disc is apparently only 
supported against the pressure by contact at one point 
with the regulating screw above it, it would appear at 
first sight from Fig. 1, that the valve would be only 
suitable for low pressures. This, however, is not the 
case; the disc is actually supported over nearly its 
whole area and the pressures usually met with in 
everyday practice can be safely carried. 

The method‘of supporting the disc is as follows. The 
part resembling the bridge of an ordinary valve, seen 
in Fig. 1, is really a dome shaped cover, which holds 
the edges of the disc against the body by means of 
ordinary bolts, though it also functions as a bridge 
in carrying the regulating screw. The latter, as might 
be inferred from both Figs. 1 and 3, does not terminate 
in a button-shaped disc, but, as an examination! of 
Fig. 2 will show, ends in a cross, two of the arms of 
which carry projecting fins parallel to the other arms. 
The under surface of these arms is curved to give a 
practically spherical contour to the resultant grid, 
that of the main pair of arms, across the passage of 
the valve, being of course concentric with the surface 
of the seating ridge on to which it has to press the 
disc to close the orifice. This main pair of arms is, 
moreover, recessed into grooves inside the cover to 
prevent the disc being twisted under the action of the 
screw. The disc has, however, to be supported when 
the orifice is open, and this is effected by a series of 
fins projecting from the sides of the cover and extending 
between those on the cross piece. The under edges 
of these fins have contours to suit the surface of the 
disc when the valve is open, as may be gathered from 
Figs. 1 to 3. This construction is suitable for normal 
pressures, but when high pressures, of 500 lb. per 
square inch and over, have to be provided for, a spiral 
coil of stainless steel wire is used at the back of the 
disc. It may be here noted that, as.yet, the valve is 
not intended for very high temperatures such as are 
met with in superheated steam ; neither is it intended 
to function satisfactorily at pressures below that of the 
atmosphere, as it is difficult to start it from its seat 
under these conditions. 

It is stated that the Saunders valve may be closed 
absolutely drop tight by a finger and thumb pressure 
on the handwheel. A washer is, however, fitted on 
the end of the screwed spindle, which comes into 
contact with the shoulder in the handwheel boss 
when the valve is properly closed and so prevents 
cutting the disc. The position of this washer, more- 
over, relative to the top of the handwheel boss in- 
dicates whether the valve is open or closed. 

Advantages claimed for the valve are that it has 
no working parts exposed to the fluid passing through 
it. There is no stuffing box or gland to keep tight, 
and can be reconditioned by the replacement of the 
disc, by unskilled labour. It is unaffected by corro- 
sion, electrolytic action, abrasive substances, &c., as 
both the bodies and the discs being varied to suit 
particular conditions. It may be mentioned, in con- 
clusion, that the larger valves can be fitted with 
hydraulic operating gear, i.e., water pressure is applied 
to the back of the disc. This provides a ready means 
of remote control, relaxation of the pressure allowing 
the valve to open. The screw-down device is retained 
for providing a positive lock when required. 








Tue Wear or Cast Iron.—An interesting survey of 
recent work on the wear of cast iron is contained 
in a Bulletin lately issued by the British Cast-Iron 
Research Association, 24, St. Paul’s-square, Birmingham. 
It is therein stated that many opinions have been put 
forward regarding the influence of phosphorus on wear. 
It has been held that the network formation of the 
phosphide eutectic in good engineering cast irons results 
on a bearing-metal type of wearing surface in which the 
hard phosphide network stands out in relief and the 
softer matrix wears away, and, with the particles of 
graphite, forms a lubricant. Tests made in Germany 
by Klingenstein, using a brake-drum type of apparatus, 
showed that, in the case of the ferritic irons tested, wear 
was decreased by about one-half when the phosphorus 
was increased from 0-25 per cent. to 0-7 per cent. 
Further increase in phosphorus, however, did not give 
additional improvement. With the pearlitic series 
employed, the initial wear of the low-phosphorus irons 
was about one-half of that of the ferritic irons of similar 
phosphorus content, and there was no appreciable 
reduction in wear until the phosphorus content reached 
from 1-3 per cent. to 1-4 per cent., when a decrease 1n 
wear of about 25 per cent. was obtained. Two Italian 
investigators, Musetti and Calbiani have carried out 
tests on an Amsler rolling friction machine with cast 
irons containing molybdenum, and have showed that 
additions of 1-5 per cent. of molybdenum give a remark- 





ably increased wear resistance. 
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PLASTIC STRAIN IN RELATION TO 
FATIGUE IN MILD STEEL.* 

By B. P. Hareu, D.Sc., and T. S. Ropertson, B.Sc. 

Fo.LLow1ne the investigation carried out by Messrs. 
Docherty and Thorne, and described by them in 
another contribution to this report, a number of experi- 
ments were made to study the relation between the 
upper and lower yield-points and the fatigue-limit 
in mild steel. The fatigue tests were carried out in a 
Haigh electro-magnetic pull-and-push machine with a 
capacity of 10 tons maximum load and 7 tons range 
of load at 3,000 cycles per minute frequency. In all, 
15 specimens were tested with different cycles of stress, 
having different ranges and different ratios between 
the extreme values of the stresses. In some of the 
tests, fatigue fracture occurred without yield; and 
in others, plastic yield preceded fatigue fracture. 

The cycle of stress adopted in any particular test 
is described, in this report, as a combination of a 
‘* steady ” component (s) and an alternating component 
(a), the latter being defined as half the difference between 
the extreme values. The greatest stress applied during 
the cycle is equal to the sum of the two components 
(s + a); and the least value is the difference (s — a). 
This latter —when the alternating component exceeds 
the steady—becomes negative in many of the tests 
and then acts as push instead of tension. 





comparisons between the results of the several tests | 
are, in fact, somewhat more difficult than is desirable 
for scientific purposes although hardly less serviceable | 
as a guide to practice. | 

The rolled mild-steel used was tested as received | 
in normalised condition. The analysis, given below, | 
includes 0-75 per cent. manganese, and it is believed | 
that the results recorded are in some degree charac- | 
teristic of mild-steels containing manganese in such | 


proportions. 


Cc Si S P Mn 
0-16 0-18 0-053 0-033 0-75 


The bars received were ly-in. diameter. The 
testpieces were 10 in. in length, including the screwed | 
ends; and the mid-parts were turned down to }4-in. | 
diameter. The surfaces were polished, and due care 
was observed in finishing the gradual transition curves 
between the cylindrical mid-lengths (2-in. long), and | 
the screwed ends. | 

Experiment A.—In a preliminary tensile test, carried | 
out by Messrs. Docherty and Thorne in the manter | 


tpi a2 « sr) =F 
Testpiece B.2 oo Gy 1-13. 


Experiments C.—Fatigue tests with equal extremes 
of pull and push were carried out on three pieces ; 
and of these, one remained unbroken after 32 millions 
with a = 14-0 tons per square inch, although hysteretic 
heating during the test had maintained the tempera- 
ture at 55 deg. C. Two other pieces tested with only 


TABLE I. 








| Semi-range, a Endurance, 
Testpiece Number. | Ton per Sq. In. | Millions. 
| 
C.1 14-0 32-6 unbroken 
C.2 14-5 5-08 
C.3 15-0 0-326 
C.1’ 15-0 0-434 retested 


slightly greater ranges of stress broke with short endur- 
ances after becoming so hot that the polished surfaces 
were coloured dark blue. On being retested with a 
somewhat greater range, the first piece also broke with 





described elsewhere in this year’s report, this normalised | brief endurance and similarly severe heating. None 


steel remained almost perfectly elastic until—at the pri- 
mary yield-point p—22-0 tons per square inch—Luders 
lines appeared suddenly on the polished surface. After 
yield had started in this manner, it continued to spread 
through the testpiece, although the load was reduced 




















of these pieces yielded at all during the fatigue tests. 
Experiments D.—Three comparable fatigue tests 
were carried out with a component steady stress s = 
3-3 tons per square inch. Of these pieces, one tested 
with a = 14-6 tons per square inch remained unbroken 
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after 12-19 million cycles, although heated by hysteresis 
to 55 deg. C. The two other pieces, tested with some- 

; ,, | What greater ranges, broke with brief endurances 
to a lower value corresponding to the “ subsequent “ | after severe heating that coloured the surfaces. None 
yield-point y= 18-75 tons per square inch. The | of these pieces yielded during the tests. The polished 

i test was then continued to find the ultimate, w = 30-2 | surfaces remained free from Luders lines. 
tons per square inch. Fracture occurred with 26°8 ‘Venue EE. 
per cent. elongation on 13-5 diameters length. —— 
Experiments B.—Several brief cyclic load tests were Tons per Square Inch. 
carried out on two pieces to ascertain values of the| Testpiece Endurance, 
2773.4) S-a primary and subsequent yield-points for comparison| Number. a | pa rr Millions. 
Fig. 1 illustrates two methods of presenting the ha Pe eM i“ vor 6-4 aces IN ee ay 
results of such tests. In diagram la, the steady and}. “7 ‘©S! 0.%) @ Steady) oad § = 0° 5 tons per square 
lternating components are used as co-ordinates ; | i2¢h was applied initially, and an alternating load was D 3-3 14-6 17-9 12-19 
eee 4 A a ’| gradually increased until the piece yielded. Luders unbroken 
while in diagram 16, the maximum and minimum values | 8" y ecu ; D2 ..| 3:3 15-0 | 18-3 0-980 
(s+) are plotted as ordinates on abscisse that lines appeared suddenly when a reached 14-45 tons D3... 3-3 15°4 | 18-7 | 0-950 


represent the steady component as before. In both 
diagrams, dotted lines marked pp and yy are sketched 
to indicate the upper or “‘ primary” yield point and 
the lower or “‘ subsequent ”’ yield-point, respectively— 
these graphs being drawn as straight lines according 
to the hypothesis that yield occurs in either way when 
the greatest stress in the cycle reaches the limiting 
value p or y; thus 


(¢ +a) = pory. 


In diagram la, a single graph ff f f suffices to indicate 
the combinations of steady and alternating components 
that correspond to the fatigue-limit—defined as such 
as result in fracture only after infinite endurance ; 
while in diagram 1b, two graphs are required for the 
same purpose, giving the limiting values of (s + a) 
respectively. For general use, diagrams of type la 
are recommended as preferable to the more familiar 
type 1b—as being simpler and clearer in their presenta- 
tion of the same data. 

The immediate object of the present investigation 
was to obtain data sufficient to plot the actual loci, 
representing not only the yield phenomena, but also 
the fatigue limit, and the heating and other effects 
observed under different cyclic loadings. 

A major difficulty was to obtain a steel which, 
although not unrepresentative of ordinary structural 
mild steels of commerce, might be particularly free 
from slag inclusions, pipes and other manufacturing 
flaws. As the consignment of steel used for the 
investigation was not as uniform as had been hoped, 





_* Contribution to the Report of the Committee on 
Stresses in Overstrained Materials, to be presented to 
rie be of the British Association, London, on Septem- 
er 30, 1931. 





per square inch, corresponding to the primary yield- 
point y = (s + a) = (6-45 + 14-45) = 20-9 tons per 
square inch. On raising the stress again, yield recom- 
menced and continued at the “‘ subsequent ” or “‘ lower” 
yield-point y = (s + a) = (5:7 + 12-0) = 17-7 tons 
per square inch. In this subsequent yielding process, 
the Luders lines propagated gradually along the mid- 
part of the testpiece in the same manner as in a tensile 
test. 

In test B.2, primary yield was produced in the same 
way with a different steady component stress, viz. : 
8 = 9-5 tons per square inch: and the value obtained 
for the primary yield-point was p= (s+ a) = 
(9-5 + 14-5) = 24 tons per square inch. The same 
testpiece was then used in a series of successive tests 
giving lower yield-point values with different steady- 
stress components, as follow :— 





y = (9-2 + 11-8 ) = 21-0 ton per square inch. 
y=(12-0 + 96)=216 ,, x 
y=(155 + 55)=210 ,, ‘ 
y = (18-75 + 2-35)= 211 ,, 


A fifth test of this series was started with s = 6-5 tons 
per square inch, but, in this case, pronounced heating 
occurred when the alternating component reached the 
value 13-5 tons per square inch, although the metal 
had not then yielded in the manner observed in the 
preceding tests. The maximum stress reached in this 
fifth run was (6-5 + 13-5) = 20-0 tons per square inch. 

Although the yield-points observed in experiments A 








and B differ in the several samples used, a comparison 
can be made as follows :— 
Testpi A P= (55) = 300 
‘estpiece s\n 
p (20-9) _ 
» Bie =(Fq) = 108 








Experiments E.—Fatigue tests were carried out on 
several pieces after these had yielded, and before the 
yield had spread through the whole of the cylindrical 
mid-part of the testpiece—the intention being to see 
whether the cold-work associated with the formation 
of the Luders lines would raise the fatigue-limit of the 
somewhat hardened metal, or whether the disturbance 
caused by the formation of the Luders lines might 
perceptibly weaken the metal against fatigue. The 
first two tests, E.1 and E.2, were carried out on the 
pieces described above as B.1 and 2, respectively. 
A third piece, E.3, which remained unbroken after 
nearly 12 million cycles, was retested with a somewhat 
greater range of load. 

The ranges of stress used were such as caused mode- 
rate heating without colouring the polished surfaces. 
It was observed in each case that the yielded part 
of the testpiece became hotter than the unyielded 
part, and that fracture occurred in the part that had 
yielded during the previous test with greater loads. 
The stresses given in the table below are those applied 

















TABLE III. 
Tons per Square Inch. 
Testpiece Endurance, | Temp. 
Number. Millions. | (deg. C.)° 
& a. (8 + a). 
E.l oop G2 12-0 17-7 10-1 50 
E.2 oo] 6°5 13+5 20-0 0-402 200 
E.3 oo] 4°99 12-3 17-2 11-866 60 
unbroken 
E.3 4-95 13-32 18-27 1-242 250 














during the fatigue tests after yield had been produced 
by greater initial loads. 
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Experiment F.—One piece, that had yielded under a 
combination of steady and alternating stress (6-2 + 
13-6) = 19-8 tons per square inch, was subjected— 
after 36 hours interval of rest—to a fatigue test with 
equal pull and push, s=0, and with semi-range 
a = 13-5 tons per square inch. The piece remained 
unbroken after 12-72 million cycles, although the 
temperature rose to 80 deg. C. 

Experiments G.—Four pieces were tested after a 
small hole, 0-0312-in. diameter, had been drilled through 
a diameter of the 0-500-in. cylindrical mid-part of the 
standard testpiece—so removing 8 per cent. of the 
cross-sectional area and causing a severe concentration 
of stress to provoke fatigue. The same steady com- 
ponent stress, viz.: s = 6-0 tons per square inch, was 
used in each of the four tests. In computing this 
stress, and also the other nominal stresses given in the 
table that follows, no allowance has been made for the 
reduction of cross section or for the concentration of 
stress caused by the small hole. 


TABLE IV. 


| Tons per Square Inch. 


Testpiece | Endurance, 


Number. | | Millions. 
8 a. (8 +a). | 
| | 
G.1 6-0 10:1 16-1 0-218 
G.2 6-0 8-0 14-0 2-212 
G.3 6-0 6°5 12-5 17-75 
unbroken 
G.4 6-0 5:5 11-5 8-36 


unbroken 


Experiments H.—Three additional pieces, drilled 
in the same way, were tested with cyclic stresses 
ranging between equal values of pull and push. 
TABLE V. 


| 
| Tons per Square Inch. 





Testpiece . Endurance, 
Number. | Millions. 
8 a. (8 + a). | 
H.1 sé 0 | 9-0 9-0 0-96 
H.2 +} 0 | 8-25 8-25 1-47 
as.» 7-5 7:5 11-66 
| unbroken 





It is notable that the results of experiments G and H, 
for the fractured testpieces give a single consistent 
graph between semi-range and endurance—indicating 
that steady stress has little influence on the fatigue 
strength of the drilled testpieces. 

Key Plan.—In Fig. 2 a key plan has been drawn with 
sand a co-ordinates as in diagram A, Fig. 1, to illustrate 
the relations between the several series of experiments. 
Dotted lines have been drawn to indicate the loci of 
the primary and subsequent yield-points indicated by 
experiments A and B, and of the fatigue loci deter- 
mined by experiments C, D and E and by G and H 
for the drilled testpieces. 





CONCLUSIONS. 

(1) Experiments A and B indicate that, in brief 
tests under cyclic loads, the phenomena of primary and 
subsequent yield occur in nearly the same manner 
as under steady loads that are gradually increased. 

(2) Although the metal appears almost perfectly 
elastic in sensitive tests under steady loads, hysteretic 
heating raises the temperature of the mild steel pieces 
subjected to rapid cyclic stresses; and this hysteretic 
action—which is known to harden the metal—probably 
affects the values of the primary and secondary yield- 
= even in brief tests when the range of stress is 

igh. 

(3) Experiments C and D illustrate how severely 
steels of this class may be heated by hysteresis, even 
when the range of stress is such as allows the piece 
to remain unbroken during tests of long endurance. 

(4) Experiments C and D indicate that, in this steel, 
steady component stresses up to 3} tons per square 
inch have little influence on the limiting range of stress 
required to cause fatigue fracture after, say, 10 million 
cycles. 

(5) Experiments E indicate that, although cold- 
work is known to raise the fatigue limit in mild-steels 
of this class, the disturbance caused by the early stages 
of plastic strain reduces the resistance to fatigue— 
at least when the fatigue tests follow immediately 
after plastic strain. 


The disturbed metal suffers greater heating than the 
unstrained under the same conditions of stress in the 
same testpiece, and the fatigue cracks start and con- 
tinue through the disturbed metal. 

(6) Experiment F indicates that the reduction of 
fatigue strength may be only slight when an interval 
for rest elapses between the production of plastic 
strain and the start of the subsequent fatigue test. 

(7) Experiments G and H indicate that the limiting 
ranges of nominal stress required to cause fatigue 





RING. 
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fracture in mild steel testpieces pierced with small 
holes is nearly independent of the value of the nominal 
steady component stress up to 6 tons per square inch, 
and is approximately one-half the limiting value 
for unpierced testpieces. 
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ELECTRIC FURNACES FOR THE 

BRIGHT-ANNEALING PROCESS.* 

By H.C. Ktonrnaer, G. Keier, and H. MEvcue. 

THE sometimes totally unexpected improvement in 
quality due to annealing by electricity may be 
attributed to the following three factors :—(1) Exact 
and quick adjustment to any desirable temperature 
between 100 deg. and 1,000 deg. C. (2) Automatic 
regulation of the temperature of the charge itself. 
(3) Abolition of detrimental gases or products of com- 
bustion and the possibility of filling the furnace with 
any convenient gas, if desired. It is often anticipated 
that bright annealing will be obtained immediately on 
the introduction of electric heating, merely on account 
of the abolition of gases of combustion. A really 
bright surface, however, is not to be obtained unless 
the oxygen of the air be removed from the furnace, 
and this is especially important during the time in 
which the charge is cooling. The electric annealing 
furnace enables, as does no other, the possibilities of 
special processes of bright annealing to be developed 
and put into practice. The following typical examples 
will serve to show the properties of adaptation possessed 
by electric furnaces for the requirements of the metal 
industry. 

The Kenworthy Process.—The most suitable annealing 
furnace for dealing with large quantities of copper wire 
of heavy gauge is the Kenworthy furnace. The bright- 
annealing process in this case depends on the removal 
of the air by means of steam and quenching the annealed 
charge in a bath of water. Fig. 2, on this page, shows 
the principle on which the furnace is constructed. 
The success of this process obviously depends on the 
fact that the hood of the furnace entirely prevents the 
access of air from without. The desired sealing is 
obtained in a copper jacket which is placed between 
the fireproof lining and the brickwork lagging. It 
further protects the latter from penetration of the 
steam. 

The sealing jacket is carried down into the water- 
bath, thus closing the air inlet there. The annealing 
chamber is in continuous connection with a boiler, 
which ensures that a slight excess steam pressure 
is always present in the furnace. The method of 
charging and discharging the contents is made clear 
from Fig. 2. When the heated metal is dropped into 
the water-bath large quantities of steam are generated, 
which are released through the blow-off opeaing 
arranged in the roof of the furnace, thus preventing 
an excessive steam pressure. The quenching of the 
charge also results in a great increase in the temperature 
of the water. The metal does not for this reason cool 
immediately to atmospheric temperature, but emerges 
from the bath with a temperature of approximately 
80 deg. C., and dries instantly, provided that it is not 
stacked closely, as, for example, sheet metal or fine 
wire. With such materials particles of water remain 
between the sheets and windings and cause stains. Such 
products cannot be considered as being brightly 
annealed. 

Brass has not been successfully bright annealed in 
the Kenworthy furnace, even when the temperature 
has been kept below the precipitation point of zinc, #.e., 
520 deg. C. The method of charging the furnace does 
not enable direct control to be maintained of the 
temperature of the metal that is being annealed. The 
automatic regulation provided does no more than keep 
the temperature of the heating resistors at a constant 
value. With it is obtained not the exact temperature 
of the actual charge, but only—and that as a result of 
many tests—some indication of the difference of tem- 
perature between the charge and the resistors, this being 
independent of the time of heating and of the bulk of 
the charge. Thus the duration of the annealing process 
can be determined only empirically. This circumstance 
accounts for the great variation in power per ton that 
occurs in different mills. The furnace illustrated in 


* Applications of the Electric Furnace for Non-Ferrous 
Metals, with Special Reference to the Bright Annealing 
Process. Paper read before the Institute of Metals, 





Ziirich, on Monday, September 14, 1931. Abridged. 
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Fig. 2, which has a heating power of 350 kw., is stated, 
when annealing copper, to consume from 95 kw-hr. to 
200 kw.-hr. per ton for a production of 20 tons to 50 tons 
per 24 hours. 

The Heddernheim Process.—The Heddernheim copper 
mills have evolved in their factories in Gustavsburg 
their own process for bright annealing the thinnest 
copper wire, in coils or on spools, entirely without stains. 
This process depends on the use of steam and hydrogen 
for the prevention of oxidisation. Fig. 3, below, 
represents a diagrammatic section through the furnace. 
showing the cooling container necessary in this process. 
The charge is drawn up into the open electrically- 
heated chamber of the furnace, which is mounted in 
a raised position. The bottom door of the chamber is 
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formed by the base on to which the charge is loaded. 
During the whole annealing process, a pressure slightly 
above atmospheric is maintained within the furnace, 
which expels the oxygen from the beginning of the 
annealing process until its completion. On com- 
pleting the process, a cooling container is raised below 
the furnace, the air is expelled by steam, and the 
charge, together with the base of the furnace and sealing 
cover for the cooling container, is lowered into the latter. 
To ensure the absolute sealing of this container, and 
more especially to prevent the loss of hydrogen, a 
further cover with water sealing is added. To accelerate 
the cooling of the charge, the chamber is provided with 
a cooling jacket through which cold water is circulated. 
The steam remaining in the container is expelled by 
introducing inert gas, preferably hydrogen, the pressure 
of which is maintained slightly above atmospheric 
until the metal has completely cooled down to about 
60 deg. C. 

The use of steam as the medium for expelling oxygen 
from the furnace during the annealing of copper is very 
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economical. The replacement of the steam by a gas 
during the cooling process results in an absolutely 
dry product, which, when removed from the container, 
is free from stains and is of a fine salmon-pink colour. 
Even copper wound on spools is quite dry, and the 
appearance of the surface is quite independent of the 
processes through which the material has passed. 
Single turns of the wire can in no circumstances become 
stuck together at the low and exactly maintained 
annealing temperature used in the electric furnace. 
The short duration of the process also has a favourable 
influence in this direction. 


Fig.4. BROWN-BOVERI FURNACE FOR BRIGHT ANNEALING 


aon _-+— — 


charge that is annealed, its low thermal capacity is of 
great importance from an economical point of view. 
This type of furnace is a typical example of the advan- 
tages possessed by helical resistors with reference to 
low thermal capacity. The operation is as follows : 

The material is placed singly or in piles, by means 
of a charging device, directly into the pit of the furnace, 
and the top placed on. The water trough is filled with 
only sufficient water to make a gas-tight joint. Accord- 
ing to the type of material to be heated the expulsion 
or combustion of oxygen present in the furnace is 








with the cooled sheet-metal bell and the insulating 
influence of the lining is eliminated. The duration of 
the cooling period can be adjusted between wide limits 
according to the height to which the furnace top is 
raised. The increased volume inside the furnace and the 
lowered temperature result in an internal pressure 
lower than atmospheric. This is equalised, by the 
admission of inert gas. 

Fig. 6 shows the temperature characteristic of a 
complete annealing process and gives details of the 
power consumption. The power consumption in the 








and Outlet 


necessary before the annealing process can be com-| upper figure amounts to 1010 kw.-hr. for a charge of 


Fig. 6. TEMPERATURE CHARACTERISTIC & POWER 
CONSUMPTION OF A BROWN BOVERI FURNACE 
FOR BRIGHT ANNEALING SHEET METAL. 
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Fig.7 BROWN BOVERI PIT TYPE ANNEALING 
FURNACE OF THE GRUNEWALD DESIGN 
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Fia. 5. Brown-Bovert FurRNACE FOR BriGHT ANNEALING. 


The Brown-Boveri Process.—High-quality sheet 
metal of any type or alloy is very successfully bright 
annealed by means of a process developed by Messrs. 
Brown, Boveri and Company, Limited. Fig. 4 on this 
page, shows, in section, the reheating furnace during the 
reheating process, and Fig. 5 gives a general view. The 
furnace is of the pit type, and is provided with double 
walls. The top of the furnace hangs in a sheet-metal 
bell which dips in the water trough contained between 
the two walls. The outer brickwork of the furnace, as 
well as the top, is almost entirely built of very light, 
but at the same time, heat-resisting insulating brick 
of the Sil-O-Cel type, and the heating elements are 
helices suspended from supporting tubes. Since the 
furnace must be heated and again cooled for each 
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| 5000 kg. of nickel sheets, while that in the lower figure 
amounts to 840 kw.-hr. and is for a charge of 3,600 kg. 
of nickel sheets. The method described has been 
found successful in the annealing of sheet metal and 
sheet-metal objects, particularly those made of nickel 
| and nickel alloys, as well as nickel-plated objects. As the 
time required to cool is always considerably more than 
| that required for annealing, the capacity of this furnace 
from the point of view of production, is not very large ; 
|nevertheless the quality of the annealing and the 
| appearance of the surface of the article are excellent. 

| The Griinewald Process——The Grimewald bright- 
annealing process may be described as the most uni- 
| versal in its possibilities of application, since it is 
equally suitable for iron and for non-ferrous metals, 
| and, further, it operates without inert gas. The process 
| was evolved in cold-rolling mills for the bright annealing 
| of strip iron, but its use has very quickly spread to the 
metal industry, since the general licence for the process 
menced. The simplest method is the addition to the | was taken up by the authors’ firm, Messrs. Brown, 
charge, before closing the furnace, of a sufficient | Boveri and Company, Limited, Baden, Switzerland. 
quantity of glowing charcoal. During the annealing | The most common applications are in the bright anneal- 
process, no inert gas requires to be blown through, as | ing of sheet metal, strip metal, wire, coin blanks, &c. 

the expansion of the gases already inside and the evapo-| Fig. 7 shows a section through an electric-pit type 
ration of oil produce a pressure slightly above atmos- | annealing furnace of the Grimewald design with 
pheric. The temperature is regulated by the control | inserted annealing container, and in Fig. 8, on page 392, 
of the temperature of the heating resistors. The tem- | is given a general view of the charging of the furnace. 
perature of the charge itself may be measured by means | The process depends on the fact that, as a rule, oxidisa- 
of a thermocouple led in through the bottom. After | tion of the charge occurs only while it is cooling, and 
annealing is completed, the top of the furnace is lifted | that, in order to obtain a bright annealed product, it 
approximately 20 in., and water is sprayed on to the | is sufficient to prevent the charge from coming into 
bell, thus quickly cooling the charge. Raising the top | contact with the air during this period. This primary 
of the bell not only increases the cooling surface, but | stipulation is met by means of an entirely new construc- 
the hot gases are thereby brought into direct contact! tion of the annealing containers used in the process. 
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ThejGrinewald annealing container a, Fig. 7 , can well be 
compared in its operation and construction with a steri- 
lising jar used for preserving food, in which the seal be- 
tween the lid and the bottle is made by arubberring. In 
practice, a rubber ring can be used only when it is kept 
out of range of the heat in the annealing space. For 
this reason, the container is no longer placed in the 
furnace, as was formerly the case, but, instead, is 
suspended in the furnace. By these means its cover 
remains outside the furnace, and is therefore un- 
affected by the heat. To lead off the heat conducted up 
the walls fof the container a water trough b is provided 


which effectively cools the rubber joint-ring. The | 


method of charging is also new. Instead of the material 
to be annealed being placed directly in the container, 
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Fig. 8. 


ring is tightly pressed. The water trough is filled with 
water, the valve opened, and the container lowered 
so that it hangs in the furnace. 

The annealing process is checked and its completion 
determined by means of a thermocouple inserted in 
the middle of the container. The air expanding due to 
the rise in temperature,and also the oil gases generated, 
escape through the valve, c, Fig. 7, which automatically 
closes when the pressure in the container is no longer 
excessive. The process being completed, the valve is 
screwed down and the container suspended in a cooling 
pit. During the cooling, a vacuum of between 400 mm. 
| and 500 mm. of mercury may be formedinside. When 
| the annealing containers are large and the temperature 
| is above 700 deg. C., the cooling pits may be suitably 





2 ees 





2 


SE 


CHARGING A GRUNEWALD FURNACE. 


Fig.12. BATES & PEARD WATER-COOLED FURNACE. 
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ciently accurately determined by the maximum 
temperature of the heating resistors. It must be taken 


drop, shown clearly in the curves Figs. 9 and 10, 
between the heating resistors and the walls of the con- 
tainer. This temperature drop is constant, and is 
independent, on the one hand, of the loading of the 
resistors, and, on the other hand, of the lagging of the 
furnace. Its method of determination for any furnace 
is simple. : 
The transference of heat from the heating resistors 
to the charge is due almost entirely, at temperatures 
above 600 deg. C., to radiation on to the outer surface of 
the charge, and from there by means of conduction to 
its innermost parts. Only at the commencement of 
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it is suspended on a supporting disc from the container | arranged to enable the heat in the charge to be partly | annealing is the heating done for the most part by con- 
cover. This method is very simple and convenient, | regained, by means of which the capacity of the plant | vection currents. 


and has the further advantage that the walls of the 
container may be thin, since they have to carry only 


is raised and the power consumption reduced. From 
a metallurgical point of view, the greatest advantage 


| Although the method of operating the annealing 
| containers and the conditions obtained are so simple, 


their own weight. The ratio of weight of charge to|is obtained by the possibility of accurately measuring | the details of the chemical action during the heating 
weight of container, or, in other words, the ratio of | and checking the temperature of the charge during the | and cooling are exceedingly complicated, and are not 


heat utilised to heat lost, which in other processes | 
used up to the present has often been 1: 2, and even 
in the Kenworthy process ‘vas 1 : 0-7, is, in the Griine- | 
wald system, under the worst conditions, 1 : 0-8, in most 
cases improving, however, to 1: 0-2 to 1:0-4. The | 
round shape of the pit-type reheating furnace reduces 
to a minimum the losses due to radiation, so that from 
a thermal efficiency point of view the process may be 
considered ideal. The operations according to the 
Griinewald process are carried out in the following 
manner :— 

The material for annealing is carried on special sup- 
porting discs, or, in the case of mass products, such as 


entire process of annealing, whereby the temperatures 
found in the laboratory to be the most favourable 
are employed in actual practice. The results of 
metallurgical research are obviously of value only in 
so far as they are applicable in practice. 

Figs. 9 and 10 give a number of characteristics of 
| different annealing operations and different metals, 
|} and these show that a very small temperature differ- 
| ence exists at the end of the heating period between 
| the outermost layers heated by radiation and the 
|innermost parts of the charge heated by conduction 
| from without. It is within the power of the metallur- 


| gist to adjust this temperature difference between the 


coin blanks, is placed in special holders. The discs or} limits laid down by laboratory experiment. As pre- 
holders are suspended from the container cover by three | viously mentioned, the temperature of the material is : 
rods and lowered into the container, the cover being | measured by a thermocouple inserted in the middle of | further condition for the success of bright annealing, 
screwed tight by special clamps until the rubber sealing | the cover; the outer temperature is, in practice, suffi- | namely, that the oil vapours cannot attack the outer 


| yet entirely cleared up. It was stated earlier in the 
| paper that an oxidisation of the charge occurred only 
| during the cooling period ; this, however, is correct only 
| when care has been taken completely to eliminate the air 
| or to burn the oxygen in the container at the commence- 

ment of the annealing process. The charge is always 
| covered with either a thick or a thin layer of lubricating 
substance remaining from the previous operations. 
The evaporation of this lubricating substance results in 
'the expulsion from the container of so much of the 
|atmosphere that it is comparable, to all intents and 
| purposes, with the removal of the oxygen. It is impor- 

tant, however, that the evaporation should commence 
| on a sufficiently large scale at such a temperature that 
no oxidisation of the charge can occur. There Is 4 


into consideration that there exists a temperature 
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ELECTRICALLY-DRIVEN PLATE-JOGGLING MACHINE. 





































































































CONSTRUCTED BY MESSRS. HENRY BERRY AND COMPANY, LIMITED, ENGINEERS, LEEDS. 
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surface of the charge due to their decomposition at 
high temperatures and under the influence of the charge 
itself or of the container. The conditions governing the 
choice of lubricating oils were at first determined by 
tests in practice, and were later established by technical 
research. In special cases, a small alteration is neces- 
— in the method of lubricating during rolling and 
arawing. 

Bates and Peard Water-Sealed Furnace.—It may be 
of interest to refer briefly to the Bates and Peard 
water-sealed bright-annealing furnace, which has been 
in use in England and elsewhere since about 1900, 
mainly for the treatment of copper wire. The furnace, 
which is generally used with fuel heating, consists essen- 
tially of a horizontal muffle, made sometimes of firebrick 
and sometimes of metal, is in Figs. 12 and 13. Air is 
excluded owing to the ends of the furnace being con- 
tinued by metal extensions beyond the heating zone, 
these extensions dipping under the surface of troughs 
of water which are situated at each end of the furnace. 
The heating zone is thus sealed from air at both ends. 
W ork to be annealed is passed through the furnace by 
placing it on slowly-moving chains. The results obtained 
are similar to those given by the Kenworthy type of 
mufile, but with the added advantage of continuous as 
against intermittent working, the main drawback lying 
in the expensive upkeep of the travelling mechanism. 








ELECTRICALLY -DRIVEN JOGGLING 
MACHINE. 

Tue large electrically-driven joggling machine, illus- 
_— in Figs. 1 to 5, on this page, has recently been 
vuilt by Messrs. Henry Berry and Company, Limited, 
_ Croydon Works, Hunslet, Leeds, for use in ship- 
uilding work. The machine is powerful enough to 
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joggle plates up to 36 tons tensile strength and { in. 
thick, to a depth of joggle ranging from } in. to 1 in. 
The width of the joggled part can be adjusted to any- 
thing up to 11 in. 

The machine will be seen from the illustrations to 
be driven by an electric motor running at 800 r.p.m. on 
450-volt direct current. The first reduction is by 30 
to 1 worm gear, followed by a pinion and large spur 
gear. The maindrive is to the bottom roller shaft, the 








top one being driven off the one below it. The required 








Fig. 4. 


depth of joggle A, Fig. 5, is obtained by changing 
the hard-steel collars B, B. This is accomplished by 
taking out the screwed pin D and removing the screwed 
collar C. in each case. In operating the machine, the 
adjustable crosshead E must first be set to the depth 
of the joggled part. This is effected by a small hand- 
wheel shown at the side of the machine in Figs. 1 
to 3, this wheel being on a cross-shaft carrying 
two worms, engaging two worm-wheels at either end 
of the crosshead. The plate is then passed between 
the rollers and progressively joggled at one end, the 
top roller during this process being gradually lowered 
by means of worm and screw gear operated by the 
large hand wheel at the top of the machine. In order 
to allow for this, the top roller is carried on a shaft 
pivoted at a large radius. When the plate has been 
joggled to the required depth at one end, it is then passed 
straight through the machine and the whole joggle 
completed in a single operation. 

The motor, which is of the reversing type in order to 
make possible the preliminary work on the plate at 
one end, is operated by a drum-type controller. The 
driving pinions on the roller shafts are cut with teeth 
of special form to secure good contact regardless of 
adjustment of the centres to suit different depths of 
joggle. As will be evident from the drawings and the 
photograph reproduced, the machine is simple and 
specially robust, with a view to withstanding heavy 
duty with low maintenance. The shafts are of large 
diameter and are provided with gunmetal bearings, 
and care has been given to the effective lubrication 
of all wearing parts. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 

anch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “Sealed” is — 

Any person may, at any time within two months from date of 
the advertisement of the acceplance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


341,242. Sir Alfred Herbert, of Whitchurch, and 
H. T. Harrison, of Coventry. Machine Tools. 
(1 Fig.) December 23, 1929. 


replaced in each half, and the remaining block is inserted 
behind it and forms a packing piece to keep the front 
block up to the vane. The whole is finally locked by 
the plate L. (Sealed.) 


RAILWAYS AND TRAMWAYS. 

341,239. A. G. Kershaw, of London, and The 
Westinghouse Brake and Saxby Signal Company, 
Limited, of London. Signalling Apparatus. (2 
Figs.) December 19, 1929.—The invention relates to 
railway signalling apparatus of the wire transmission 
type. The signal lever 1 is provided with a catch handle 
2 to operate a catch rod 3 against the action of a spring 
to permit the angular movement of the lever 1, about a 
shaft 5, together with a pulley wheel 7, which has the 
signal wire 8 connected to it at 9. When the catch 
handle 2 is moved towards the lever 1 and the latter 
moved towards the left, the pulley wheel 7 is rotated 
so that the wire 8 is moved, the extent of movement of 





-The invention relates to | 


the lubrication of lathes or other machine tools having | 


two or more sliding tool-carrying saddles. The bed 2 
carries a pipe 3 of comparatively large bore, to which 
cutting lubricant is supplied by means of a pump 4. 
The pipe 3 is attached to the head 5. This supply pipe 
is horizontal, and it extends along the back of the lathe 
to a position just beyond the head 5. A feed pipe 6 














telescopes into the pipe 5, and is attached to the saddle 
7 nearest to the head and carrying cross-slides. A gland 
8 in the end of the larger pipe prevents leakage. To the 
feed pipe 6 is secured a delivery pipe 9 to supply the 
saddle 7, and the feed pipe 6 extends beyond the delivery 
pipe 9, and telescopes into a second feed pipe 10 fixed 
to the second saddle 11 and moving withit. This second 
feed pipe communicates by a branch 12 with delivery 
nozzles. Thus either saddle can move, either relatively 
to the head or to the other, without interfering with the 
flow of lubricant. (Sealed.) 


PUMPS. 


346,450. The British Th Houst Com- 
pany, Limited, of London, and F. W. Ashley, o 
Rugby. Air Compressor. (4 Figs.) January 13, 
1930.—The invention relates to a method of varying 
the cross-sectional area through the guide passages of a 
turbine-driven air compressor. A movable half ring A 
has a number of pins B secured to it. The ring A is 
in a recess formed between the diaphragm C and the 
guide-vane side-plate D. The heads of the pins engage 
in the backs of a corresponding number of discs KE. 
Mounted to rotate in the discs E are smaller discs F 
which are arranged eccentrically and have slots in which 
projections from the compressor vanes G engage. These 
vanes are secured to pivots H and vanes which pass over 











the joint J in the sections of the ring A are split and kept 
in position by adjusting blocks K in each half. These 
blocks have slots in each face for the reception of projec- 
tions on the vanes, each slot corresponding to a certain 
0sition of the vane. Two blocks are mounted in each 
1alf and are locked by a plate L engaging a recess in 
the edge of each block and a screw. To change the spac- 
ing between the vanes to alter the cross-sectional area 
of the diverging passages, the screw in each: half is 
removed, allowing plate L to be taken away. The inner 
block is then withdrawn sideways, thus allowing the outer 
block to be knocked off the projection on the vane and 
to be withdrawn also. The sections of the ring A are 
next moved round the recess; this rotates the discs 
E and moves the discs F and vanes G to a new position 
as shown in dotted lines. One of the blocks is then 


the wire for a predetermined angular movement of the 
lever 1 corresponding to the length of the grooved peri- 
phery of the pulley wheel. To enable the extent of 





movement of the wire 8 to be adjusted for a predeter- 
mined stroke of the lever 1, the portion 10 of the pulley 
wheel is pivoted on the pulley wheel at 11 and provided 
with a slotted segment 12 to be clamped at 13. The 
portion 10 of the pulley wheel 7 is in its outermost 
position, in which the maximum displacement of the 
wire 8 is obtained for a predetermined angular displace- 
ment of the lever 1. The extent of the displacement of 
the wire 8 for a predetermined angular displacement of 
the lever 1 and pulley wheel 7 can be varied between 
maximum and minimum limits without displacing and 
without disturbing the attachment of the wire to the 
pulley wheel by adjusting the position of the part 10 in 
relation to the pulley wheel 7. (Sealed.) 


346,215. Sir H. Fowler, of Spondon, H. Cham- 
bers, of Borrowash, and D. W. Sanford, of Little- 
over. Water Scoops. (2 Figs.) May 28, 1930. 
The invention relates to water scoops fitted to railway 
locomotives to pick up water from a trough while the 
locomotive is in motion. There is provided in advance 
of the scoop A, by which water is conveyed from a station- 
ary trough to the tank of the locomotive, a deflector 
B having two side walls B! so shaped that when drawn 
through the water they have the effect of displacing it 
from the sides of the trough and piling it up towards 
the centre in front of the scoop. The scoop A and deflec- 
tor B are mounted so that they can be simultaneously 
raised and lowered. This is effected by a transverse 
shaft C having a bell-crank lever C1, connected by links 
D, E with the scoop A and with a lever or pair of levers F 





\ 
(3462/5) 


pivoted at one end at G on the engine frame, and carrying 
at the other end the deflector B. By turning the shaft 
C in the direction indicated by the arrow, the scoop A 
and the deflector B will be simultaneously raised from 
the position shown. By providing a series of holes 
in the deflector it may be set at any required height 
relative to the rail level, independently of variations 
in the height of the engine or tender frame resulting from 
wear of tyres, axle box or bearings. The two side 
plates of the deflector are substantially vertical and 
slightly convex outwards, and they increase in depth 
from front to rear, so that there is a gradual increase 
of submergence of these plates in the water of the trough. 
The cutting edges of the plates which pass through the 
water are made sharp, and the front and rear edges are 
preferably slightly concave. The side plates B! of the 





deflector are bridged by a horizontal transverse plate B?. 
(Sealed. ) 


MISCELLANEOUS. 

340,349. Dorman, Long and Company, Limited, 
of London, and J. F. Pain, of London. Swing 
Bridge. (6 Figs.) October 10, 1929.—The hydraulic 
jack, by which the bridge is raised or lowered, forms the 
pivot upon which the bridge is rotated in the raised posi- 
tion.. The jack body A is attached to the underside of 
the bridge framework C, and is the movable element of 
the jack, while the ram B is stationary. A _ bearing 
capable of resisting lateral forces and of accommodating 
itself to small changes of angle between the bridge and 
pier is introduced between the jack cylinder and the 
underside of the bridge, and consists of a steel rocker 
bearing, provided with locating dowels and shoulders to 
take up any lateral stress. The bridge is swung in the 
raised position through the medium of a driven train 
of reducing gears on the bridge. The pedestal F is 
coned, so that its base is of considerable diameter, and can 


figs 
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be utilised to steady the bridge during swinging by means 
of horizontal rollers H, on the bridge flange M engaging 
a cylindrical surface on the flange I of the pedestal base. 
The bridge, when open to traffic, rests upon solid 
bearings upon the central and rest piers independently 
of the means supporting it during the swinging operation. 
In order to swing it, the whole of the weight is transferred 
to the central support by raising the bridge to a height 
sufficient to clear the rest bearings. The bridge is then 
turned by rotating the train of gears until in the open 
position. The bridge is then lowered on to a second 
series of rest bearings upon the central pier. Any 
tendency of the bridge to tilt while raised off the rest 
bearings is resisted by the couple set up between the 
rollers bearing on the flange of the pedestal and the 
lateral bearing between the upper element of the jack 
and the bridge structure to which it is attached. (Sealed.) 


349,202. W. T. Henley’s Telegraph Works 
Company, Limited, of London, and G. S. Harbird, 
of Rosherville. Wire Stranding Machine. (3 Figs.) 
March 22, 1930.—The invention relates to machines for 
laying up wires together helically to form strands or 
cables and of the type in which the bobbins, from which 
the wires are drawn, are placed one behind the other 
along the axis of rotation. The machine has a tubular 
frame 1 supported so as to be capable of being rotated 
at a high speed. This frame carries a number of three 
armed brackets 2, each pair of which serve to support a 
bobbin between them. Each bracket has a hub to 
receive one end of a support 5, each of the latter having 
a collar and a boss 7 and a screw-threaded bolt 8. The 
bosses 7 are received in recesses in the hubs, and the 
supports 5 are secured to the brackets by nuts and 
washers. The supports 5 are made in two parts pivoted 
together and clamped together by swing bolts and nuts. 
The supports 5 receive the ends of a hollow spindle 16, 
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the bore of which is shown at 17. The ends of ,this 
spindle are shaped so that a wire can enter and pass 
through the bore of the spindle as smoothly as possible. 
The spindle 16 passes through the hollow centre of a 
bobbin 19 so as to support the latter, whilst allowing the 
bobbin to rotate freely while wire is being drawn off. 
The rotation of the bobbin is controlled by a pulley 
and a brake band. The wire coming from the bobbin 
19 is shown at 22. To guide the wire in its passage to 
the front of the machine, it passes over rollers 23. When 
the spindles and their bobbins have been placed in 
position, the parts of the supports 5 are clamped together 
to prevent the spindles rotating, the bobbins rotating 
as the wires are drawn off. In order to permit a wire 
to pass into one end of each spindle and out at the other 
end, the collars, bosses 7, threaded bolts 8, washers, 
and nuts are provided with apertures which are brought 
into alignment when these members are assembled to 





form passages 25, affording a continuation of the bore 17 
of the spindle 16. (Sealed.) 
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PORT MARGHERA: THE NEW IN- 
DUSTRIAL PORT OF VENICE.—II 
By Brysson Cunnincuam, D.Sc., M.Inst.C.E. 


To enter upon any elaborate description of the 
various industrial undertakings already established 
within the industrial area of the new Port Marghera 
at Venice, would take much time and occupy more 
space than can be afforded for such a purpose. It 
will therefore only be possible to allude to a few 
of the more noticeable features which came within 
the writer’s range of inspection, during a recent 
visit to the port. 


on five supports. Each section exhibits in its run- 
ning part a U-shape with dimensions of 1°50 m. 
each way, while at the connections the sectional 
form becomes tubular. The pylons supporting 
the beam number 16, spaced 12 m. apart, and they 
are composed of four composite piles of timber 
and concrete, 18 m. long, driven well into the bottom 
and enclosed in rectangular tubes of reinforced 
concrete with rounded corners, filled with pozzuolana 
concrete. A general view of the wharf and ware- 
house is given in Fig. 35. The depot covers an area 
of 25,000 sq. m. and includes a building 180 m. 





long by 30 m. wide, in which there are a set of nine 





ENGINEERING of October 10, 1930 (page 457). The 
outer beam is carried on cylinders with enclosed 
piles, 15 m. in length, and the inner beam on a series 
of piles in couples, 13 m. long. The two main beams 
are braced and interconnected by smaller beams 
on which are erected reinforced concrete frames 
carrying an aerial monorail, with hoppers which 
are fed from the mechanical dischargers. 

Another interesting piece of construction is the 
quay at the establishment of the Naval Shipyard 
and steelworks of Venice, where a section of quay 
with a depth of water alongside of 4 m. has been 
constructed on the Coignet-Ravier system to the 
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The wharf assigned to the service of the salt 
and tobacco warehouse, details of which are given 
in Figs. 36 to 39, is an interesting example of rein- 
forced concrete construction of a strictly economical 
type. Designed for the reception of vessels directly 
alongside, it consists of two substantial longi- 
tudinal beams supporting a track for a travelling 
gantry. The tracks are 180 m. in length and the 
beams 17-50 m. apart, tied together by four strutted 
horizontal members forming crossbeams. The 
landward beam consists of 68 unitary sections, the 
heads of which rest on blocks of reinforced concrete, 
Supported in turn by composite piles (timber below 
and reinforced concrete above). At the junction 
with the horizontal bracing the blocks are stronger 
and larger (4-35 m. by 2-20 m.) and they are 
carried on groups of 30 timber piles. The waterside 
beam is sub-divided by expansion joints into three 
sections of 60-m. length, acting as continuous beams 
large silos, each with a capacity for 1,500 tons of 
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ordinary salt and six smaller cells of 250 tons 
capacity for special varieties of salt. There is also 
a smaller structure for offices of the management. 
The equipment of the wharf and warehouse com- 
prises two powerful travelling electric cranes for 
handling salt in bulk and bales of tobacco, and an 
interior mechanical apparatus for the reception, 
handling and despatch of both commodities, together 
with railway sidings and roadway tracks. The 
mechanical lifting appliances have a total capacity 
of about 120 tons of salt unloaded, weighed and 
deposited per hour. The traffic at the depot amounts 
to nearly 50,000 tons ot salt per annum. 

Of the same type of design is the reinforced con- 
crete wharf forming the frontage to the premises of 
the Societa Veneta Fertilizzanti, and shown in Figs. 
40 to 42, page 396. It consists likewise of two lon- 
gitudinal horizontal beams, 100 m. in length and 
10 m. apart, supporting a track for two mechanical 





ship-discharging appliances, which were described in 
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cross section shown in Fig. 43. The slab forming 
the vertical front is 16 cm. (6 in.) thick, and it is 
ribbed with rectangular stiffeners 20 c.m by 45 cm., 
spaced 1-65 m. apart between centres. At the foot 
of the slab is a horizontal transom of rectangular 
section 30 cm. by 45 cm. carried on a row of piles. 
The anchorage consists of two rows of inclined stays 
of reinforced concrete, one near the foot of the wall, 
and the other at about two-thirds of the height. 

With the foregoing may be compared a quay wall 
of a new type patented under the name of the 
designing engineer, Mr. G. Pasquali. It is con- 
structed on one of the sides of the basin of the canal 
reserved for the service of the Breda Shipyard. As 
will be seen from Figs. 44 and 45, it consists in its 
upper portion of a kind of small continuous longi- 
tudinal caisson, 4-40 m. high on the water side and 
2-40 m. high on the land side, sub-divided by 
transverse diaphragms at intervals of 1-50 m., 
forming a series of oval pockets which are filled with 
sand. In front, the caisson rests upon a row of 
reinforced concrete sheeting piles 35 cm. (14 in.) 
thick and 8 m. in length, closely tenon-jointed, so as 
to retain the earth filling behind, and driven at an 
inclination of 17-5 cm. per metre. Behind, the 
caisson is supported at intervals of 2 m. by a couple 
of inclined piles, 8 m. long, driven in opposite direc- 
tions, forming a kind of rack or frame. 

(T'o be continued.) 
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PORT MARGHERA; VENICE. 
(For Description, see Page 395.) 


Fig. 40. PLAN 


2] 
aati ~ _ SECTION A.B. \ 


Fig. 41. 













































oO 
NT / 

an 

10-00 42-50------ 

| (+ 2-40) 
eg ty —— Sig 
& ret | if 
"3, 1! ENN eae ee OO ER Sea ae Rg OE Sé H i} 
Hit 
He 
Fig. 42. SECTION C.D. 
------- 6-00 ---------> 

















SSSasy 
















Jo 

] y 
; YY 
Y Ui), 
A AREER RAGA RES TOS 











‘Ke 
(2605.€,) "\0-05 






THE INSTITUTE OF METALS; | shorter time. In his experi- 
ZURICH MEETING. ence, silver alloys needed 
(Concluded from page 384). f were drastic annealing treat- 
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+S Popienater 15 /in the Poteet Potytockem jdiagram. The next speaker, Dr. W. Rosenhain, | ig. %. 
: | doubted if work of the type contained in the paper | x ix x 
ALLOYS OF SILVER AND MERCURY. had been done by anyone else. The aim in view was | 

The first paper on the agenda was a contribution | finally to determine accurately the best composition = 
on “The Constitution of the Alloys of Silver and | for the ternary silver-tin-mercury dental alloys and | F 
Mercury,” by Mr. A. J. Murphy. The paper, which | to understand the mechanism of the setting of these | ttt ae ae Aj 
also contained an appendix on the X-Ray examina- | alloys. Ina brief reply, Mr. Murphy stated, in answer | Oh! are oN min Ah 4 
tion of the mercury-silver system, by Mr. G. D.| to Dr. Hume-Rothery, that the data as given in aH “|i H itt oti) i 
Preston, was read in abstract by Mr. Murphy, who | paper were perhaps misleading. The alloys stated to 8B: ||! Hi #5048 |i Pi & 
said that the present investigation had been carried | have been annealed for 1 hour at 290 deg. C., and | | tH dit | % 
out on behalf of the Dental Investigation Committee | above, and then quenched had in reality all been | Qi pO 1 QI) 
of the Department of Scientific and Industrial | annealed, prior to this treatment, to a temperature | A : : ee 
Research. The constitution of the alloys of silver | of 260 deg. C., for ten days. ik : 3 
and mereury had been determined over a range of | oy — 
temperature extending from the melting point of AGEING OF DURALUMIN. | r : ; 
silver to 50 deg. C. Progressive additions of The second paper taken was entitled, * Influence | aati Rial tinct tis Rati 


= 


mercury to silver caused a continual reduction in| of Variations in Heat-Treatment and Ageing on 
the temperature of the initial freezing point down to | Duralumin,” by Professor A. von Zeerleder. It} sodium chloride solution. These showed that nor- 

38-8 deg. C., the freezing point of mercury. No | contained an account of’ the influence of the tem-| mally-aged Duralumin, if placed in contact with 
alloy in the series had a freezing point lower than | perature of the quenching liquid, and the tempera- | iron, was protected in sea water, whilst artificially- 
that of pure mercury. Silver could retain, in solid | ture of ageing, on the physical properties of Duralu- | aged Duralumin, on the other hand, protected iron 
solution, 55 per cent. by weight of mercury at 276) min. We publish an abstract of this contribution | against corrosion. In the same manner aluminium, 


deg. C., the amount probably increasing somewhat | to the proceedings on page 418 of this issue. and alloys containing no copper, protected Duralu- 
at lower temperatures. Dr. K. L. Meissner stated that he quite agreed | min or Lautal against corrosion, the former series of 


Dr. M. L. V. Gayler, who opened the discussion, | that, provided the temperature of the subsequent | materials having a higher potential than the copper- 
stated that the determination of a thermal-equi- | ageing was constant, the temperature of the quench- | containing alloys Duralumin and Lautal. With 
librium diagram of a system, one of the constituents | ing water bath had only a very small effect on the | reference to the time interval between the moment 
of which was a liquid at ordinary temperatures, was | mechanical properties. As a result of experiment | the specimen left the annealing furnace or salt bath, 
beset with difficulties. The paper furnished a good} he had ascertained that, by ageing in ice, the | and the quenching operation, the author had stated 
example of the way in which X-ray analysis could | age-hardening process took place so slowly that} that it was only after a two minutes’ interval that 
be employed as a means of investigation for alloys | the final tensile properties were only reached after|an appreciable drop in the tensile properties had 
in general. The author had stated that he had | twenty days. This delay in the age-hardening could | been found. In this respect he was in full agree- 
failed to find any signs of a duplex structure in some | be used in practice. In German works rivets were | ment with Professor von Zeerleder that there was 
of his alloys, but X-ray analysis had revealed that | struck usually within the first four hours of ageing | no need to be too apprehensive concerning the speed 
two phases were indeed present. Dr. W. Hume- |} at room temperature. By storing the rivets in ice | of quenching. 

Rothery, who spoke next, stated that the author it might be possible to hold them in a workable! Professor D. Hanson stated that it was important. 
had given certain alloys, low-temperature annealings | condition for several days. The author had fur- | from a practical point of view, to bring alloys of this 
of four months, whereas, in other cases, he had | nished interesting data on the potentials of different | type into a condition that would yield the best 
annealed alloys, at high temperatures, for a much | materials against the normal calomel electrode in | results, and it was a fact that artificial ageing hada 
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bad effect on the corrosion-resisting properties of the 
material. The electrical conductivity changed in 
a most pronounced manner when ageing was carried 
out at high temperatures. In fact, some important 
constitutional change occurred, which did not 
take place when the ageing was carried out at room 
temperatures. The next speaker, Dr. W. Rosen- 
hain, said that, unfortunately, there was one pro- 
perty of Duralumin that was very much improved 
by ageing at high temperatures and this was 
permanence of dimensions. By ageing at 100 deg. C. 
the tendency of a Duralumin forging to undergo 
changes of dimension was very much diminished. 
The question resolved itself into finding a type of 
Duralumin alloy which could be aged at 100 deg. C. 
with safety. Mr. U. R. Evans stated that alumi- 
nium was normally anodic to iron and, in the 
case of aluminium-coated iron specimens, the alu- 
minium coating was certainly anodic to the iron. 
It was interesting to find, in the present paper, that 
the ageing temperature alone was able to change 
the polarity of the alloy. 

In the course of a brief reply to the discussion, 
Professor von Zeerleder said that very small differ- 
ences in the composition of the alloy caused marked 
differences in the ageing speed. It might be possible 
to age Duralumin at normal temperatures for a time 
and finally subject it to a temperature of 100 deg. 
for one or two hours. This would no doubt relieve 
surface stresses but the treatment would not be 
drastic enough to affect the potential of the alloy, 


Wire Drawinc. 

The next two papers were taken together for 
discussion, namely, “‘ Experiments in Wire Drawing. 
Behaviour of a Composite Rod,” by Messrs. W. E. 
Alkins and W. Cartwright, and “The Drawing 
of Non-Ferrous Wires,” by Professor F. C. Thomp- 
son and Mr. E. L. Francis. The papers were read 
by the first-named author in each case. The first 
contribution described the behaviour of composite 
rods, built up by drawing tubular layers over a 
central core, when drawn through straight-sided 
dies of varying taper. In the second contribution 
the authors showed that the power required to draw 
wire was directly proportional to the maximum 
stress of the material. With tungsten-carbide 
dies, the pul! required was shown to be practically 
independent of the speed of drawing over a wide 
range. A comparison was also made_ between 
the efficiency of steel, carbide and diamond dies. 
We reproduce an abstract of the first of the above 
papers on page 423 of this issue. 

Dr. A. G. C. Gwyer said that the subject of wire 
drawing, important though it was, was one upon 
which there was not very much modern literature. 
One recalled, however, the valuable paper read 
by E. A. Atkins before the Iron and Steel Institute,* 
and also the research carried out by Professor 
Thompson and Mr. Barton, published in the 
Carnegie Research Memoirs. The practical man 
wanted to know the maximum reduction which could 
be given per draught, having regard to the capacity 
of his plant. Every draught saved had the utmost 
economic value, and this was particularly true 
in the case of fine wires. The authors had dealt 
with fixed reductions per draught and had studied 
die angle and lubricants from this point of view. 
He would suggest that they went further, and 
studied these factors with the maximum possible 
reductions before fracture ensued. The authors 
(Professor Thompson and Mr. Francis) supplied 
confirmation of the fact that the tension required 
to draw wire was proportional to the maximum 
stress of the original material, and, within fairly 
wide limits, independent of the speed of drawing. 
It would be interesting to know how far this was 
universally true. Did it hold, for example, equally 
in rod drawing as in wire of the finest gauges, and 
Was it true over the whole range, from dead-soft 
to hard-drawn tempers. The authors stated that, 
for a 20 per cent. reduction, the minimum load was 
Tequired when a plain conical die of 5} to 6 deg. was 
used. It would be of the greatest possible value 
to determine the optimum die angle for greater 
teductions, up to the maximum possible, having 
regard to the limitations of the plant and the 
tensile strength of the material. 





* ENGINEERING, vol. exxiii, page 590 (1927). 


compared with the trumpet-shaped or radial die, 
was most striking, and he would like to know if the 
authors had considered the question of multiple- 
angle dies. In practical work, not only had the 
power factor to be considered, but also the life 
of the die, and, in his experience, the multiple- 
angle die possessed advantages over the straight- 
| taper die from this point of view. In the paper by 
Messrs. Alkins and Cartwright, he had been inter- 
ested to note their conclusion that the area of the 
central rod and that of each layer underwent exactly 
the same percentage reduction. The drawing of a 
composite rod was somewhat analogous to pack 
rolling. Here the deformation of each sheet in 
the pack was approximately constant, and whilst 
there were slight variations from sheet to sheet, he 
did not know whether these were systematic. On 
the other hand, there was definite evidence of rela- 
tive movements of the individual sheets, so that it 
certainly would not be safe to say that the behaviour 
of a pack was comparable with that of a sheet of 
the same total thickness. 

Dr. W. Rosenhain in discussing the paper by 
Messrs. Alkins and Cartwright, made a brief reference 
to the Steckel strip mill used in the United States.* 
This mill, said Dr. Rosenhain, was of the four-high 
type. The upper and lower rolls were of larger 
diameter than the two middle rolls, and were 
provided with ball bearings. None of the rolls 
was driven; the strip was passed and repassed 
through the two middle rolls and was coiled on 
each side of the mill. The coiling spindles were 
driven in opposite directions and the “ rolling” 
of the strip amounted to a cold-drawing operation. 
The mill had the advantage that the power re- 
quired was much less, and the amount of reduction 
which could be attained without intermediate 
annealings was very much greater than in the ordi- 
nary cold-rolling process. He suggested that it 
might be possible to sweat or solder the layers of 
the composite rod together so as to get a little 
nearer to the conception of a solid rod. 

Dr. H. W. Brownsdon thought that it would be 
necessary for Professor Thompson and Mr. Francis 
to determine the temperature of their dies. The 
temperature would alter the viscosity of the lubri- 
“ant employed and would, therefore, make a 
difference in the power required in the drawing 
operation. In commercial work the lubricant 
played the part of a cooling agent rather than that 
of a lubricant. Consequently, the temperature 
of the dies should be known before any conclusions 
could be drawn upon the results of the investiga- 
tion, which could be applied to commercial work. 
The next speaker, Captain J. Cartland, thought that 
unless a brake could be applied to the rolls of the 
Steckel mill, described by Dr. Rosenhain, the 
process was a rolling process rather than a drawing 
process. Referring to Dr. Rosenhain’s suggestion 
in regard to the soldering of the layers in the com- 
posite rod, he had heard of a material, now on the 
market, which consisted of 20 or 30 layers of brass 
sheet, each about 4 thousandths of an inch thick, 
adherence between the sheets being secured by 
soldering. Dr. Rosenhain here interposed to 
state that no brakes were fitted to the idle rolls 
on the Steckel mill. The action, however, was 
essentially different from that of rolling in that the 
mill was not driven, the sheet being pulled back- 
wards and forwards under the rolls. 

In the course of his reply, Professor F. C. Thomp- 
son agreed that the temperature of the dies ought 
to be measured. They had done some work in 
this direction. Using a steel die and soap as a 
lubricant, they had ascertained that there was 
already a rise in temperature, at the wire-die 
interface, of 110 deg. C., when drawing at a speed 
of 60 ft. per minute. They had not gone beyond 
a speed of drawing of 600 per minute, and he would 
like to emphasise that they made no claim that 
their results would necessarily hold in the high- 
speed machines working at much greater drawing 
speeds. If undue heating of the die occurred, it 
would be found that the independence of the pull 
and speed, as described in their paper, would no 
longer hold. It was only when practically perfect 
lubrication was secured that the pull was indepen- 





* See ENGINEERING, vol. cxxx, page 759 (1930). 


The superiority of the straight-taper die, as|dent of the speed of drawing. 





It would definitely 
be dangerous to suggest that what held at the draw- 
ing speeds they had employed necessarily held at 
much higher speeds. Mr. W. E. Alkins, in his 
reply, stated that some of the discussion had revealed 
that members were doubtful regarding the similarity 
of the conclusions that could be drawn from solid 
and from composite rods. Their main difficulty 
had been to get the layers of the composite rod 
apart when once they had been drawn. Inannealing 
their rods prior to drawing, crystals had been found 
to grow right across the dividing lines and when 
an endeavour had been made to get the layers 
apart, some of these crystals had been pulled right 
out, imparting a roughened surface to the layers. 
They had been told that they should have used a 
solder so as to keep the layers together. On the 
contrary, they had had in mind, at one time, the 
use of a low-melting point solder to assist in getting 
the layers apart at the end of the operation. 


SPECTROGRAPHIC ANALYSIS OF METALS AND ALLOYS. 


The next two papers on the agenda, namely, 
* Application of the Spectrograph to the Analysis 
of Non-Ferrous Metals and Alloys,” by Dr. H. W. 
Brownsdon and Mr. E. H. S. van Someren; and 
“The Spectrographic Assay of Some Alloys of 
Lead,” by Mr. D. M. Smith, were discussed together. 
Dr. Brownsdon, who introduced the first-named 
contribution, stated that the value of the spectro- 
graph for the detection and estimation of small 
quantities of impurities and minor constituents in 
metals and alloys, did not appear to be fully appre- 
ciated by chemists and metallurgists. Spectro- 
graphic analysis required special equipment and 
technique, which were comparatively easy to acquire, 
the main difficulty being the interpretation of re- 
sults. The qualitative detection of impurities or 
minor constituents was a comparatively easy matter, 
but if a quantitative estimate were required, con- 
siderable care had to be exercised. The method of 
comparing the intensity of impurity lines with 
suitably chosen lines from one or more of the major 
constituents had been the method adopted in the 
course of the authors’ work. Unfortunately, 
chemical analysis had frequently to be used as a 
basis for spectrographic standards, but the method 
adopted by Mr. D. M. Smith for preparing syn- 
thetic alloys in a sealed tube might in many cases 
obviate the necessity of being dependent in chemical 
analysis for standards. The question of standards 
for spectrographic work was one of prime import- 
ance. Without them one could not get very far, 
and there was room for this matter to be dealt with 
on lines similar to those adopted for standards for 
chemical analysis. If each worker in this specific 
field were to publish the results of his observations, 
very valuable literature on the subject would be 
built up, which would give spectrographic methods 
the recognised standing that they deserved in 
metallurgical work. In England, the British Non- 
Ferrous Metals Research Association, through its 
researcher, Mr. D. M. Smith, had collected data 
necessary for the spectrographic examination of 
copper, spelter, lead, antimony, tin, and cadmium 
alloys, and as a further contribution to the subject, 
the present authors gave details of the methods 
adopted by them for the examination of brass, lead, 
and some lead alloys. 

In presenting his contribution, dealing with the 
spectrographic assay of some alloys of lead, Mr. 
D. M. Smith, stated that for several years past he 
had been investigating, on behalf of the British Non- 
Ferrous Metals Research Association, the possibility 
of applying the spectrograph to the routine assay 
of metals and alloys. The present paper described 
work on a range of lead alloys containing up to 
1 per cent. of antimony, and up to 3 per cent. of 
tin, present individually or collectively. A routine 
method had been devised which was specially 
applicable to the binary and ternary alloys of lead 
employed in the production of cable sheathing, lead 
pipes and sheets. The method was based on 
standards of known composition, either synthetically 
prepared by melting accurately weighed charges of 
the metals in evacuated Pyrex tubes, or determined 
by accurate chemical analysis. Spark spectra 
were found more suitable than arc spectra for these 
routine assays. For the production of the spark, 
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the outfit supplied by Messrs. Adam Hilger, Limited, 
was used. This consisted of a }-kw. transformer and 
auto-transformer, which, when supplied with 
150 volts alternating current at 50 cycles, gave a 
secondary voltage, on open circuit, of 15,000 volts. 

In parallel with the spark gap was placed a 
}-kw. condenser of 0-0006 mf. capacity. As 
electrodes, pieces of the alloy approximately 1 cm. 
square and 1-5 mm. thick were used. The discharge 
was focussed on the slit of the spectrograph by 
means of a sphero-cylindrical lens, and the position 
of the line of light obtained was adjusted until it 
was symmetrically disposed with regard to the 
exposed length of the slit. An exposure of 2 min. 
was given in each case. By simple direct compari- 
son of spectra the constituents could be determined, 
within the range 0-1 to 1 per cent., with an accuracy 
of + 10 per cent. (thus a percentage of 0-25 would 
be determined with certainty as being between 
0-22 and 0-28 per cent.), and by the application 
of the logarithmic-sector method a similar accuracy 
for a range up to 3 per cent. of tin could be obtained. 

Dr. R. 8S. Hutton said that, although the spectro- 
graph had been well known as a research instrument 
for many years past, it seemed to take the industry 
a very long time to adopt it for general use. The 
real reasons were that it could not be used for every- 
day work until standards had been prepared once 
and for all by such scientists as Messrs. van Someren 
and D. M. Smith. Once these foundations had 
been laid, any ordinary person could make determina- 
tions. The method was so rapid and cheap that, 
instead of a limited control on materials as now 
usually obtained, a much wider control could be 
secured. Moreover, spectrographic methods of 
analysis enabled two or more elements to be deter- 
mined simultaneously. It was interesting to note 
that in non-ferrous metallurgy the spectrum lines 
obtained were relatively few. In the iron and steel 
field, on the other hand, such a multitude of lines 
occurred that the spectra were by no means so easy 
to read. Professor D. Hanson, who spoke next also 
agreed that the real difficulty of the more widespread 
use of the spectrographs was that reliable standards 
were needed. Dr. Brownsdon and Mr. van Someren 
had made a substantial contribution to the subject 
in the matter of brass. 

Mr. A. H. Mundey asked whether a manufacturer 
should set to work at once and instal a spectrograph 
in his works. He would like to quote what was 
an average day’s work in the laboratory of the firm 
with which he was connected. Fifty-four samples 
in all, had been received one morning. These 
included 16 printing metals, which contained from 
1 to 25 per cent. of tin, 1 to 27 per cent. of antimony, 
nil to 1 per cent. of copper, arsenic not to exceed 
0-1 per cent., and zinc to be absent. Eight samples 
of solders had been received, containing from 30 to 
70 per cent. of tin, the least possible quantity of 
copper, and a small percentage of antimony. Six 
samples of antifriction metals had also been received, 
which contained from 5 to 93 per cent. of tin, from 
a trace to 20 per cent. of antimony, and from 0 to 
10 per cent. of lead. All these samples had to be 
accurately determined and returned during the day. 
In addition, there were a considerable quantity of 
general assays and some control work, besides 
analyses of flue gases, residues, slags, and bronzes. 
The staff comprised three experienced analytical 
chemists and several junior assistants, making 10 
in all. He would like to know if he were neglecting 
his duty in not asking for a spectrograph to be 
installed. 

Dr. H. W. Brownsdon, in a brief reply, stated, 
amidst general laughter, that if Mr. Mundey would 
let him have a con'plete list of the alloys dealt with 
in his laboratory, he would be pleased to advise 
him as to how many spectrographs should be in- 
stalled to meet the needs of the case. In the United 
States the spectrograph was used for brass analysis, 
and had proved quite a successful routine instru- 
ment. 

Gotp-CorrerR ALLOYS. 





The next two papers on the programme—namely, 
* Transformations in the Gold—Copper Alloys,” by 
Dr. J. L. Haughton and Mr. R. J. M. Payne, and 
** Physico-Chemical 
Solid Solutions,” by Professor N. 8. Kurnakow and | 
Mr. N. W. Ageew—were taken together for the | 








Study of the Gold—Copper | under a load of 10 kg., had been employed. 






purpose of discussion. Dr. J. L. Haughton, who 
read the first-named contribution in abstract, 
stated that by recording autographically the varia- 
tion of resistance, with changing temperature, of 
alloys of composition ranging between 20 per cent. 
and 70 per cent. atomic of gold, and by measure- 
ments of the specific resistance of alloys slowly cooled 
to room temperature, the transformations in alloys 
having compositions in the neighbourhood of those 
corresponding with the compounds AuCu and 
AuCu, had been confirmed. Furthermore, the 
presence of another transformation in alloys approxi- 
mating to the concentration of compound Au, Cu, 
had been established. The second contribution 
mentioned above, i.e., that by Professor N. S. 
Kurnakow and Mr. N. W. Ageew, was also presented 
to the meeting by Dr. Haughton. It contained an 
account of the investigation of the gold—copper 
alloys by the determination of the electrical resis- 
tance at high temperatures and also by the dilato- 
metric method. As a result of the research, the 
authors stated that it might be concluded that the 
solid solution of gold and copper which existed at 
high temperatures, underwent a transformation at 
about 425 deg. to 450 deg. C., passing into the 
definite chemical compounds AuCu and Au Cus. 
The formation of these two compounds was accom- 
panied by a marked fall in volume, which was 
confirmed by the curves obtained in the dilatometric 
investigation. 

Dr. W. Rosenhain stated that the gold—copper 
system was a very intricate one, and the establish- 
ment of the actual details of the thermal equilibrium 
diagram would require a great deal of further work. 
The only other speaker, Dr. W. Hume-Rothery, 
said that the experimental determination of thermal- 
equilibrium diagrams fell into two classes. The 
first involved the determination of the general lie 
of the diagram, and the second an accurate and 
painstaking determination so as to establish finally 
the details of the diagram. Unfortunately, in 
many cases investigators fell between two stools. 
On the one hand, their investigations were too 
accurate for a first rough approximation and not 
accurate enough for a final detailed diagram. 
Owing to the advanced hour, the President deferred 
further discussion until a more opportune time, to 
be decided upon at a later date. 

COPPER 


Strirs oF COPPER AND 


ALLOYS. 

The last paper taken on Tuesday morning dealt 
with the ** Physical Testing of Copper and Copper- 
Rich Alloys in the Form of Thin Strip.” The 
authors were Dr. Maurice Cook and Mr. E. C. 
Larke, and the contribution was introduced to 
the members by Dr. Cook, who stated that the 
output of non-ferrous metals and alloys as strip 
or sheet, from works and factories, was to an 
increasing extent controlled by specifications calling 
for definite values of certain properties. It was 
felt, therefore, that representative data on copper 
and copper-rich alloys, obtained in the course of 
routine physical testing using various machines 
now generally employed, would be both interesting 
and useful. Accordingly, tensile, hardness and 
cupping tests, using various types of machines, 
had been carried out on H.C. copper ; 95 : 5 copper- 
zine alloy; 70:30 and 64:36 brass; and 80:20 
cupro-nickel, in the form of strip, 0-06 in., 0-04 in., 
0-02 in., and 0-01 in. in thickness, prepared in 
accordance with prevailing commercial practice. 
Each material, at each of the four thicknesses, was 
prepared and tested in four different tempers, 
varying from fully annealed to hard-rolled. Con- 
sistent results for tensile strength and elongation 
were obtainable on all the materials down to and 
including 0-02 in. thickness. One of the most, if 
not the most, satisfactory methods of measuring 
hardness, especially having in mind the require- 
ments of routine control-testing laboratories, where 
j the ease and the rapidity with which tests could 
be carried out was a most important feature, was 
the diamond pyramid static-indentation method. 
In the present investigation the Vickers machine, 
using the 136-deg. diamond pyramid indenter 
Several 
mechanical and automatic features of the machine, 
such as those which rendered the time and applica- 
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tion of the load and the magnitude of the load quite 
‘independent of the operator, were all conducive to 
increased accuracy and consistency of the results, 
Excellent agreement of results was obtained with 
different machines and different operators. Cupping 
machines, although they might measure some kind 
of ductility and, if properly correlated, might 
afford a good sound indication of the behaviour of 
a material for cupping and drawing operations, 
were limited in respect of specification work on 
account of the variability of results given by different 
machines. 

Dr. W. Amsler asked for further particulars 
regarding the grips employed in the authors’ tensile 
tests. He said that it was very difficult to obtain 
a uniform pressure of the grips over the whole 
width of the strip, and drew attention to the 
grips designed by Mr. Templin, of the Aluminium 
Company of America. He also wished to know the 
exact conditions under which the anvil effect was 
to be feared in the hardness tests, and asked whether 
the authors could make any statement regarding 
the permissible ratio of depth of indentation to 
strip thickness. In a very brief reply, Dr. Cook 
stated that they had used two types of grips in 
their tensile tests—namely, the Dennison shackles 
and the ordinary serrated wedge grips, supplied 
by the makers of the Avery multi-lever testing 
machine. These, he thought, had given satisfac. 
tory results, and axial loading had been secured, 

The President thanked the authors of all the 
papers for their contributions, and intimated that 
the business meetings had come to an end. Votes 
of thanks to the Swiss Association for Testing 
Materials, to the authorities of the City and Canton 
of Ziirich, to the president and rector of the Federal 
Polytechnic School for the accommodation they 
had kindly afforded for the meeting, and to all 
others who had made the Ziirich meeting a success, 
terminated the proceedings. 


VisITts AND EXxcuRSIONS. 


The afternoon was spent in visits to works in the 
neighbourhood, including those of Messrs Maschinen- 
fabrik Oecerlikon, at Oecerlikon; Messrs. Brown, 
Boveri and Company, Baden; and Messrs. Sulzer 
Brothers, Winterthur. The evening was devoted 
to a steamer trip on the lake. On Wednesday 
morning the members left Ziirich for an extended 
tour via the Rigi, Lucerne, Interlaken, and Thun. 
At Thun, the rolling mills and works of Messrs. 
Schweizerische Metallwerke, Selve and Company 
were visited. The members thereafter split up into 
two parties, the one going on to visit the aluminium- 
alloy rolling mills at Chippis, near Sierre (Siders). 
in the Rhone Valley, and the other the watch factory 
of Messrs. Louis Brandt et Frére, at Bienne. With 
the exception of a few members who proceeded to 
Milan, from Sierre, to visit the International 
Foundry Exhibition, the parties returned direct to 
London, arriving back on Saturday, September 19. 








STANDARDS OF EFFICIENCY FOR 
STEAM TURBINES. 
By Grratp Stoney, F.R.S. 


In al] standards of efficiency, to enable one 
machine to be compared with another it is essential 
that these comparisons be made on the same basis, 
and not subject to any arbitrary assumptions made 
by those working out the comparison. Thus the 
usual basis for comparison of a steam turbine, 
without feed heating or reheating, is the adiabatic 
heat drop from the stop valve temperature and 
pressure to the pressure at the exhaust flange, 
compared with the steam consumption per kilowatt- 
hour or per horse-power-hour. This is not the true 
turbine efficiency, as it leaves out of account the 
drop in the stopvalve and governor gear, the 
difference of pressure between the exhaust flange 
and the last row of blades, the terminal loss or the 








loss due to the velocity of the steam leaving the 
last row of blades, the reheat factor, possible under- 
cooling at the exhaust, bearing losses, gland loss. 
power for the oil pump and governor gear, an 

many other factors. The alternator efficiency May 
or may not be taken into account where an alter- 
nator is driven by the turbine. Such allowances 
are of importance in the design of turbines, but for 
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commercially comparing one with another, as 
such allowances are uncertain in amount and depend 
to a large extent on the estimates made by the 
designer, they should be omitted. If they are 
taken into account a designer has always a tendency 
to make them such as will make his turbine look 
the best, and in any case one designer will put in 
different allowances from another. For example, 
in some cases alternator efficiencies have been put 
in at a low figure to make the turbine look better, 
and some alternators having the efficiencies credited 
to them on paper would have run red hot. 

The use of the heat drop as the basis of comparison 
has also the advantage that one turbine can be 
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approximately compared with another working 
under not very different steam and exhaust condi- 
tions, which cannot so well be done if the heat con- 
sumption or B.Th.U. per kilowatt-hour is taken as 
a basis, which comparison, however, neglects the 
advantage of high superheat and consequent 
an of wetness at the exhaust and some other 
actors. 

This heat drop is shown on the T ¢ diagram in 
Fig. 1, and is the heat drop on the Mollier diagram 
or in the B,E.A.M.A. heat drop tables, and is shown 
by the shaded area. 

AH = H, — hy — Ty ($1 — $0), 


where H, is the total heat in the steam at the stop- 
valve and h, is the total heat of water at the exhaust 
temperature. 
The efficiency is then given by: 
» = 8412 x 100 . 
(ib. per kw.-hour) x AH i ft-lb. F. deg. units. 
In the case of feed heating, a similar comparison 
can be made if ideal feedheating is assumed, that is 





carried out in an infinite number of stages without 
heat loss, as would be the case with perfect feed heat- 
ing. This only requires, besides the usual observa- 
tions in a consumption test, that the temperature 
after the last feedheater should be taken. It 
avoids all the complicated calculations, involving 
many assumptions about which often contractor 
and customer differ, but which are necessary for 
heat consumption in B.Th.U. per kilowatt hour ; 
also, as mentioned before, the heat consumption 
with the same turbine efficiency varies with the 
steam conditions. 

This heat drop is shown in Fig. 2 by the shaded 
area. 

AH = H, — hy — Ty ($1 — $9); 
where hy is the total heat in the water after the last 
heater. 

With reheating, the question becomes more 
complicated as reheating takes place from the 
temperature and pressure of the exhaust of the 
high-pressure turbine, which depend on its efficiency ; 
and this, in a tender, depends on the assumptions 
made by the designer. Also there is the drop of 
pressure in the reheater. It would seem better, 
therefore, to assume adiabatic expansion in the 
high-pressure turbine for purposes of comparison, 
and take the temperature and total heat at the 
exhaust of the high-pressure turbine to be those 
due to adiabatic expansion to the exhaust pressure 
of the high-pressure turbine without drop of pressure 
in the reheater. 

The diagram for such a plant is shown in Fig. 3, 
the shaded area being the heat drop : 

AH = H, + H, — He — hg — To (2 — $9), 
where H, is the total heat due to the pressure at 
the exhaust of the high-pressure turbine with an 
entropy ?,, and H, is the total heat in the steam 
after reheating. 

All these comparisons, of course, require colla- 
boration between the various contractors if the 
whole installation is not made by one firm, there 
is the turbine, the feedheating plant with its pumps, 
and the reheater, with possibly other items ; but what 
the customer is interested in is not the efficiency 
of the various parts but the plant as a whole. Also 
by such standards of efficiency one plant can, 
under the limitations already mentioned, be com- 
pared with another under different steam conditions. 








FIFTY YEARS OF STRUCTURAL ENG- 
INEERING WITH SPECIAL REFER- 
ENCE TO THE UNITED STATES. 

(Concluded from page 306.) 
By Rosins FLEMING. 


The Skyscraper.—The distinctive American con- 
tribution to architecture and engineering is the 
skyscraper. The story of its evolution from a 10- 
storey office building in Chicago, designed by 
W. L. B. Jenney, a Chicago architect, and finished 
in 1885, to the 85-storey Empire State Building in 
New York City recently constructed, would fill 
a large volume. Colonel W. A. Starrett, who has 
taken a prominent part in the building of sky- 
scrapers, has rendered good service in writing Sky- 
scrapers and the Men Who Build Them (Charles 
Scribner’s Sons, 1928). Since the erection of the 
Chicago building, 5,000 buildings of 10 storeys or 
more have been built. Of these, nearly 400 are 
more than 20 storeys high. The Masonic Temple 
of Chicago, 21 storeys of steel on floating spread 
foundations, when finished in 1891 was the highest 
building in the world and “one of the seven 
wonders ” thereof for the next few years. 

Although the skyscraper originated in Chicago, 
it has arrived at its greatest development in New 
York City. Fully one-half of the 5,000 buildings 
previously mentioned are there located. The first 
building of steel skeleton construction in New York 
City was the 10-storey Tower Building, for which 
Bradford L. Gilbert was architect, erected in 1888- 
1889 and demolished in 1914. The first building of 
note was the Manhattan Life Building, built in 1893, 
17 storeys high. In 1896 came the 26-storey St. 
Paul Building, followed in 1898 by the 30-storey 
Park Row Building. This building when finished was 


the highest office building in the world, and it was by 


thought that the limit of height had been reached. 





In 1907 there were four record-breaking buildings 
in process of construction at the same time. The 
Woolworth Building, with an observation gallery 
on the fifty-eighth storey and with an extreme height 
of 792 ft., was formally opened on April 24, 1913. 
It is probably the best-known office building in the 
world. After 16 years its supremacy for height was 
broken recently by both the Chrysler Building and 
the Bank of Manhattan Building. They in turn have 
yielded the supremacy to the Empire State Building, 
in which the final truss in the roof of the observation 
tower, designed also as an airship mooring mast, was 
hoisted into place on November 19, 1930. The 
extreme height of the completed steel-work above 
the street level is 1,248 ft., the observation tower 
extending 200 ft. above the roof of the eighty-fifth 
storey. 

It is not only in New York and Chicago that 
buildings are mounting to great heights. About 
40 cities have buildings more than 20 storeys high. 
It should be noted that there is a development in 
beauty as well as in size and height. In contrast 
with the rectangular boxes of early days, we find 
such structures as the Barclay-Vesey Building of the 
New York Telephone Company.* 

The Passenger Elevator—The use of structural 
steel has made the skyscraper possible, but the pas- 
senger elevator has made it practicable. Steady evo- 
lution has been taking place in the elevator from the 
early ’eighties until the present time. The elevators 
in the Chrysler Building were designed to run at a 
speed of 1,000 ft. per minute, and will probably be 
operated at that speed when the present legal limit 
of 700 ft. per minute is removed. These modern 
elevators, although having operators in charge, 
eliminate most of the human control and substitute 
throughout mechanical means. The cars move so 
noiselessly that the occupants are almost uncon- 
scious of speed. The button controls are set before 
the car actually starts to move, so that the car 
stops automatically as each of the required floors 
is reached. When signalling a car from a landing, 
the operation actually manipulates the controls ana 
automatically stops the first available car on an 
exact level with the floor and opens the doors the 
moment the car comes to rest. 

The Flat-Arch Floor Construction—As buildings 
grew in height it became necessary to reduce the 
dead load of the floor construction. Brick arches 
levelled with concrete are heavy. The matter of 
providing fire protection for beams, girders, and 
columns demanded attention. As with the passenger 
elevator, the history of floor and roof construction, 
together with fireproofing, is a story in itself. Many 
systems have been devised. The “end construc- 
tion ” arch took the place of the “‘ side construction ” 
arch in the early ’nineties. At present the rein- 
forced-concrete slab is in great favour.t 

The Isolated Footing.—In his book, Col. Starrett 
states that ‘‘ foundations now are a science; in 1880 
they were a practice that had not advanced appreci- 
ably in thousands of years.’’ In the early day of 
high buildings, a difficulty often experienced in foot- 
ings of columns carrying various percentages of live 
to dead load, was uneven settlement. Dead load is 
actual load, and can be determined with tolerable 
accuracy. On the other hand, the live load is assumed, 
is intermittent, and the ratio to the dead load varies 
for different columns. That the problem of con- 
structing foundations on compressible soils has 
been largely solved is due to the isolated footing. 
The pioneer example of this type of foundation 
was the 10-storey Montauk Block of Chicago, built 
in 1881-82, for Messrs. Burnham and Root, archi- 
tects. Each pier of this structure rests on its own 
foundation. 

The Spread Foundation.—The isolated pier carried 
into practice is the spread foundation. In the 
Montauk Block the innovation was adopted of 
embedding iron rails in concrete footings to increase 
the allowable offsets in the concrete layers. This 
constituted an important precedent. Soon I-beams 











* ENGINEERING, vol. cxxviii, page 127, August 2, 1929. 
+ ‘‘ Evolution of the Steel Skeleton Type of Build- 
ing,”’ by Robins Fleming. Proceedings of the Engineers’ 
Society of Western Pennsylvania, vol. xliii, page 1, 
February, 1927. 
+ ‘* Uniform Pressure on Building Foundation Beds,” 
R. Fleming. Engineering News-Record, vol. lxxxv, 
page 219, July 29, 1920. 
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45-TON ARTICULATED EIGHT-WHEEL VEHICLES. 


CONSTRUCTED BY 


MESSRS. SCAMMELL LORRIES, LIMITED, ENGINEERS, WATFORD. 


(For Description, see Opposite Page.) 

















Fig. 1. Ramp PLATFORM ARRANGED FOR LOADING. 
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were used for the upper course in place of rails, and 
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2. Power Unit AND CARRIER UNIT aT Ricut ANGLES. 


| sheet piling . . . Deep foundations are only deep | It was built in 1925-26, and has a tower extending to 


then for the whole. To quote Freitag (Architectural | because they must first conquer soft, soggy soils | 28 storeys above the sidewalk, and two storeys below. 


Engineering, 1901): “‘It was not until the same 
architects (Burnham and Root) designed the Rookery 


Building, in 1885-86, that isolated footings were | 


really employed with the use of steel members. 
In this building the footings were made of two 
courses of steel at right angles to each other and 
embedded in concrete with I-beams crossing the 
upper courses, on which were placed cast-iron 
column bases. The masonry walls were self- 
supporting.” 

In the construction of the seventeen-storey Man- 
hattan Life Building in New York City (1893), 
pneumatic caissons sunk by means of compressed 
air were used for the first time in building work. 
“It was the ushering in of the tremendous, concen- 
trated loads that gave an impetus to the modern 
science of foundations and brought about the con- 
crete pile, the steel tube and the pneumatic caisson, 


not to mention the now almost indispensable steel | 





/and carry their loads to bed rock or hard pan.” | The height is 338 ft. above the sidewalk level.* 
| (Starrett.) The foregoing review is necessarily incomplete. 
In writing or speaking of skyscrapers, we often |To avoid undue length, some important advances 
confine our thoughts to those with structural steel | have been omitted. For instance, forty years ago, 
frames. This is erroneous. The Portland Cement | §-in. rivets 6 in. long were unusual. To-day, 1 in. 
| Association in their survey of tall reinforced concrete |and 1} in. rivets are not uncommon. The largest 
| buildings, corrected to January 1, 1930, list 773|Ttivets in the Sydney Harbour Bridge are 1} in. 
| buildings in the United States and 27 in Canada of | diameter and 15 in. long. Itis useless to attempt to 
/ten storeys or more in height. Twenty of these are | predict the advances which another fifty years — 
20 or more storeys high. The Master Printers Build- | bring. Plans are advanced for the Golden Gate 
ing, New York City, built in 1926-27, of 20 storeys, | Bridge, near San Francisco, with a span of 4,200t., 
is 299 ft. high from ground level to the top of the | and buildings will probably reach a height of one 

tower and 310 ft. from the ground to the top of the | hundred storeys at no distant date. 
concrete masonry. It is the tallest reinforced con- = 
crete building in the United States. The Victory | REGISTRATION OF RoaD Moror VEHICLES IN os 
Building, Toronto, built, in 1929, 26 storeys, 310 ft. | Brirain.—The number of new motor vehicles registeré 


: 4 a vies in Great Britain in July last was 26,798, as compared 
from sidewalk to roof is the tallest in the British | ,jt) 29.018 in July, 1930. 








Empire. The Hotel Palacio Salvo, Montevideo, Uru- | © “A QSkyseraper Survey,” by Robins Fleming. 
guay, is the tallest concrete building in the world. | Enemeerryé, vol. exxix, page 581, May 2, 1930. 
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45-TON ARTICULATED EIGHT-WHEEL VEHICLE. 
CONSTRUCTED BY MESSRS. SCAMMELL LORRIES, LIMITED, ENGINEERS, WATFORD. 
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prevent wear by a continuous change of position of the 
| tappet. The camshaft, and crankshaft, both of ample 
| diameter, are carried in three bearings. Those for the 
camshaft are of progressive diameters to facilitate 
removal endwise. Two of the bearings are made in 
the form of sleeves ;_ the third is a split bearing, selected 
| partly to suit the structural layout of the crankcase. 
The latter is a heavy aluminium-alloy casting with 
| flanges 1-in. thick, and is stiffened laterally by broad 
flanges cast with the bearer arms to stiffen the lower 
| part of the case. The main bearings caps are a 
| registered fit to withstand side movement. The pistons 
| are of Specialloid (non-ferrous) make and carry three 
lrings. They are fitted with floating gudgeon-pins 
‘and soft metal end buttons to prevent scoring of the 
The connecting rods are Duralumin 


| cylinder walls. 
The connecting rod big-end 


| stampings of I-section. 
| bearings, and also the main bearings, are bronze shells 
| with white metal linings. Oil catcher rings are provided 
|at the end journals of the crankshaft, one of these 
| being cut solid with the shaft and the other being a 
| removable sleeve. The aluminium casing for the valve 
| gear, and the quick eccentric adjustment and lock for 
| the fan bearing; can be seen in the near side view, Fig. 3, 
| which also shows the two elbowed waterways at the top 
| of each cylinder block providing a special circulation 
| path direct to the valve seats and the detachable cylinder 








Fie. 13. 


ARTICULATED EIGHT-WHEEL 
VEHICLES FOR HEAVY LOADS. 


As our readers will be aware, Messrs. Scammell 
Lorries, Limited, of Watford, Herts, have an excep- 
tionally wide experience in heavy duty articulated six- 
and eight-wheel transport units. They have developed 
a range of models with load capacities up to 100 tons, 
and a brief description of the largest vehicle was given 
in ENGINEERING, vol. cxxviii, page 675 (1929). Through 
the courtesy of the makers, we are now able to describe 
the latest model, with a load capacity of 45 tons. shown 
in Figs. 1 and 2, page 400. In passing, it may be men- 
tioned that the smaller vehicles are fitted with pneu- 
matic tyres, a type favoured by the makers because 
of their economical effect in respect of maintenance, 
and their quietness. The Order of the Ministry of 


|heads. The tandem assembly comprising a rotary 
| water circulator, C.A.V. 12-volt generator and the 


Rear Axie, Drive anp TurNTaBLE oF Power Unit |Simms magneto with automatic timing, can also be 


| clearly seen. The drive for the camshaft is by helical 


to consist essentially of a power unit and a detachable | gearing, of which the intermediate wheel is of cast-iron 

| carrier, the complete vehicle being neither a tractor | and the others of steel. The fan is driven by a one-piece 
nor a tractor-trailer in the ordinary meaning of both | belt. 
terms. | Access is provided to the lower portion of the 
The power unit comprises a four-cylidner engine | valve mechanism by a pair of removable plates, each 
with a clutch and gear-box on a three-point suspended | held by a central lock screw. A specially large gilled 
sub-frame. The rear wheels are driven through the| tube radiator with dismountable top and bottom 
medium of a combined differential-countershaft and | elements, and divided into an upper and lower section 
two sprockets with final transmission by chain. The} by a central horizontal plate, is fitted. This con- 
rear portion of the pressed-steel chassis is occupied by | struction overcomes vibration troubles. The water 
the turntable for the carrier-trailer. The mounting and | circulator, it may be noted, has a gland on both faces. 
clearance are such that, as shown in Fig. 2 the motive | The drive for the tandem layout is effected by means of 
unit can be turned at right angles to the carrier. | cross-bolt dogs and Simms self-aligning composition 
The engine is illustrated in Figs. 3 and 4, Plate XIV. | rubber and metal couplings ; the same maker’s vernier 
The cylinders, in pairs, have a bore of 5 in. and stroke | coupling is used for the magneto. The ignition, 
| of 54 in. The output is 75 brake horse-power at 1,700 as already noted, has automatic timing, giving an 
|r.p.m., and approximately 80 brake horse-power at| advance up to 40 degrees. The ignition plugs are 





Transport issued in January last, and styled ‘‘The|1,800r.p.m. The Treasury ratingis40h.p. The cylin- | mounted at an angle in the cylinder head, so that the 
Authorisation of Special Types” Order, concerns | ders have replaceable liners and valve-seats. The valves | spark is located as nearly as possible in the centre of 
vehicles of this type, that is, vehicles designed to carry | are of the overhead type and are operated by an internal | the combustion space. The compression ratio is about 
abnormal indivisible”’ loads. One effect of this | camshaft through push-rods and rockers. The valves 5 to 1. 
Order is to regularise the construction and weight of lare of a nickel-chrome steel, and the rockers have| The crankshaft and connecting rod big-end bearings 
special transporter vehicles, and advantage has been | hardened spherical ends, which fit into corresponding | are supplied with oil at a pressure of 15 lb. per 
taken of the Order by manufacturers to perfect details | recessed hardened cups bearing on the valve stems. | square inch by a vertical gear pump in the crank- 
of construction and layout ; and by haulage contractors | The valve-tappets have flat mushroom ends, and work | base, driven off the camshaft. The remainder of the 
to utilise the vehicles to the greatest advantage. Messrs. | in cast iron guides which are removable, being held in | moving parts are splash lubricated. There is an oil 
‘cammell's articulated vehicles of the type referred place in pairs by dogs. The tappets are off-set }-in. to! pressure gauge on the dashboard, the pressure being 
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controlled by a ball valve in the supporting pillar of 
the pump. A large cover is fitted at the base of the 
sump-casting. This gives access to a large gauze filter, 
removable in this way, without having to take off the 
casing cover. 

Referring to Fig. 4, which shows the off-side of the 
engine, the layout of the induction manifold and the 
straight exhaust manifold will be seen. A Claudel- 
Hobson carburetter is employed with the same make 
of special water-jacketed atomising chamber, to which 
are coupled the two radial branches of the induction 
manifold. The fuel is gravity fed from a 25-gallon 
tank behind the dashboard, and provided with a Zenith 
filter. There is a further fuel supply tank of 30-gallon 
capacity, which is fitted at the side of the driving cab, 
and is furnished with a hand pump and connections to 
replenish the main tank. A combined breather and 
oil filler with lid and a gauze interceptor is placed con- 
veniently accessible on this side of the engine. 

The clutch is of the internal-cone type, faced with 
fabric, and self-contained with the flywheel. It is 
provided with a stop and a ball-thrust. A short shaft 
with a single fabric disc-coupling of 10 in. diameter, 
is inserted between the clutch and the gear-box, and 
the unit, as already mentioned, is isolated from shock 
on a three-point suspension internal frame of the usual 
section. The gear-box is an aluminium-alloy casting, 
and provides four speed changes forward and a reverse. 
The construction is specially robust and designed to 
eliminate gear hum and whip. The shafts are 2% in. 
diameter, and are 7 in. between centres. They are 
machined from Firth’s 100-ton air-hardened steel, 
and both shafts and teeth are finish ground. The 
shafts are splined and are carried on ball bearings. 
The forward gear-box ratios are 1 to 1, 1-75 to 1, 


2-70 to 1, and 5-09 to 1, while the reverse is 6-67 to 1. | 


The change lever is in the central position. 

The transmission is effected through a differential 
counter-shaft with twin sprockets and Renold duplex 
roller chains of 1}-in. pitch by 3-in. wide. Fig. 7, 
Plate XIV, shows the unit dismantled together with the 
foot-brake drum. The latter is 11 in. diameter, and is 
fitted with a calliper type of external fabric-lined shoe- 


brake of 4$-in. width. The differential casing, together | 
with the side sleeves, consists of a steel casting, with | 


flanged connections. The shafts are carried on double 
ball load and thrust bearings. The spiral-bevel crown 


wheel is 20 in. in diameter, and the pinion is supported | 
between ball and roller bearings. An oil-feed pipe is | 


fitted along the wall of the differential casing to oil 
the crown-wheel and differential gear. The driving 
gear supply the necessary momentum to circulate the 
oil. This and other details of this unit, are shown 
in Figs. 11 and 12, page 401, the oil-conveying pipe 
and catch tray being easily discernible. The shafts, 
it will be noted, have splined ends which register in 
the bevel-gear wheels of the countershaft. 

The sprockets are readily replaceable and_ inter- 


changeable with others, thus providing a simple means | 
of varying the transmission ratios. The standard | 


sprockets have 12 teeth, and the legal road speeds for 


the vehicle are 3 m.p.h. in towns and 5 m.p.h. in the | 


open. Adjustment of the chain and axle centres is 
by means of the makers’ standard screw-adjustable 
distance radius rods. The details of this arrangement 
are shown in Figs. 5, Plate XIV, and 13, page 401. 
Details of the sprocket end are shown in Figs. 14 and 15, 
annexed, 

The back axle of the power unit is of high-tensile 
nickel steel, and has cambered ends to provide a full 
and uniform road contact for the twin-tyred wheels. 
It is 5}-in. square, and is provided with saddle brackets 
to which are attached a pair of extra stout leaf springs 
supporting the carrier turn-table. This part of the 
design is dealt with later. The chassis of the power 


unit is carried on four suspension springs of the | 


usual semi-elliptical type: the rear pair being placed 
below the axle-beam and fitted with shackles at both 
ends. The front springs of the chassis are, as usual, 
above the axle. The combination of the two suspen- 
sion systems, for the power unit chassis and the fore- 
part of the carrier chassis, respectively, is supple- 
mented by large-friction shock absorbers on the front 
and rear axles of the power unit; the effect is that 
the suspension of the power chassis is unaffected by 
the load on the carrier. Figs. 16 and 17 show the 
arrangement of the road vheel journals and brake gear, 
and the suspension spring anchorages. 

Besides a foot-brake on the transmission differential 
countershaft, there are two side-by-side brake levers on 
the driver's side in the cab, which act respectively, on 
expanding shoes in the drums of the power chassis 
rear-wheels, and in similar drums attached to the 
wheels of the carrier. There is, also, an auxiliary 
hand control of the carrier brake from the front end 
of the carrier. 


Elliot, of Braintree. The brake drums are 20 in. diam. 
by 4 in. wide, and the shoes are faced with fabric. 
The brake for the carrier has fore and aft tension-rods 
with screw adjustment, coupled to a compensating 


The brake drums are of Millenite, a | 
ferrous alloy manufactured by Messrs. Lake and | steel-castings and are mounted on Timken roller bear- 


CONSTRUCTED BY MESSRS. SCAMMELL L 


Fig.i4. Fig.15. a 


45-TON ARTICULATED EIGHT-WHEEL VEHICLE. 


ORRIES, LIMITED, ENGINEERS, WATFORD. 
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| link for each of the two four-wheel back-axle units’ 
It is actuated primarily through a hardened push-pin* 
| which has an up-and-down movement through the 
|centre of the king-pin of the turn-table. This detail 
is shown in Figs. 5 and 13. On applying the brake 
|lever, the pin displaces upwards a bell-crank in the 
|centre of the section of the turn-table attached to 
the under face of the carrier, and exerts a pull on the 
brake tension gear. Being axially mounted, this 
push-pin and bell-crank are unaffected either when 
disconnecting the carrier or when turning. To con- 
}nect or disconnect the two units, it is necessary to 
| raise the fore-end of the carrier about 5 in. to free the 
| king-pin from its bearing in the turn-table of the carrier. 

The road-wheels, as shown in Figs. 6 and 16, are 











ings. Solid tyres are fitted, those on the front wheels 
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| with tyres 12 in. for 771 mm. rims. The front pair of 
| tyres are air-cushioned ; the rest being of the shallow 
section solid type. 

The front-axle assembly of the power unit consists 
| of a drop-forged I-section beam axle with reverse 

Elliot swivel-pins in bushed bearings and fitted with 
ball thrusts. The steering gear is of the worm and 
sector type, acting through a ball-journalled track rod. 
Both worm and gear shafts are carried in plain bearings ; 
the worm bearing having, in addition, heavy ball thrust 
bearings. 

The carrier chassis is built of standard wrought steel 
scantlings, chiefly plate and angles, and is double 
riveted throughout. The main fore and aft members 
are of box section, 12 in. by 12 in., and the general 
form of the frame can be seen in Figs. 1 and 2, page 400. 
Many of the structural details are similar for both 
models. A fold-down rear axle cover serves as a 
combination of cover and ramp platform for the model 
shown in Fig. 1, and a detachable semicircular cover 
is used for the model seen in Fig. 2, which is without 
the flat ramp. The front of the frame is arched and 
the plated side members at this point measure 10} in. 





of the power unit being 5} in. for 771 mm. rims. The | 
rear wheels of the unit are fitted with twin tyres, 8 in. ! 
for 771 mm. rims, and the rear wheels of the carrier 


deep by 16} in. wide. The fore-end of the carrier is 
shown in position on the turn-table of the power unit 


in Fig. 6, while the latter is shown by itself in Figs. 5 
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and 13. The turntable is a dished pressing nearly 
31 ft. diameter and -in. thick, and is reinforced 
by a welded flanged baseplate, },-in. thick. The 
centre or load plate is 154 in. in external diameter and 
11} in. ininternal diameter. It is faced with a treated 
graphite-asbestos fabric ring, and is self-lubricating. 
The king-pin is hollow and is 44 in. in diameter ; it 
projects 34 in. above the turntable and registers in a 
hearing in the centre of the corresponding member 
of the turntable assembly of the carrier. This member 
is carried by a pair of channel section cross bearers 
under the chassis. The king-pin, as already noted, 
carries the push-pin for operating the brake gear of 
the carrier and is recessed to a diameter of 2} in. about 
its centre. When assembled, a sliding fork which is 
permanently attached to the turntable plate of the 
carrier, registers in this recess and is locked by a 
horizontal cross-spring pin. This detail is shown in 
Fig. 6, Plate XIV. 

The turntable of the power unit is shown in detail 
in Figs. 5, 6 and 13, and the suspension details in 
Figs. 16 and 17. The turn-table is bolted to a pair 
of deep channel section side members, which are 
carried on a pair of longitudinal springs with 44-in. 
centres and leaves of 5 in. width. The springs are 
fixed to the dead-axle of the motive unit, and have 
the makers’ form of sliding displacement with Wood- 
head top plate anchorage. A limited amount of fore 
and aft pivotal movement is permitted to the turn- 
table assembly to adapt its position to the requirements 
of the carrier. The load is centred on the inner circle 
of the turntable, the outer face acting as a steady. 
Stops are fitted to the turntable to check excessive 
movement of the carrier and turntable, and to prevent 
swaying when the vehicle is turning. 

The means of attaching and removing the rear axle 
assembly of the carrier are shown in Figs. 8, 9 and 10, 
Plate XIV, and in detail in Fig. 18 to 20, opposite. 
The four wheels have Timken roller hub bearings and 
are carried in pairs in line on independent axle units. 
Between each pair is mounted a square threaded jack 
in a stirrup, the base of which is hinged in channel 
horns at the rear of the chassis. The jacks, shown let 
down in Figs. 9 and 10, Plate XIV, but in the normal 
raised position in Figs. 18 and 20, serve to raise and 
lower the chassis, and to lock the axle assembly in 
position. The tops of the jack screws are squared 
to take ratchet levers operated by two men. The 
ratchet levers are replaced by short tommy bars for 
running the screw up or down when the jacks are 
unloaded. The other end of the screws are ball-shaped 
and register in phosphor-bronze cups formed in the 
tops of the respective trunnions. Attached to each axle 
unit is a cast-steel fulcrum block with a projecting shaft 
which slides into the trunnion. A recess is fashioned 
in each of these shafts to receive a pair of spring-held 
locking forks. A supplementary spring lock is provided 
at the side of the assembly and is shown in the drawing, 
Fig. 19. 

Removal of the carrier axle-unit is effected by with- 
drawing two spring-pins which couple the two drag 
links to the respective twin brake assemblies; releasing 
the safety lock at the side of the structure; with- 
drawing the pair of short stout spring-held fork-pieces 
which register in corresponding slots in the respective 
twin shaft trunnion assemblies; and unscrewing the 
jacks. This movement lowers the frame and frees 
the axle assembly, and serves to stiffen the ramp 
members. The complete dismantling movement as 
detailed, occupies 16 minutes and is effected by two 
men. 

The wheel-base of the carrier is 25} ft. and the overall 
width is 74 ft. The power unit has a wheel-base of 
10 ft. The overall length of the complete vehicle 
shown in Fig. 2 is 40 ft. 1 in., and the gross weight 
is 16 tons 52 ewt., of which 5 tons 24 ecwt. are 
accounted for by the power unit. There is a maximum 
and minimum ground clearance for the carrier of 
(approximately) 12 in. at the front, and 6 in. at the 
rear. 








REGULATIONS FOR Factortes MAKING ASBESTOS 
PRopucts,—In pursuance of Section 79 of the Factory 
and Workshop Act, 1901, the Home Secretary has 
recently issued draft regulations which it is proposed to 
bring into force for the protection of the workers 
employed in certain processes involving exposure to 
asbestos dust. The regulations are intended to apply to 
factories in which the breaking, crushing, disintegrating, 
grinding, mixing, and sieving of asbestos are carried on. 
Factories manufacturing asbestos textiles, insulation 
slabs or sections, mattresses, and other articles are also 
to come under the new regulations. The duties of the 
occupiers or owners of the factories and of the employees 
are clearly defined. The regulations are the outcome of 
careful inquiry, and it is hoped that they will be accepted 
by all concerned. It is open, however, to any person 
involved to lodge objection in accordance with Section 80 
of the Factory and Workshop Act, 1901, and this should 
be addressed to the Secretary of State, Home Office, 
London, S.W.1, within thirty days from September 15. 
Copies of the draft regulations may be obtained from the 
Factory Department of the Home Office. 








THE LATE SIR HOWARD GRUBB. 


THE name of Sir Howard Grubb, whose death 
occurred at his home in Dublin on September 16, is 
probably less known to the general public than that 
of many Victorians of decidedly less eminence in the 
scientific world. The reason is that his life was prac- 
tically devoted to the perfection of the astronomical 
telescope, an instrument of which the public has only 
the vaguest conceptions. To those better informed, 
however, his death will leave another vacant place in 
that distinguished band of scientists, who, like Lord 
Kelvin and Sir Charles Parsons, combined a pre-eminent 
degree of scientific knowledge with rare technical 
ability. 

The reason for Sir Howard’s lifelong interest in 
telescopy will be understood when it is stated that his 
father, Thomas Grubb, was a telescope maker of repute. 
His business was established at the Charlemont Bridge 
Works, Dublin, early in the Nineteenth Century, and 
amongst other instruments, he was responsible for the 
Markree and Dunsink refractors, of 13-in. and 12-in. 
aperture respectively, and for the equipment of about 
40 British magnetic stations. Howard Grubb was born 
in 1844, and after being educated privately and at 
Trinity College, Dublin, joined his father’s business, to 
which he succeeded in 1868. The most important 
work carried out previous to his assuming sole control 
was the construction of the Melbourne reflector. This 
instrument had an aperture of 4 ft., and when com- 
pleted in 1867, was surpassed in size only by the 
Parsonstown 6-ft. speculum, built by the Earl of Rosse. 
Apart from its size, however, the Melbourne instrument 
was noteworthy in being the first large reflector to 
be mounted equatorially, thus preparing the way for 
later instruments of the same type. This instrument 
remained the largest in the Southern Hemisphere 
until the completion of the 5-ft. reflector at the Argen- 
tine National Observatory. The first important instru- 
ment made by the firm after the retirement of Thomas 
x3tubb was the 27-in. refractor, erected at Vienna in 
1878. Previous to this, however, an important depar- 
ture had been made in the 15-in. Grubb instrument 
erected at Dun Echt in 1873. This was the first large 
instrument in which the declination circle could be 
read from the eye end. In the Vienna instrument, a 
further refinement was made which enabled the hour 
circle also to be read from the eye end, another novel 
feature being the electrical control of the clockwork 
for driving the telescope in right ascension. In its 
latest form, this control was described in ENGINEERING, 
vol. exxviii, page 288 et seq (1929) as applied to the 
36-in. reflector for Edinburgh Observatory. 

A mere list of the numerous instruments made by 
Sir Howard Grubb would be of little interest, but it 
may be mentioned that they include the 40-in. reflector 
for Simeis, South Russia, with a dome 32 ft. in diameter, 
the 24-in. reflector for Daramona, Ireland, and refrac- 
tors erected in all parts of the world. Several of the 
instruments employed in the International Survey of 
the Heavens were made by the firm, these being 
13-in. photographic refractors with 10-in. guiders. The 
instruments supplied included those for Greenwich, 
Oxford, Melbourne, Cork, Perth (Australia), Mexico, 
and Cape Town. In 1918, the works were removed to 
St. Albans in connection with the manufacture of 
periscopes for British submarines, and early in 1925, 
they were acquired by the late Sir Charles Parsons, the 
firm becoming Sir Howard Grubb, Parsons and Com- 
pany. As our readers will probably be aware, Sir 
Charles was the son of the Earl of Rosse, whose 6-ft. 
speculum has already been referred to. New works were 
erected on a site at Walker Gate, Newcastle-on-Tyne, 
in association with the firm of Messrs. C. A. Parsons and 
Company, Limited. Reference has previously been 
made to the 36-in. reflector made at these works, and 
recently described in our columns. 

Apart from telescopes and their mountings, Sir 
Howard Grubb’s interest in practical optics and 
applied science was shown in a variety of ways. It is 
now nearly sixty years since he was chairman of a 
committee to devise a system of electrical control for 
the clocks in his native town. In 1900, he patented 
an entirely new form of gun-sight, and he took an 
active part in the development of periscopes, micro- 
meters, stereoscopes, heliostats, and a variety of other 
instruments. He was intensely patriotic, and when 
the Boyle medal was conferred upon him by the Royal 
Dublin Society in 1912, he took the opportunity to 
refute the prevalent idea that Irish workmen were 
incapable of turning out as accurate work as those of 
other countries where technical education was more 
advanced. He stated that, so far as his experience 
went, Irishmen, if properly instructed and given a 
fair chance, were just as capable as others, and although 
he had employed men of many nationalities, 95 per 
cent. of his then workers were Irish. On the same 
occasion, Sir Howard expressed regret that the 
increasing stress of living tended to restrict oppor- 
tunities for leisurely discussion of points of scientific 
interest, and deplored that the meetings of the Society 





were being more and more occupied by the formal 
reading of papers. His claims for the competency of 
Irishmen would hardly be now disputed, but his 
comments on the increasing formality of the Royal 
Dublin Society’s meetings might be aptly applied to 
those of certain august bodies to-day. While it is 
more fully realised that discussion may well constitute 
the most important part of the proceedings, such discus- 
sion is usually very formal, and the opportunities 
pleaded for by Sir Howard, of informal intercourse 
after the meetings to strengthen personal relationships, 
are becoming more and more rare. 

Sir Howard Grubb’s association with the Roya 
Dublin Society commenced in 1869, and practically 
only terminated with his death. He received the 
Cunningham gold medal in 1881, and the Boyle medal, 
as stated, in 1912. He was a governor of the society 
for many years. His communications, in the form of 
mention in 


scientific papers, are too numerous to 
detail. He was appointed scientific adviser to the 


Commissioners of Irish Lights in 1913. He was a 
Fellow of the Royal Society, a Fellow of the Royal 
Astronomical Society, and an honorary member of the 
Royal Institute of Engineers of Ireland. He held the 
honorary degree of Master of Engineering, University 
of Dublin, and was created a knight in 1887. 








ANNUALS AND REFERENCE BOOKS. 

Kempe’s Engineer's Year Book.—The thirty-eighth 
edition of this comprehensive publication, viz., the 
issue for 1931, is now available. It has won for itself 
such an unassailable position in the professional world 
that any critical description is superfluous, and the 
task of the reviewer, in consequence, becomes one of 
reporting as far as possible to what degree each 
successive edition has been brought up to date. In 
the present instance, this task is rendered easier by the 
editor’s preface, in which it is stated that in order to 
avoid repagination, revision, where it is at all extensive, 
has been carried out by a survey of the latest practice 
in an addendum to the section concerned. This has 
distinct advantages, inasmuch as it enables a ready 
estimate of progress in a particular branch to be made, 
though it has the drawback that it cannot be continued 
for long for want of available space. A good example 
of this treatment is that of the addendum to Irrigation, 
which has been brought up to date by references to 
works in hand as late as the autumn of 1930. The 
quoting of sources and dates of information is also 
commendable. The use of the latter may well be 
extended, especially where costs are concerned, instead 
of such vague expressions as ‘‘ the present-day costs 
of operating,” which in an old table may actually 
be misleading. This is a defect common to practically 
all works of reference, and is easily eliminated by the 
broad rule that everything, with the exception, perhaps, 
of fundamental formule, is liable to change. In 
addition to the addenda, the work, as far as we have 
been able to examine it, has been revised in the text 
itself, and its already established utility has been 
thereby enhanced. The book is published by Messrs. 
Morgan Brothers (Publishers), Limited, 28, Essex- 
street, Strand, W.C.2, for which firm Messrs. Crosby, 
Lockwood and Son, 7, Stationers’ Hall-court, E.C.4, act 
as publishing trade agents for it. The price is 3ls. 6d. 
net. 

“© Hiitte.’ Des Ingenieurs Taschenbuch. vol. i. 
Berlin: Wilhelm Ernst and Sohn. [Price, 17-50 
marks.] It is seventy-five years since Hiilte was 
first published and the present edition is the twenty- 
sixth. No better justification could be found for its 
claim to be indispensable to.every engineer. The 
complete /[Hiitte appears in four volumes; the first 
comprising general technical information and formule, 
while the second, third and fourth are devoted, respec- 
tively, to engines and electrotechnics, civil engineering, 
transport and agriculture. At present only the new 
edition of vol. i is issued; the others are in course of 
preparation. There are eight main sections of vol. i. 
These cover mathematical tables and formule ; 
mechanics (including statics, kinematics, kinetics) ; 
technical physics (sound, light and vibrations), heat 
(transmission, thermodynamics of gases and steam 
combustion), strength of materials, properties of 
materials, the science of measurement and_ practical 
measurements. Much new matter has been added 
to the various sections and they have been thoroughly 
revised. While the volume cannot be regarded in the 
strict sense as a pocket book, the publishers have 
succeeded in keeping its 1,200 pages within conveni- 
ent dimensions and without sacrificing the ease with 
which the text can be read. The thumb index is par- 
ticularly useful, and the alphabetical list of references 
to the most frequently used tables and to the principal 
sections, which is contained just inside the covers, is 
a commendable feature. The present edition worthily 
fulfils the object of the original founders and can _ be 
recommended as providing an excellent compendium 
of useful technical information for the engineer. 
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NAND MACHINERY EXHIBITION AT 
ND 

OLYMPIA—III. 

In the two special Supplements which we 
have already devoted to the exhibition, we have 
endeavoured to make a fair selection of the many 
interesting products shown, and to describe them 
at sufficient length to bring out their more impor- 
tant features. The latter policy—while, as we 
believe, being of the greatest interest to our readers— 
has precluded our dealing with more than a small 
proportion of the exhibits, as over three hundred 
firms are concerned. Of those products of which 
space has hitherto precluded mention, a number 
have already been dealt with in our columns, while 
others, such as pipes, insulating materials and so 
on, do not readily lend themselves to description. 
There remains, however, a number of interesting 
machines not previously described ; some of these 
we deal with in a further selection below, while 
we hope to make others the subject of subsequent 
separate articles. 

In our last issue, we described a new vertical 
heavy-oil engine shown by Messrs. Tangyes, Limited, 
Cornwall Works, Birmingham. The same firm are 
also showing the refrigerating set illustrated in 
Fig. 93, annexed, which consists of a Tangyes single- 
cylinder horizontal oil engine, driving an ammonia 
compressor made by Messrs. The Liverpool Refriger- 
ation Company, Limited, Water-street, Liverpool, 
the two units being mounted on a common base. 
In designing the set, careful attention has been 
directed to producing a unit occupying a minimum 
of head-room and floor space, and having low initial 
and running costs. The actual overall height is 
4 ft. 6 in., and the floor space required is 8 ft. by 
104 ft.; the set is therefore very suitable for instal- 
lation in such small vessels as fishing trawlers. The 
baseplate is of welded steel. 

The engine is of the four-cycle type and develops 
39 brake horse-power at 270 r.p.m. This speed can 
be reduced to about 140 r.p.m. whilst the engine 
is working. A moderate compression pressure is 
employed during normal working, but the full 
advantage of a cold-starting engine is obtained by 
the use of the Tangyes super-compression attach- 
ment. This gear, which needs to be in operation 
for a few seconds only, raises the compression 
pressure sufficiently to ignite the injected charge 
of fuel when starting up the engine in a cold state. 
The cylinder casing forms part of the bed-plate, 
and is therefore supported throughout its full 
length. The main and crank-pin bearings are of 
bronze, lined with white metal. Liners are fitted 
to the crank-pin bearings, thereby enabling wear 
to be easily and quickly taken up. The combustion 
chamber is a separate casting, and the disposition 
of the various valves is so contrived as to render 
them easy of access for examination and cleaning. 
The cylinder liner is of specially hard cast-iron, 
bored and honed, and the piston is ground. The 
liner isremovable. Governing is effected by varying 
the time of opening of a by-pass valve through which 
the surplus oil is returned to the suction side of the 
pump. The time of opening of the by-pass valve 
is varied by a wedge, the position of which is 
determined by the governor. 

The refrigerator has a capacity of 20 tons refrige- 
ration on a gas cycle of 5 deg. F. and 86 deg. F., 
equivalent to 240,000 B.Th.U. per hour. It is of 
the horizontal double-acting type. The cylinder 
and covers are of nickel cast-iron, and the former is 
fitted with a removable liner. This liner is of cast- 
iron, made on the centrifugal process, and with a 
ground bore. The suction and delivery valves are 
in the back cover, as shown, and are of the ring-plate 
type, designed to give a low lift and low gas velocity. 
The valves can be readil,; inspected without disturb- 
ing any pipe connections The front cover, through 
which the piston rod passes, is fitted witha stuffing- 
box accommodating metailic packing, and with gland 
nuts of the geared type to ensure uniform tightening. 
The packing is lubricated by a semi-automatic 
lubricator. The piston is of cast-iron, with rings 
of the same material, and is securely locked to the 
rod. The latter is ground throughout its length. 
The piston and rod can be withdrawn from the 
cylinder by removing the back cover complete with 
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connecting piping. The piston clearance can be 
readily adjusted by altering the position of the 
cross-head, which is of the slipper type, white- 
metalled on the bearing surface. The connecting 
rod is of forged steel, machined all over. It is of 
the forked-end marine type, with white-metalled 
adjustable bearings. 

The connecting piping as fitted to the machine 
at the Exhibition includes the normal suction and 
discharge branches, together with the cross-over 
pipes necessary for relieving the load on the com- 
pressor to simplify starting up. The machine is 
also fitted with the necessary connections and valves 
to enable any part of the ammonia circuit to be 
pumped clear of gas for repairs and overhauls. 
The pipe connections are all of solid-drawn steel, 
the flanges of stamped steel, and the ammonia 
valves of standard Polar type, having white-metal 


high-pressure gas by a connection with a valve to 
a gunmetal lantern situated midway in the packing, 
the pressure being relieved to the suction side of the 
compressor. Gauge stop valves are also fitted to 
the machine on view, for connecting to the suction 
and discharge and pressure gauges. 

The exhibit of the British Thomson-Houston 
Company, Limited, Rugby, has been arranged to 
illustrate, as far as is possible, the part this firm is 
playing in the provision of electrical equipment for 
marine work. As is well-known, they have recently 
built the propelling machinery for the new P. and O. 
liners Strathnaver and Strathaird, and it is therefore 
appropriate that among the exhibits should be 
one of the main propulsion contactors that is used 
on this class of ship. In the alternating electric 
propulsion equipment which the firm have so far 
produced, it has been necessary to use some form 
of circuit opening and closing device in the main 
power circuit of the propeller motors, in order to 
stop and start the ship, while in addition, some 
means of reversing the flow of current in the motor 
stator coils must be provided. In emergency, 
any delay, however trifling, in any of these opera- 
tions may mean damage to the ship. Reliability is, 
therefore, of primary importance, while it must also 
be remembered that these switches may, on occasion, 
have to be operated much more frequently than their 
counterparts in land installations. After careful 
consideration, it was finally decided that these 
conditions were best fulfilled by the use of air 
break contactors and the contactor with its operating 





the valves, and without disturbing any of the 


lever, which is exhibited, is therefore of this type. 








renewable seats. The gland packing is relieved of | 
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It is designed for the control of a 14,000-h.p., 3,000- 
volt motor, and in order that the effort necessary 
to operate it shall be reduced to a minimum, an 
important consideration when docking and in a 
tropical climate, the actual closing and _ release 
of the contact tips is effected by a solenoid, rapidity 
of movement being assisted by springs and the 
weights of the parts themselves. If the solenoid 
circuit should fail it is still possible to close the 
contactor by hand through cams and push rods, 
| while, similarly, if the contact tips ‘‘freeze in” 
due to the passage of excessively heavy currents 
the switch can be opend by a mechanical knock-out. 

Of the auxiliary equipment shown by this firm, a 
useful machine is the deluge-proof vertical motor, 
which has been designed to meet the special condi- 
tions present on board ship, and to comply with 
Lloyd’s requirements in all respects. As its name 
implies, it is contained in a deluge-proof and vermin- 
| proof casing, and any chance of breakdown due 
| to damp is further guarded against by the exclusive 
| use of mica for insulating purposes. In spite of its 
| complete enclosure, the brush holders and terminals 
are readily accessible, and the armature and its 
fan can easily be withdrawn as one unit. The 
fan is arranged above the upper end shield, and is 
covered by a cast-iron canopy so that it tends to 
draw any dust from the bushes away from the 
armature. In addition, to standard roller bearings 
a separate ball thrust bearing of the duplex pattern 
is mounted in the upper housing. These motors are 
made in ten sizes with outputs ranging from 4 to 
40 h.p. at 1,000 r.p.m. and can be operated at either 
constant or variable speed. 

The chief exhibits of Messrs. Sir W. G. Armstrong, 
Whitworth and Company (Engineers), Limited, 
Scotswood Works, Newcastle-upon-Tyne, consist of 
a 250 brake horse-power Armstrong-Sulzer type 
Diesel engine, a Spenser-Hopwood boiler, typical 
melting furnaces, and a dye-casting machine. The 
majority of these exhibits will already be familiar 
to our readers, and two of the exhibits, a 350-Ib. 
brass furnace and a white-metalling plant, were 
described in ENGINEERING, vol. cxxxi, page 218 
(1931). The Spenser-Hopwood boiler is of the 
high-duty, vertical water-tube type, in which the 
working pressure can be raised in from thirty to 
forty minutes. The boiler is particularly suitable 
for installation in restricted spaces; it is easily 
cleaned, and can be fired on coal, coke, oil, or wood, 
with equally satisfactory results. The Armstrong- 








Sulzer type engine is manufactured entirely from 
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British materials by British labour. The engines 
are employed for Diesel-electric units for rail-car 
service or mobile power houses, and have given very 
satisfactory service in these connections abroad. 

Messrs. E. Green and Son, Limited, Economiser 
Works, Wakefield, are showing examples of all 
types of Green and Foster types of economisers, the 
actual exhibits consisting of an economiser with 
48 vertical tubes 9 ft. long, a grilled tube economiser 
of the single-tube type containing 18 tubes 10 ft. 
long, and a Foster economiser with 36 elements 
each 12 ft. long. The firm are also showing models 
of economisers fitted to boilers, and a cast-iron 
oval-tube air heater. 

On page 826 of our last volume, we described 
arange of portable electric tools developed by Messrs. 
Consolidated Pneumatic Tool Company, Limited 
170, Piccadilly, London, W.1. It may be recalled 
that the firm also make the well-known Giant 
range of pneumatic tools, and these are being 
shown at Olympia, together with several drills and 
grinders, in which a rotor takes the place of the 
usual pistons. Two of these tools are illustrated 
in Figs. 94 and 95, above, the former being a 
wrench for tightening and removing nuts and bolts 
up to and including 1} in. nuts, and the latter a drill 
for drilling holes up to } in. in diameter. 

These drills and grinders have been developed to 
overcome the inherent disadvantage of piston-type 
machines. The power is derived from a rotor, 
fitted with vanes, which is concentric with the 
rotor shaft, thus ensuring perfect running balance 
and freedom from vibration. The rotor with its 
vanes, generally four in number, revolves in a 
cylinder which is fitted with a steel liner. Suitable 
inlet and exhaust ports are arranged in the cylinder 
80 as to get as even a distribution of air pressure 
as possible. The result is a very smooth running 
machine with more torque and power and less weight 
per horse-power when compared with the piston 
type of machine. The supply of air is controlled by 
4 governor, which prevents the speed rising above 
a pre-determined point when the load is thrown off. 
This helps to prevent breakage of drills, taps and 
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Fig. 96. DurpLtex Burrer; Messrs BLack AND 
Decker, LIMITED. 


reamers, and reduces the air consumption. The 
vanes are made of non-metallic material which is 
practically unaffected by any moisture in the com- 
pressed air. Automatic lubrication of the rotor 
and vanes is effected by a lubricator in the casing 
of the machine. Grease fittings are placed on 
the gear and governor cases. Ball or roller bearings 
are used throughout. All gears are of heat-treated 
alloy steel. The parts of the machine are held 
together by through bolts. 

The drills are made in various sizes ranging from 
a capacity of }-in. up to 1} in. The }-in. size, 
shown in Fig. 95, is a particularly interesting 
machine on account of its light weight and unusual 
grip. Larger drills are of the side-spindle type, 
in which the distance from the centre of the spindle 
to the outside of the machine is less than on any 
piston-type drill, thus making them particularly 
suitable for work in awkward positions. On these 
side-spindle machines, the feed screw is in line with 
the drill, and suitable thrust races are provided. The 
rotary wrench, shown in Fig. 94, is powerful enough 
to pull up nuts on 1} in. bolts absolutely tight. It 
is provided with a double-ended spindle, one end 
being used for tightening and the other for loosening 
the nuts. No governor is provided on this rotary 
wrench, as when loosening nuts, it is desirable to 
use a high speed to save time. 

Messrs. Black and Decker, Limited, Slough, 
amongst a variety of portable electric tools, including 
drills, sanders, grinders, buffers and valve refacers, 
show the new type of Van Dorn-Black and Decker 
stationary duplex buffer illustrated in Fig. 96, on 
this page. This is notable for having two separate 
spindles, which can be operated either together 
or independently, the latter provision speeding up 
production by enabling one of the buffing heads to 
be changed while the other is still being used. The 
base is a single casting supported on three points 
on the floor and is provided at the back with 
portable covers for access to the motor and spindle 
clutch gear, the cover for the latter being 
removed in the figure. The motor is mounted on 
the lower cover, and is hinged so that the belt may 
be correctly tensioned, this being effected by the 
small star wheel to be seen near the bottom. The 
maximum spindle speed is 3,000 r.p.m., but different 
speeds may be obtained on either spindle by a 
change in the motor pulleys, which are accessible 
through covers at the ends of the base. The machine 
may thus be used for two different operations simul- 
taneously. The drive to the spindles is through 





double Vee-belts and is transmitted through a 
multiple disc clutch on each spindle, each clutch 
being operated by a separate lever controlled from 
the front of the base, and near the push button 
motor control. A magnetic switch, with overload 
and under-voltage protection, is provided inside 
the base as shown. When the spindle is disengaged 
the clutch automatically applies a brake to it so 
that no time is lost in bringing the wheel to rest. 
The spindle runs in double ball bearings housed in 
projecting brackets and protected from dust and 
dirt by all-metal frictionless labyrinth seals. 

Of the portable tools the new Van Dorn-Black 
and Decker High Cycle drill and reamer may be 
mentioned. This has been developed for such 
purposes as shipyard work, and is notable as 
being both compact and light for its capacity. 
Overall height is kept down by placing the motor 
by the side of the spindle, and incorporating the 
feed screw and tool knock-out in the latter. One 
of the side handles is removable for close-up work. 
As regards weight, it may be noted that the size 
with a drilling capacity in steel of j-in., weighs 
26 lb., while that capable of drilling up to 2 in. in 
diameter, weighs 56 lb. The standard motor 
operates on alternating current of 110 volts, 3 phase, 
200 cycles. 

Messrs. Aeroto, Limited, Bush House, Aldwych, 
London, W.C.2, have arranged a comprehensive 
exhibit of Aeroto high-efficiency, stream-lined, 
screw-type fan installations, to illustrate the diverse 
applications of this fan. Amongst other installa- 
tions, mention may be made of a 45-in. diameter 
vertical equipment designed to form an integral 
portion of a ship’s deck ventilator. The fan casing 
actually forms the lower part of the ventilator, 
and all extra space usually required for the fan is 
thus rendered unnecessary. A forced-draught fan, 
45 in. in diameter and of the two-stage type, is 
shown to indicate a typical design of forced-draught 
equipment for use on shipboard or for industrial 
work. An induced-draught fan for dealing with 
gases at a temperature of 550 deg. F. is also shown. 
In this design, a right-angled casing bend is em- 
ployed to house the fan rotor, as in these cases it is 
necessary to place the motor away from the influence 
of the hot gases. Water-cooled bearings are pro- 
vided throughout, and the high fan efficiency, 
together with light weight and compact design, 
render this type of equipment specially useful for 
induced-draught work. The importance of silent 
running has not been overlooked, and to illustrate 
this feature there is shown a 20-in., two-stage, 
silent Aeroto fan installation of the vertical type, 
arranged for deck mounting on shipboard and 
designed to be entirely weatherproof. Amongst 
other exhibits also may be mentioned a fan for 
circulation of refrigerated air on shipboard, and 
also fan units designed for use with existing pipes 
or ventilators. 

Messrs. The Marconi International Marine Com- 
munications Company, Limited, Marconi House, 
Strand, London, W.C.2, demonstrate their tele- 
phone and telegraph transmission systems in an ap- 
propriate manner by the display of three completely 
installed ship’s wireless cabins, while the musical 
side of their activities is practically illustrated by 
the Marconi band repeaters in the restaurants and 
cafés of the Exhibition. Of the exhibits of speci- 
cally topical interest, we may mention the Echometer 
depth sounder, the indicator of which is shown in 
Fig. 97, page 406, the lower part of the case which 
it surmounts containing the transmitting and other 
apparatus. The instrument provides, as its name 
implies, a means for ascertaining the depth of water 
between a ship’s keel and the ocean bed by the 
measurement of the time taken for a sound generated 
at the underwater surface of the ship to travel to 
the sea bottom and back again. In the Marconi 
apparatus, sound waves of a frequency higher than 
those that can be detected by the human ear are 
employed. Such waves can be concentrated in’ a 
beam, from which follows not only economy of 
power but clearness of reflection, as the relatively 
small area covered is less liable to be affected by 
extraneous noises. The depth to the sea bottom 
which can be measured is from 2 fathoms to 360 
fathoms under the keel. 

The transmitting system is similar to a small 
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spark type wireless transmitter, and works from a 
four-volt accumulator battery. It is connected 


with the projector, a fitting of about 1 ft. in diameter 


let into the bottom of the vessel and consisting, in 
essentials, of a mosaic of quartz crystals compressed 
between two thick steel plates. When an oscillatory 
voltage is passed across the plates by the trans- 
mitter, the outer plate vibrates at a supersonic 
frequency and imparts wave motion to the water, 
which, on reaching the sea bottom, is reflected back 
to the projector, now acting as a receiver. Here the 
wave motion is transformed into voltage changes 
which are amplified, in a manner closely following 
wireless practice, and in this way the indicator is 
operated. This instrument, as shown in the figure, 
is provided at the top with an opaque strip-like 
sector graduated in both metres and fathoms. A 
spot of light from a small electric lamp in the case, 
is reflected on to the scale by a revolving mirror 
and an oscillograph mirror, the former being worked 
by clockwork at such a rate that the spot of light runs 
along the scale at the correct speed for sound waves 
in water. This in the instrument means that it 
moves along the scale 60 times in 70 seconds. The 
oscillograph mirror is actuated by current from the 
amplifier and causes a vertical movement of the 
spot of light. Each time the revolving mirror 
starts it actuates a contact, which causes a trans- 
mission to be made producing sound waves, and also 
causing the oscillograph to work and the spot of 
light to jump, resulting in a sharp peak in the light 
image. The receipt of the echo again moves the 
oscillograph, and a second peak will appear further 
along the scale, the distance between the peaks 
being easily read and representing the depth of 
water below the projector. The form of the peak 
also gives some indication of the nature of the sea 
bottom, e.g. whether smooth, rocky, &c. When the 
instrument is being used, a sounding is taken about 
once a second. 

Another interesting exhibit is shown in Fig. 98, 
above, and illustrates the use of wireless telephony 
in yachts, tugs, coasters, trawlers and fishing boats, 
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| tion is not likely to be required at greater distances | rotor, and revolve in unison with it. 
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than 500 miles from the shore. The installation is 


)a small self-contained set which can be operated by 





a person unskilled in the use of wireless. It is a 
simple matter to change over to C.W. or LC.W. 
telegraphy if required, and for the distance men- 
tioned above an efficient service can be maintained. 
The power of the transmitter is 300 watts, and the 
normal wave-length is round about 200 m. The 
installation is tuned, and permanent connections 
made for the wave-length to be used, by the engineer 
who installs the set. 

A high-speed airless injection engine illustrating 
the tendency of Continental design is shown by 
Messrs. Bernard Holland and Company, 17, Victoria- 
street, Westminster, S.W.1. This engine, a four- 
cylinder S8.L.M./Winterthur model, develops 100 
brake horse-power at 850 r.p.m. It is fitted with 
an oil-operated reversing gear, and among its lead- 
ing features is a hand-operated speed regulating 
device which allows a speed variation over a 50 per 
cent. range with a constant fuel consumption. Simi- 
lar engines are available for stationary, marine, 
or traction purposes, and when above 300 brake 
horse-power, are designed to permit the fitting of a 
Biichi supercharger. This apparatus has _ been 
previously described in our columns. 

Messrs. Bernard Holland are also exhibiting the 
rotary compressor illustrated in Fig. 99, opposite. 
This compressor, which is also manufactured by the 
Swiss Locomotive Works, consists essentially of a 
fixed casing or stator in which a rotor is fitted having 
blades free to move radially. As the rotor is smaller 
in diameter than the bore of the stator, and is placed 
eccentrically within it, there is a crescent-shaped 
space between them on the well-known principle. 
When revolved, the blades are kept by centrifugal 
force in contact with floating rings and the casing. 


The crescent-shaped space is divided by the blades | 


into cells which, in turn, expand from a minimum 
to a maximum cubic capacity during the suction 
period, and then decrease to a minimum cubic 
capacity during the compression and delivery periods. 


or similar small vessels where telephone communica- | The floating rings are located near each end of the 


| 
| ° . . . ; > 
| movement of this chamber is indicated by a pointer 


WIRELESS TELEPHONE SET FOR SMALL VESSELS ; MEssrs. 
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These rings 
take the centrifugal thrust of the blades, restricting 
and controlling their pressure. The consequent 
reduced rubbing velocity and low friction, together 
with the absence of reciprocating parts and valves, 
allow a high speed of revolution without vibration, 
or of perceptible wear after long and continuous 
use. Metallic glands of special design are employed 
to dispense with the use of stuffing boxes and 
packing. As regards lubrication, oil is automati- 
cally fed to the machine by a pump with sight feed. 
No other attention is required than the occasional 
refilling of the lubricator. 

The compressors can be run at speeds suitable for 
direct coupling to electric motors, or other fast 
running prime movers. They may also be belt or 
chain driven. Vacuum pumps of similar design 
are manufactured, and both compressors and 
vacuum pumps, if arranged with suitable piping 
and stop valves, will perform the dual service of 
compression and exhausting. The same machine 
can be operated either as a compressor or vacuum 
pump without change of design or altering the 
direction of rotation. 

Messrs. Kent illustrate progress in instrument 
design by an improved pattern of their well-known 
ring-balance flow recorder, which has been produced 
with a view to meeting more particularly the re- 
quirements of the gas and steel industries. The new 
instrument is shown in Fig. 100, opposite. The chief 
development is that the maximum head at which it 
works can be instantly varied, without affecting the 
degree of accuracy, by changing the suspended 
weight seen in the centre of the figure. The working 
parts are designed to withstand pressures up to 20 |b. 
per square inch. The same instrument, therefore, can 
be used for measuring both high-pressure air flows 
as well as low-pressure gas flows. It operates in 
connection with orifices, nozzles or Pitot tubes, and 
consists essentially of an annular divided chamber 
| containing liquid, mounted on a knife-edge, and 
connected by means of flexible pipes to the appa- 
ratus providing the differential pressure. lhe 
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Fie. 99. Drirect-Driven Rotary Compressor; Messrs. Swiss LocoMotTivE Works. 


swinging over a scale and a continuous roll chart, | 
equal spacing both on the scale and chart being | 
effected by the cam attached to the chamber. A 
band running over this cam carries the adjusting 
weight already referred to. Scales are provided corre- 
sponding to each maximum head worked at, so that 
the reading of the chart can be readily evaluated. 
Change wheels are provided on the recorder drum 
so that the chart can be run at speeds of 1 in., 2 in., 
or3in. per hour. The instrument may be fitted 
so that the indications can be electrically trans- 
mitted to a distance, if required. 

The automatic control of the temperature of an 
oil-cracking plant presents a particularly difficult 
problem for the instrument maker, since a com- 
paratively long interval elapses between the action 
taken to correct a change in temperature and the 
effect of the action being felt. We understand, 
however, that very satisfactory results have been 
obtained with the temperature recording and con- 
trolling apparatus devised by Messrs. George Kent, 
and also among their exhibits at Olympia. We 





illustrate on page 410 of this issue, the equipment 
for recording and controlling the temperature of an 
oil-cracking plant supplied by Messrs. Kent to 
Messrs. The Anglo-Persian Oil Company. The chart 
visible in Fig. 101 is 10 in. wide and covers a range 
of 200 deg. F., and the instrument is so constructed 
and calibrated that accurate control can be obtained 
to within + 1 deg. F. at 1,000 deg. F. When work- 
ing at these high temperatures, a suppressed zero 
must be used, but arrangements are made to enable 
the zero to be checked easily and quickly. The gal- 
vanometer and the operating mechanism are 
enclosed in a gas-tight case, which entirely protects 
them from dust and corrosive fumes, and, for oil- 
refinery work, all parts carrying high-voltage cur- 
rents are suitably protected or fitted with flame-proof 
casings. The temperature at which the apparatus 
controls can be adjusted without opening up the 
case, 

The special feature of the apparatus is that it is 
designed to take into account not only the actual 
deviation from the standard temperature but also 
the rate of deviation, a relatively large adjustment 
being made when the deviation and the rate of 
deviation are of the same sign; a very much 
reduced adjustment, no adjustment at all, or even 
an adjustment in the opposite sense is made when the 
deviation and the rate of deviation are of opposite 
Signs, as they are when the temperature is return- 
Ing to the required value after a deviation. This 
method of operation, it is pointed out, gives the most 
tapid response possible under any given set of con- 
ditions, and at the same time entirely eliminates 





hunting. When applied to oil-cracking plants, it 
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has been found to give a better control than can be 
obtained by the most highly skilled and experienced 
hand control, so that longer runs of the plant are 
possible owing to the reduced coking which results 
from the more uniform working temperature. 

In practice, a thermocouple is placed in the outlet 
from the plant, and connected to a moving-coil 
galvanometer in the instrument casing. The devia- 
tion and rate of deviation are measured at intervals 
of 20 sec. by mechanism driven by a constant-speed 
motor. This mechanism is shown in plan, in Fig. 102. 
The galvanometer needle, not shown in Fig. 102, 
is located between the top of a drum and a metal 





disc, extending slightly beyond them, and is firmly 
clamped between these parts each time the 
mechanism operates. Its normal position coincides 
with the vertical centre line in Fig. 102, but if any 
change of temperature has occurred it will move to 
one side or the other when released. The two bell- 
crank levers shown are rotated by the mechanism 
so that their lower ends close together on to the end 
of the galvanometer needle, which is then clamped, 





and if any deflection has taken place while the 
needle was free, the drum will be rotated by the 
pressure exerted on the end of the galvanometer 
needle. Attached to the drum and rotating with 
it is a potentiometer slide wire, which moves against 
a fixed contact, the motion, produced as explained 
above, continuing in steps until the balance has been 
restored, when the galvanometer needle will remain 
in the central position. The total movement of the 
drum is, therefore, proportional to the change in 
temperature, and, as the drum is mechanically 
connected to the pen of the recorder, a record of the 
temperature is obtained. The drum is also fitted 
with a cam of the form shown on the right in Fig. 102, 
and a roller arm bearing on this cam controls the 
opening and closing of two contacts which, in turn, 
control the flow of current to two solenoids. The 
latter open or close a throttle valve in the fuel- 
supply pipe to the plant, by mechanism which 
will be referred to later. The position of the valve is 
thus dependent on the temperature deviation from 
the normal. 

The same solenoids are also controlled by two 
other contacts, the opening and closing of which is 
dependent on the rate at which a temperature 
deviation takes place. These contacts are carried 
on the ends of the bell-crank levers which close on 
to the end of the galvanometer needle, as already 
explained, and can just be distinguished in Fig. 101 ; 
they are clearly shown in Fig. 102. It will be evident 
that which of these contacts is closed will depend 
upon the direction in which the galvanometer needle 
has been deflected, i.e., upon whether the tempe- 
rature is rising or falling, and the length of time 
for which either of the contacts is closed will depend 
upon the extent of the deflection, 7.e., upon whether 
the change in either direction is taking place rapidly 
orslowly. It may here be mentioned that, although 
the electrical circuits are made by the contacts 
referred to, they are broken by mercury switches, 
so that damage to the contacts by sparking is 
avoided. 

A photograph of the control valve in the fuel pipe 
line is reproduced in Fig. 103, and a sectional eleva- 
tion and plan of the operating mechanism are given 
in Figs. 104 and 105, respectively. One of the two 
solenoids is shown on the left in Fig. 104, and both 
can be seen in Fig. 105. As will be clear from the 
former, the plunger of each solenoid is connected to 
a pivoted frame in which is mounted a spindle, fitted 
with a worm wheel near its upper end. When one 
of the solenoids is energised, its frame is pulled over 
so that the worm wheel engages with a worm on a 
horizontal shaft, which is driven continuously at a 
high speed by a small electric motor. The engage- 
ment, it is of interest to note, takes place positively 





and instantaneously, without any shock, and 
the arrangement constitutes a novel form of me- 
chanical clutch which has been found to work con- 
tinuously without noise or wear. When one or 
other of the worm wheels is engaged, the control 
valve is opened or closed by a train of gears, crank 
arms and links, as will be clear from Figs. 103 to 105. 
A differential gear is included so that if both worm 
wheels are engaged simultaneously no movement of 
the valve takes place, and provision is made for the 
controls to be inoperative when the valve is opened 
to a predetermined extent and when it is fully shut. 
Push-button control, which overrides the auto- 
matic control, is also provided. 

Although the apparatus above described was 

specially designed for use with oil-cracking plants, 
it has obviously other industrial applications in 
which a close control of temperature is required, 
and where there may be a considerable time lag 
between a change of conditions effected by the con- 
troller and a change of temperature at the control 
point. The control valve could, of course, be used 
to regulate the supply of circulating water, as well as 
of fuel. 

In addition to the internal-combustion engines 
dealt with in our previous issues, we may mention 
those shown by Messrs. Morris Motors, Limited, 
Gosford-street, Coventry. The firm are showing five 
engines, all of 12/24 h.p. rating, and generally similar 
to the unit described in ENGINEERING, vol. exxviii, 
page 329, but each having modifications for special 
service. Three of the engines are arranged for 
driving winches, dynamos, or compressors; the 
fourth is provided with hand-starting gear and is 
particularly suitable for locomotives, while the 
fifth is specially arranged for tropical conditions. 
We may also refer to the Kromhaut engines, exhi- 
bited by Messrs. Perman and Company, Limited, 
§2-83, Fenchurch-street, E.C.3. These engines are 
too well known to require description, but it may 
be stated that four models are shown—a_ two- 
cylinder marine engine developing 18 brake horse- 
power, a three-cylinder marine engine developing 
150 brake horse-power, a two-cylinder stationary 
engine developing 13 brake horse-power, and a small 
single-cylinder marine unit. 

Messrs. Negretti and Zambra, 38, Holborn- 
viaduct, E.C.1, are showing a number of instruments 
for marine use. Prominent amongst these are 
examples of their high-range mercury-in-steel 
thermometers for measuring Diesel exhaust tem- 
peratures up to 1,200 deg. F. These thermometers 
are constructed on the well-known principle 
employed in all the distance thermometers made 
by the firm, with direct-action movement and 
compensated capillary tubing. The former elimi- 
nates all backlash and friction, and the latter 
prevents the instrument being affected by change 
of temperature in the surrounding air. One of the 
firm’s distance-reading thermometers was described 
in ENGINEERING, vol. cxxviii, page 344 (1929). 
Another interesting instrument exhibited is a 
** Boost ” gauge, which shows the absolute pressure 
in the induction pipe of the engine, independent of 
barometric pressure variations. The principle of 
this instrument was explained in ENGINEERING, 
vol. exxvii, page 84 (1929). 

Examples of the Vintex self-cleaning air filter 
are exhibited by Messrs. Ozonair, Limited, St. 
Leonard-street, Westminster, S.W.1. The filters 
consist essentially of a number of corrugated plates 
spaced uniformly apart and held rigidly in a frame. 
The plates are fixed vertically, and are made up in 
panels of varying height and width, any required 
number of panels being bolted together to form a 
complete filter. There are containers above and 
below the panels, and tc clean and recondition the 
filter, the fluid in the base tank is pumped into the 
top container, from which it flows through a series 
of small holes or passages down the surface of the 
corrugated plates of the filter. 








FUELS FROM THE NATIONAL STANDPOINT.—A_ joint 
meeting of the Iron and Steel Institute and of the Insti- 
tute of Fuel will be held on October 7, at 7 p.m., in the 
lecture theatre of the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, London, W.C.2, 
under the chairmanship of Sir David Milne-Watson, 
president of the Institute of Fuel. Dr. W. R. Ormandy 
will present a paper on ‘Coal: Smokeless Fuel and 
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CONTRACTS. 


Messrs. BLACKSTONE AND COMPANY, LIMITED, Stam- 
ford, have received a contract for the supply and erection 
| of the whole of the machinery required for the Eastleigh 
jand Bishopstoke sewerage scheme. This includes the 
complete power-house plant for the supply of electricity 
for driving the sewage pumps, 13 unchokeable pumps, 
transformers, cables, lighting, telephones, wiring and 
pipes. 

Messrs, NEWTON, CHAMBERS, AND COMPANY, LIMITED, 
Thorneliffe Ironworks and _ Collieries, near Sheffield, 
have received an order from the Skipton Urban District 
Council (subject to the sanction of the Ministry of 
Health) for a mild-steel high-pressure gasholder of 
250,000 cu. ft. capacity. ‘ 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Production of Cleveland 
pig has shrunk to small dimensions, ironmasters being 
determined to regulate, as far as possible, output to 
demand. Little of the present restricted make is 
available for the market after ironmasters have made 
provision for needs of their own consuming depart- 
ments. Quantities stored at the blast furnaces are not 
of embarassing size, and makers state that stocks are 
not increasing. Most sales are still direct by producers 
to home users, merchants being prohibited under terms 
of contract with ironmasters from dealing with prin- 
cipal home consumers. Export trade is still very quiet. 
Some expansion of business with overseas customers 
is, however, looked for. Sales to Scotland are as diflicult 
as ever to put through, dealers in iron from the Continent 
and from India retaining the Scottish trade by under- 
selling the specially-low rates at which Cleveland pig is 
offered to firms across the Tweed. For home purposes 
No. 1 Cleveland is 6ls.; No. 3 g.m.b., 58s. 6d.; No. 4 
foundry, 57s. 6d.; and No. 4 forge, 57s. Small lots of 
Midland iron are still being purchased for use on Tees-side. 

Hematite-—East Coast hematite pig is comparatively 
cheap, as producers, in their anxiety to liquidate heavy 
stocks, are offering iron on altogether unprofitable terms. 
Output is small, and may be still further curtailed, as it 
is rather more than ample for the present very moderate 
needs. Of the four blast furnaces that remain in opera- 
tion in this area only two are on full blast. Ordinary 
qualities are barely 1s. above the rate ruling for No, 3 
Cleveland, as compared with a normal pre-war difference 
of about 8s. Sellers offer hematite mixed numbers 
at 59s. 6d., and are stated to have accepted slightly 
less. 

Foreign Ore.—Foreign ore is unsaleable. Consumers 
are heavily bought, and have large stocks, with the 
result that they are off the market. In the continued 
absence of business, values are difficult to fix. Best 
rubio is put at 14s. 6d. ¢.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
abundant, and local buyers are very backward, but for 
good average qualities, delivered here, 15s. is still generally 
asked. 

Manufactured Iron and Steel.—A few contracts have 

been secured for one or two descriptions of finished iron 
and steel, but more orders are urgently needed for 
nearly all commodities. Prices are not quotably 
changed. Common iron bars are 10/.; best bars, 
101. 10s.; double best bars, 11/.; treble best bars, 
11/. 10s.; packing (parallel), 8/.: packing (tapered), 
101. ; steel billets (soft), 5/. 15s. ; steel billets (medium), 
6l. 12s. 6d. ; steel billets (hard), 71. 2s. 6d. ; iron and steel 
rivets, 111. 5s.; steel ship plates, 8/. 15s. ; steel angles, 
81. 7s. 6d.; steel joists, 8/. 15s.; heavy sections of steel 
rails, 87. 10s. for parcels of 500 tons and over, and 9. 
for smaller lots; fish plates, 12. 10s.; black sheets 
(No. 24 gauge), 7l. 10s.; and galvanised corrugated 
sheets (No. 24 gauge), 91. 
Scrap.—Demand for scrap is very quiet. Borings are 
22s.; turnings, 26s.; light cast iron, 3ls. 6d.; heavy 
cast iron, 40s.; machinery metal, 40s.; and heavy 
steel, 37s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, WEDNESDAY. 
Tron and Steel.—The brighter tone which, this week, 
characterises business in iron and steel is attributed to 
the Government's firm action respecting the gold standard 
suspension. Though it is impossible to point to improved 
bookings in any section, there is a widespread impression 
that export sales will expand, and that some check will 
be placed on the rush of foreign imports. A more 
liberal buying movement is expected to develop during 
the autumn. Home and foreign outlets are being found 
for the bulk of basic and acid steel produced at furnaces 
in the district, though there is still a substantial propor- 
tion of plant standing idle, and profits are cut to the 
barest margin. Bar iron producers are badly under- 
sold by Belgian competitors, who are sending supplies 
into this country at pounds per ton below the British 
cost. Business in the crown bar trade is also greatly 
restricted, while malleable iron is a depressed market. 
Re-rolling mills are passing through a difficult time. One 
of the biggest concerns in the district is turning out Jess 
in a month than it used to produce in four days. The 
oddment character of orders is one of the chief drawbacks. 
Users of ferro-alloys are holding off the market despite 
the unusually low level of prices. Quotations :—Siemens 
acid-steel billets, 9/. 2s. 6d. ; hard basic billets, 6/. 12s. 6d. 
to 8l. 12s. 6d.; soft basic billets, 6/.; soft wire rods, 
71. 10s.; iron hoops, 11/. 15s.; steel hoops, 9/. 10s. ; 
crown iron bars, 91. 15s.; Derbyshire foundry pig 1ron, 
63s. 6d.; Derbyshire forge iron, 60s. 6d.; basic scrap, 
33s. 6d. South Yorkshire firms are mentioned freely 
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Oil from the National Standpoint.” 
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in the latest list of Government contracts. Shettield 
is to supply cooking equipment and high-speed drills to 
the Admiralty, and bullet-proof steel plate to the War 
Office. The Air Ministry has ordered hack-saw blades 
and bombs. Tanks are to be made for the Crown Agents 
for the Colonies, and telephone exchange equipment for 
the Post Office. Gross business in railway steel continues 
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to decline, but encouraging inquiries are in circulation. 
A substantial order for railway axles has been placed in 
Sheflield by the Egyptian State Railways. The electri- 
fication of the Hungarian railways is giving rise to a lot 
of work from which Sheffield firms are benefiting. 
Sheffield steel has been used for the manufacture of a 
heavy tonnage of electrical apparatus and machinery 
for installation in Hungary. New Zealand has placed an 
order in Sheffield for one of the latest type of coal 
washing plants. 

South Yorkshire Coal Trade.—Business in steam coal 
has improved. A healthier demand on export account 
has produced a brighter tone in best qualities, outputs 
of which are well sold. Inland sales are on a moderate 
level. On the other hand, supplies of washed and 
screened sorts are more than adequate to meet the 
demand. Some pits have larger stocks of smalls than 
they can conveniently handle. The decline in house- 
coal business, following the price advance at the begin- 
ning of this month, continues, but merchants are hopeful 
that stocking operations will receive an impetus in the 
early future. Slightly better conditions are reported in 
furnace and foundry coke. Quotations :—Best hand- 
picked branch, 24s. 6d. to 25s. 6d.; South Yorkshire 
best, 28s. 6d. to 248s. 6d.; Derbyshire brights, 21s. to 
22s, ; best housecoal, 21s. 6d. to 22s. 6d. ; screened house- 
coal, 198, to 20s.; best screened nuts, 188, to 19s. ; 
small screened nuts, 16s. 6d. to 17s. 6d. ; Yorkshire hards, 
I7s. to 18s. 6d.; Derbyshire hards, 17s. to 18s. 6d. ; 
rough slacks, 9s. 6d. to 10s. 6d.; nutty slacks, 7s. 6d. 
to 8s. 6d.; smalls, 5s. 6d. to 6s. 6 








NOTES FROM THE NORTH. 
GuLascow, Wednesday. 

Scottish Steel Trade.—The state of the Scottish steel 
trade continues to give much cause for anxiety to all 
connected with it. Current output is on a very small 
scale, as there is a very poor demand both on home and 
export account, and a fair proportion of the plant in 
the district is out of commission. General inquiries 
give little cause for enthusiasm, although producers 
are fairly sanguine for the future. Recent events in 
the political world may have a good effect on the 
industry, but it is still too early to expect much change 
for the better. The arrangements made by the National 
Government to balance the budget seemed to be hard 
on most people, but the latest move to suspend the gold 
standard will certainly assist business, at least tem- 
porarily, and improve trading. In the black steel sheet 
trade the conditions at the moment are none too good, 
and orders both for black and galvanised sheets are badly 
needed. The following are the current market quota- 
tions :—-Boiler plates, 101. 10s. per ton; ship plates, 
8l. 15s. per ton ; sections, 8/. 7s. 6d. per ton; black steel 
sheets, }-in., 71. 5s. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 107. 5s. per ton, all delivered at 
Glasgow stations. 

Malleable Iron Trade.—A depressed state continues 
to prevail in the malleable-iron trade of the West of 
Scotland and broken time rules all round. Orders are 
only of a hand-to-mouth description and are easily 
overtaken, while inquiries are of little moment. The 
re-rollers of steel bars are very similarly placed and are, 
in many cases, simply marking-time. Current prices are 
as follows :—Crown bars, 101. 5s. per ton for home 
delivery and 9/. 10s. per ton for export; re-rolled steel 
bars, 6/. per ton for home delivery or export. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron trade 
there is still little movement, and with the output from 
the one furnace in operation, plus the stocks on hand, 
all calls are easily met. The recent reduction in prices 
seems to have failed to stimulate the demand. To-day’s 
market quotations are as follows :—Hematite, 68s. 6d. 
per ton, delivered at the steel works ; foundry iron No. 1, 
72s, per ton; and No. 3, 69s. 6d. per ton, both on trucks 
at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 19, only amounted to 148 tons. 
Of the total, 92 tons went overseas and 56 tons coastwise. 
During the corresponding week of last year the figures 
were 170 tons overseas and 37 tons coastwise, making a 
total shipment of 207 tons. 








NOTES FROM THE SOUTH-WEST 
. 
CarpirF, Wednesday. 

The Coal Trade.—The depreciation in sterling, owing 
to going off the gold standard, and its possible effect on 
the coal trade of this country has, of course, been the 
principal topic amongst colliery owners and coal exporters. 
he lowering of the pound of course means that foreigners 
can purchase Welsh coal on a lower basis, which at 
current rates of exchange works out at about 2s. 6d. a 
ton less than vas the case at the end of last week. This, 
'tis hoped, will enable Welsh exporters to compete more 
Suecesstully with Continental producers, and eventually 
lead to increased shipments and automatically to larger 
outputs, cheaper production costs, and better employ- 
tment for the miners. On the other hand, it is recognised 
that other countries might counteract the advantage of 
lower rates of exchange by reducing prices, while it is 
also borne in mind that the chief foreign consumers of 
British coal have already placed limits on the quantity 
ot coal which may be imported with a view to protecting 
their own coal industries, a factor which may prevent 
foreigners benefiting from the change which has taken 
Place. There is, however, an optimistic feeling that 
foreign consumers will find a way of taking British coal 
if the price is competitive with German, Belgian, Dutch, 
French, Spanish, and Polish coals, while it is also reckoned 














that the inland consumption of British coal should be 
increased as a result of dearer foreign goods and the 
likelihood of brisker conditions in the home iron and 
steel industries. Meanwhile, although tentative inquiries 
circulate more freely, actual business remains exceedingly 
slow, and shipments in the past week at 353,200 tons 
were 17,000 tons below the quantity exported from 
South Wales abroad in the preceding six days. Supplies, 
too, remain plentiful, and shippers can still obtain their 
requirements at schedule prices, based on 19s, 6d. per 
ton f.o.b. for best Admiralty large, and 13s. 6d. for best 
bunker smalls. Gloom has, however, been changed to 
a feeling of optimism, but whether this is justified can 
only be determined by future events. 

Colliery Shares Appreciate.—For the first time for 
some months coal and iron shares have appreciated as 
a result of expectations of an increased export trade, 
and more active conditions in the iron and steel trades. 
After being closed on Monday and Tuesday, the Cardiff 
Stock Exchange was opened to-day, and though dealings 
were on quiet lines, as holders were not keen to sell, 
prices were appreciably above those ruling on Saturday. 
Baldwins ordinary, for instance, were put up Ils. to 
3s. 14d.; Powell Duffryn ordinary, 2s. 6d. to 7s. 6d. ; 
Guest, Keen and Nettlefolds ordinary, 4s. to 19s. 6d. ; 
Amalgamated Anthracite ordinary, ls. 74d. to 4s. 14d. 
Ocean-Wilsons ordinary, Is. 14d. to 7s. 6d. ; Tredegar A, 
ls. 9d. to 7s. 6d. ; and Tredegar B, 2s. to 11s. 3d. 

Tron and Steel.—-Exports of iron and steel goods last 
week totalled 8,229 tons, against 14,873 tons in the 
preceding six days, shipments of tinplates and terneplates 
falling from 6,035 tons to 5,795 tons, galvanised sheets 
from 2,570 tons to 891 tons, and other iron and steel 
goods from 5,528 tons to 306 tons, while blackplates and 
sheets increased from 741 tons to 1,237 tons. 











NOTES FROM THE NORTH-WEST. 
MANCHESTER, Wednesday. 

Tariff Proposals.—The possibility of the introduction 
of tariffs at an early date, is engaging the earnest 
attention of leading interests in the North-Western iron 
and steel and allied industries, and the opinion is freely 
expressed that action by the Government along these 
lines would prove of greater assistance to industry than 
any measure initiated in recent years. Quite one of the 
significant events of the last few days is the issuing by 
the Manchester Chamber of Commerce, of a manifesto 
welcoming on behalf of a majority of its members such 
a change in fiscal policy. The Chamber, too, has appointed 
a committee to investigate trading possibilities with 
Russia, which it is stated is at present contemplating 
the placing of extensive orders for machine tools and 
various kinds of heavy machinery. Generally, business 
is slack, and few sections are really busy. Machine 
tool manufacturers continue rather busier than for some 
time past, but textile machinery manufacturers and 
boilermakers are booking few orders of any magni- 
tude. 

Brighter Outlook for Railway Material Manufacturers.— 
Firms in this section are now doing more business, and 
hope is entertained locally that fairly substantial orders 
may be secured by Manchester and Workington firms 
in connection with Chinese railway development schemes. 
Already the United Steel Company’: steelworks at the 
last named place, which have been idle for a month, 
have resumed operations consequent upon the placing 
of a contract for 35,000 tons of rails, sleepers and fish- 
plates for China. Employment will be given at the 
steelworks to 1,000 men for several weeks. 

Good Contracts.—At Preston, Messrs. The English 
Electric Company Limited, last week gave a demonstra- 
tion, to a representative company, of one of the new 
petrol-electric trains which they are building for Messrs. 
The Drewry Car Company, Limited, for use on the Ber- 
muda Railways. English railway authorities it is stated 
are interested in the train, particularly for short journey 
work. Constructional steelwork undertakings are finding 
conditions rather difficult at present because of the con- 
tinued reluctance of clients to place orders for materials 
for schemes which have been deferred for considerable 
periods. Messrs. Edward Wood and Company, Limited, 
of the Ocean Ironworks, Trafford Park, Manchester, 
are still fairly busy, and have in the last few days strength- 
ened their order book with a contract for the manufacture 
of steelwork for new studios at Elstree for Messrs. The 
British and Dominion Films Corporation Limited, and 
also for telephone exchanges at Stetchford and Hales- 
owen. 





THE SANKEY-LLOYD STEEL SPLit PuLLEY.—The all 
wrought-steel pulley so much favoured for line shafting 
abroad is very well represented by the British product 
manufactured by Messrs. Joseph Sankey and Sons, 
Limited, Hadley Castle Works, Wellington, Shropshire. 
This pulley is split both across the diameter and across 
its plane, the two halves of the rim formed by the latter 
division having a rolled edge at each side. The two 
inner edges are firmly fixed together by rivets passing 
through the ends of the double arms, which are of 
pressed steel, with stiffening ridges, and are similarly 
riveted to the shell of the hub, the whole forming a rigid 
yet light structure. The hub shell is provided with a 
bush which is, of course, in halves, and is drawn up on 
the shaft by means of bolts. The pulley can thus be 
secured firmly to any part of a line shaft without cutting 
keyways or using set-screws, while the system of inter- 
changeability adopted for the bushes renders it possible 
to adapt, within limits, any size of pulley to any size of 
shaft by using a suitable bush. The pulley is made in 
standard widths and of diameters between 3 in. and 
48 in, 








NOTICES OF MEETINGS. 


INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS.— 
North-Western District : Saturday, September 26, 11 a.m., 
North Euston Hotel, Fleetwood. Discussion on “ Fleet- 
wood’s Ten Defence Works and Promenades with 
Reference to the Flood of October 1927.” ‘* Improve- 
ment Works at Fleetwood, 1926-1931.” 

IRON AND STEEL Institrute.—Autumn Meeting— 
Tuesday, September 29 to October 2. Royal Metal 
Exchange, Swansea. Tuesday, September 29, 10 a.m. 
‘“* The Constitution of the Iron-Tin Alloys,”’ by Professor 
C. A. Edwards and Mr. A. Preece. ‘‘ The Diffusion of 
Tin into Iron, with Special Reference to the Formation 
of Columnar Crystals,”’ by Professor C. O. Bannister and 
Dr. W. D. Jones. ‘The Effect of Molybdenum on 
Medium-Carbon Steels containing 1 per cent. to 2-5 
per cent. of Manganese,’’ by Mr. G. Burns. ‘ The 
Influence of Silicon on Nickel Steel,” by Mr. R. Harrison. 
Wednesday, September 30, 10 a.m., ‘‘ Mottled Tinplates,”’ 
by Mr. J. C. Jones. ‘ The Equilibrium of Certain Non- 
Metallic Systems,”’ Part I, by Professor J. H. Andrew, 
Mr. W. R. Maddocks and Mr. D. Howat. Part II by 
Professor J. H. Andrew, Mr. W. R. Maddock, and Mr. 
E. A. Fowler. ‘‘ Alloys of Iron Research. Part X.— 
The Chromium-Iron Constitutional Diagram,” by Mr. 
F,. Adcock. ‘“ The Effect of Surface Conditions produced 
by Heat Treatment on the Fatigue Resistance of Spring 
Steels,’ by Dr. G. A. Hankins and Dr. M. L. Becker. 
“The Solidification and Crystallisation of Steel Ingots ; 
the Influence of the Casting Temperature and the Under- 
cooling Capacity of the Steel,”” by Dr. B. Matuschka. 
Thursday, October 1, 10 a.m. ‘* Production Economy 
in Iron and Steel Works. Part II.—Costs of Produc- 
tion,” by Dr. O. Cromberg. “The Surface Hardening 
by Nitrogen of Special Aluminium-Chromium-Molyb- 
denum Steels on a Production Basis,” by Mr. W. 
Cunningham and Mr. J. 8S. Ashbury. ‘‘ The Structure of 
Nodular Troostite,” by Colonel N. T. Belaiew. ‘A 
Critical Study of the Origin of the Banded Structure of 
a Hot-Worked Hypo-Eutectoid Steel,” by Professor 
F. C. Thompson and Mr. R. Willows. 

INSTITUTION OF MECHANICAL ENGINEERS.-—North- 
Western Branch: Thursday, October 1, 7.15 p.m., 
Engineer’s Club, Albert-square, Manchester. ‘‘ Factory 
Expenses from the Manager’s Point of View,’’ by Mr. 
J. M. Newton. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Thursday, 
October 1, 8 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2._ Presidential Address. ‘* The Internal- 
Combustion Engine and its Performances,”’ by Mr. W. A. 
Tookey. 

INSTITUTION OF CHEMICAL ENGINEERS.—Friday, 
October 2, 6 p.m., Chemical Society, Burlington House, 
Piccadilly, W.1. “The Gas Generator as a Direct 
Producer of Metallurgical Products,” by Mr. N. E. 
Rambush and Mr. F. F. Rixon. 


JUNIOR INSTITUTION OF ENGINEERS.—-Friday, October 
2, 7.80 p.m., 39, Victoria-street, S.W.1.  ‘‘ Reinforced 
Concrete in India,”’ by Mr. R. P. Mears. 

INsTITUTE OF British FouNDRYMEN.—Lancashire 
Branch : Saturday, October 3, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. “Low Total 
Carbon Cast Irons and their Service to the Foundrymen,” 
by Mr. W. West. 








BritisH PRODUCTION OF PIG-IRON AND STEEL, 
According to data issued by the National Federation of 
Iron and Steel Manufacturers, Caxton House, Tothill- 
street, London, 8.W.1, the number of blast furnaces in 
operation at the end of August was 64, six furnaces 
having been blown out during the month. Production 
amounted to only 275,000 tons, compared with 317,000 
tons in July, and 416,700 tons in August, 1930. The 
August output of steel ingots and castings amounted to 
357,300 tons, compared with 428,700 tons in July and 
,300 tons in August, 1930. 









LIVERPOOL CORPORATION TRAMWAYS AND OMNIBUSES. 
—tThe first short stretch of line on the Liverpool Corpora- 
tion Tramways, that between Dingle and South Castle- 
street, via Park-lane, was opened on November 16, 1898. 
Other lines quickly followed and construction operations 
have continued down till the present time. Among the 
last routes to be opened was that between Woolton and 
Muirhead-avenue, which was completed in September. 
1930. According to the report of Mr. P. Priestley, generai 
manager o thet undertaking, for the 12 months ending 
March 31, 1931, the length of track now operated 
amounts to 164-44 miles. The total revenue during the 
year under review was 1,405,5051. and the net surplus 
16,3841., which figure, owing to diminished traffic reeeipts, 
was more than 55,000/. below that for the previous year 
and about 63,000/. less than for 1929. The total 
charges, per car-mile, were 15-87d., while the earnings, 
per car-mile, totalled 16-61ld. The average fare paid per 
passenger was 1-29ld. The length of the routes operated 
by the Corporation motor omnibuses was 248 miles, the 
total charges, per omnibus-mile, being 18 -54d. and the 
earnings, per omnibus-mile, 13-13d. A large number of 
the omnibuses are only run for comparatively short 
periods each day with consequent smail route mileages 
and excessive unproductive garage charges. Additional 
Corporation housing estates are being developed in 
districts not served by tramway routes and omnibus 
services have consequently to be run. These services, 
it is pointed out in the report, are being operated at a 
loss, which is likely to continue until the districts are 
more fully developed. 













































































































































410 


TEMPERATURE 


ENGINEERING. 


[SEPT. 25, 1931. 








RECORDING 


AND CONTROLLING APPARATUS 


AT OLYMPIA. 





















CONSTRUCTED BY MESSRS. 
(For Description, see Page 404.) 


GEORGE KENT, LIMITED, ENGINEERS, LUTON. 
































Fig. 101. TEMPERATURE CONTROLLER AND RECORDER. 
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Tue Roya AvRonavTicaL Soctety.--The following | for his paper on “ The Influence 
awards have been made by the Royal Aeronautical | of Atmospheric Humidity and 
‘ a hl ‘ ‘ | . ra . 
Society; The Simms Geld Medal to Dr. A. H. Davis| other Factors upon the Statice 
for his paper on * Noise.” The This memo- 


awarded for the best paper in any year read before the 
Society on science allied to aeronautics, for example, 


rial prize is awarded for the best 


Simms Gold Medal a Lift of Airships.” 
| paper received by the Society 

















meteorology, wireless teleyraphy, instruments, &e. The 
Taylor Gold Medal to Squadron-Leader W. R. D. Acland, | nature in the science of aero- 
D.F.C., A.F.C., for his paper on “ Deck Flying.” This | nautics, preference being given 


on some subject of a technical 














medal is awarded for the most valuable paper submitted | to papers which relate to air- 
or read during the previous session before the Society ships. The Busk Memorial Prize 
by a member or non-member. The Silver Medal has} has been awarded to Mr. A. 
been awarded to Mr. H. C. H. Townend, B.Sc. (Eng.), | Gouge, F.R.Ae.S., for his paper 
A.F.R.Ae.S., for his work on the Townend ring, this medal | on ‘* Some Problems in the De- 
being awarded by the Society for some advance in| sign of Sea-going Aircraft.” This prize 
aeronautical design. The R.388 Memorial Prize has been | annually for the best paper received by the Society on 
allocated to Professor R. V. Southwell, M.A., F.R.S.,| some subject of a technical nature in connection with 
F.R.Ae.S., and Miss L. Chitty, A.F.R.Ae.S., for their paper | aeroplanes, including seaplanes. The Pilcher Memorial 
on ** Some Problems of Primary Stress Determination in| Prize has been awarded to Mr. S. G. Hooker, student 
Airship Hulls,” and Mr. W, G, Bird, M.A., A.F,R.Ae.S., ‘of the Society, for his paper on ‘“ The Compressibility 








is offered ; Effects in High-Speed Air Flow.” 
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This memorial prize 1S 
intended forastudent of the Society for the best paper eters 
subject dealing with aeroplanes. The Daniel ee 
Gold Medal for the year 1931, has been presented to 
F. W. Lanchester, LL.D., F.R.S., Hon.F.R.Ae.S., for = 
contributions to the fundamental theory of aerodynamics. 
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the facet that the above is our SOLE ADDRESS, 
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Journal and any other publications bearing 
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ENGINEERING FAILURES. 

Ir is an old gibe that the doctor conceals his 
worst mistakes underground. The engineer is less 
fortunate; it was impossible to conceal such a 
catastrophe as the collapse of the Tay Bridge which 
occurred in 1879. The engineer is also less lucky in 
escaping retribution for his ignorance or blunders, 
and the difference in the treatment accorded to the 
two professions is of very long standing. There is 
no evidence that Sennacherib visited on his medical 
staff any of the annoyance which must have fol- 
lowed the destruction of his host by plague, but 
Xerxes decapitated the engineers responsible for the 
first two bridges constructed across the Hellespoint, 
when these were carried away by a hurricane. In 
this country we have had no really serious catas- 
trophe to a civil engineering structure since the 
destruction of the Tay Bridge. Most of our mis- 
takes were made many decades ago, when data 
were few, and experience limited. It is said that 
Brunel, when reproached by his directors for a 
bridge failure, actually congratulated them, on the 
ground that he had intended to put up another 
half dozen‘to the same drawings, but in view of 
the experience just gained could now make sure 
that these would prove equal to their work. Not 
many large civil engineering works have been con- 
structed in this country of late years, and we know 
fairly well the worst conditions to be provided for. 
Moreover, neither Parliament nor the Board of 
Trade will allow risks to be taken, and until the 
last two or three decades, money was always forth- 
coming sufficient to make assurance doubly sure. 
Elsewhere, and particularly in the newer countries, 
data are lacking about the worst conditions which 
may possibly arise, and, moreover, it is not infre- 
quently the case that works must be executed 
cheaply, or not at all. In fact, in the nineties’ of 
last century, it was an accepted maxim in America 
that unless a long line of railway had an occasional 
washout, capital must have been wasted from over- 
caution. 








In general, those engineers who know most 
about failures are the least ready to discuss them, 
an attitude of mind which is readily intelligible, 
since association, even innocent, with unsuccessful 
projects is but a poor advertisement. Special 
thanks are accordingly due to Mr. H. H. Dare 
for a paper, read recently before the Sydney 
division of the Institution of Engineers, Australia, 
in which he gives details of a number of failures 
more or less serious, which have occurred in connec- 
tion with public works in Australia. Many of his 
experiences seem to point to dangers inherent in 
the local conditions, whilst others draw attention 
to certain troubles which have developed in con- 
nection with concrete, either plain or reinforced, 
and directly attributable to the saving in weight 
which improvement in materials and methods has 
made practicable. 

Most of the failures, he records, have been due 
either directly or indirectly to water, proving yet 
once again the truth of the old Scottish contractor’s 
lament that ‘“‘ Ye canna cheat water.” Rainfall 
statistics in Australia do not cover adequately either 
a very wide area, or a long period of years. Hence, 
those responsible for the construction of impounding 
reservoirs have to do the best they can with such 
data as are available. The spillways for the great 
Burrinjuck dam were, Mr. Dare states, originally 
proportioned on data derived from the Goulburn 
River, which is a somewhat similar stream. On 
this basis, it was thought that provision for a flow of 
80,000 cub. ft. per second would be ample. A 
flood which occurred during the construction of 
the dam led to provision being made for a flow of 
230,000 cub. ft. per second, which was much 
greater than the maximum flow of the Murray River 
in a very high flood in 1917. Nevertheless, even 
this figure proved inadequate, since in an unprece- 
dented flood which occurred in May, 1925, the 
discharge rose to no less than 464,000 cub. ft. per 
second, and the dam was topped by 7 ft. 4 in. of 
water. Fortunately, no great damage was done. 
A special feature of many of the floods on some 
Australian rivers is the amount of timber brought 
down. This sometimes masses together to form 
rafts, which may ultimately deflect the river from 
its original course. The “ Big raft” in the Gwydir 
River, near Moree, is, Mr. Dare states, of immense 
dimensions, and is still extending. The logs 
damage bridges by blows, and by wrenching the 
superstructure, should one end be caught in it 
whilst the rest of the log is swung round by the 
current. Mr. Dare records, also, an extraordinary 
case in which the floating timber lifted six approach 
spans of a bridge off their piers and floated them 
hundreds of yards down stream. 

In other cases the raft causes under-scour, and 
Mr. Dare states that a bridge over the Manilla 
river, the piers of which were founded on hard 
rock overlain by clay and gravel was destroyed 
in this way a few years after construction. The 
scour gave the water access below the piers, 
which were lifted, and gave way under the pressure 
of the logs piled against the structure on the up- 
stream side. Following this experience the precau- 
tion has been taken, in some recent work of a simi- 
lar character, to anchor the concrete to granite rock 
by 2-in. steel rods. Several other instances of the 
need for better bond either between concrete and 
rock or between successive layers of concrete are 
recorded by Mr. Dare. In one case the piers of a 
bridge had been built of concrete using 3-ft. lifts. 
The top of each day’s work was in some cases left 
smooth, with a resultant bad bond with the suc- 
ceeding layer. The result was a failure of the 
structure. In another case some 15-in. piers for 
a regulator were built directly on a concrete apron, 
and when the work was put into service the bond 
between the two proved inadequate. 

Some other experiences recorded by Mr. Dare 
show the need for venting the aprons down stream 
of a regulator when the foundation is porous. The 
length required to stop percolation in such cases is 
also, he points out, difficult to estimate, and the 
apron at the inlet regulator, Lake Victoria, which 
originally extended upstream and downstream 
for a total distance of 88 ft., had ultimately to be 
extended for another 145 ft., since with the shorter 
length there was considerable erosion, leading 
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to the production of cavities which had to be 
made good. 

Another trouble in Australia is weed growth, 
owing to which the discharge of some irrigation 
canals has proved much less than anticipated. In 
the case of the Murrumbidgee irrigation works the 
main canal was given at the outset a bed width of 
69 ft., and it was expected that with a flow depth 
of 9 ft., the discharge would be 2,000 cusecs. This 
figure was obtained from Kutter’s formula, taking 
n as 0-025. The effect of the weeds is clearly 
shown in the annexed table :— 


| Discharge Estimated 
| Height on | by Seecenet Discharge 


Season. | “stacey Meter. [(n = 0-025) 
Gauge. | cub. ft. | Cub. ft. 
per second.'per second. 
1928-1929 8 ft. 11 in. | 1,128 2,080 
1929-1930 10 ft. OF in. | 1,518 | 2,500 
1930-1931 7 ft. 34 in. 1,192 | 1,560 


In similar cases in the future, Mr. Dare states 
that it is intended to base estimated discharges on 
values of as high as 0-035. 

An unusual failure of a concrete channel lining 
was recorded in connection with the same irriga- 
tion works. Some of the channels were lined with 
mortar 1 in. thick, the mortar consisting of one 
part cement to three of sand. Rapid deterioration 
occurred, although it was proved that both sand and 
cement were of good quality. A curious feature 
was that the destruction began at the back of the 
lining, and was ultimately traced to the fact that 
the soil contained small proportions of sulphates 
and other soluble salts. In further work of the 
same character, the earth slopes, after trimming, 
are being sprayed with four coats of a bituminous 
emulsion, before placing the concrete. 

Other irrigation troubles have been encountered 
in connection with the works undertaken to supply 
water to Mallee settlers near Euston. The water 
is pumped from the Murray River into the distri- 
buting channels in quantities sufficient, it was 
anticipated, to irrigate 267,500 acres. Actually, 
however, only about some 10 per cent. of the total 
pumped reached the settlers’ tanks. Apparently, 
the supply channels passed at points over soluble 
strata, with the result that sink holes and tunnels 
formed, through which the water leaked away. 

Trouble has also been experienced, Mr. Dare 
states, with the lining of the pressure tunnels by 
which Sydney is supplied from the Potts Hill 
reservoir. As originally built, at a cost of 1,800,0001., 
this tunnel was 10 ft. in diameter and 10 miles long. 
It was driven through sandstone rock, and was 
lined with sandstone concrete, the cavities at the 
back being grouted up solid, as proved by subse- 
quent examination. Before putting the tunnel into 
service it was decided to test it in six successive 
sections. The full head to be provided for was 
580 ft., but this the conduit proved incapable of 
withstanding, and it has been found necessary to 
line it with 3-in. steel plating, the joints of which 
are welded. Mr. Dare notes that corresponding 
experiences in America have led there to the 
formulation of the rule that for works of this 
character the cover should consist of at least 
150 ft. of solid rock. 


A POLICY FOR THE ENGINEERING 
INDUSTRY. 


THE announcement made on Monday morning 
is likely, on the whole to be received with relief. 
For the time being, indeed, the steep rise of the 
bank rate, already higher than is consistent with 
the needs of industry, adds materially to industrial 
difficulties, and the interests of banks and financiers, 
to whom the restriction of business will do more 
harm than the higher rate will do good, may be 
relied on to bring the rate down to a level at which 
industry can make adequate use of it as soon as 
that measure can be taken safely. Meanwhile, the 
temporary abandonment of the fixed gold standard, 
coupled with the balancing of the budget and the 
retention of the free market for gold at market 
price, should enable both industry and finance to 
make the best that can be made of the conditions 
of present circumstances. The present fall in the 


value of sterling will at once impose a self-acting 
brake on imports and, to the same extent, improve 
the competitive position of manufacturers for 
export, while the provision of a balanced budget 
and an open gold market will preserve the solvency 
of the national assets and the nucleus of its interna- 
tional banking position. Admittedly, the temporary 
loss of the British fixed standard for gold will be 
an inconvenience in which all commercial nations 
will share, but there are limits beyond which, with 
the best will in the world to undertake our full 
share of the international burden, this country 
cannot safely go. From early days in the war it 
took over liabilities to the United States for supplies 
to the Allies, suffered from the devaluation of 
currencies, accepted a deferred and trivial share of 
reparations, and while France, in common with the 
United States, have been accumulating and sterilis- 
ing three-fourths of the world’s gold, to the with- 
drawal of which the present world crisis is largely 
due, it has been imposing on its industries in order 
to discharge its obligations, a volume of taxation 
without comparable precedent in the history of 
the world. How reluctant it has been to take the 
present step may be seen from the late hour to 
which it has deferred it, and the responsibility for 
its having become ultimately necessary does not lie 
at its door. 

While, however, the Government has risen to 
the height of an occasion which called for great 
action, much is left to be done without any delay 
in order that the present situation may be retrieved. 
All branches of industry are interested in lending 
their full influence and support to pressing forward 
the necessary measures. Engineers, in particular, 
have a special concern in taking a prominent share 
in them, because their part in any revival should 
come at the outset, and much will turn on the 
efficiency with which they are organised. It is, 
therefore, a matter of peculiar satisfaction to find 
that the clearest statement of the circumstances 
and significance of the crisis has been sponsored 
by the British Engineers Association, who last week 
had the inspiration to ask Professor Henry Clay 
to address them on the subject. By his official 
position as Economist to the Securities Manage- 
ment Trust (of the Bank of England) and a mem- 
ber of the Royal Commission on Unemployment 
Insurance, Prof. Clay has first-hand acquaintance 
with two of the most material aspects of the question, 
and while in the time at his disposal he did not 
discuss specific proposals, he defined the factors of 
the situation, on the recognition of which appro- 
priate measures could be considered. As he pointed 
out, the drain of gold, which was the immediate 
cause of the crisis, rather revealed than created 
the weakness of our trade position. Doubtless the 
situation would not have become acute but for 
the attitude of the United States and of France in 
absorbing an excessive share of the world’s gold, 
but its causes must be sought elsewhere. To begin 
with, fiscal barriers have been raised steadily 
against us, in spite of every country at interna- 
tional conferences recognising their universal 
mischief. The low prices of agriculture, again, 
have reduced the spending power of most countries, 
the refusal of the United States and France to 
import in return for their gold, instead of to con- 
centrate on exporting, and the resultant adverse 
trade balance to ourselves, after at last even the 
whole of our invisible exports had been counted, 
added further to our difficulties. Above all, we 
have lost in competitive efficiency, and our funds 
have not permitted us either to reduce our costs 
by capital outlay, or to use the same means for 
enlarging our markets. A temporary respite could 
be secured by restricting imports, but it could only 
be temporary, and it is in the restoration of com- 
petitive efficiency alike in the export and the home 
markets that Professor Clay sees the possibility of 
permanent salvation. 

On this diagnosis there appear to be several 
directions in which industry might help itself with- 
out great capital expenditure, if at last it could 
be brought to pull together. They would not be 
possible without some sacrifice on the part of all 
concerned, and it would be necessary to institute 
all such measures, not only to ensure the full benefit 





of them, but also to give each party assurance that 


the others were doing their share. The extent to 
which co-operation is being substituted tentatively 
for competition might be very greatly extended. 
The trade-union restrictions by which men are 
compelled to abide, such for instance as demarcation 
of jobs, should be dropped so far as they reduce the 
efficiency of their work, or the facility with which 
work can be found for them. The privileged 
conditions of work in the sheltered trades, granted 
during periods of exceptional prosperity or high 
costs of living, should be put on an equitable basis 
with other trades, even though it might be possible 
to devise a sliding scale varying with general 
prosperity. When, however, everything has been 
said and done that is possible in existing conditions, 
every one who recognises the position and prospects 
of industry must recognise that, as Mr. Reavell 
submitted to the British Engineers Association, 
something more must be done for it. In circum- 
stances such as these, it does not seem unreasonable 
that even the means of a temporary respite ought 
not to be neglected, and there seems to be weighty 
reason for believing that it might prove something 
better than temporary, and of rapid application. 
The condition of success is that any tariff 
advantage should be used for cheapening produc- 
tion, and the cheapened production, supplemented 
by what co-operation may be possible between 
different firms, should be applied to increasing 
turnover. It would be for the industries, and not 
for the Government, to scheme out what effective 
forms of co-operation would be practicable, and 
what form of protection against inflated prices 
could be given in the home market. The steel 
trade, and the manufacture of motor cars, are 
examples of industries which have shown that they 
are fully alive to modern methods of business and 
to the benefits to be derived from nursing industry 
instead of exploiting it, and might be expected 
to take proper advantage of tariff adjustments. 
If the energy that is given without stint in 
competition within an industry were addressed to 
co-operation, it should yield a far richer return, 
and in various branches of industry and on various 
markets should result in a succession of enter- 
prises which might be safe transactions for the 
co-operation of the State itself. The extravag- 
ance that the State has shown in recent years has 
not been in the direction of productive expenditure. 
On the contrary. The State’s great powers and 
influence, coupled with a minimum of productive 
expenditure, could assist to fertilise its industries 
if they were applied to enterprises which the collec- 
tive experience and efforts of an entire industry, 
or of a sufficient section of it, could recommend 
and share. In a similar way, the existence of 
tariff protection could form a basis by which, in 
a similar spirit of fair-minded co-operation, the 
efforts of other countries, and notably of those 
within the Empire, could be divided with our own 
in fostering those industries that would yield 
the most advantage. In such directions, and with 
the constant objective of giving a constantly 
cheaper and better service through the advantage 
of more economical production and distribution, 
the temporary respite might become a permanent 
institution, to which no industry would be better 
fitted than that of the manufacturing engineer. 








THE CENTENARY MEETING OF 
THE BRITISH ASSOCIATION. 


Founpep in 1831, the British Association for 
the advancement of Science, for the first time in its 
history, is holding its annual meeting in London, 
and simultaneously celebrating its centenary. It 
was the intention of the founders, as clearly stated 
in the statutes of the Association, that there should 
be “no invasion of the ground occupied by other 
institutions,” and since London is the principal 
centre of great learned societies, it has hitherto 
been avoided as a venue for the annual meetings 
in pursuance of the non-interference policy. The 
idea of making an exception in the case of the 
centenary meeting has, however, appealed to some 
of the Association’s supporters for some few years 
past, and in 1929 the Court of Common Council of 





the City of London expressed the hope that the 
Capital would be selected for this year’s meeting. 
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This hope was made possible of realisation by the 
co-operation of numerous London institutions which 
have placed their buildings and resources at the 
disposal of the Association, with, as far as can be 
judged at present, particularly gratifying results. 
The estimated attendance at the meeting is well 
over 5,000. 

The formation of what is now familiarly known as 
“the B.A.” was largely due to Sir David Brewster, 
F.R.S., who proposed to John Phillips, secretary of 
the Yorkshire Philosophical Society, that a meeting 
should be held in York, as a convenient centre, for 
the purpose of establishing “a British association 
of men of science.” With the co-operation of the 
society mentioned and the municipal authorities 
and citizens of York, the first meeting was held in 
that city on September 26, 1831, and was supported 
by 353 eminent scientific workers and others. The 
objects of the Association, then defined, have 
remained unaltered, and still appear to be entirely 
praiseworthy and to require no change. They are : 
* To give a stronger impulse and a more systematic 
direction to scientific inquiry; to promote the 
intercourse of those who cultivate science in different 
parts of the British Empire with one another and 
with foreign philosophers; and to obtain more 
general attention for the objects of science and the 
removal of any disadvantages of a public kind 
which impede its progress.” 

As our readers are well aware, these objects have 
been achieved mainly by holding annual meetings 
for the reading and discussion of papers, &c., in 
various cities throughout the United Kingdom, 
although during the last half-century meetings 
have also been held in Canada, South Africa, and 
Australia. Thus the founders’ conception of the 
Imperial function of the Association has been realised. 
This characteristic is still further evidenced in the 
present meeting, which is being held under the 
presidency of General the Rt. Hon. J. C. Smuts, 
P.C., C.H., D.Se., F.R.S., who was installed in 
succession to Professor F. O. Bower, F.R.S., on 
Wednesday afternoon, at the Albert Hall. General 
Smuts afterwards received the invited delegates 
of societies and institutions, universities and 
colleges, and of cities in which the Association has 
held meetings in the past. In the course of his 
speech on this occasion General Smuts mentioned 
some of the great discoveries which have been 
announced at meetings of the Association. Among 
them are Joule’s researches into the mechanical 
equivalent of heat, the discovery of argon by 
Rayleigh and Ramsay, the verification of Clerk 
Maxwell’s theory of electro-magnetic waves 
announced by Fitzgerald, Sir Oliver Lodge’s first 
public demonstration of wireless, and Sir Joseph 
Thomson’s discovery of the electron. He added, 
rightly, that this list might be greatly extended, 
and we may, perhaps, be permitted to add to it 
Bessemer’s announcement of his method of steel 
manufacture at the Cheltenham meeting in 1856. 
Subsequently, General Smuts performed the 
Opening ceremony of the Faraday Centenary 
Exhibition, which is referred to elsewhere in this 
issue, and in the evening delivered his presidential 
address in the Central Hall, Westminster, choosing 
as his subject ‘The Scientific World-Picture of 
To-day.” 

In this, his object was to focus attention on the 
world picture which has resulted from the advances 
of physical, biological and mental science during 
the life of the British Association. Nineteenth 
century science, he said, was a system of purified 
and glorified common sense. Its practical inven- 
tions had produced most astounding changes in our 
material civilisation, but neither in its methods 
nor in its world outlook was there anything really 
revolutionary. With the twentieth century, how- 
ever, fundamental changes set in where science 
ceased to confine its attention to observable 
phenomena. Below the things which appeared 
to the senses it found or invented, scientific entities 
hot capable of direct observation, but which were 
necessary to account for the facts of observation ; 
radiations, electrons and protons emerged and 
matter practically disappeared into electrical 
energy. Minkowski, in 1908, discovered that time 
and space were not separate things but constituent 


physical concept of space-time was our first complete 
break with the old world of common sense and it was 
possible to construe matter, mass and energy as 
definite measurable conditions of curvature in the 
structure of space-time. Another even more 
revolutionary discovery was the quantum theory 
of Max Planck, according to which energy was 
granular, consisting of dissolute grains or quanta. 
It was significant that this strange quantum 
character of the universe was not the result of 
theory but an experimental fact well attested from 
several branches of physics. Its discovery pointed 
to still more radical transformations, and might 
involve the complete recasting of many of our 
vategories of experience and thought. 

Passing on to biological science, General Smuts 
said the most important discovery of the last 
century was the great fact of organic evolution, and 
for this fact the space-time concept had come to 
provide the necessary physical basis. It was, 
however, necessary to note the distinction between 
the time of evolution and that of space-time. 
Biological time moved from past to future, while 
physical time, as an aspect of space-time, was 
neutral with regard to direction. The second 
law of thermodynamics marked the direction of 
physical time, and while the smaller world of life 
seemed, on the whole, to be on the top grade, the 
larger physical universe was on the down grade. 
The quantum of the physical world afforded a 
suggestive analogy to life; the former was an 
indivisible whole, a specific configuration, and could 
only exist as such, and the same held true of life. 
The general trend of the recent advances in physics 
was, in fact, towards the recognition of the funda- 
mental organic character of the material world ; 
the gulf between the material and the vital was in 
the process of being bridged. 

The remainder of the address was devoted to a 
consideration of the position of the conscious mind, 
and in the course of it the speaker remarked that one 
of the greatest tasks before the human race would 
be to link up science with ethical values and thus 
remove the grave dangers threatening our future. 
In conclusion, he pointed out that the world 
consisted not only of electrons and radiations, but 
also of souls and aspirations; an adequate world 
view, he added, would find them all in the proper 
content in the framework of the whole. 

The sectional meetings commenced on Thursday 
morning the 24th instant, and in subsequent issues 
we propose to deal with that part of the proceedings 
which is likely to be of direct professional interest 
to engineers. Following our usual custom we 
shall deal first with the proceedings of Section G. 
(Engineering) of which the preliminary programme 
will be found on page 832 of our last volume. 
Selected items from the programmes of the remaining 
sections were listed in our issue of August 14 last, 
on page 198. 

(To be continued.) 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Concluded from page 354.) 

Aerials, Standard Transmission, Receiver Testing. 
Messrs. F. M. Colebrook and J. 8S. McPetrie are 
conducting an analytical and experimental investiga- 
tion into the theory of receiving aerials. Measure- 
ments have been made of the resistance and reactance 
of a 100 ft. aerial at frequencies up to 10° cycles 
per second, and the general conclusion has been 
reached that the analysis of the behaviour of a 
receiving aerial, on the basis of simple assumptions 
as to the uniformity of the distributed resistance, 
inductance and capacity. leads to results consistent 
with experimental measurements. 

Since January, 1931, the usual service of N.P.L. 
standard transmissions has been augmented, at the 
request of the Post Office, by a special programme 
broadcast at night for the benefit of amateurs 
operating transmission sets. The wave is trans- 
mitted, at close on 1,780 kilocycles per second, as 
a repeated series of long dashes so that short-wave 
apparatus may be calibrated by means of harmonics 
in the short-wave region as well as by the funda- 
mental in its own region. A crystal-controlled 
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consisting of the master oscillator unit, an inter- 
mediate tuned anode-circuit amplifier, and the final 
transmitting stage of about 200 watts high-frequency 
output at the aerial. The dates and times of trans- 
mission (about once every three months) are 
announced in the press. 

The testing of wireless receivers, particularly sets 
intended for the reception of broadcast programmes, 
is one of the most difficult undertakings in the 
whole of wireless technique on account of the high 
frequencies employed, the necessity for elaborate 
screening of all apparatus, and the multiplicity 
of the receiver characteristics which have to be 
examined. With the equipment in use at the 
Laboratory, the performance of wireless receivers 
may be studied over a wave-length range of 7 to 
2,000 m. Screening is effected by enclosing the 
oscillators supplying the test voltage in a cabin 
completely walled by sheets of tinned iron, the 
entrance to the cabin consisting of a mercury-sealed 
trapdoor. Special arrangements have been made to 
provide adequate forced ventilation to the cabin 
through tubes which permit the passage of air, but 
not of electric waves. The receiver under test is 
examined in a similar screened room. The principal 
characteristics investigated are sensitivity, selec- 
tivity, and fidelity of reproduction. these features 
being determined in relation to input voltages of 
the required radio-frequency carrying a pure tone 
modulation of known depth. The fidelity test is 
of special interest in relation to the necessity for high 
quality reproduction of broadcast speech and music. 
It is carried out by means of apparatus which 
measures the amount of harmonic content in the 
modulation frequency output. Since the input 
modulation is free from harmonics (7.e., frequencies 
equal to a multiple of the fundamental modulation 
frequency), any such frequencies present in the 
output have been introduced by the receiver and 
constitute a measure of the distortion produced by 
it. 

Directional Wireless—A large programme of 
wireless research during 1930 has been pursued 
on the lines laid down by the Radio Research 
Board. Among the items included, one of general 
interest which has been very appreciably advanced 
by recent experimental work at the Laboratory, 
concerns the application of directional wireless to 
the improvement of maritime navigation. In the 
comparison of the relative merits of the various 
types of equipment suggested for navigation pur- 
poses, the degree of accuracy with which the bearings 
of ships can be estimated assumes great importance. 
A good deal of research has, consequently, been 
directed to the improvement of such accuracy, 
with results so promising as to foreshadow a period 
of considerable development in the installation of 
transmission apparatus. Two main systems of 
direction finding may be distinguished. In one, 
the transmission is broadcast and picked up by a 
vertical frame aerial oriented to the position of 
minimum reception strength. In the other a 
continuous transmission is maintained by a frame 
aerial rotating at constant speed. Comparative 
tests at the Laboratory have shown that the accuracy 
of bearing determination is closely the same with 
both types of equipment. The second, “ rotating 
beacon ” system, has however, the great advantage 
that the only apparatus needed on the ship is a 
normal wireless receiver and a stop-watch. At 
certain points during the rotation, the beacon 
signals the instantaneous direction of its frame 
and the navigator, knowing the rate of revolution, 
has only to measure the time interval between a 
position signal and a silence point to obtain the 
direction of the beacon. The possibility of appreci- 
able error in the timing observation has led Mr. 
H. A. Thomas to design an automatic apparatus 
in which the signal from a beacon is recorded on a 
drum which rotates in synchronism with the beacon. 
Another notable line of directional wireless research 
concerns the phenomena of flat minima and wander- 
ing zeros, as a result of which the accuracy of bearing 
measurements is markedly impaired under night 
conditions. A study has been made, over a con- 
siderable period, of the performance of the rotating 
loop beacon which was established at Orfordness, 
Suffolk, in 1929.* Repeated tests have shown that 








system has been constructed for this transmission 





* See ENG:NEERING, September 4, 1931, p. 283. 
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the time of rotation of the beacon is correct within 
0-05 second per minute. Further, from daylight 
readings over a period of several months, it appears 
that bearings can be obtained to an accuracy of 
about 1 deg. A large number of reports of bearings 
received from Orfordness by ships at sea have also 
been analysed ; and the general conclusion is that 
no definite error can be ascribed to the mechanism 
of the beacon. Nevertheless, when bearings are 
observed at night, errors as large as 20 deg. are | 
commonly experienced, and this very serious fault 
appears to be inseparably connected with the 
rotating loop type of beacon. Experiments have, 
accordingly, been made with a different type of 
beacon, in which four vertical aerials, arranged 
at the corners of a square, are periodically excited 
by a time controlled transmitter so as to produce | 





details of such an installation, suitable for erection 
near the coast and capable of giving reliable bearings 
to ships within a radius of about 500 miles, is at 
present under consideration by a committee of the 
Radio Research Board. 

Ultra-Short Waves.—Recent demonstrations of 
wireless telephony across the English Channel on 
a wave-length of 18 cm. (corresponding to a 
frequency of nearly 17-10* cycles per second) show 
that short-wave-length transmission may have 
valuable commercial applications. A detailed study 
of the attenuation of ultra-short waves, propagated 
along the earth’s surface, is being made by Dr. R. L. 
Smith-Rose and Mr. J. S. McPetrie. For the 
experimental work, a portable transmitter, operating 
on wave-lengths between 5 metres and 10 metres, 
is stationed at a suitable site, and measurements 
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the same type of transmission as that of the rotating 
aerial beacon. This is an important application of 
Mr. F. Adcock’s aerial system* in which earth 
screens are used in place of a direct earth connection, 
as shown in plan and elevation by Figs.30& 31. Four 
50 ft. aerials (1) are supported by rope triatics (2) 
slung from 60 ft. masts (3). The masts are 250 ft. 
apart, the distances between the aerials being 100 ft. 
To ensure a constant tension, the supporting ropes 
pass over pulleys (4) and carry counterweights (5). 
Each of the four aerials is associated with a counter- 
poise consisting of 32 radial wires, 30 ft. long, carried 


on insulators 2 ft.above the ground (6). All these wires | 
are connected to a common. lead which is taken to | 


the instrument hut by the lower horizontal lead (7). 
The upper horizontal lead (8) is taken to the screened 
loading coil (9) and thence to the aerial (1). The 
experimental transmitter was, unfortunately, des- 
troyed by fire before the tests were completed, 


but sufficient information is available to enable | 


a full-scale beacon to be designed. The technical 


* See also ENGINEERING, vol. cxxx, page 271 (1930). 
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of field intensity are made by a receiver at distances 
|of 10 metres to 120 metres from the transmitter. 
In an attempt to extend measurements of field 
intensity down to a wave-length of about 1:5 
metres, results have been obtained only at a very 
small distance from the transmitter, and the tech- 
nique is being developed in the direction of increased 
sensitivity. Concurrently with this fundamental 
research, the use of the loop receiver as a short wave 
direction finder has been improved by the addition 
of a screen to give better symmetry of the receiving 
loop. The application of the supersonic heterodyne 
principle to ultra-short wave reception has also 
been investigated. The latest receiving set on these 
| lines is a four-valve unit with a single retroactive 
|screen-grid stage. In conjunction with a high- 
|frequency oscillator available for wave-lengths 
| down to 6 metres, this set operates satisfactorily 
| and has a good overall performance. 

| Primary Standard of Light—Prominent among the 
photometric research at present in progress, under 





_|the general supervision of Dr. J. W. T. Walsh, 


| is the determination of the brightness of 1 sq. cm. 








of a black body radiator operated at the freezing 
point of platinum. Two methods are being investi- 
gated. Mr. L. J. Collier is using resistor heating 
in a vacuum furnace, whilst Mr. H. Buckley is 
employing inductive heating in a high frequency 
induction furnace. Photometric observations are 
made during the cooling of the radiators. At the 
freezing point the temperature of the platinum 
remains steady for several minutes and so gives a 
flat portion on the cooling curve. Photo-electric 
cells have been used in connection with the vacuum 
furnace as a method of indicating the behaviour 
of the radiator during cooling and have helped 
considerably to determine the requisite conditions 
for operation. Preliminary results so far obtained 
with the induction furnace are fairly close to values 
obtained by other investigators, the candle power 
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of platinum, at freezing point, being about 59 per 
sq. cm. 

Glare. Street Lighting.—The fundamental re- 
search carried out, under the guidance of the 
Illumination Research Committee, on glare and its 
effects on visual capacity, has a direct bearing on 
many important problems of illuminating engineer- 
ing. Among recent work under this head, a study 
has been made of the effects of a glare source on 
vision at extrafoveal points. It appears from 
experiments that the effect is chiefly determined 
by the angular separation between the glare source 
and the test-spot rather than by the angular 
separation between the glare source and the 
fixation point. Reseach on the glare effect of 
coloured light sources is now in progress. For 
the determination of the glare effect of any actual 
lighting system, an instrument has been constructed 
of which the principle is illustrated by the diagram 
of Fig. 32. A small circular aperture A in the middle 
of a diaphragm D is illuminated from below by 
means of the small filament lamp M, a piece of opal 
glass O being placed behind A to diffuse the trans- 
mitted light. A serves as the test spot from which 
light passes through the lens / and is partially 
reflected by the piece of plane glass R, to the 
observer's eye at E. The position of the lens L 
is so adjusted that the eye sees a virtual image of 
the test-spot at infinity. The brightness of the 
image is varied by the neutral wedge W, on which 
an image of the lamp filament is focussed by the 
lens 1. To determine the brightness difference 
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threshold when the field is viewed in any direction, 
the instrument is turned so that the test-spot is 
seen in the given direction, and the wedge is adjusted 
until the test-spot just disappears, the setting so 
obtained giving the brightness difference threshold 
if the wedge has been calibrated. Two determina- 
tions of the threshold, one with the glare sources 
exposed to the observer’s eyes and one with the 
glare sources screened, yield a ratio which is a 
measure of the glare effect. Experiments relating 
to diffusing glassware are being carried out by Messrs. 
J.S. Preston and C. Dunbar, in the course of which an 
interferometer microscope has been designed to 
assist in determining the relation between the 
quality of opal glass and the size and concentration 
of the particles it contains. 

Work on vision under night driving conditions, 
for the case of a driver exposed to the headlights 
of an approaching car, is now being resumed. It 





detailed survey of dock lighting has also been com- 
pleted, which includes illumination measurements 
on over fifty installations representative of ware- 
houses, quays, sidings and so forth at a number of 
large ports. 

Luminous Compounds. Daylight Factor.— 
Measurements of the brightness of radium luminous 
compounds, largely used for marking instrument 
dials, are often required in respect of very small 
surfaces. An adaptation to this purpose of the 
‘* equality-of-brightness’’’ type Lummer-Brodhun 
photometer is illustrated in Fig. 33 in which 8 
is a small aperture (1-5 mm. diameter) in a screen 


| behind which the luminous surface is placed. An 


image of S is formed at P by the 2-in. lens/. From 
the eyepiece P of the telescope T the surface of / 
appears uniformly bright and forms one of the sur- 
faces of the photometric field. The comparison 


| surface, viewed by reflection in the mirror M, is 
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has been in abeyance owing to the demand for labora- 
tory assistance in connection with street lighting 
problems. At the request of the Illumination 
Research Committee, a demonstration of street 
lighting, employing (a) cut-off fittings (which have 
been recommended as a means of reducing glare) 
and (6) fittings giving the same light-distribution 
on the roadway, but with the light sources visible 
at all distances, has been staged at the laboratory 
and possible methods of calculating the amount 
of glare present in a street lighting installation 
have been examined. Mention must also be made 
of an interesting full-scale street lighting experiment, 
which Dr. W. S. Stiles and Mr. C. Dunbar, carried 
out at Leicester during the annual conference of 
the Association of Public Lighting Engineers in 
September, 1930.* Eight different street lighting 
systems were installed in a stretch of road about 
150 ft. long, and twelve different pairs of installations 
were successively exhibited for comparison. Mem- 
bers of the Association were requested to answer a 
questionnaire as to the relative merits of the various 
systems in respect of such qualities as visibility, 
glare and attractiveness. The analysis of this 
appraisal and its correlation with the light distribu- 
tion of the different systems has just been pub- 
lished.t During the year a number of street 
lighting installations have been tested on behalf 
of the authorities concerned, and one of the roads 
at the Laboratory has been equipped for full-scale 





experimental work with street lighting units. A 
* See also ENGINEERING, vol. exxx, page 377 (1930). 
t De partment of Scientific and Industrial Research : 
_ ition Research Com:nittee. T'echnical Paper No. 
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provided by a piece of opal glass G which is illumi- 
nated, by the comparison lamp L mounted on an 
ordinary photometer bench, through the green 
filter F which changes the colour of the light to an 
approximate match with the light from 8. The 
lens / is viewed through a rectangular aperture in 
M and compared with G, balance being obtained by 
varying the distance of the lamp L from the photo- 
meter. 

As a concluding example of the scope of the 
Laboratory activities, a brief description is given 
of an instrument designed by Mr. H. C. H. Townend, 
and constructed in the workshop of the Metrology 
Department. This is a mechanical integrator 
for measuring the illumination of a horizontal 
surface at any point in the interior of a room due to 
the daylight received there from windows in the 
walls and roof. Fig. 34 shows the instrument 
which consists of a universally pivoted telescope 
in two portions optically connected by double 
reflecting prisms P. One limb is fitted with an 
eyepiece D, the other with cross-wires; and the 
operation of the instrument consists in tracing 
out with these cross-wires the boundaries of the 
skyline, as a result of which the integration 


fea —cos2 A)d@ 


round one circuit (c) of the skyline is performed 
mechanically. Change of azimuth (¢) of the teles- 
cope causes the integrating wheel to roll on the 
flat baseplate B, whilst change of inclination (6) 
varies the distance of the integrating wheel from 
the centra] axis. This distance is governed by a 
crank and slot mechanism operated through gearing 
by the knurled wheel C. The instrument will 





cover the whole skyline, and calibration consists 
in making a complete revolution in azimuth with 
the telescope set to 90 deg. elevation. 


THE FARADAY CENTENARY 
CELEBRATIONS. 

THE discovery by Faraday, on August 29, 1831, 
of the principle of electro-magnetic induction has 
been commemorated in London during the present 
week. These celebrations have been mainly arranged 
by the Royal Institution, in the laboratories of which 
the discovery was actually made, and by the Institu- 
tion of Electrical Engineers, whose members in one 
way or another are constantly adding to, or main- 
taining, the imposing superstructure which has been 
erected on the solid foundation laid one hundred 
yearsago. Inaddition, some forty other bodies have 
played their part in organising an exhibition, the object 
of which is to show scientists, engineers and the public 
how Faraday’s investigations have been practically 
developed and utilised in a great variety of fields. 

The honour in which Faraday is held, not only 
in the country of his origin, but throughout the 
world, is clearly indicated by the willingness with 
which scientific bodies in other lands have sent 
delegates to take part in these celebrations, while 
the idea of combining the commemoration with 
the usual summer gathering of the Institution of 
Electrical Engineers, and the fact that the Centenary 
Meeting of the British Association is almost simul- 
taneously being held in London have also assisted in 
bringing together a number of engineers, physicists 
and chemists of universal repute who, whatever 
their differences in other ways, are one in paying 
eager tribute to him whom they acknowledge, both 
in vision and performance was the master of them all. 

As far as the Royal Institution is concerned, the 
celebrations began on Monday afternoon with a 
reception by the President (Lord Eustace Percy) 
and Managers at the historic building in Alkemarle- 
street. This was followed by a Commemorative 
Meeting at Queen’s Hall in the evening and by a 
conversazione on Tuesday. On Wednesday, dele- 
gates were given an opportunity to participate in 
the opening meeting of the British Association, 
while on Thursday they visited the National 
Physical Laboratory, and to-day are being enter- 
tained by H.M. Government. The meeting of the 
Institution of Electrical Engineers opened on 
Tuesday morning at Kingsway Hall, and the 
Annual Conversazione took place in the evening 
at the Albert Hall, where both then and on the 
following days members and delegates were able 
to inspect the Faraday exhibition. On Thursday, 
various excursions were paid to places of engineering 
and historical interest, and the same programme will 
be followed to-day, while this evening there is to be 
a ball at Grosvenor House, Park-lane. 

Welcoming the delegates at the Royal Institution 
on Monday afternoon, Lord Eustace Percy said 
that their presence was something more than a 
gesture of international politeness or of sentimental 
reverence for the name of a pioneer of modern 
science. It was an affirmation of faith and showed 
that they had no doubt of the abiding power of 
knowledge, unselfishly pursued and patiently taught. 
They had met to demonstrate what, in actual fact, 
had been the power of knowledge so pursued and 
taught by one great man in that building one 
hundred years ago. Recently, the theatre had been 
restored to the form it possessed when Faraday 
lectured in it, as a sort of reminder that there was 
a certain essential simplicity in all pioneering work. 
At the great exhibition in the Albert Hall the 
world would be able to trace the debt of modern 
industry to Faraday’s experiments, and would catch 
a glimpse of the way in which invention followed 
discovery, and intellectual power transformed itself 
into practical power over the forces of nature. It 
was for them to consider, in the intimacy of that 
place, the greater miracle of intellectual power itself. 

The proceedings of the Commemorative Meeting, 
which was held at Queen’s Hall in the evening, 
were broadcast, with the result that both the 
speakers and their observations were influenced by 
their unseen rather than their visible audience. To 
allow for the exigencies of wireless programme- 
building, the assistance of the Sir Henry Wood 
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and the Symphony Orchestra of the British Broad- 
casting Corporation was enlisted. The arrangement 
of the programme was interfered with by Mr. 
Snowden’s broadcast explanation of why the 
country had abandoned the gold standard. 

The first speech was delivered by the Prime 
Minister, who said that to him Michael Faraday 
was not only a scientist of imperishable name and 
fame, but one of those glowing, strong and imposing 
personalities, which belonged to the very richest 
part of the inheritance of the country. Faraday 
was not only a great scientist, but a great man. 
Ambition was not the secret of his success. It was 
that he found himself in his work. 

M. le duc de Broglie, whose pioneer investigations 
on X-ray spectra are well known, said that the most 
astonishing part of Faraday’s work was the perfec- 
tion of the results he obtained with the elementary 
means at his disposal. In natural science it was 
essential to collect facts in order to get ideas, but 
to link these facts together the worker must have 








molecules of a dielectric, from the points of | statecraft in their handling. A way of overcoming 
view both of the physicist and of the chemist. In| present difficulties might be learnt from Faraday’s 
1835, he had said that everything “tends to prove |own method of continually casting back by experi- 
that all chemical phenomena are but exhibitions | ment and observation; to theorise unless the 
of electric attraction,” and the union between | theory was in close touch with experiment was lazy 
physics and chemistry, which had been happily | and dangerous, both for scientists and politicians. 
established by the discovery of radioactivity, only| Sir Josiah Stamp remarked that Faraday’s 
exhibited the truth of this prophesy. At present, | influence on transport was profound, but neither 
science was looking for a man who would add to our | jmmediate nor final. The question at present was 
knowledge of atomic structure. To such a man | whether existing methods were to be modified or 
much of Faraday’s work would be absolutely | revolutionised; in other words, whether electricity 
indispensable. 'was to remain as an auxiliary to, or to supersede, 
The last of these “ tributes’ was delivered by | present practice. Like to-day, 1831 was a period 
Lord Rutherford of Nelson, who remarked that | of terrible trade depression, a depression which had 
Faraday was one of the greatest of experimental | been succeeded by the Victorian era of progress. 
philosophers. We could not fail to be impressed | It was difficult to see what was to get us out of 
not only by his remarkable powers of physical | our present plight, though what science was hiding 
insight and his genius as an experimenter, but by in the womb of time might be as miraculous as of 
the clarity and vigour of his exposition. There old. Reviewing the numerous uses to which elec- 
was everywhere such a freshness of thought and | tricity was now put in the field of transport, it was 
vividness of perception that it was difficult to | obvious that such an address could not have been 


a clear conception of his subject, and this conception | remember that most of the work was written nearly given at the time of the jubilee of Faraday’s dis- 


must be physical, and not metaphysical. 


It was;a century ago. 


It was clear that his researches | covery. This emphasised the fundamental nature 


appropriate that the unit of capacity should have | were guided and inspired by the strong belief that | of his research, and showed how necessary it was 


been named after Faraday, because in his work on 
that subject were to be found some of the deepest 
thoughts of the great physicist of the Royal Institu- 
tion. Of all the scientific workers of the nineteenth 
century it would probably be Faraday who would 
find himself most at home among the disconcerting 
ideas of to-day. 

The Marchese Marconi pointed out that, in a sense, 
wireless communication dated from the discovery 
made by Faraday one hundred years ago, that: it 
was not necessary for two electrical circuits to be 
in actual physical contact with each other in order 
that electrical energy might pass across the space 
between them. It was true that it was Clerk 
Maxwell’s splendid dynamical theories of the 
electro-magnetic and thé electric fields, which were 
confirmed experimentally by Hertz, together with 
numerous other discoveries concerning the electrical 
state and constitution of the atmosphere and of 
space, which had made wireless transmission 
possible, but the seed from which all this had 
sprung was the fundamental work of Faraday. 

Professor Elihu Thomson remarked that Fara- 
day’s great discovery lay at the very foundation 
of all the vast development in electrical engineering, 
which had occurred during the past fifty years. 
Before that time electric currents could only be 
obtained inefficiently, and for a short time, from a 
cumbersome voltaic battery, but he made it pos- 
sible for them to be produced continuously from a 
machine driven by power. 

Professor Dr. P. Zeeman, of Amsterdam, said that 
in 1845 Faraday had succeeded in demonstrating 
that the plane in which the vibrations of light took 
place was rotated when that light passed through 
certain substances parallel to the magnetic lines of 
forces, while in 1862 he had made the relation 
between light and magnetism the subject of his 
last experiments. He endeavoured in vain to 
discover a change in the spectrum of a flame when 
it was subjected to a magnetic influence, not because 
he was looking for a non-existent something, but 
because the means at his disposal were inadequate. 
In 1896 he (the speaker) had demonstrated the 
correctness of Faraday’s ideas by discovering that 
the spectrum lines of a source of light were 
characteristically modified by a magnetic field. 
The change obtained was, however, very small, and 
could not have been observed but for the invention, 
in 1881, of Rowland’s grating spectroscope. This 
discovery had enabled many interesting experiments 
on electrons to be made, and by its means the 
existence of strong magnetic fields in the sun had 
been discovered. Faraday, with his admiration 
for the discoveries of others and his modesty with 
regard to his own work would have enjoyed the 
fruits which were ripening on the tree he had 
planted. 

Professor P. Debye, professor of physics in the 
University of Leipzig, remarked that a characteristic 
of Faraday was that he always preceded and com- 
pleted his discoveries by reflections on the basic 
facts underlying them. This was especially true 
of his work on specific inductive capacity, during 
which he tried with his mind’s eye to see the 





the various forces of nature were inter-related. | for us to regard other things than the purely eco- 
When we considered the magnitude and extent of | nomic. Faraday’s own detachment from finance was 
his discoveries and their influence on the progress | profound, and it was one of the ironies of life that 
of science and industry, there was no honour too |so complete an abnegation should have resulted in 
great to be paid to one of the greatest scientific | so widespread an effect on public life. It was hard 
discoverers of all time. | to see what the future of electric traction would be, 
In the course of a Commemorative Address which | as in two directions it had recently received some 
followed, Sir William Bragg said that Prometheus | check. First, improved electrical signalling devices 
had brought down fire for the use of mankind. | might render further development along existing 
Electricity they owed to Faraday, for he showed ' lines possible, while Diesel and other self-contained 
them how to generate it by the relative motion of | units held out promises, which were not unim- 
magnets and conductors. In doing this he had | portant. 
laid the foundations on which others had _ built, Miss Caroline Haslett said that Faraday would 
and had enunciated the principles which they had | have been amazed at the many ramifications of the 
applied. He quoted a letter from Dr. Einstein | uses of electricity in our household life, though 
which said, * I believe that future generations have | with his love of simple things he would have been 
yet as much to learn, as has been learnt in the past, | delighted in the simplification of household tasks, 
from Faraday’s conception of the electro-magnetic | which electricity had made possible. In the 
field.” The growth of knowledge, to which Faraday | factory, the machine had largely replaced manual 
had so notably contributed, had added to the sweep | power, and the same attitude was required in connec- 
of human thought and had immensely widened | tion with household operations. The time was surely 
human interests. It was, however, difficult for | arriving when experiments should be carried out to 
those who did not watch closely, to see the sequence | cope with the fatigue in the home, which was 
between the growth of knowledge and its effects. | occasioned by bad planning and obsolete methods 
Only at a time like this was the lesson very plain.|and_ tools. To-day, electrical apparatus was 
Sometimes there was alarm that the world was | installed in houses which were not constructed for 
becoming mechanised, and indeed there was often | that purpose. In future, we must visualise houses 
a tendency to allow the machine to take control. | built for electrical service, in which the heat was 
But they deserved to be victims of the machine if | automatically controlled, light used as a decoration, 
they had not the energy to think forward, to make and household duties reduced to absolute simplicity. 
of each application of science a tool that only had; Mr. Ll. B. Atkinson thought that household 
its day and was constantly supplanted by that economy must be remodelled, because the majority 
which was better. The continual growth of know- of the population had now to depend on their 
ledge would prevent the evils that arose from own or their family efforts to carry on the daily 
excessive mechanisation. \life of their homes. Was it possible to live a life 
The proceedings at the meeting at Kingsway | with leisure, and opportunity for culture, without 
Hall on Tuesday morning were opened by the servants? The answer was that electricity had 
president of the Institution of Electrical Engineers, solved the problem of domestic service. It was a 
Mr. C. C. Paterson, who extended a cordial welcome matter of planning, of proper design of the house, 
to the foreign guests. That they had travelled and of being trained to use, and of being proud to 
long distances to take part in these celebrations; use, what science had to offer. He envisaged 
might, he said, be taken as their tribute to a blocks of flats for the middle and operative classes 
great man and as a gesture of friendliness towards where every operation was effected electrically, and 
where it would only be necessary to put in the 
equivalent of two days of present work each week, 














this country. 

Mr. J. S. Highfield, who followed, said that it was 
only within the last fifty years that we had enjoyed in centralised kitchens, laundries and sculleries. 
the full conveniences of power, and this was mainly __ Sir Oliver Lodge said that everything about which 
due to the ease with which it could be distributed they had so far heard that morning was the work 
by electricity. Before that time the sources of of engineers. Faraday’s part in it had been a small 
power were few and their application difficult. laboratory achievement with, it was true, enormous 
Nevertheless, many civilisations had been built up consequences. His real work was the discovery 
and had decayed under those conditions, and a of the properties of space and of the ether, and he 
great deal of work was still carried out under them. had directed attention away from matter to the 
There still remained many sources of power, such space near matter and to the conception of the lines 
as the tide and wind, which were not fully utilised. of force. He had showed that these lines were 
Faraday’s great claim to fame was that he had made realities by moving a wire, so as to cut them and 
available a new force which could be generated generate a current. The whole tendency of physics 
mechanically, transmitted, and then transformed was to regard the ether as the seat of energy. 
back again into power and heat. This had enabled Matter was only a means of exploring the ether and 
the generation of power to be effected in large examining its properties. Matter was nothing of 
units and allowed it to be supplied in small quan-_ itself ; it was inert. Wireless was really the simplest 
tities in convenient form. In short, the ardent of the etheric forces. With it it was possible to 
work of the men who had developed Faraday’s | make a disturbance in the ether at one place. This 
inventions had produced the modern world with | disturbance was then radiated in all directions ith 
all those defects, the solution of which demanded ' the speed of light and could be picked up, transformed 
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into sound and interpreted by the mind. Communi- 
cation by means of wires was less simple, and if its 
discovery had not preceded that of wireless it would 
have been regarded as an improvement. It intro- 
duced problems of distortion, and it was to overcome 
these that research in future must be directed. All 
these matters had their origin in Faraday’s experi- 
ments, which were specially valuable in that they 
emphasised the importance of free space. 

In concluding the proceedings, the President said 
that the speeches to which they had just listened, 
as well as those delivered in the Queen’s Hall the 
previous evening, had all been inspired by a spirit 
of true homage to the man they had met to honour. 
The influence of Faraday on scientific research in 
Great Britain had been profound. He had made 
ordinary people understand science, so that it had 
become a career to which young men of brains and 
ability were attracted. His work had therefore 
given a great impetus to the growth of schools of 
experimental research in Universities, while his 
insistence upon facts, and upon the need for complete 
experimental support before a new theory was even 
tentatively adopted, had set a new standard of 
intellectual thoroughness. He developed mechanical 
theories to explain non-mechanical phenomena, a 
procedure which had dominated modes of thought 
for the rest of the nineteenth century. If there 
was now a tendency to leave this path, that did 
not diminish the practical value or historical 
importance of his influence. 

The Faraday Centenary Exhibition, which was 
opened by General Smuts, on Wednesday, September 
23, and will remain open until October 3, has been 
organised in the Albert Hall, Kensington, to display 
as far as possible within the limits of the space 
provided, the work of the master and its application 
to industry. It is quite impossible to deal in detail 
with the exhibits, but a general description of the 
plan that has been followed will give a good idea 
of what is to be seen. We would strongly advise a 
personal visit and especially a study of the excellent 
catalogue, which has been prepared for the occasion. 

The plan is simple. In the centre is a replica of 
the well-known Royal Institution statue of Faraday, 
while round its base are a number of cases con- 
taining his apparatus, including the famous ring of 
August 29, 1831. It is also possible to inspect his 
diary, medals and other objects connected with his 
ordinary life. From this centre eight sections 
spread out fanwise. These are each headed by 
stands on which demonstrations are given to 
illustrate some particular aspect of his researches, 
while nearer the periphery are other exhibits to 
show what has grown out of his original experiments. 
For instance, one section begins with Faraday’s 
researches in 1831, and includes working models 
of the ring and the apparatus used in its associated 
experiments. This is followed by a large-scale 
model of the grid, arranged by the Central 
Electricity Board, and is completed by a third 
exhibit, which is designed to give a general impression 
of the modern methods adopted in the transmission 
and distribution of electricity. This includes a 
large model of a village illustrating the way in which 
a supply is brought in from the grid and distributed 
locally. Similarly, another section deals with 
Faraday’s researches in electrostatics. Here is a 
model of the apparatus he used to measure specific 
inductive capacity. This is followed by an exhibit 
illustrating the development of submarine telegraphy 
and is completed by a third on which the British 
Broadcasting Corporation are showing one of its 
modern high power regional transmitters. Other 
sections deal with induced currents, followed by 
exhibits showing the use of electricity in transport 
and the processes of lamp manufacture, and with 
his researches in magnetism followed by other, which 
illustrates the use of electricity in industry and the 
home respectively. Probably the equipment which 
attracted the most attention is the 500-kw. valve, 
Which is intended for operation in the Rugby 
Wireless station. This is 10 ft. high, weighs over 
4 ton and is mounted on a welded steel bedplate 
8-ft. long and 3 ft. wide. Its water-cooled steel 
anode is 14 in. in diameter, 26 in. long and weighs 
3 ewt. The filament current is 500 amperes, 
r about 5,000 times that of a receiving valve, 


represents a flow of 3 by 10" electrons per second. 
Not the least remarkable feature of the exhibition 
is the lighting installation. This consists of a 
number of floodlights with an aggregate loading of 
200 kw., the light from which is reflected from a 
Velarium covering the whole ceiling. In addition, 
there is a large central fitting 40 ft. deep and weighing 
6 cwt., which contains lamps with an aggregate 
rating of 25 kw., while other equipment brings 
the total load up to 256-2 kw. 

On Thursday and to-day a number of visits were 
arranged to places of technical interest. These in- 
clude the works of Messrs. Morris Motors, Limited, 
Cowley ; Messrs. W. T. Henley’s Telegraph Works 
Company, Limited, Gravesend ; Messrs. the General 
Electric Company, Limited, Hammersmith and 
Wembley; Messrs. Callender’s Cable Company, 
Limited, and Messrs. Fraser and Chalmers, Limited, 
trith ; Messrs. Siemens Brothers and Company, 
Limited, Woolwich; Messrs. the London Under- 
ground Railway Company, Acton and Chiswick ; 
and of Messrs. Standard Telephones and Cables, 
Limited, New Southgate. In addition, inspections 
are being made of the Swanscombe substation of the 
Central Electricity Board, the Barking, Brimsdown 
and Deptford Power stations, the Post Office Rail- 
way, London, and the Radio Station at Baldock 
and the Brookman’s Park transmitting station of 
the British Broadcasting Corporation. 


ENGINEERING TRAINING AND 


EDUCATION. 

Manchester Municipal College of Technology.—The 
prospectus of University courses in the Municipal 
College of Technology, Manchester, for the 1931-32 
session, has recently been published. The College 
offers systematic training in mechanical, electrical 
and municipal engineering, building, applied chemistry, 
textile technology, mining, photography and _ the 
printing crafts. The prospectus refers mainly to full- 
time day courses, usually extending over three years, 
and leading to the degrees of B.Sc. Tech., M.Sc. Tech., 
and Ph.D., and to certificates. The prospectus 
contains full particulars of all the courses available, 
the conditions of admission, the scholarships tenable 
at the College, and a list of the prizes awarded each 
year. A history of the College and of the University 
of Manchester, an account of students’ and old 
students’ associations and societies, lists of associates 
and graduates of the College, and other matters of 
interest are also included. The Michaelmas term will 
begin on October 8, and the enrolment of students will 
take place from October 5 to 7. Copies of the prospectus 
may be obtained from the Principal of the College. 

Department of Aeronautics, Imperial College.—A 
pamphlet containing brief particulars of the activities 
of the Department of Aeronautics of the Imperial 
College of Science and Technology, South Kensington, 
London, S.W.7, has recently been issued. The instruc- 
tion provided is, in the main, of a post-graduate 
nature, and students are expected to have passed 
through a systematic training in physics, or in one 
of the branches of engineering, preferably mechanical, 
including a fairly high standard in mathematics. 
The syllabus of the course for the 1931-32 session is 
divided into two main sections, respectively dealing 
with design and engineering, and with meteorology. 
The design and engineering section is again subdivided 
into aerodynamics, mathematics, aircraft design, 
materials of aircraft construction, construction and 
strength of aircraft, engine design, and air navigation 
and aircraft instruments. Copies of the pamphlet 
and further particulars, may be obtained from Professor 
L. Bairstow, F.R.S., the director of the Department. 

Lloyd’s Register Scholarships.—The secretary of the 
Institute of Marine Engineers, 85-88, The Minories, 
London, E.C.3, has drawn our attention to the Lloyd’s 
Register Scholarships, which have a value of 1001. a 
year, and are tenable for a three-year engineering 
degree course at some approved University. There are 
three of these scholarships, one becoming available every 
year; they are open for competition to candidates 
who are British subjects, the age limit being between 
18 to 23 at the date for entering the University. The 
scholarship is intended to assist marine-engineering 
students to obtain an advanced course of instruction 
in engineering subjects. Intending candidates should 
make application not later than March 7, 1932, to the 
secretary of the Institute, from whom further particulars 
may be obtained. The next examination for the 
scholarship will be held on May 9 and 10, 1932. Atten- 
tion is also drawn to the fact that the Institute’s annual 
examination for student graduateship will be held 
from April 4 to 7, 1932, at centres arranged to suit 
candidates. Applications to sit at the examination 











and the filament emission is 160 amperes, which 


should be made by March 2, next. 


LABOUR NOTES. 


Unver the National Government’s economy plans, 
the rates of weekly unemployment benefit (except that 
for dependent children) will be reduced by 10 per cent., 
rounded off to the nearest 3d. The rate for men will be 
reduced from 17s. to 15s. 3d., for women from 15s. to 
13s. 6d., for adult dependents from 9s. to 8s., for young 
men from 14s. to 12s. 6d., for young women from 12s. 
to 10s. 9d., for boys aged 17 from 9s. to 8s., for girls 
aged 17 from 7s. 6d. to 6s. 9d., for boys aged 16 from 
6s. to 5s. 6d., and for girls aged 16 from 5s. to 4s. 6d. 
The rates of weekly contributions are increased to 
10d. each from employer, employee and Exchequer, in 
the case of men, with corresponding increases in the 
other classes, viz., 9d. in the case of women and young 
men, 8d. in the case of young women, 5d. in the case of 
boys, and 44d. in the case of girls. The payment of 
insurance benefit—as distinguished from transitional 
payments—is to be limited to twenty-six weeks in a 
benefit year; after which a fresh insurance qualifica- 
tition will be required. The effect of this will be to 
transfer claimants from insurance benefit to the transi- 
tional class—not in itself to reduce the total payments 
made. 


A needs test is to be applied to those whose insurance 
rights have expired, i.e., to persons now drawing tran- 
sitional benefit, and to those coming on to transitional 
payments in future, including those who do so because 
they have reached the twenty-six weeks’ limit of insur- 
ance benefit. They may, however, continue to receive 
assistance in cash up to the same rates as under the 
insurance scheme if they show that they are in need of 
it. The procedure contemplated is that, when unem- 
ployed persons come to the end of their insurance 
benefit and desire to claim further payment, they will 
attend at the Employment Exchange te prove unem- 
ployment, and satisfaction of other conditions, as at 
present. The Exchange will then request the Public 
Assistance Authority to assess their need and to deter- 
mine the amount payable (not exceeding the rate for 
ordinary benefit), and such determination will be final. 
The amount so determined will be paid by the Employ- 
ment Exchange, and the payment will be charged on 
the Exchequer. 


Under the new provisions, it is estimated that, assum- 
ing an average live register of 3,000,000 during the 
financial year 1932-33, there will be a saving to the 
Exchequer during that year of 35,800,0001., made up 
as follows :—Reduction in rates of benefit, 12,800,0001. ; 
increase in contributions from employers and em- 
ployed persons, 10,000,000/.; needs test for tran- 
sitional payment, 10,000,000/.; removal of anomalies 
under the Unemployment Insurance (No. 3) Act, 1931, 
3,000,000/. 


During the past financial year, the German Unem- 
ployment Insurance Office had an income from con- 
tributions of 59,500,0001., and paid in _ benefits 
91,050,000/. To make up the deficit it received from 
the Reich 30,640,000/. In the first four months of the 
current year the expenditure on relief exceeded the 
income from contributions by 2,135,0001. 


Mr. Findlay, the general secretary of the United 
Pattern Makers’ Association, states, in his latest report, 
that the number of unemployed members increased 
by 45 during August. The total is now 2,825. The 
number of members in receipt of sick benefit is 244, and 
|the number in receipt of superannuation benefit 489. 
| The total membership is 11,174. 





| 


The Ministry of Labour Gazette states that employ- 
|ment during August showed a further decline in a 
!number of important industries, but this was offset 
| to a large extent by an improvement in coal mining. 
| The net decline, in industry as a whole, was therefore 
|small. Among workpeople insured against unemploy- 
|ment in Great Britain and Northern Ireland, the 
| percentage unemployed in all industries taken together 
| was 22-7 at August 24, 1931, as compared with 22-6 
|at July 27, 1931, and 17-1 at August 25, 1930. For 
| males alone, the percentage at August 24, 1931, was 
| 23-7, and for females 20-0. At July 27, 1931, the 
| corresponding percentages were 23-8 and 19-5. At 
| August 24, 1931, there were approximately 9,196,000 
| insured persons, aged 16 to 64, in work in Great Britain. 
| This was 22,000 more than a month before, but 501,000 
| less than a year before. 


At August 24, 1931, there were 1,958,395 persons 
on the registers of employment exchanges in Great 
Britain, who were out of a situation. This was 80,852 
more than a month before, and 624,545 more than 
a year before. The total included 1,434,779 men, 
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61,269 boys, 413,812 women, and 48,535 girls. It 
was made up approximately of 1,310,690 insured 
persons who had paid at least 30 contributions during 
the preceding two years, and therefore satisfied the full 
contributions condition for the receipt of unemployment 
benefit ; 539,390 insured persons who had paid less 
than 30 contributions during the preceding two years ; 
and 108,320 uninsured persons. The claimants for 
benefit, numbering 1,774,734, included 257,245 men, 
6,191 boys, 56,448 women, and 3,200 girls, who had 
been on the register for less than one month. 


There were registered as unemployed in Great 
Britain 440,404 men, 14,376 boys, 194,728 women, and 
12,321 girls, who were on short time or were otherwise 
suspended from work on the definite understanding 
that they were shortly to return to their former 
employment. The total of 661,829 was 62,861 less 
than a month before, but 52,520 more than a year 
before. Of persons who normally seek a livelihood by 
means of jobs of short duration, there were on the 
registers 111,085 men, 263 boys, 2,189 women, and 
21 girls ; these were mainly employed in dock, harbour, 
river and canal service. The total of 113,158 was 
2,441 more than a month before, and 17,015 more than 
a year before. MaRS 

Employment declined in the brick and tile, glass, 
iron and steel, tinplate and motor vehicle industries, 
in shipbuilding and ship-repairing, in the textile trades 
(except linen, jute and hosiery), in the clothing and 
distributive trades, and in building and public works 
contracting. There was some improvement, however, 
in coal mining, in jute manufacture, and in the boot 
and shoe industry. a 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in August, resulted in an estimated decrease of 24,1501. 
in the weekly full-time wages of 284,000 workpeople, 
and in an increase of 2,0501. in those of nearly 22,000. 
The principal bodies of workpeople affected by reduc- 
tions in rates of wages, included coal miners in Scotland, 
Cumberland, and Warwickshire; shale miners, &c., 
in Scotland ; blastfurnace workers in Lincolnshire and 
Scotland ; iron puddiers and iron and steel millmen in 
the Midlands; steel smelters, &c., in various districts 
in England and Scotland ; steel workers at Sheffield ; 
light castings makers ; woollen and worsted operatives 
employed by certain firms in Yorkshire ; retail bespoke 
tailors in Scotland (under a Trade Board Order) ; and 
the employees of various local authorities in the West 
Riding of Yorkshire. There were increases, under 
cost-of-living sliding-scale arrangements, in the wages 
of electrical cable makers and chain makers, and in 
those of hosiery workers at Hawick. 


The number of trade disputes, involving stoppages 
of work, reported to the Department as beginning in 
August, was 36. In addition, 14 disputes which began 
before August, were still in progress at the beginning 
of the month. The number of workpeople involved in 
all disputes in August, including workpeople thrown 
out of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes, 
was about 63,900, and the aggregate duration of all 
disputes in August was about 349,000 working days. 





A table printed in the report for 1930, of the Chief 
Inspector of Factories and Workshops, gives particulars 
of 744 works, owned by 700 firms and employing over 
83,000 people, where the five-day week is in operation. 
Of these works, 207, employing nearly 14,000 people, 
are in the furniture trade ; 198, employing 9,300 people, 
in the clothing trades ; and 53, employing 12,400 people, 
in the metal trades. The hours worked under the 
five-day week are generally 47 or 48, as in factories 
working six days a week ; but in a quarter of the works 
the hours are in the neighbourhood of 45 hours a week ; 
in 7 per cent. (mostly works employing men only, and 
working 56 hours a week), the hours exceed 48; and 
in the remainder (about 4 per cent.) the hours are less 
than 45. The hours which would otherwise have been 
worked on Saturday are sometimes equally distributed 
over the other days of the week ; but more often the 
extra hours are added to Tuesday, Wednesday, and 
Thursday, which are recognised as the best days for 
output. Very little alteration or adjustment of wages 
has been necessary. Ange yl 

The report states that production has been main- 
tained, and in many cases appears actually to have 
been increased, under the five-day system. Thus, in a 
brass casting shop, 45 pots of metal are melted in the 
week, as against 42 under the old system. Ina match 
factory, where the hours were reduced from 47 to 40, 
the production on piecework is practically unchanged. 
In a furniture factory, where the hours were reduced 


to 474, and later to 45, the output is said to be the same 
as when 54 hours were worked. In a cycle works a 
definite increase of 19 per cent. is reported in the 
plating and enamelling departments. There is a very 
general consensus of opinion, it is added, that the 
system has been advantageous both to employers and 
to employed. It has reduced the employers’ overhead 
charges, given more time for maintenance work and 
repairs, speeded up the delivery of orders, reduced 
absenteeism, and on the whole improved timekeeping. 
The workers also have benefited by the long week-end ; 
they save the time and expense of travelling on one 
day of the week ; they have more time for home duties ; 
and there is evidence that the adoption of the five-day 
week has been beneficial in their health. 


A communication received by the International 
Labour Office at Geneva, states that the Austrian 
Ministry of Social Affairs has drafted a Bill to relieve 
the labour market by prohibiting the employment 
of certain classes of persons. The measure provides 
that persons with a monthly income of more than 
400 schillings derived either from earnings or from inva- 
lidity or old-age pensions, may not engage in any further 
remunerative occupation without special permission. 
In the case of a person supporting a dependent wife, 
husband or parents, the limit is 450 schillings. It is 
increased by a further 50 schillings for every child 
not yet of age. These provisions will not apply to 
agriculture (in which, in contrast to other occupations, 
there is a shortage rather than an over-supply of labour), 
the teaching profession, in view of the fact that a 
number of educational establishments are obliged, 
for financial reasons, to employ part-time teachers, 
or occupations connected with the different religious 
sects, which have no connection with the labour market. 
Further, they do not apply to the various public admini- 
strative services, as regards the employment of retired 
public servants. The Railways and Post Office, in 
particular, according to the preamble to the Bill, 
need the services of their former servants during busy 
periods. ed 

Persons who do not come under the categories for 
which exemption is provided, and whose income exceeds 
the limits fixed by the Bill, will not be allowed to take 
up any new employment without first obtaining a 
permit. In view of the present depression on the 
labour market, such permits will be granted only in 
exceptional cases and if justified by special circum- 
stances, or by reasons of economic necessity. The 
formalities prescribed for obtaining a permit are similar 
to those laid down for the engagement of foreign 
workers. Application must be made to the district 
industrial boards either by the workers or by the 
employers. Appeal from the decisions of the boards 
may be made to the Ministry of Social Affairs. 
Employers who, at the time when the Bill becomes law, 
have in their employment persons covered by its 
provisions whom they wish to retain, must apply 
for a permit within two weeks. As the Bill is an 
emergency measure, it is intended to be of a temporary 
character and to remain in force until January 1, 1933, 
but the Federal Government may prolong its validity 
beyond that date. scm 

At September 14, the numbers of persons on the 
registers of employment exchanges in Great Britain 
were 2,018,541 wholly unemployed, 659,471 tempor- 
arily stopped, and 111,068 normally in casual employ- 
ment, making a total of 2,789,080. This was 11,551 
less than a week before, but 685,667 more than a year 
before. The total included 2,019,747 men, 76,081 
boys, 631,632 women, and 61,620 girls. The number of 
persons wholly unemployed was 2,018,541, as com- 


pared with 2,002,756 in the previous week. 





A conference on the state of the industry took 
place in Manchester on Monday, between representa- 
tives of the Federation of Master Cotton Spinners 
and representatives of the operatives in the Spinning 
Section. The employers asked the men’s representa- 
tives to ‘‘show their interest in the welfare of the 
industry by agreeing to some alteration which would 
be a genuine contribution to the necessary reduction 
in costs.” The principal points which the employers 
have in view are understood to be a reduction of 
wages, an extension of working hours, and the removal 
of trade union restrictions which stand in the way of 
increased production. The request is to be considered 
at a representative meeting of the Spinners’ Amalga- 
mation to-morrow. 


As was expected, the General Council of the Weavers’ 
Amalgamation have authorised the Central Committee 
to continue negotiations with the Cotton Spinners and 
Manufacturers’ Association on the “more looms” 
question. The Central Committee met in Manchester 
on Tuesday, but so far no arrangements have been 
made for a resumption of the negotiations. 





INFLUENCE OF VARIATIONS IN 
HEAT-TREATMENT AND AGEING 
ON DURALUMIN.* 

By Professor A. von ZEERLEDER. 


Ir has been suggested that severe corrosion of 
Duralumin is due to the temperature from which the 
alloy is quenched as well as to the temperature at which 
it is afterwards stored. The temperature of ageing 
changes according to the time of year and the place of 
storage, and consequently may vary from about 0 deg, 
C. to about 40 deg. C. Since Duralumin seems to 
corrode more readily when aged in the summer months, 
owing to the higher ageing temperature, it has been 
proposed that it should be stored in artificially cooled 
rooms. It has also been emphasised that the alloy 
should be quenched in cold water. The process of the 
heat-treatment of Duralumin may be regarded as the 
formation of a solid solution of the alloying components 
in aluminium as a result of the annealing at 500 deg. C., 
and the retention of this state by quenching from that 
temperature; this is followed by a sub-microscopic 
decomposition during ageing at room temperature. 
It seems therefore unlikely that raising the temperature 
of the liquid in which the alloy is quenched will have any 
influence on the kind of decomposition, and con- 
sequently on the resistance of Duralumin to corrosion. 

On the other hand, electrochemical potential meas- 
urements, which will be referred to later, are influenced 
by the ageing temperature, since not only does age- 
hardening proceed more rapidly at higher than at 
lower temperatures, but the electrochemical potential 
changes and, as the yield point, is decidedly higher. 
With Avional 411, for instance, the following values are 
obtained, viz., yield-point 39 kg. to 43 kg. per square 
millimetre (25 tons to 27 tons per square inch), tensile 
strength 47 kg. to 53 kg. per square millimetre, (30 tons 
to 33 tons per square inch), elongation 10 per cent. to 
14 per cent. A very interesting paper by K. L. 
Meissnert induced the present author to complete 
tests already carried out and to publish the results. 
Before these experiments were completed Meissner’s 
second paper was published,{ to which reference will 
be made later. It is known that distortion or deforma- 
tion generally occurs when metals or alloys are quenched 
in cold water from a high temperature. This is par- 
ticularly so with thin sheets, and the necessary straight- 
ening causes considerable increase in the price of the 
alloy. If, however, the sheets are quenched in hot 
water or, better still, in oi], they are much less deformed. 

The present experiments were carried out with the 
alloy Avional D, similar to Duralumin, made by 
Messrs. Aluminium Industrie A.G., Neuhausen, 
Switzerland, for aircraft purposes. Since there is little 
difference in composition shown in Table I, between the 
two alloys, the results are comparable. The following 





TABLE I, 
Copper. Mag- Man- Silicon. | Iron. 
nesium. | ganese. 





Per cent. | Per saints ai sie i cent.| Per cent. 
| 





Duralumin, 
681 aE 4-2 0-5 0-6 0-3 0:3 
Avional D ..|3-85-3-94 0-53 0-47 0-56 0-3 





tests were carried out in order to determine the influence 
of the temperature of the liquid in which the alloy is 
quenched, and the ageing temperature on the mechani- 
cal and corrosive properties of Avional. The alloy 
was quenched in water (1) at 0 deg. C., (2) at 50 deg. C., 
and then aged at 0 deg. C., 50 deg. C., and 145 deg. C., 
respectively. The more rapid ageing at higher tem- 
peratures limited the time during which the observa- 
tions were carried out. The tests aged at 0 deg. C. 
were examined over a period of 20 days, those at 50 deg. 
C. over five days, and those at 145 deg. C. over one day 
only. 

Mechanical and electrochemical properties were 
measured on alloys, (1) aged at 0 deg. C. after one, five, 
ten, and twenty days; (2) aged at 50 deg. C. after 
half, one, two and five days ; and (3) aged at 145 deg. C. 
after half and one day. The test bars were made 
before being heat-treated, and their dimensions are 
given in Figs. 2 and 3. The bars were tied together in 
packets, with a nickel-nichrome thermo-couple in each, 
placed in a furnace and heated up to 500 deg. C. within 
+2 deg.C. The time of heating, including that of 
heating-up the furnace, was five hours, which ensured 
the packets being at the same temperature. 180 test 
bars were heat-treated in two charges, and similar 
results proved the heat-treatments to be identical. 
Five seconds after opening the furnace, the packets of 
bars were quenched in water at 0 deg. or 50 deg. C., 
of sufficient amount for the temperature to rise only 
about 1 deg. C. 








* Paper read before the Institute of Metals, at Ziiricb. 
on Tuesday, September 15, 1931. Abridged. 
{ ENGINEERING, vol. exxx, page 473 (1930). 





t ENGINEERING, vol. exxxi, page 406 (1931). 
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The material aged at 0 deg. C. was placed in a dry, 
closed aluminium container, in a mixture of ice and 
water; whilst the ageing at 50 deg. + 1 deg. C. was 
carried out in an air-bath, and that at 145 deg. C. in 
a muffle controlled to within + 2 deg. C. Check 
experiments showed that pieces taken from the same 
sheet were identical as regards composition and 
mechanical properties. Corrosion test-pieces (170 mm. 
x 25mm. X 1mm.) were made to size from the material 
after it had corroded. The tensile tests were carried out 
on an 11,000-lb. Amsler testing machine, and the 
yield-point was taken from the stress-strain diagram. 
The values given below are the average of two to six 
tests; six tests were carried out on material not aged, 
two only on an aged material, the remaining four 
samples were subjected to corrosion tests in a salt- 
spray bath. 

Bending tests consisted in bending four pieces 
(150 mm. x 10 mm. x 1 mm.) round a mandrel 
10 mm. in diameter. Electrical conductivity experi- 
ments were also carried out, since they clearly indicate 


able. This value recovers on ageing for a longer period. 
No important changes are observed by bending tests 
and hardness measurements. They are practically 
the same with all test-bars aged for a sufficiently 
long time. 

The electrical conductivity of the alloy first decreases 
about one unit when aged between 0 deg. and 50 deg. C., 
and then remains practically constant. When aged 


Fig.2. DIMENSIONS OF TEST-BARS. 
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Ftg.3. DIMENSIONS OF TEST-BARS. 

















all cases the tensile strength decreased only slightly, 
and the elongation about 50 per cent. On the other 
hand, artificially aged bars showed a decrease of 50 
per cent. in the tensile strength and of more than 90 
per cent. in elongation (see Fig. 9). 

The results of these experiments may be summed up 
as follows; raising the temperature of the quenching 
medium and the temperature of ageing to 50 deg. C. 
has no considerable influence either on the mechanical 
or corrosion-resisting properties. Ageing at low 
temperatures (0 deg. C.) only delays the ageing, whilst 
at higher temperatures (50 deg. C.) it is accelerated. 
The 3 per cent. increase in elongation obtained on ageing 
at 50 deg. C. in comparison with that obtained at 
0 deg. C. is an advantage. It is surprising, however, 
that ageing at 50 deg. C. causes neither deterioration 
of the corrosion properties nor changes of potential, 
which occur, however, when the ageing is carried out 
at 145 deg. C. 

It is therefore necessary to find at which ageing tem- 
perature deterioration of the corrosion properties 















































phase changes. ‘“‘ Mylius tests,” which have been [<-30-->+10H<- a 90----------- >O<---30--> and change of potential towards the baser side are to 
modified by the author, were carried out. These ! x be observed, and experiments with various quenching 
consisted in determining the solubility in acids, by the 37 8 and ageing temperatures are being carried out. 
thermometric HCl test, and also the loss in weight in , x According to Meissner, this temperature seems to be 
an oxidising solution of sodium chloride. Potential | me i about 100 deg. C. When Super-Duralumin aged at 
measurements were made with bars (250 mm. x r< 110 | temperatures above 100 deg. C., is compared with that 
10 mm. X 1 mm.) against a normal calomel electrode ee RY ee >! aged at room temperature, it is seen that a greater 
in an aerated solution of 2 per cent. sodium chloride (2877.4) “ENGINEERING decrease in the percentage elongation is apparent in 


Fug.6. INFLUENCE OF THE TEMPERATURES OF THE QUENCHING Fig.8. INFLUENCE OF THE TEMPERATURES OF THE QUENCHING MEDIUM 


MEDIUM AND AGEING ON THE TENSILE STRENGTH OF AND AGEING ON THE ELONGATION OF AVIONAL. 
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at 145 deg. C. there is an initial decrease, which is soon _ the former than in the latter case. This decrease 
followed by a considerable rise. This may be regarded | shows that artificial ageing causes a more pronounced 
as the result of the precipitation of CuAl, from the | precipitation of the alloying components. 
were machined to size; after 50 days of test their|solid solution. The reaction numbers of the ther- 
tensile strength and elongation were determined. The | mometric HC] test were obtained for all test-bars which a ee gy ee ae 
salt-spray used consisted of a 3 per cent. sodium chloride | had been quenched to and aged at 0 deg. and 50 deg. C. | The organising committee of the Canadian Engineering 
solution, and the temperature was 18 deg. to 20 deg. C. | There is distinct deterioration only in the case of arti- | Standards Association was formed in 1917 as the result 
The average results of some of these tests are | ficially aged bars. With regard to the oxidizing NaCl-| of a suggestion made by the Board of Trade and the 
shown graphically in Figs. 6 to 9 on this page. From | test there is little difference between the results obtained | British Engineering Standards Association. In 1919, the 
Figs. 6 and 7 it is seen that artificial ageing of normal | from material differently heat-treated. A loss of weight | P eegmaconginen turned its gna — — — 
Avional D does not improve the tensile strength in | 0-50 grm. to 0-55 grm. per square centimetre was | ae bse ana ie Be pry bd Bic = ow 
comparison with that aged at room temperature, but | observed in all cases. } ’ p= products, which line of action it has steadily pur- 
taises the yield-point: the only result of raising the| Potential measurements show no difference: im) the:| oy ca crea Bae annie years past, the Association 
ageing temperature from 0 deg. to 50 deg. C. consists | case of Avional quenched to and aged at temperatures | has issued a year book, and the fifth of the series, which 
in an acceleration of the ageing process; there is no|of 0 deg to 50 deg. C. The potential of artificially | covers 1930, has recently been published. The year 
change in the final values of either the tensile strength | aged Avional is about 50 m.v. to 100 m.v. lower than | book shows that five revised editions of existing specifica- 
or the yield point. Further, variation of the tem- | that of Avional aged at room temperature. The period tions and a ane —— of the —- ri 
perature of the quenching medium from 0 deg. to 50 | of these measurements extended over at least eight days, = praigter yo corm grins en Pwo, ae og 8 8 
deg. C., has but little influence on the resulting ageing, | since with increasing corrosion of the test bar in the pie aa paar pre reinforcing con and steel wire for 
¢g-. the curve representing the tensile strength of | aerated salt solution a less noble potential was observed. | concrete reinforcement. It is hoped, before the end of 
material which has been quenched in water at 50 deg. |The more rapid the corrosion of the test bar of alu- | 1931, to issue a number of new specifications and to 
U., and aged at 50 deg. C. is nearly the same as that of | minium or an aluminium alloy, the quicker and the | make a start on work connected with Part II of the 
material quenched in water at 0 deg. C. and aged at | greater is the displacement of the potential towards | Canadian Electrical Code. The work of the Association 
50 deg. C. Fig. 8 shows, in the case of Avional D.,|the baser side. The change of potential signifies, | covers seven branches of engineering, each of which .° 
the effect of ageing on the elongation, and the well-| therefore, the advance of corrosion. The results of | administered “| e sene: pene cr ac piers lira 
known effect of artificial ageing at 145 deg. C. is seen : | corrosion tests in the salt-spray bath correspond with | cueisal seaheeeions perenne eee i 3 ag 
after a slight initial rise the elongation drops consider- | values expected after the above-mentioned tests (con- | including aircraft, railway engineering, the ferrous 
ably (with a corresponding increase in the yield-point). | ductivity, HCl-number, and potential); raising the metals, and mining machinery. The offices of the 
The slicht drop on ageing at 0 deg. C. in comparison | temperatures of the quenching medium and ageing to) Association are at 14, Central Chambers, 46, Elgin-street, 
with the increase after ageing at 50 deg. C. is remark- ' 50 deg. C. has no effect on resistance to corrosion. In! Ottawa. 


at 18 deg. C. Four similarly treated tensile test- 
bars (170 mm. x 25 mm. x 1 mm.) were put at the 
same time into the salt-spray bath, before the specimens 
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INDENTATION HARDNESS OF TEST 
PIECES RESULTING FROM PLASTIC 
FLOW.* 

By Sir Henry Fow.er, K.B.E. 

AFTER discussing this subject with Professor B. P. 
Haigh, a series of experiments were carried out on a 
mild steel bar 10 ft. long and 1, in. in diameter. 
This bar was selected after tests had been made at 











especially after local contraction commences. The 
results are plotted as a dotted curve in Fig. 5. 

The whole of the test bars were sectioned longi- 
tudinally, and a series of hardness determinations made 
at the exact positions shewn on the diagram Fig. 4. 
The actual hardness numbers at the various points 
marked have not been given in Fig. 4 owing to 





reduction necessary in reproduction. The means are 
given below each specimen. The growth of hardening 









































Ftg.1. HARDNESS TESTS ON CROSS SECTION A&B, Fig.4#. A3-X. 
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each end to ascertain that there was no marked sulphur Ftq. 3. « 3" Gaugelength ---> Ends screwed “ ; ¥ 
segregation. The analysis was as follows :—Carbon, | 7 Dia-Nt. pi. ea ei + 
0-21 per cent.; silicon, 0-06 per cent.; manganese, Seeaee : H + + + 
0-59 per cent. ; sulphur, 0-037 per cent. ; phosphorus, AN KK ___ 798" Nominal Dia. ' - re — 
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Five pieces were cut from one end of the bar, each| |! a ~" 
1 ft. 9 in. in length, and the whole of the material | a 1 ride ---- 39" Parallel- ie -- 1". | A2-Z 
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approximately 40 minutes, the pieces were allowed to | > + * 
cool freely in air. Hardness tests indicated in Fig. 1 | 60 = * * af 
were then made on two cross sections from the ends of | ; Fug. 6. ; of ; + + 
the bar and also on a longitudinal section. A Vickers 2205 5 | i * wa BA 
diamond hardness testing machine was used with a g ~ EE =e I 
load of 30 kg. on a standard 136 deg. diamond pyramid. | rs 50 Means ” -_ - 
reaps sarily appr ge ge —eapeemenr = A gpa 
oO > Log ying it. f oc 21 & ts 
gy ss oll the repens oe —_ a 8 oni ee acs. 
Nine¢ tensile test pieces were prepared, three rom > rd 40 MAX. STRESS: 28-9 TONS PER SQ. INCH. 
each of the first three sections as shown by Fig. 2.| 3 
The test pieces, which were dimensioned as shewn by | 5 5 - # + 
Fig. 3, were loaded in a Buckton 15-ton testing 3 HO; R] . sf is 
machine in the following manner, the yield point! 2 a ie - + 
being taken by a Buckton-Kennedy extensometer :— 8 % 30 : ’ s 
Test piece A3X Loaded to just below the yield point— | 3 rg Means;—— — saa - y 
17-5 tons per square inch. |= Dg es 
os AIX Specimen allowed to yield. Stress a” ” A3-Z 
18-2 tons per square inch. z SOME LOCAL CONTRACTION ALLOWED. 
- ALY Loaded to 22 tons per square inch. 20 MAX. STRESS: 28-9 TONS PER SQ. INCH. 
: A2Y 25 = f RED. OF AREA: 49:2 PER CENT. 
re A2Z 28 ss x 60- ™ | ¥ 
x A3Y » 28-9 tons per square inch. | —43¢) oO e 4 3 
Maximum load but no local contrac- | ' Baca at + 
tion of area allowed for. , : ae i ; . pee OS ee: 
” A3Z Loaded to 28-9 tons per square inch. with plastic flow is interesting, especially during the ' } 9, 177 ‘ia 
Some local contraction of area! period of local contraction. Means|——~ 175 1% 20t Ut 
allowed for. A 
a AlZ Test piece broken after sustaining The test bars were carefully measured and Log aa A/l-Z 


maximum stress of 29-1 tons per 
square inch. 

Test piece A2X was placed in a 50-ton Whitworth 
tensile testing machine and gradually strained by a 
series of intermittently applied loads until fracture 
took place. After each application, the load at the 
instant of removal was noted, and the mean diameter 
of the smallest section measured, before the load was 
applied again. The actual intensities of stress for | 
these various readings were calculated and also the | 








A — 
values of Log —, where A was the original area of the 
a 


test bar and a the actual minimum area. This method | 
has been adopted as it is thought that it probably gives | 
a truer representation of the work hardening effect | 
eae aA TesaS oe | 

* Contribution to the Report of the Committee on | 
Stresses in Overstrained Material to be presented to | 


Section G of the British Association, London, on September 
30, 1931. i 


















determined at the positions corresponding to each 
crosswise set of hardness determinations. The mean 


hardness number for each set is plotted with Log 4 


as abscisse in Fig. 5, and a full line curve drawn 
through these points. The accompanying Table sum- 
marises’ the results obtained from the various test- 
bars, but not including the detailed measurements 
made on test piece A2X. In order to check the con- 
sistency of the results, the available values of actual 


A . . . 
stress and Log — obtained from the various test pieces 
a 


(as shewn in the Table) were plotted as points (thus 
:— o ) superimposed on the dotted line curve for test | 
piece A2X. The points lie evenly on this curve and | 
indicate good agreement between the various test bars. 

After these tests it was felt that further interesting 












information might be obtained by stressing a bar in 
which the centre section was tapered towards the ends. 


Sufficient material was available of the same bar from 
which the previous tests were taken. The intention 
was that the centre of the test bar should be 0-600 in. 
in diameter, and should be tapered with a uniform 
taper to 0-660 in., at 2 in. from the centre and then 
in the next 2 in. on each side increased to 0-75 in. 
diam. These figures could not be actually worked to, 
but the actual diameters of the bar, with other particu- 
lars, are given on Fig. 6. Diamond hardness tests 
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on the cross-section are also shown, whilst on the right- 
hand side are shewn the positions at which various 
readings were taken. Before the bar was machined 
down from 1 in. diam., three flats were filed on it in 
positions 1, 2 and 3, in Fig. 6. The hardness along 
these flats was determined and is plotted on Fig. 7. 
The bar was then turned down to the shape shewn 
in Fig. 6. 

The intensity of stress at various positions expressed 








Fig. 6. ae He 








as a fraction of the intensity of stress at the centre 
position was calculated from the measured dimensions, 
and is plotted in Fig.8. The test piece was then stressed 
up to the yield point (20-7 tons per square inch) and 
this load was maintained for 1} hours. The actual 
yield on 8} in. was0-15in. The load was then released 
and the bar again measured carefully, the diameter 
at the comparable points being shewn on the line 6 on 
Fig. 6. Underneath this line of figures is given the 
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Fig.8. INTENSITY OF STRESS AT VARIOUS 
POSITIONS EXPRESSED AS FRACTION OF 
Be bina OF STRESS AT CENTRE POSITION. 
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decrease in cross-sectional area after testing (line c), 
and this is plotted as a percentage reduction of the 
original area in Fig. 9. The hardness of the bar was 
then taken at position 2 along a line parallel with the 
axis. 

The result is shown in Fig. 9. The bar was then 
carefully machined down to the plane XY (Fig. 6) and 
the hardness taken along the centre of this flat. These 
hardnesses are also plotted (Fig. 9), whilst under these 
curves is shewn the percentage reduction of cross- 
sectional area at the various points. The lines have 
the same general contour and shew clearly that the 
plastic flow has progressively hardened the material. 
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TABLE OF RESULTS OF INDENTATION HARDNESS TESTS ON TENSILE TEST PIECEs. 
- | Nominal Max. | aa Sine ; | rl 
Sad S Actual Stress | Mean | 
Test Piece. | — aoe | Log. a L Hardness Remarks. 
| = @ a | Number. | 
: 1 
| | | | 
| | | 17-4 119 | 
| | 17-5 112 | 
A8—X | 17°5 Nil. | 17-5 | 114 Just below yield point. 
| 17-5 | 114 [| 
| 17°5 | 113 J| 
| 0-009 | 18-5 132 7} 
Al—X | 18-2 0-009 18-5 126 Specimen allowed to yield. 
0-011 | 18-6 130 
. | 0-015 =| 2-8 | 138 
Al-y | 22-0 0-018 | 22-9 | 133 | 
| | (| 0-017 | 22-9 | 146 
| 0-028 26-6 | 141 | 
A2—Y | 25-0 0-028 26-6 | 147 
| 0-028 26-6 143 
——- = 
| 0-057 31:9 | 165 | 
A2—Z, | 28-0 0-059 32-0 170 
| 0-057 31-9 155 
13—¥ 98.9 | ca bly | i. 7} | Supported maximum load but no local 
ae . | a © . . ” TAT F « 
: | 0-082 35-0 171 if contraction of area, 
(| 0-092 35-7 | 175 | 
0-197 — 195 le aera ‘ . 
13-2 | 98-9 J | 0-204 204 | Some a contraction allowed (49-2 per 
| 0-252 — 204 || . 
l 0-102 36-6 177 J} 
— a ee —|— 
| 0-082 | 35 +1 182 > | 
| 0-147 2 191 | 
1s 3 - 207 lo : 
A1l—Z% 29-1 | ea a 210 | Test piece broken. 
0-152 — 186 | 
| 0-075 34-6 170 J | 
_— lance | sal LAS eh oa | —_— 
| 0-100 36-8 184 + 
f it oz bo Test piece broken slowly. (Diameter of 
A2—X 29-2 < | 0-330 307 5 smallest section measured after successive 
| "dd — Ve “ha > f 
| 0-176 191 | changes of load.) 
a 0-110 37-6 183 
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RING” = - 
L = Load applied in tons. 





= Original area in sq. in. 


a = Actual area in sq. in. 


has apparently not been stressed up to the normal 
yield point. It is hoped that further experiments 
will be made with the object of more thoroughly 
investigating the mechanism of ‘* breakdown” at the 
yield point. 

The author wishes to thank Mr. T. Baldwin for the 
assistance he has given in the preparation of this paper. 





1,000,000-LB. WIRE ROPE TESTING 
MACHINE. 


Some three years ago, in ENGINEERING, vol. cxxv, 
page 697 (1928), to be precise, we described and illus- 
trated a remarkable testing machine built by Messrs. 
W. and T. Avery, Limited, Soho Foundry, Birming- 
ham. This machine was designed for a special purpose, 
viz., to test to destruction typical structural members 
of the Sydney Harbour Bridge, then in course of con- 
struction. Messrs. Avery have just now completed 
a no less interesting machine for an entirely different 
purpose, that of testing wire rope specimens by tension. 
We mention the bridge member testing plant so that 
our readers may be able to compare the manner in 
which the firm has dealt with such dissimilar and large 
scale machines as the former and present examples. 
The testing machine here described and illustrated 
by Figs. 1 to 5, on the two following pages, has 
been made to the order of the Canadian Government 
Department of Mines, and is, we believe, the largest 
vertical compound lever machine yet made in Great 
Britain for testing wire cables or ropes. The speci- 
mens are to be subjected to tensile tests, the maximum 
capacity of the machine being 1,000,000 lb. The 
length of the test piece is 6 ft., unstretched, and the 
maximum circumferential measurement 11 in. We 
understand that the machine will be housed in a section 
of the new wing of the Government House, Toronto, 
and will be shipped via Montreal. 

As will be seen from Fig. 1, page 422, which 
shows the machine completely erected, that the pull is 
arranged to take place in a vertical direction, so that 
the specimen may be watched during straining, a clear 
view being obtainable from either side. The method of 
working the machine is not, at first sight, easily grasped, 
so that a brief explanation is desirable before consider- 
ing it in detail. The large three-tiered base contains, 
in its upper part, a system of horizontal levers on knife 
edges, on which the weighing platform is carried. The 
weighing platform has, bolted to its upper surface, four 
columns connected at the top by a crosshead to which 
the top end of the test-piece is fixed. The bottom end 
of the test-piece is attached to a crosshead carried, be- 
tween the columns, on four screws having a vertical 
movement in nuts situated in the lower part of the base. 
When these nuts are rotated in carrying out a test, the 
screws draw the crosshead down, and, through the test- 
piece, place a load on the weighing platform also, and 
displace the lever system on which the latter is carried. 
This, however, resists the movement to a degree corre- 
sponding to the loading of the steelyard seen to the 
right of the figure. The actual stress recorded is thus 
equivalent to the weight imposed on the weighing 
platform, and as such may be measured with a high 
degree of accuracy. 

Neglecting the recording mechanism for the moment, 
the main structure may be considered more in detail. 
For this purpose, Figs. 2 should be referred to. In this 
figure the upper section of the base is removed, and 
the upper system of levers is well shown, as also its 
relation to the four straining screws. The straining 
screws, which are, of course, clear of the weighing plat- 
form, are of steel and are 5 in. in diameter. The 
straining crosshead, which is carried at the upper ends 
of the screws, is of cast steel, and between the bosses 
for the bolts is provided with a flat surface on each 
side, which slides against stiff guide columns bolted to 
the base. A hole through its centre accommodates the 
test-piece gripping gear. A similar hole is provided in 
the weighing crosshead, which is also of cast steel, but 
the columns connecting it with the weighing platform 
are of cast iron. They are, always, during a test, in 
compression. The weighing platform is of cast steel 
and is mounted on bracketed portions provided with 
bearings for the lever knife edges. 

The straining screw operating gear is not visible in 
any of the figures, being situated in the-lower part of 
the base. The straining screws are cut with 3-in. pitch 
square thread at their lower ends, which parts work 
in phosphor-bronze nuts, having external worm wheels. 
These four wheels are driven simultaneously from a 
central worm shaft, right and left-hand worms being 
fitted to avoid a thrust. The worm shaft is driven 
from the gear box seen to the right of Fig. 1, in which 
figure the shaft coupling can be identified. Power is 
supplied by an enclosed alternating current reversible 
motor, coupled to the first shaft of the gear box by a 
clutch. 

A view of the gear box is given in Fig. 3, page 
422. The gears are of forged steel with cut teeth 





and are mounted on shafts running on ball bearings. 
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Fig. 1. 
The object of the gear box is not only the reduction 
of the motor speed, but the provision of different rates 
of movement for the straining crosshead. 


0-4 in. per minute when a test is being carried out, 
and at 8in. per minute, both upwards and downwards, 
when it desired to or release a_ test-piece. 
The total movement of the crosshead is 8 ft. A rather 
unusual method of changing the gears will be noticed 
in the figure. The pinions concerned rotate between 
jaws, the upper surface of which is formed with a rack, 
the whole sliding in a slot. This rack is traversed as 
required by the rotation of a pinion on a horizontal 
shaft led through the cover of the gear box. 


is set 


The steelyard portion of the machine, which, with 
its autographic recorder and control gear, is seen above 
the motor and gear box in Fig. 1, may now be con- | 


sidered. The platform on which this apparatus is 
situated is bracketed out from the base at the level of the 
top of the weighing platform and is shown supported on 
a temporary column at its outer end. The machine 
will be installed witn the top of the platform flush 
with the floor of the testing room. The base, motor, 
gear box, &c., will then be hidden from view in a 
basement, and the columns and crossheads alone of 
the main structure will be seen, the height above the 
floor being 12 ft. 
that the total height overall is 18 ft. 6 in., and the floor 
space required is 13 ft. by 11 ft. In view of the large 
capacity of the machine, namely, a maximum pull on 
the test piece of 1,000,000 Ib., it is obvious that for 
a machine of this class a vertical design offers consider- 
able advantages. Especially is this so when space is 
restricted, as in this case, so that only a short steel 
yard was possible. The problem which the designer 
was set was to control the load stated by a manageable 
weight giving reasonably fine readings on the steel- 
yard, while the system of levers employed was re- 
quired to work on knife edges designed to come within 
the British Board of Trade allowance of 5 tons per linear 
inch of knife edge. A minimum of losses was permis- 
sible only in the transmission of the load to the re- 


MACHINE IN MAKERS’ SHop. 


This can be | 
made to move downwards at the rate of 0-1 in. or 


In this connection it may be stated | 


Fie. 2. 
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LEVER SYSTEM AND STRAINING SCREWS. 




















Fic. 3. Gear Box FoR STRAINING SCREWS. 


is another transfer lever to the steelyard. 
| has a ratio of 20 to 1, which gives, with the other reduc- 
| tions, a total reduction of 20,000 to 1. This means 


| that readings of 50 lb. on a micrometer dial carried on | 


the end of the counterpoise traversing screw are easily 
| obtainable. This micrometer dial is seen to the left of 
Fig. 4, opposite, which gives an enlarged view of the 
_steelyard mechanism. The counterpoise seen at the 
|end of the steelyard, consists of two parts, viz., one 
weighing 40 lb. and the other 10 Ib., the small weight 
being used to enable finer readings to be made when 


The latter | 
|of which shaft is connected by bevel gearing to a 


| 


pee : 
| slides along the shaft across the face of a disc. 


shaft underneath the steelyard platform, the other end 


vertical shaft in the control box. An interior view of 
this box is given in Fig. 5, opposite. The centre 
shaft of the three there shown is that driven from the 
control box. It carries a small friction wheel, _— 

1e 
disc is mounted on a shaft carrying a grooved pulley 
outside the box at the back. The friction wheel 
is moved vertically by a screw, operated by a 
graduated knob on top of the box, and gives 4 


corder; the frictional losses in the straining screw | carrying out lower capacity tests. The traversing | variable speed to the grooved pulley just mentioned. 
| motion of the counterpoise is derived from the main | The bracket carrying the adjusting screw is supported 


mechanism, gear box, &c., do not affect the result. 
The load is transmitted through main levers having 


| gear box. 


Referring to Fig. 1, a grooved pulley will | on the two side shafts which, as will be clear from Fig. 1, 


a ratio of 9 to 1. These are coupled at the centre to a | be noticed on the box at the right hand of the figure. | run down to the main gear box, and are there coupled 


suitably proportioned transfer lever, and finally there | This is connected by a belt to a pulley on a horizontal | to the horizontal speed change shafts by bevel gears. 
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Fig. 4. 


These shafts are operated by a gate-lever on top of the 
control box. The third shaft seen in Fig. 1, but not 
in Fig. 5, is connected, by the lever system shown, to a 
clutch between the motor and gear box, and is used 
for starting and stopping the gears. 

Continuing our account of the counterpoise drive, a 
crossed round belt will be noticed in Fig. 4 between 
the control box and the steelyard column. This conveys 
the drive from the variable-speed pulley to a vertical 
shaft running up the back of the column. The upper 
portion of this shaft is, by means of a universal joint, 
free to oscillate, and carries at its end a small wheel 
which makes driving contact with either side of a 
groove in a friction pulley on the shaft of the counter- 
poise propelling screw. As the small wheel rotates in a 
constant direction during a test, the effect of swinging 
it over from one internal face of the groove to the 
other is to reverse the propelling screw, and the 
counterpoise is thus traversed along the steelyard in 
the required direction. This movement, though effected 
mechanically, is controlled electrically. The small box 
seen on the column at the free end of the steelyard in 
Fig. 4, contains four contacts, one of which is connected 
up to a bell, another up to a buzzer and the remaining 
two to solenoids. The energising circuit is completed 
when a plunger at the end of the steelyard engages one 
or other of the four contacts, according to the position 
taken up by the steelyard. Thus, the steelyard may 
be supposed to be rising. This makes the first contact, 
and one of the solenoids is energised with the result 
that the wheel on the flexible portion of the vertical 
shaft is, by means of a lever, pulled over into contact 
with the friction wheel, and the counterpoise is driven 
forward. It may, however, not move fast enough, when 
the steelyard will continue to rise. If this should be 
the case, a second contact sounds the buzzer, and the 
operator can then accelerate the traverse by means of 
the variable speed disc in the control box. On the other 
hand, should the steelyard fall, the first contact causes 
the bell to ring, and the second, following upon further 
downward movement, causes the other solenoid to 
reverse the propelling screw and the counterpoise to 
be traversed in a backward direction. 

The autographic recorder is immediately behind the 
steelyard, and is in full view of the operator. Duplicate 
records of a test may be taken. The arrangement will 
be clear from Fig. 4, but it may be mentioned that 
the longitudinal movement of the pen carriage is syn- 
chronised with the movement of the counterpoise and 
records actual test loads. When full-sized charts are 
required from tests at a lower rate than the maximum 
capacity of the machine, a small gear box is brought 
into operation, when four changes of traverse can be 
employed for the pen carriage. To permit the elongation 


of a test-piece to be recorded, the drum is rotated by! on Tuesday, September 15. Abridged. 
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STEELYARD, AUTOGRAPHIC APPARATUS AND CONTROL BoxEs. 


means of a steel tape carried from the test-piece to a 
pulley on the drum. The indications of elongation 
may be either actual size, or, if desired magnified 
either five or ten times by means of spur gearing and 
pulleys. The method of carrying out a test is, gener- 
ally, as follows:—The test-piece is prepared by 
fraying out the strands of the rope at the ends and 
casting a lead cone round these portions. The test 
piece is then lowered through the holes in the 
weighing crosshead and straining crosshead and kept 
|suspended while the lower grips are attached. The 
|straining crosshead is next lowered and the recoil 
| plate put in position. This plate takes up the reaction 
| when fracture occurs and keeps the grips in position. 
|The straining crosshead is then raised until the upper 
end of the test-piece carried on it is in a suitable posi- 
tion for the fitting of the upper grips. The strain is 
next applied by the starting up of the motor, which is 
controlled by a drum type combined stator and rotor 
starter situated on the steelyard platform and seen to 
the right of the variable speed box in Fig. 4. Limit 
switches are provided for preventing an overrun of 
the straining crosshead, and, in addition to the usual 
rubber buffers, hydraulic shock absorbers are fitted 
under the weighing platform for taking up recoil shock. 
The worm wheels on the straining screws have heavy 
ball thrust bearings for taking the upward thrust 
when the load is applied. Oil is supplied to these 
bearings, to the gear box, and other moving parts by 
a pump. In conclusion, it may be said that both as 
a whole and in detail, the machine well maintains the 
firm’s standard of design and workmanship. 








EXPERIMENTS IN WIRE-DRAWING ; 
| BEHAVIOUR OF A COMPOSITE ROD.* 


By W. E. Atkins, M.Sc., and W. CartwRiGut, 
O.B.E., M.Sc. 

For a considerable time the authors have been 
|interested in phenomena connected with the drawing 
of metals through dies, and experiments have been 
carried out from time to time to elucidate various 
|aspects of the problem. They have chosen to deal 
|for the present with the drawing of circular sections 
|only. Round rods and wires are probably of more 
importance technically than those of any other general 
'form. The drawing of round sections appears to offer 
| the best hope of the application of methods of mathe- 
| matical analysis. For the method which has been 
|adopted in the present work, viz., the drawing of 
|composite rods, built up of a number of concentric 
| tubular layers drawn on to a solid core, no other section 


| * Paper read before the Institute of Metals, at Ziirich, 
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would have been equally practicable. The form of the 
die—the shape of the “* bearing’’—has been discussed 
by various authors in different connections. Again 
for reasons of simplicity at this stage, a straight-sided 
die was chosen. A great deal of experimental work 
has been done with wires of quite small diameter, 
presumably because the cost both of material and of 
apparatus is less. It is the authors’ opinion that, in 
order to minimise as far as possible the risk of error 
due to possible inequalities, chemical or physical, in 
the materials, and to imperfections in the shape and 
surface of the dies used, wires or rods of large diameter 
should be investigated. To this end, they have built 
up and drawn rods of ? in. diameter. 

Material_—With the object of studying in detail 
the flow of metal in its passage through the drawing 
die, several different methods have been explored by 
the authors. Up till the present, no really satisfactory 
line of approach to the problem has been discovered. 
It has become, however, evident that it is desirable, if 
not indeed essential, to use as a starting point material 
such that it is possible accurately to correlate the 
relative position of the various parts of the drawn 
material with their position before drawing took place. 
With this end in view, the attempt has been made to 
build up composite rods by drawing concentric tubular 
layers in succession on to a solid core, and reducing 
them through dies in the ordinary way. It has seemed 
advisable to explore the possibilities afforded by the 
method by using a highly ductile material ; commer- 
cially pure copper in the annealed condition has 
therefore been used. 

On to a straight hard-drawn rod } in. in diameter, 
four tubes of j-in. wall thickness were drawn in 
succession so that a composite rod } in. in diameter 
was obtained. Great care was taken throughout to 
ensure the maximum cleanliness both of the rod and 
of the tubes drawn on to it. When the rod had been 
built up to ? in. in diameter, it was thoroughly annealed 
in an open furnace, access of air to the ends being 
prevented by wrapping them tightly with fine wire 
scrap. The annealed rod was cut up into short lengths, 
which were drawn down straight on a slow-speed 
draw bench, as described below. Before drawing, 
one end of each piece of rod was carefully swaged 
down hot in such a way as to ensure that the several 
layers became welded together for a few inches, so 
that the outer tubes could not be drawn off over the 
inner. This swaging down prepared the “ point” 
for drawing. It was found that satisfactory drawing 
of the composite rods was dependent on the preparation 
of a good, evenly tapering point. 

Dies.—Straight-sided steel dies of varying but known 
angle of taper, set with punches of the required angle, 
were used. The “ bearing” was thus in every case 
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the surface of a frustum of a right cone, the apical | to hold good equally whether the whole of the rod or |at which (neglecting the slight curvature above men- 


angle of which was twice the ‘‘ angle of taper” of the 


die. Dies of these different angles were used, tapering | 


at 5 deg., 10 deg, and 30 deg. (apical angles of corre- 
sponding cones 10 deg. 20 deg. and 60 deg.). The 
use of a die having so great an angle as the last- 


mentioned was not envisaged at the outset; circum- | 


stances brought out by the work with the dies of 
smaller angle made it imperative that the effect of a 
die with much steeper taper should be examined. 
Experimental Results.—In the first series of experi- 
ments all the rods were drawn completely through 
the dies. In each case the back end of the original 


rod was faced up perpendicularly to the length. In| 


every instance the form of the end after drawing was 
exactly similar to that obtained when solid rods were 
drawn through the same dies, and the concave end 
showed no appreciable steps corresponding to the 
boundaries of the successive layers. The relative 
reductions undergone by the layers were investigated 
for each of the following draughts :—5-deg. die: | 
reduction of original area, 10, 20, 30, 40, and 50 per 
cent.; 10-deg. die: 30 and 50 per cent. reduction ; 
30-deg. die: a draught of 50 per cent. reduction was | 


| 


| only part of it was drawn through the die. 

In order to study the changes taking place in the 
form of the rod during its actual passage through the 
| reducing zone of the die, a second series of rods was 
| drawn, but drawing was stopped between 3 in. and 
| 


4in. from the end. It was found to be quite impossible 
| to knock or draw back through the die the drawn 
| portion without seriously injuring the skin of the latter. 
In order to obviate all risk of distortion either of the 
drawn or of the undrawn rod, the drawn portion was 
cut off about 3 in. from the emergent side of the die ; 
the outside surface was lightly filed until the rod 
could be driven back readily by tapping with a mallet. 
| This, unfortunately, caused the loss of the outer surface 
from the drawn rods, but no other method tried for 
extracting the partly drawn piece from the die was 
free from the very serious objection that it led to 
visible distortion of, or injury to, the specimen. 

The ends were trued up in a lathe, leaving pieces 
about 5 in. long with the drawing “‘ neck ”’ approxi- 
mately in the centre. The ends were now soldered 
to prevent movement between the layers during subse- 
quent polishing, and the specimens were carefully taken 


aimed at, but was not realised ; the draught effected | down on a linisher until the plane containing the section 


was one of 48-5 per cent. A short length of the 
undrawn rod and of the drawn rod resulting from each 
draught was cut off and its mean overall diameter | 


Fg. 1. RELATION BETWEEN DIAMETERS 
BEFORE AND AFTER DRAWING. 5° DIE. 


passed practically through the centre of the rod, the 
final stages being controlled by measurement with a 
micrometer. The sections were polished on _ fine 
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determined. The concentric layers were then removed | 
by cutting longitudinally through each in turn, the | 
diameter of the remaining rod being measured at each | 
stage. The results are tabulated in full in Table I; 
the relation between diameter before drawing and | 
diameter after drawing was plotted for each layer, and | 
for each draught in the case of the 5-deg, 10-deg. and | 
30-deg. dies. Fig. 1, above, is typical of the series. | 
It is clear from these diagrams that, within the limits | 





TABLE 1.—ReEpvuction UNDERGONE By SUCCESSIVE LAYERS. 


Nea ate 





tioned) the boundary lines undergo the changes in 
direction characteristic of the beginning (or of the 
end) of the reduction of the individual layers, do not 
lie in.a straight line. It was found on closer investi- 
gation that, in passing from the undrawn to the drawn 
section, reduction both begins and ends at an earlier 
stage the further the individual layer considered lies 
from the outside of the rod. 

In order to investigate more closely this aspect of 
the matter, the authors adopted the method of drawing 
very fine lines in waterproof ink over the boundary 
lines shown on actual prints of the photographs, and 
then bleaching out all traces of the latter. If the 
straight portions of the boundary lines in the region 
of the neck are produced, they are found to converge 
|to a focus which lies at the centre of the drawn rod. 
| This focus lies further away from the neck the smaller 
the angle of taper of the die. It is thus evident that 
in the drawing of the composite rod through a die 
of straight taper, the boundary surfaces between the 
layers have the form of the surfaces of frusta of a series 
of cones having a common axis and a common apex, 
which are identical with those of the cone of a frustum 
of which the bearing of the die is itself the surface. 

Reverting to the plane sections, if the photographs 
or line diagrams corresponding to draughts of different 
amounts through dies of the same angle are super- 








wailed 


Fia. 6. MAGNIFICATION. X 2. 


emery papers and the boundaries between the layers 
were exposed by etching with dilute nitric acid. 

The prepared sections were photographed under a 
magnification of x 2; vertical illumination was 
employed throughout. All the sections were photo- 
graphed in this way, and a typical photograph is 
reproduced in Fig. 6, which shows the 40 per cent. 
reduction through the 5-deg. die. Examination of the 
photographs brings out the following facts. The 


Mean Diameter of Successive Layers, Inch. 








Angle of teduction of , 
Taper Area. 
7 ie Ie ‘e > av 
of Die. Per Cent. Overall. One Laye 
| Removec 
| 
5 deg. | Undrawa 
10 
20 
30 
40 
50 
10 deg. Undrawn 
30 0-6285 28 
50 0-529 0-445 
30 deg. Undrawn 0-750 0-630 
48-5 0-538 0-4545 


of accuracy of the diameter measurements, the relation | 
between the original and final diameters for each die 
and each reduction is expressed by a rectilinear function 
passing through the origin of co-ordinates. In other | 
words, the diameter of each constituent (rod or) tube | 
is reduced in exactly the same proportion. It follows 
that the area of the central solid rod and that of each 





or Two Layers 


Three Layers 
a Removed. 


Demnnved Central Rod. 





0-494 375 | 

0-470 57 

0-445 3365 

0-415 3115 | 

0-384 288 | 

0-3495 2645 | 

0:4855 365 

0-408 075 | 

0-343 259 

0-4855 0-365 0-2435 
0-350 0-265 0-176 


boundary lines between the layers are straight and 
parallel in the rods, after drawing, just as in the undrawn 
rod. The intervals between them, which are a measure 
of the thicknesses of the layers, are in the same ratio 
before and after drawing; tbis has been confirmed by 
greatly enlarging several of the photographs and 
measuring the distance between the boundaries. Over 


imposed, the convergent boundary lines in the neck 
region are found to coincide exactly. Thus, the 
series of cones, to the surfaces of which belong the 
boundary surfaces of the concentric layers of the 
composite rod during its passage through the die, is 
determined by the angle of taper of the die and the 
thickness of the several layers, and is entirely inde- 
pendent of the amount of reduction. 

It is the considered opinion of the authors that the 
behaviour during drawing of composite rods such as 
have been studied in this work entirely reproduces 
that of solid rods of the same size when similarly 
drawn, and that there is thus available a method by 
which the details of the phenomena of drawing may 
be investigated. It is their opinion, further, that the 
|results described in the foregoing and the inferences 
| which have been drawn from them can be accepted 
as representing the behaviour of solid rods. They 
hope to be able at a Jater date to publish the results 
of further work on these lines, and to deal with 
other than circular sections and with other methods 
of working. For instance, the results obtained when 
these composite round rods are rolled flat are of 
extreme interest. 








| Setr-Dockina FiLoatinc Dock FOR THE FALKLAND 
| IsLanDs.—It will be recalled by some of our readers 
|that about two years ago, Messrs. Swan, Hunter, and 
| Wigham Richardson, Limited, erected a floating dock 
| at their Wallsend shipyard for service at Port Stanley, 
| Falkland Islands. The dock was dismantled and 
| shipped in sections to Port Stanley, some 8,000 miles 
| distant, where it was re-erected and put into commission. 
|The dock has a lifting capacity of 600 tons, and was 
| built to the order of Messrs. The Falkland Islands 
| Company, of London. Messrs. Swan, Hunter now inform 


layer undergo exactly the same percentage reduction ; | practically the entire length of the ‘‘ neck ” connecting | us that they have just completed an additional section 
this reduction is, of course, exactly the same as that |drawn and undrawn rod, the boundary lines are 


effected by the draught. This conclusion was verified | perfectly straight ; there is a slight curvature, not a 


in the case of the 5-deg. die for all the draught with 
three rods, which differed to some considerable extent 
in the mutual adherence of the layers. It was found 


| beginning and the end of the reduction. 
It became apparent at an early stage that the points, 


|sharp angle, where their direction changes with the 








for the dock to raise its lifting capacity to 760 tons. 
This section, complete with bottom pontoon, walls and 
| pipe lines, after erection at Wallsend, was dismantled 
|and shipped to Leith, where it will be transhipped in a 
|steamer bound for Port Stanley. The dock is of th 
sectional pontoon, self-docking type. 
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STATION OF THE LIVERPOO 
CORPORATION. 


(Continued from page 307.) 


BerorRE describing the circulating water arrange- 
ments, turbines and electrical equipment installed at | bus main. 
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THE CLARENCE DOCK POWER)? lift pump, its temperature at the latter point 


L being 216-6 deg. F. The lift pumps, which are 
at present provided in duplicate, are installed, so 
that the condensate pressure at this point in the cir- 
cuit can be maintained sufficiently high to prevent 
“flashing,” and their suctions are connected by a 
Branches are also taken off the suction 
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fourth high-pressure heaters, in which the tem- 
perature of the water is raised first to 272 deg. F., 
and then to 320 deg. F. The group consisting of 
the third and fourth heaters can be isolated as 
one unit on the supply side, the valve chest installed 
for this purpose being provided with two screw- 
down stop valves and an automatic by-pass valve. 
The stop valve on the admission side is normally 
open, but is closed automatically if a leak occurs 
in the heaters, so that they are cut out of circuit, 
the water then passing on through a spring loaded 
by-pass valve. The discharge from the fourth 
heater is led to a further *bus main, which is in 
turn connected to the feed pump suction. The 
feed pumps raise the pressure of the water to 
a maximum of 570 lb. per square inch and deliver 
it at that pressure to the duplicate feed-water mains 
through a Copes feed regulator, and thence to the 
inlet of the economiser, in which its temperature is 
raised to 380 deg. F. The drain from No. 4 heater 
passes back to No. 3 and No. 2 heater in turn, 
collecting their drains on the way. The total drain- 
age from these three heaters is then picked up by a 
drainage extraction pump, which delivers it to the 
feed water main. The drainage from No. | heater 
is, however, delivered to the condenser through a 
U pipe seal. 

The extraction pumps, which have an output of 
760 gallons per minute against a head of 165 ft., 
are in duplicate, and are electrically driven by 77- 
h.p., 400-volt motors, running at 960 r.p.m. Each 
machine is capable of dealing with the whole of the 
condensate, and breakdown is further guarded 
against by arranging for the motors to be supplied 
from two entirely independent sources. The 
heaters, which are installed in the turbine room 
below turbine level, are of the Metropolitan- 
Vickers type and consist of U-shaped tubes, which 
are expanded into a tube-plate, the water-box being 
divided. They are placed vertically, the shells 
being extended to form a sump for the condensed 
steam. The casings of the high-pressure heaters 
are of riveted steel plate, while those of the low- 
pressure heaters are of cast-iron. The steam for 
these heaters is extracted from the main turbine at 
four separate stages. 

The feed pumps and lift pumps are mounted on 
the same bedplate and are housed in a pump-room, 










which forms part of the annexe and opens direct into 
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Clarence Dock Power Station, Liverpool, it will be | ’bus main to three totally enclosed surge tanks, which 


convenient to deal with the feed heating system. Th 
18 of the closed-circuit type and comprises equipmen 


is | consist of old Lancashire boilers and will be main- 
t,| tained under vacuum through air pipes which are 


the arrangement of which is shown diagrammatically | led to the condensers. These tanks will supply any 


in Fig. 87, 
densate is discharged by the extraction pump at 


Starting with the condenser, the con- | make-up that is required for eight boilers, or store 


a|any excess water. The actual static head on the 


temperature of 83 deg. F. through an ejector heater, | lift pump suctions is 14 lb. per square inch, and 


a first low-pressure heater, a gland heater an 


d| 


| they discharge through a second ’bus main at a 


® second low-pressure heater to the suction of| pressure of 142 lb. per square inch to the third and 


“ENGINEERING” 
the boiler-house at the firing floor level, as shown 
in Fig. 94, on page 440. It is intended eventually 
that there shal] be one pump-room for each pair 
of boiler-houses, and that these shall contain four 
electrically, and two steam-driven, sets. At present, 
however, only one steam and two electrically-driven 
sets are installed, all of which were manufactured 





by Messrs. Mather and Platt, Limited, Manchester. 
Each electrically-driven set is worked by a 525 b.h.p. 
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400-volt three-phase motor, which runs at 1,480 
r.p.m., and is controlled by an Ellison starter. 
It consists of a feed pump with an output of 50,000 
gallons per hour against a pressure of 570 Ib. 
per square inch, and a lift pump with an output 
of 50,000 gallons per hour against a pressure of 142 
lb. per square inch. The third feed pump has the 
same output as the other two, but is driven by a 
high-pressure steam turbine, which exhausts direct 
to the atmosphere. No lift pump is provided on 
this set, as the feed pump by-passes the third and 
fourth heaters. This arrangement of the pumps 
was adopted to obviate the necessity of allocating 
a separate surge tank to each turbine. In order to 
ensure continuity of running, each feed pump motor 
can be supplied either from the main ’bus-bars 
through the auxiliary transformers or direct from the 
auxiliary generator of the turbine to which it is 
normally allocated. 

All three feed pumps, a section through one of 
which is given in Fig. 88, are of the multi-stage ring 
casing type, the middle bodies being secured together 
by longitudinal bolts of high-tensile steel. Their 
construction is necessarily extremely robust, owing 
to the high working pressure and temperature. 
Great care had also to be exercised in their design, 
in order to avoid excessive expansion stresses— 
a consideration of importance, since there are 
several metals of widely varying coefficients of 
expansion either in direct contact with the feed 
water or exposed to high temperatures, whilst the 
problem of preserving running alignment without 
in any way restraining expansion is just as acute as, 
for example, in a steam turbine. Many radical 
differences from the usual design of centrifugal 
pumps are therefore to be found in this plant. For 
instance, to allow the pump casing to expand freely 
at the working temperature, without disturbing its 
alignment with the driving unit, and without inter- 
fering with the rotor clearances at the impeller 
necks and hubs, &c., the casing and rotor are 
supported entirely independently of each other on 
the bedplate, as shown in Fig. 88. The spindle 
rotates in pedestal bearings, which are mounted on 
the bedplate direct, while the pump is supported 
by feet cast on the sides of the covers and middle 
bodies. These feet rest on bedplate casings, which 
are carried well up each side of the pump as near 
the centre line as possible. The casing is thus free 
to expand in a vertical plane without disturbing the 
concentricity between the rotor and the pump. 
The pump casing is registered with the bedplate by 
means of radial keys in the feet at one end and a 
longitudinal key at the other end in the vertical 
centre line, and on the underside of the casing. It 
is claimed that this arrangement ensures correct 
alignment of ali temperatures. The stuffing boxes 
(like the bearings) are water-cooled, and are pro- 
vided with special bushes which are arranged to 
take a supply of water at a pressure slightly in 
excess of the pressure in the pump, but at a lower 
temperature. A slight leakage of sealing water flows 
into the pump through an annular clearance between 
stuffing box and the spindle. This “ contra-flow ” of 
low-temperature water, which is partly into the 
pump and partly towards the gland (the remainder 
finding its way out by a leak-off connection), pre- 
vents the high-temperature water in the pump 
reaching the gland packing rings. In no case does 
the pressure of the water at the gland packing rings 
exceed 25 ]b. per square inch, while its temperature 
does not rise above 200 deg. F. 

Two gland pumps, which are driven by 15-h.p. 
400-volt motors, running at 2,900 r.p.m., and have 


an output of 60 gallons per minute against a pressure | 
of 208 Ib. per square inch, are installed to draw a | 


supply of water from t1e extraction pump discharge 
for sealing the glands of the main feed pumps with 
water at a temperature below that in the pump. 
The make-up water, which has only 3 deg. of 
hardness, will be obtained from the town mains, and 
will be normally passed through a Metropolitan- 
Vickers double-effect evaporating plant. It can, 
however, be sprayed direct into the condensers, 
where it is de-aerated, but not purified; or, as 
a last emergency, it can be fed into the surge tanks 
through a stand pipe. The evaporating plant 
will be supplied with steam, which will be bled 
from the main turbine at two stages, the first 
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Fie. 90. CrrcuLaTING WaTER INTAKE. 


section being arranged across the tapping points|ends, the tubes are of oval section, the idea being 
on the turbines, from which the second and third} to obtain a rapid release of the vapour with a 
heaters are supplied, and the second across the|minimum of turbulence. One row of tubes 1s 
tapping points which supply heaters Nos. 1 and 2. | placed above the normal make-up level, and thus 
All the evaporators are of the steel-tube type, with | provides a “hot plate” of drying tubes. On 
shells of welded steel, and are provided with a dome, | leaving the evaporators, the water passes to a flash 
in which baffles are fixed to prevent the passage of | box at the bottom of the condenser, where it 1s 
undistilled water in suspension. Except at the | mixed with the condensate. 
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Fig.91. 
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Fig. 92. 








Fic. 93. Battey-JAckson STRAINERS. 


The cooling water is obtained from the Mersey 
through a settling chamber, which is built against 
the river wall, on the site originally occupied by 
the entrance to the Clarence Half Tide Dock, as 
shown in Fig. 5, Plate II, of our issue of July 10. 
The actual intake is illustrated in Fig. 90, while a 
View in the settling chamber looking up the ducts 
1s given in Fig. 89. This chamber is divided by a 
concrete wall into two halves, into each of which 
the water is admitted through three openings. These 
are 9 ft. wide by 7 ft. 6 in. high, and are submerged 
except at extremely low spring tides, the bottoms 
being an average of 13 ft. below the level of the 
lowest recorded tide. These openings are closed by 
vertical wickets, and are protected by }-in. gal- 
Vanised iron bars, spaced 2} in. apart, so as to form 
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| 
a coarse screen. The floor of the chamber forms a | 
sump, and this, combined with the fact that the | 
water flow will not exceed 1-2 ft. per second at low | 
tide, and 0-3 ft. per second at high tide, will assist | 
in the settlement and collection of the silt. The | 
machinery at this point consists of two vertical 
spindle Karntclog pumps, manufactured by Messrs. | 
Mather and Platt, Limited, Manchester, which are | 
installed on a platform at — 5 O.D.S., or 18 ft.! 
above the bottom of the chamber. These pumps, | 


which are driven by 30-h.p. 400-volt three-phase | 


for 
Cocks. 





, of the passages increases from the suction to the 
| delivery branch, so that any body which passes 
| through the former can be successfully dealt with 
by the pump. The impeller is fitted with a 
double thrust ball bearing for centralising pur- 
| poses, and to deal with any end thrust that may 
| be set up when solids are being handled. A clean 
| water sealing chamber is provided for keeping the 
| internal bearing free from foreign matter, while the 
constructional materials have been chosen to 


|ensure minimum wear under difficult conditions. 
|These pumps draw the water and silt from the 


sumps already mentioned, and discharge it through 
pipe lines over the dock wall into the river. 
In addition, a Chloronome apparatus, which was 
supplied by the Paterson Engineering Company, 
Limited, Kingsway, London, W.C.2, is installed in 
a special house on the boundary of the Corporation’s 
site, and supplies solution through pipes into the 
settling chamber. This equipment is of the mano- 
meter tube type, and has been provided to prevent 
marine growths from forming in the condenser tubes. 
The manometer of this equipment is connected to 
four chlorine drums, each of which contains 16 cwt. 
of liquid chlorine, and is capable of administering a 
maximum of 30 Ib. of chlorine gas per hour. This 
is sufficient to deal with the 7,250,000 gallons of 
circulating water per hour, which will be required 
when three turbines are in use. 

The cooling water passes from the settling 
chamber into duplicate culverts, the tops of whose 
inlets are 9 ft. below the water level, so that they are 
sufficiently submerged to prevent any possibility of 
cavitation, even at the lowest tides. As, however, 
the level of the basement floor of the turbine room 
is 7 ft. above that of the lowest recorded tide, 
and the pumps may not, therefore, always be 
flooded, an air suction system is provided for start- 
ing up. The culverts, which are constructed of 
reinforced concrete, are laid in trenches cut in the 
floor of the dock, and are 6 ft. 9 in. by 6 ft. 6 in. 


motors, placed on a special floor at + 12-5 O.D.S.,| in section at the west end, reducing to 4 ft. 6 in. 
have an output of 800 gallons per minute, and| by 6 ft. 6 in. under the turbine house. Their floors 


are equipped with open-type impellers, which, 
being symmetrical, ensure a uniform distribution 
of the liquid in the casing. The main cross section 


rise uniformly from a level of — 22-5 O.D.S. at the 
settling chamber to — 22 O.D.S. at the western 
boundary of the Electricity Department’s site. 
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They have been designed to withstand the consider- 
able water pressure, which occurs at high tide, their 
tops and bottoms being of concrete 27 in. thick. 
Where they pass under the new Dock Board canal, 
they are, in addition, covered with mass concrete, 
2 ft. 6in. thick, to protect them from dragging 
anchors. The constructional work connected with 
the circulating water system on the river front 
and under the Mersey Docks and Harbour Board 
property was carried out by that body, while the 
remainder was performed by Messrs. William Moss 
and Sons, Liverpool. 

To facilitate operation of the valves on the 
connections to the culverts, a number of cham- 
bers have been constructed in concrete below the 
dock bottom, access to which is obtained through 
manholes. The space between the top of the ducts 
and the dock bottom has generally been filled in with 
mass concrete, but at points where pipes have been 
built in for use when the station is extended, granite 
chippings have been used to facilitate future work. 

The duplicate circulating pumps, which are of the 
centrifugal type, were also manufactured by Messrs. 
Mather and Platt and are installed in the turbine- 
room basement, close to the condenser which they 
serve as shown in Fig. 95 on page 440. They each 
have an output of 1,200,000 gallons per hour against 
a head of 28 ft., and are electrically driven through a 
Bibby coupling by 220-h.p. 400-volt three-phase 
motors running at 488 r.p.m. Each pump normally 
draws water from one culvert, and discharges it 
through a Bailey-Jackson strainer to one-half of the 
condenser, but cross-over connections are provided, 
so that either pump can supply the whole condenser. 
A sluice is also provided in the outlet of the water 
boxes, so that either or both discharge culverts 
may be used. Consequently, either of the suction 
and either of the discharge ducts may be laid off 
for cleaning at any time without shutting down the 
generating plant. 

The Bailey-Jackson strainers were manufactured 
by Messrs. Hick, Hargreaves, Limited, Bolton, and 
consist essentially of a wheel enclosed in a water- 
tight casing as will be clear from the sections given 
in Figs. 91 and 92. The spaces between the 12 
spokes of this wheel are filled with strainer grids, 
which are made up of aluminium-bronze strips 
placed on edge. The water, which is to be strained, 
flows through three of the quadrants thus formed, 
as the wheel revolves at a speed of about 1 r.p.m., 
the fourth quadrant meanwhile passing through 
a cleaning compartment where it is exposed to a jet, 
which is led in through a branch from the dis- 
charge main. About 85 per cent. of the wheel face 
is thus in use at any time, the remainder undergoing 
the cleaning process. A view ot two of these strainers 
in the shops appears in Fig. 93. It may be added 
that comparatively simple additions to the intake 
chambers on the river front will enable band screens 
to be installed at that point if this should be found 
necessary, though it is expected that most of the 
silt will be settled out in the way already described. 

The electrically operated valves on the circulating 
water system are also installed in the turbine room 
basement. The normal arrangement will be that 
the motors used for this purpose, as well as those 
driving the circulating pumps themselves, will be 
divided into two groups, one of which will obtain its 
supply from the main alternator through the station 
transformers, and the other direct from the auxiliary 
alternator. This arrangement has necessitated the 
provision of special contro] gear, consisting of an 
oil-immersed selector switch, which can be con- 
nected to one or other source of supply as desired. 
This switch is in turn connected to the motor control 
equipment, a lamp showing from which source the 
supply is being received at a particular time. On the 
first machine the gear for operating the valves is 
installed on framework over the screens, as will be 
seen in Fig. 95, but this somewhat elaborate arrange- 
ment is avoided on the second set by the use of 
hand-operated butterfly valves which can be 
operated very quickly and do not easily silt up. 

These and the other valves connected to the 
circulating water systems were supplied by Messrs. 
Glenfield and Kennedy, Limited, Kilmarnock, and 
Messrs. J. Blakeborough and Sons, Limited, Brig- 
house. Those manufactured by the former firm are 


being constructed of cupro-chromium cast-iron, so 
as to resist the highly corrosive action of the Mersey 
water, which contains sulphuric, sulphurous and 
hydrochloric acids. The operating spindles are of 
forged bronze and are of square section for a portion 
of their height. They are turned down at both 
ends, while the upper portions are fitted with a 
worm sector which engages with a mild steel worm. 
Those supplied’ by the latter firm are of their well- 
known piston-sleeve type. A large number of butter- 
fly valves are used because of the silt in the circu- 
lating water. The valves on the chimney water 
discharge are of acid-resisting bronze. 

The condensers which are also visible in Fig. 95, 
are of the Metropolitan Vickers contra-flow type, 
and have a cooling surface of 42,200 sq.ft. They are 
designed to maintain a vacuum of 29 in. with the 
barometer at 30 in. when the turbine is carry- 
ing a load of 41,250 kw., and the cooling water 
temperature is 58 deg. F. They are equipped 
with 7,000 aluminium-bronze tubes with an 
external diameter of 1 in. and about 23 ft. long, 
this material having been selected as the result 
of experiments made over a lengthy period with 
water taken from the river at all states of the tide 
The tubes were supplied by the Yorkshire Copper 
Company, Limited, Leeds. 

Air is extracted from the condensers by three 
sets of three-stage jet ejectors of the Metropolitan- 
Vickers type with inter and after coolers, the 
exhaust steam from which is led into the feed 
heaters. Each unit is of 50 per cent. capacity, the 
third therefore, virtually being a standby. Small 
ejectors for raising the vacuum quickly in case of 
emergency are also provided. The conditions 
in this part of the plant are indicated on a special 
board, the instruments on which are fitted with 
coloured dials. 

The outlet culverts are also in duplicate and are of 
the same general design as those on the suction side. 
As will be seen in Fig. 4 on Plate II of our issue of 
July 10, they leave the Electricity Department’s 
site in a south-westerly direction and discharge 
into the river 500 ft. to the south of the intakes, 
the mouths being inclined upwards for the last 
90 ft. of the run. The layout is such that the 
action is practically entirely syphonic, though 
this ceases to apply as soon as the tide falls to 
within about 8 ft. of the lowest recorded level. It 
would, in fact, have been uneconomical to go to 
the extra expense of providing continuous syphonic 
action, for although the extreme tide range is 
34 ft., the water will be utilised with an expendi- 
ture of power hardly greater than that necessary 
to overcome friction. 

River water for flooding the coal storage space 
is obtained from the circulating water discharge 
ducts through two 12-in. pipes, which are run 
under the annexe and boilerhouse to the angle 
between the silo and the retaining wall. At the 
latter place the ends of these pipes are fitted with 
a Y-piece through which a connection is made to 
a “flooding” and a ‘drainage’ branch respec- 
tively. To flood the storage space a valve on the 
first of these branches is opened, the water being 
prevented from running back by a non-return 
valve. Similarly, the drainage branch is fitted with 
a stop valve and a non-return valve, which in this 
case is arranged, so that the water will not flow back 
into the storage ground when the level in the latter 
is below that in the pipes. Valves of the butterfly 
type were chosen for this part of the installation as 
they were considered the most reliable, owing to 
the fact that the water which will pass through 
them will be heavily laden with coal dust. 


(To be continued). 








RaILway CoNSTRUCTION IN NORTHERN ONTARIO.—The 
Timiskaming and Northern Ontario Railway, which is 
an undertaking belonging to the Ontario Government, 
will reach the shore of James’ Bay, a southern extension 
of Hudson Bay, within the next few weeks. Only 
about 20 miles of track remain to be laid to complete 
the railway to Moose Factory. Four Royal Canadian 
Air Force aeroplanes are now engaged in the mapping 
of the south and east coasts of James Bay, by aerial 
photographic survey methods. It is anticipated that the 
railway will not only attract considerable tourist traffic, 
but will greatly assist in the development of the mineral 





of the balanced disc type, 24 out of a total of 32 


resources of Northern Ontario. 





THE COMPRESSED-AIR WIND TUN- 
NEL OF THE NATIONAL PHYSICAL 
LABORATORY. 

By Ernest F. RELF. 


THE completion of the compressed-air wind 
tunnel at the National Physical Laboratory marks 
a very important stage in the progress of aero- 
nautical research in this country. It is proposed, 
in what follows, to give the reasons which led to 
the building of a tunnel of this type, to describe 
the design and construction of the tunnel, and to 
indicate the nature of the apparatus which is to be 
used to make measurements in it. Anticipating 
for a moment the more detailed explanation of the 
reasons for the use of a compressed gas in a wind 
tunnel, it may be well to review, very briefly, the 
history of the development of the idea. As far as 
the writer is aware, the first proposal to use a com- 
pressed gas for aerodynamic tests in a wind tunnel 
came from M. Margoulis in 1920. He pointed out 
that in a tunnel of normal size, conditions equivalent 
to full-scale flight could be attained by the use of 
carbon dioxide compressed to about 15 atmospheres. 
Criticism of his proposal in this country suggested 
that the use of carbon dioxide was undesirable and 
perhaps dangerous, and that it would be better to 
use air at an appreciably higher pressure to attain 
the same end. 

In 1921, Mr. McKinnon Wood, of the Royal 
Aircraft Establishment, put forward a considered 
design for a compressed-air tunnel having a work- 
ing section 4 ft. in diameter, and showed how 
the forces on the model and the power required to 
run the tunnel depended on the size and pressure 
chosen. This project was discussed in some detail 
by the Aeronautical Research Committee, but it 
was not considered that the moment was opportune 
to embark on such ascheme. A little later, in 1922, 
news came to hand that a tunnel of this type was 
under construction in America. Results from the 
American tunnel, including, in particular, some 
tests that the American authorities were kind 
enough to make for us upon models of certain 
machines, the full-scale characteristics of which 
were well known, showed beyond doubt that the 
compressed-air tunnel did all that was claimed for 
it, and was a very powerful piece of research 
apparatus. At this stage, the matter was thoroughly 
discussed by a special Sub-Committee of the Aero- 
nautical Research Committee, and the outcome was 
a decision that such a tunnel should be built in 
England if aeronautical research was to progress as 
it was desirable. Design and construction were 
accordingly put in hand, and the present tunnel, 
which departs in some important particulars from 
its American prototype, was the result. 

A wind tunnel, as is now well known, is simply 
a tube in which a steady current of air can be 
produced. _ In this air current, models of aeroplanes 
or their parts can be placed and the forces upon 
them measured. The data so obtained are applied 
to the design of the full-scale machines and to the 
prediction of their behaviour in flight. It is found 
by experiment that aerodynamic forces vary only 
approximately as the square of the wind speed. 
The departure from the square law is usually known 
as “scale effect.” Were it not present, tests on 
a very small model at low speeds in a simple and 
inexpensive wind tunnel could at once be applied 
with certainty to the design of an aeroplane of 
any size. Unfortunately, the scale effect is often 
of considerable importance, so that this cannot be 
done with sufficient accuracy for practical purposes. 
In the past, we have had to rely upon comparisons 
between model tests and measurements on machines 
in actual flight to indicate the amount of scale effect 
correction necessary to the model results. 

Full-scale flight tests are of necessity lengthy and 
expensive. and can only give overall results; the 
analysis, for example, of the effect of each con- 
ponent of a machine on its head resistance cannot 
be made by such means. The importance, there- 
fore, of a type of wind tunnel which would give 
“full scale” information under laboratory condi- 
tions, is obvious. Is such a tunnel a possibility ? 
To answer this question, we must turn to the 








* Paperread before Section G of the British Association, 





London, on September 25, 1931. 








OcT. 2, 1931.] 


ENGINEERING. 





429 








theoretical statement of the law which governs the 
relation between the forces on geometrically similar 
bodies moving in a fluid, usually known as the law 
of dynamic similarity, and associated with the 
names of Osborne Reynolds and Lord Rayleigh. 
This law, as applied to aerodynamics, is really a 
particular case of a general theory, viz., that if a 
physical phenomenon is known to depend on certain 
physical properties and on these only, it is possible 
to deduce an equation of similitude simply from the 
fact that in any such equation the dimensions of 
both sides in mass, length, and time must be the 
same. If only three physical quantities are involved, 
the precise form of the law will usually be revealed 
by this process, but if, as in the aerodynamic case, 
there are more than three fundamental properties 
involved, the law will not be precisely defined, and 
it must be left either to a fuller mathematical 
analysis or to experiment to complete the solution 
of the problem. In the aerodynamic problem of 
similitude the quantities involved are :— 


(1) The size of the body (e.g., the aeroplane) denoted by 
U 


(2) The speed of its motion denoted by V. 
(3) The density of the fluid in which it moves denoted 
b 


'Y P- 
(4) The kinematic viscosity of the fluid denoted by 
be 
Pe 


v 





(20774) 


6 = 7 
Distance from Centre of Jet. (Inches on Model) 
































“ENGINEERING” oO 
O O02 04 06 O8 10 12 14 
Distance trom Intake in Jet ameters. 
Fig 3 (277.8) “ENGINEERING” 
> 2'.0* 
= 4" 8" 8"---—-—-- 4"-+ 
/— i 
> fA ’ 
+ Lfex fk 
‘ 
V/// 
Y Via 
ie Velles Clips “BNGINEERING” 


Application of the law of dynamic similarity leads 
to the relation 


where F is the force acting on the body. 


F = pV2? f (= 
The law 


tells us nothing of the form of the function of vt 


on the right-hand side of this equation, and as the 
mathematical solution of the equations of motion 
of a viscous fluid is as yet unachieved, we are forced 
to turn to experiment. As previously mentioned, 
experiment tells us that the forces vary roughly as 
V*, so that the variation of the function of ~ ! is 
not large. It is, however, sufficiently great to be 
of practical moment in some cases, of which the 
two most important are the maximum lift of 
wings and the drag of bodies of good streamline 
shape. 
It 


devised under such conditions that the value of uu 


is obvious that if a model test can be 


i.e., & 4th scale model must be tested at 10 times 
flight speed. This would be practically impossible 
merely on the score of the power required to produce 
such a high speed in a wind tunnel, but there is 
another reason why it could not be used as a prac- 
tical measure. As the speed of airflow approaches 
the velocity of sound in air (1,100 ft. per second, 
approximately), the forces on a body in the flow 
are profoundly modified by the fact that air is a 
compressible fluid; indeed, the whole nature of 
the flow past a body is often changed completely 
when the speed of sound is reached. At speeds 
below, say, 300 ft. per second, the compressibility 
effect is negligible, and for this reason has been left 
out of account in deducing the Jaw of similitude. 
We are thus forced to look for some way of 
changing the value of v, the kinematic viscosity, 
if we wish to conduct model tests at the same value 


of = as in flight. A possibility is to test models 


in water which has only };th of the kinematic 
viscosity of air, so that tests on a ysth scale model 
could be made at a speed some 30 per cent. below 
the flight speed. 

The objection to this procedure is that the 
forces on the model vary directly as p, the fluid 
density, and water is more than 800 times as 
dense as air. The forces on the model would 
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thus be very great, and the experimental difficulties 
of holding the model in the water flow without the 
supports interfering too much with the flow would 
be insuperable. The use of a compressed gas seems 
to be the only other possible solution. If we com- 
press air to, say, 20 atmospheres, the value of is 
reduced 20-fold, and our tests on the ;,th scale 
model can be made at half-flight speed. Since 
the density of the fluid has only been increased 
20 times, the forces on the model, though much 
greater than in an ordinary wind tunnel, are not 
so great as to present insuperable difficultes in the 
support of the model without undue interference 
with the flow. In this connection, it may be 
remarked that the higher the pressure used, the 
smaller are the forces on a model of given size at 
a given Reynolds number, and the smaller also is 
the power required to drive the compressed-air 
tunnel. 

The practical limit to pressure is set by a 
compromise between the size of model desirable 
for reasons of accurate model construction, and the 











is the same as for the full-scale machine, then the 
results can be directly applied by the use of the 
Square law, and the question of scale effect correc- 
tions does not arise. Let us see what this condition 
leads to in practice. If we use atmospheric air in 
the wind tunnel, the value of v is the same as in 
flight, and the condition of similarity reduces to 
Vi=a constant. Consequently, the air speed in 
the wind-tunnel test must be greater than the flight 
Speed of the machine in the ratio of the linear scale, 


cost of the shell of the tunnel itself. A very high 
pressure, ¢.g., 200 atmospheres, would only be 
feasible with a very small tunnel, and then the 
models could not easily be constructed with the 
desired accuracy. It was finally decided that the 
best compromise was a tunnel of about 5 ft. diameter, 
working at a pressure of about 20 atmospheres, as 
had been already built in America. During the 


to build a 6-ft. tunnel in the shell diameter originally 
thought desirable for a 5-ft. tunnel. In addition, 
the power of the motor driving the tunnel airscrew 
was to be appreciably higher than in the American 
tunnel, viz., 400 h.p., with short overload capacity 
to 500 h.p., as against 250 h.p. The combined 
effect of these variations from the American figures 
is to give nearly double the Reynolds number, as 
will be seen from Table I. 


TABLE I.—Comparison of American and N.P.L. 








Tunnels. 
American N.P.L. 
Tunnel. Tunnel. 
Diameter in ft. .. a 5 6 
Pressure in atmospheres 20 25 
Wind speed (ft. per second) 70 90 
Reynolds number ae R 1-93 R 











As very little data existed in this country on the 
design of return-flow tunnels, and, further, as the 
present tunnel would be of a radically different 
form from any open-jet atmospheric tunnel, it was 
important that the correct aerodynamic design of 
the air passages should be determined by model 
experiments, in order to ensure, as far as possible, 
that the flow would be satisfactory without the 
necessity of any appreciable modifications to the 
tunnel when built. The initial design given by 
Mr. McKinnon Wood, previously mentioned, was 
based upon the proportions of the return-flow tunnel 
at Géttingen. The Géttingen tunnel has a return- 
flow duct below the jet, and to enclose such a 
tunnel, without modification of its design, in a 
compressed-air vessel, would involve an enormous 
waste of space. Mr. Wood accordingly transformed 
the return duct into an annular return surrounding 
the jet, thus economising space to the utmost. In 
the German tunnel, and others of like form, it 
had been found essential to use guide blades, or 
cascades of aerofoils, at the corners in order to 
turn the air current rapidly through a right angle 
without any irregularity of flow and with a minimum 
loss of energy. Mr. Wood naturally anticipated 
that some form of guide blades would be required in 
the present case, the blades being bent into circles, 
instead of being straight. A model was constructed 
to Mr. Wood’s tentative design, with a jet diameter 
of 1 ft., and tested without any guide blades. It 
was found that the flow in the jet was remarkably 
uniform, the only objectionable features being a 
tendency to a slight swirl of the air about the axis 
of the jet, and somewhat low velocity near the 
centre of the jet. The swirl was effectively removed 
by placing a number of longitudinal vanes in the 
annular return duct, and it was then found that 
the velocity distribution was also much improved. 
Evidently the low speed at the centre of the jet 
was a result of the swirl, the centrifugal forces tending 
to push the air more towards the outer boundary of 
the jet. 

It was concluded, at this early stage, that 
annular guide blades of aerofoil section would not 
be necessary. This was a great advantage, as such 
blades would have been difficult to construct, and 
would have seriously interfered with free entry and 
exit. A large number of modifications were tested 
on this model in order to determine the best arrange- 
ment of longitudinal vanes, the best position of the 
honeycomb, and the most effective form of collector 
funnel at the downstream end of the free jet. It 
was found possible, without using any curved guide 
blades, to secure better velocity distribution in the 
jet than that obtaining in a normal N.P.L.-type 
atmospheric tunnel. It was then suggested that 
the original model might, perhaps, be shortened 
very considerably without impairing the flow in 
the jet. Such a shortening was naturally desirable, 
as it would decrease appreciably the cost of the 
outer containing shell. A test with the model, 
shortened by an amount equivalent to 8 ft. on 
the actual] tunnel, showed practically no detrimental 
effect on the flow characteristics. 

Tests were next made to see whether the diameter 
of the jet could be increased, within the same 
limiting diameter of outer shell, since any such 
increase would enable larger models to be used, and 
so facilitate accurate model construction. At this 





course of detailed design, it was found possible to 
increase the pressure to 25 atmospheres, and also 





time it became known that the internal diameter of 
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the shell would be 17 ft. The dimensions of the 
model were such that, with this diameter of shell, 
the 1-ft. jet of the model corresponded with a jet 
diameter of 5-23 ft. full scale. This figure was 
increased to 6 ft. 10 in. by making a new internal 
portion to the model with a jet diameter of 15-6 in. 
It was found that the flow in this jet was decidedly 
less uniform than in the original model, and not 
sufficiently good for practical purposes. The jet 
diameter was accordingly reduced to 13-75 in., 
corresponding with 6-ft. full scale, and it was found 
that, though not quite as good as in the original 
model, the flow was now sufficiently uniform. It 
was concluded that 6 ft. represented the maximum 
size of jet that could be satisfactorily employed with 
a Shell diameter of 17 ft., and these figures were 
adopted for the design of the tunnel. The model 
was further used to investigate a number of minor 
points, such as the static-pressure gradient along 
the jet, and the effect of stray air currents in the 
space surrounding the jet, the latter point being of 
importance in connection with the shielding of the 
balances. 

An important point is the correct design of the 
airscrew which circulates the air in the tunnel. 
This was investigated on the model by exploring 
the distribution of total head in front of and behind 
the model screw, and so determining the radial 
distribution of thrust and velocity. Using this 
data, a new screw was designed to give as nearly 
as possible uniform distribution. A model of the 
new screw was made and tested in the tunnel, and 
showed that some 17 per cent. had been gained in 
efficiency. The motor driving the screw was 
supported on two points as near as possible to the 
axis of rotation, so that the torque could be directly 
measured by the reaction method. The effect of 
modification to the tunnel or the screw upon the 
efficiency could thus be determined, and data could 
be obtained from which to estimate the power that 
would be required to operate the full-scale tunnel. 
The efficiency or power factor of a wind tunnel is 
commonly defined as the ratio between the brake 
horse-power of the driving motor and the kinetic 
energy of the air passing the jet per unit time ; 
the lower this ratio the more efficient is the tunnel. 
The normal atmospheric N.P.L. tunnel with no 
return-flow duct gives a value of about 2:0; return- 
flow tunnels of the Géttingen type are much more 
efficient, on account of the conservation of the 
kinetic energy of the moving air, and give values 
varying roughly from 0-7 to 0-4. The value for 
the final model of the compressed-air tunnel was 
0-5. 

As regards the results obtained with the model 
tunnel, it is sufficient here to give a typical curve of 
velocity distribution across the jet, Fig. 1, page 429, 
and a curve of static pressure gradient along the 
centre line of the jet, Fig. 2. From Fig. 1, it will 
be seen that the variations of velocity are very 
small, the wind speed being everywhere within less 
than } per cent. of the mean. The static pressure 
in the jet falls for some distance from the com- 
mencement of the jet, and then rises sharply as 
the collector funnel is approached. This pressure 
gradient is of practically no importance in tests of 
wings or complete aeroplane models, but gives rise 
to important effects when determining the drag of 
streamline forms such as airship models. It will be 
obvious that, by placing such a model with its centre 
of length at the point of minimum static pressure, the 
corrections will be of opposite sign on the nose 
and tail of the body, and the resultant correction 
very small. It will, however, be necessary to 
explore the static pressure gradient carefully in 
the actual tunnel, in order to determine the correc- 
tion accurately in the case of tests on streamline 
bodies. 

As soon as the necessary overall dimensions of 
the shell had been roughly determined by the 
success of the experiments on the first model, 
H.M. Office of Works approached a number of 
firms with a view to obtaining preliminary estimates 
for the cost of the shell. These firms were left 
with a fairly free hand as regards the type of con- 
strucuon to be adopted, being given only the 
dimensions of the shell and the pressure it had to 
withstand, together with a suggestion emanating 
from the Compressed Air Tunnel Sub-Committee 


that it would’ be desirable, if possible, to avoid 
longitudinal joints in the cylindrical part of the 
shel]. The suggestions received from these firms 
were, in all cases, for a construction in cast rings, 
or segments of rings, bolted together; no firm 
seemed to entertain the possibility of construction 
in riveted plate, as in the American tunnel. The 
Sub-Committee discussed the suggestions put 
forward, and expressed the opinion that it would 
be far better to use wrought material, instead of 
cast, except for the hemispherical ends, where the 
stresses are lower, if this could be done. Further 
negotiation with the firms was entered into, and 
finally the tender put forward by Messrs. John 
Brown and Company, Limited, of Sheffield, was 
accepted as being not only the lowest, but also the 
only one which met all the points considered 
desirable by the sub-committee and by the engineers 
of H.M. Office of Works. Messrs. John Brown and 
Company stated that they could roll a ring, 17 ft. 
in diameter, from a single ingot, and proposed to 
make the cylindrical part of the tunnel from four 
such rings, each 7 ft. 6 in. wide, the hemispherical 
ends each being formed of two castings. The joints 
between the rings themselves and between the rings 
and inner end castings were to be made by single 
butt straps fitting over slight steps on the ends of 
the rings and riveted thereto. Subsequently, this 
joint was abandoned in favour of one in which the 
lips on the ends of the rings were tapered slightly, 
and the rings held together by circumferential butt 
straps, each made in several pieces and held together 
by longitudinal bolts. The nature of this joint will 
be clear from the photograph of the tunnel, Fig. 5, 
Plate XV, and the sections given in Figs. 3 and 4. 
It held out the great advantage that riveting was 
dispensed with, so that the tunnel could be erected 


and tested at the works, and then be easily dis- | 


mantled for transit and re-erection at Teddington. 

The end castings of each hemisphere were to be 
fixed by studs and nuts, and it is interesting to 
note that, with so large a diameter at this pressure, 
the spacing of the studs was such that ordinary 
hexagonal] nuts could not be used, as there was not 
room to apply the spanner. The nuts were accord- 
ingly made with a hexagonal hole in the head and 
tightened by an “internal” spanner. Some idea 
of the difficulty of the joint design is given by the 
fact that the total longitudinal load on a ring joint 
at 25 atmospheres working pressure is just over 
5,000 tons, and on the bolted joint 4,500 tons. The 
rolled rings were to be machined all over, and 
would thus provide a smooth internal surface for 
the return air duct without any disturbing projec- 
tions, and without the necessity of internal fairing. 

The problem of rolling the rings was a serious one, 
as Messrs. John Brown had never rolled any so large 
in diameter, although they had dealt with a similar 
weight of steel in a ring of lesser diameter. The 
rolling mill had to be modified to handle the larger 
ring, and the furnace had to be enlarged to take the 
rings after initially rolling to about 12 ft. diameter 
for reheating before the fina] rolling to full diameter. 
The various troubles that were met with, and the 
means taken to circumvent them have been 
graphically described by Mr. A. J. Grant, the 
managing director of Messrs. John Brown and 
Company, in a paper read on January 16, 1931, at 
Sheffield, and on February 20, 1931, in London 
before the Junior Institution of Engineers. While 
the rings were being rolled, the hemispherical ends 
were cast by Messrs. Thos. Firth and Sons, Limited, 
of Sheffield, and Messrs. John Brown then proceeded 
to do all the machining, and afterwards erected the 
whole shell in their works and tested it under a 
water pressure of 550 Ib. per square inch. Some 
little difficulty was experienced in getting the joints 
absolutely tight, but this was finally accomplished 
by fitting a leather ring of V section, held in place 
by a metal bar sunk into a V groove round the 
inside joint, as shown in Fig. 4. The sectional 
drawing reproduced in Fig. 7 shows the construc- 
tion of the shell and the tunnel itself inside the shell. 

The construction of the tunnel proper needs little 
description, and is clearly shown in the drawing. 
The curved intake and deflections at the ends are 
made from light castings bolted together, while the 
straight portions are steel plate held on angle 





frames. Care has been taken to arrange matters 


so that all the ducts through which air flows have 
uninterrupted smooth surfaces, so as to reduce any 
tendency for disturbances to be set up in the current. 
Access to the tunnel is obtained through a 4-ft. 6-in. 
door in one end, leading to the space between the 
end deflector of the tunnel proper and the outer 
shell. A door is opened in the deflector casting, 
and a sliding footwalk is pushed through the door- 
way until its inner end rests on one of the annular 
guide blades in the return duct. It is then possible 
to walk along the return duct as far as the end of 
the guide blade. Here a second door is opened, 
and gives direct access to the working chamber. 
The other hemispherical end of the tunnel carries 
a special packing gland of the carbon-ring type, 
through which passes the shaft by which the internal 
airscrew circulating the air is driven by the external 
electric motor. 

Two of the rings forming the outer sheli have 
been left slightly thicker than the others, and in 
these two have been made all the necessary holes 
for communication with the interior, viz., for the 
main inlet and exhaust pipes, for electrical leads 
to operate the tunnel balances, and for the peep 
holes through which it is possible to observe models. 
The electrical leads provided an interesting problem, 
as a large number (about 100) were required, and 
it proved difficult to prevent air leakage between 
the conductor and its insulation. Eventually, 
a special form of plug was developed which over- 
came the difficulty. It may be here mentioned 
that these electric leads go through the radial guide 
blades in the annular return duct, so that they will 
not in any way disturb the return air-flow. 

The erection of the tunnel on site at the Labora- 
tory was carried out by Messrs. Markham and 
Company, of Chesterfield, and it is interesting to 
note that it was done with no other mechanical 
aid than two stout derrick poles and some hand 
winches. As each piece of the shell weighed in the 
neighbourhood of 20 tons, and had to be fitted into 
an accurately machined spigot in its neighbour, the 
delicacy of the operation can be easily imagined, 
e.g., the question of the distortion of the rings 
under their own weight while being lifted into 
position had to be carefully considered. The internal 
tunnel structure was put into place as the external 
shell was built, and the whole work occupied the 
period between the middle of August and the end 
of November, 1930. Early in December, the official 
test took place in the presence of representatives of 
H.M. Office of Works, Messrs. John Brown and 
Company, and the Laboratory. Water pressure at 
550 Ib. per square inch was again applied, and the 
construction passed as satisfactory. It was impos- 
sible to test with air pressure at this stage, as the 
compressors were not then installed. It is interest- 
ing to note that the tunnel extends about 0-4 in. in 
length under the test pressure, and that no less 
than 140 gallons of water were needed after the 
shell was full at atmospheric pressure to allow for 
the compression of the water and the expansion of 
the shell. 

Lastly, it should be mentioned that measure- 
ments of the alignment of the circular parts of the 
tunnel, 7.e., the intake and exit of the jet, the 
centres of the end deflectors, and the circular part 
in which the airscrew works, showed that all these 
parts were correctly set up within one or two- 
hundredths of an inch. Considering the magnitude 
of the undertaking, and the fact that the internal 
structure had not been previously erected at the 
works, this accuracy is surprisingly good, and 
reflects credit on those responsible for making the 
parts. The highest praise is due to Messrs. John 
Brown and Company for the excellent way in 
which they have carried out a most difficult piece 
of work. They have provided a structure which is 
in many ways a unique piece of engineering work, 
and of which the design and construction 1s 
thoroughly sound, leaving no doubt that it will 
stand up to the strenuous conditions under which 
it will be used. 

The auxiliary plant consists mainly of the com- 
pressors for charging the tunnel with air at any 
pressure up to 25 atmospheres, and the electrical 
plant, including the tunnel motor. There are 
three compressors, each driven by a 3,000-volt 





synchronous motor of 400 brake horse-powe’. 
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Fig. 6, Plate XV, is a photograph of the interior 
of the compressor room, showing the compressors 
and motors in position, while Fig. 8 is a general 
plan showing the lay-out of the whole plant  Ar- 
rangements have been made whereby it is possible 
to run the three motors with any possible speci- 
fied phase displacement between their rotors. In 
practice, that phase relation will be selected which 
results in the least general vibration at a distance 
from the compressor room. The compressors were 
built by Messrs. Fullerton, Hodgart and Barclay, 
Limited, of Paisley. There are three stages of 
compression, with intercoolers and a final cooler 
after the last stage. Normally, the cooling water 
circulates through three coolers at the end of the 
compressor room, but alternative provision has 
been made for operating the last stage of cooling 
direct from the water mains, as this may prove 
desirable in very hot weather in order to reduce 
the temperature of the air supplied to the tunnel 
as far as possible. The supply to the tunnel is 
through a 4-in. pipe provided with suitable non- 
return and control valves. Water traps have been 
inserted to remove any water in the form of 
particles, though it is realised that the air entering 
the tunnel will be saturated at the temperature of 
inlet. The exhaust from the tunnel is through two 
6-in. pipes which run through trenches in the tunnel 
room to two underground chambers at one end. 
Here the exhaust tubes will end in some form of 
diffuser, packed round with coke or some open 
material, the idea being to prevent noise, as far as 
possible. A safety valve is provided on the tunnel. 

The electrical plant required for running the 
tunnel airscrew was made by Messrs. The English 
Electric Company, Limited, of Stafford. It consists 
of a motor-generator set, in the small room adjoining 
the compressor house, taking three-phase current at 
3,000 volts and delivering direct current at variable 
voltage, control being on the field of the generator. 
This variable-voltage supply is applied to the 
armature of the tunnel motor, the field of which is 
supplied at constant voltage from the exciter on 
the motor-generator set. The tunnel motor is 
rated at 400 brake horse-power, with 1 hour over- 
load to 500 brake horse-power. The speed range 
is from about 20 r.p.m. up to 750 r.p.m. at full 
load, and 808 r.p.m. at the above overload. The 
motor is entirely controlled from the tunnel room, 
the switchgear being installed in the motor-generator 
room and operated by push-button distant control. 
The unusually wide speed range of this motor was 
specially requested, as it was desired to be able to 
vary the wind speed and pressure independently in 
the tunnel over a wide range, in order that it may 
be possible to secure the same Reynolds number 


i. ’ Pare 
in a variety of ways by separate variation of 


V and ». This is of much practical importance, 
quite apart from the interesting check it gives on 
the truth of the law of dynamic similarity. For 
instance, if it is not required to go to the highest 
possible Reynolds number, and the model is a 
delicate one, it is best to test at the highest pressure, 
and with a correspondingly lower wind speed, for 
then the forces on the model will be much less than 
if the highest speed had been employed at a lower 
pressure. 

The remaining auxiliary plant consists of a small 
workshop with two or three machine tools for 
handling the models and apparatus associated with 
the tunnel, and a 220-volt battery of 250 ampere- 
hour capacity, to supply current for operating the 
electrical balances inside the tunnel. As will appear 
in the later section of this paper, devoted to methods 
of measurement, these balances depend for their 
successful operation on a very steady voltage supply, 
and the battery was an absolute necessity. There 
is a 400-volt three-phase supply, for experimental 
purposes, near the tunnel, and also small supplies 
at 100 volts three-phase, and 70 volts single-phase 
for certain operations connected with the balances 
to be described later. The airscrew, or impeller, 
which circulates the air in the tunnel was designed 
at the Laboratory, as previously mentioned, after 
a study of the flow in the neighbourhood of the 
screw in the model tunnel. It was constructed by 
Messrs. The Fairey Aviation Company, of Hayes, in 


The measurements made in an ordinary wind 
tunnel may be roughly divided into two classes, viz., 
force measurements and pressure measurements. 
In the former, the model is supported in any 
convenient way from specially-designed balances, 
and the forces on the model produced by the wind 
in the tunnel are weighed directly. In early days, 
the model was often supported on a rigid spindle 
projecting up through the floor of the tunnel from 
the balance mounted below the tunnel. With 
increase in the size and speed of tunnels, this method 
became obsolete, and recourse was had to methods 
in which models were entirely supported by wires, 
the balances being placed above the tunnel. By 
these means, the larger forces due to the higher 
wind speeds used could be transmitted to the | 
balances by comparatively fine wires, which inter- 
fered very little with the air flow near the model. 
A variety of forms of balance have been designed | 
and made to meet the needs of wind-tunnel work. | 
In essence, they are all very similar; the aero- | 
dynamic force to be measured is transmitted by a 
wire or spindle to one point on a simple weighbeam 
carrying a scale pan and sub-dividing rider. The 
equilibrium of the balance may be observed by a 
low-power microscope, or by some form of tilting 
mirror and beam of light. It is found exceedingly 
convenient to be able to vary both the stability 
and damping of an aerodynamic balance over a 
large range, as the forces to be dealt with may be 
large or small, steady or very unsteady, depending 
on the nature of the work in hand. 





speed in the tunnel, and the very important work 


of a model. In an atmospheric tunnel, the pressures 
to be measured vary from a fraction of 1 in. to 


used are the Chattock tilting manometer for the 
lower pressures, and the inclined-tube manometer 
for higher pressures. By using a number of inclined 
tubes on one board, each connected to a separate 
pressure hole on the model, a large number of 
observations can be quickly taken, either by direct 
reading of the tubes or by photographing them. 
A similar photographic multi-tube manometer has 


a machine in flight. 

The above very brief review of the nature of 
wind-tunnel measurements will enable the very 
special conditions of measurement appropriate to 
the compressed-air tunnel to be more easily followed. 


owing to the high pressure. for an observer to 


doubt, be designed, but have the disadvantage that 


it will indicate at any moment the forces acting on 


applied by the rider is observed by inspecting a 


tunnel to adjust matters. 








solid Duralumin. 





any other moving mechanism than the balance 
arm itself. The first idea to be tried was a 
simple solenoid with an iron core attached to 
the balance arm. This was quite satisfactory as 
long as the range of forces to be covered was small, 
but failed completely over a larger range. The iron 
became strongly polarised under large currents, and 
when a small current was subsequently used to 
measure a small force, the remanent magnetism 
in the iron was sufficient to vitiate the accuracy. 
This trouble could be largely eliminated by reversing 
the current several times or by using alternating 
current, but it was felt better to endeavour to 
eliminate the iron from the system and so to secure 
a unique relation between current and force. The 
principle of the Kelvin current balance, in which 
a moving coil is placed between two similar fixed 
coils, suggested itself, and a calculation showed 
that the necessary forces could be produced between 
coils of wire, with no iron cores, without involving 
an exorbitant weight of copper in the coils. 

The size of coils required is determined in practice 
by the rate of heating which can be allowed under 
the maximum current to be used, and this can be 
made considerably higher than that appropriate 
to the continuous rating of the coils, since the 
current need only be applied while readings are 
being taken, and can be cut off while the model is 
being moved to a new angle, or while another 
balance is being read. As an example of the 
magnitudes involved, the three coils of the main 
balance of the compressed-air tunnel are designed to 


Measurements of the second class (pressure | give a maximum pull of 100 lb. and weigh 60 lb. 
measurements) include determination of wind|each. Thus the weight of copper on the moving 


part of the balances is actually less than the dead 


known as “ pressure plotting,” i.e., the determina- | weight which would have to be applied at the same 
tion of the distribution of pressure over the surface | leverage to effect a balance. These coils, with the 


maximum current applied, will heat up at about 
2-8 deg. C. per minute, so that they could be used 


3 in. or 4 in. of water. The instruments mainly | continuously at full load for 15 minutes or so, 


although such conditions are never likely to be 
required in practice. 

Having applied the balancing force in this very 
simple and direct manner, it is necessary to know 
when the current has been adjusted exactly to 
balance the aerodynamic force under measurement. 
This could be ascertained by observing the 
balance through a peep-hole, but the writer has 


been used for pressure distribution over the wing of endeavoured to avoid dependence upon peep-holes, 


where possible, in favour of direct indication at a 
convenient control table near the tunnel. In the 
present instance, this was achieved by the simple 
circuit shown in Fig. 9. Two small fixed electro- 
magnets MM are placed on opposite sides of any 


In the new tunnel, it is, of course, impossible, | convenient moving part of the balance, on which 


their armatures PP are carried. They form two 


operate the balances directly; they must either | arms of an alternating-current Wheatstone bridge, 
be automatic or eise controlled from outside the | the other two arms being two equal coils CC wound 
tunnel. Automatic recording balances could, no|on a soft-iron core with a gap. In the gap is a 


moving coil connected across the bridge and carrying 


the observer has no indication that the measurements | @ pointer. When the inductances of the smali 
are proceeding properly until the air in the tunnel is | electro-magnets are thrown out of equality by a 
released and the records examined. Attention has, | movement of the balance arm, an alternating current 
therefore, been directed to a type of balance con- | flows in the moving coil of the indicator, and as this 
trolled from outside the tunnel in such a way that | coil is in the alternating field produced by the 


bridge current, the instrument behaves as an 


the model to the outside observer. A great deal of | electrodynamometer and a deflection is obtained. 
thought was given to the various methods by which | In fact, the needle of the instrument follows the 
this could be done, in order to select the simplest | swing of the balance in the tunnel, and the relation 
and most direct. In the American tunnel, the| between balance movement and deflection of the 
observer is replaced by electric motors which move | indicator is very nearly linear over a sufficient 
the riders on the balance beams, equilibrium being | range. The movement of the balances can, there- 
indicated by electrical contacts on the beams. By | fore, be watched while the balance current is varied 
coupling these contacts with the motors, the system | in almost as direct a way as ordinary balances are 
can be made self-balancing. The value of the force | observed, while appropriate weights are added. 


In order to ascertain what the “feel” of such a 


Veeder counter on the motor through a peep-hole | balance was like in actual use, a mock-up balance was 
in the outer shell of the tunnel. ‘This system is | made and used to measure the lift on an aerofcil in 
simple in principle, but involves a considerable | one of the Laboratory wind tunnels. It was found 
number of moving parts in the tunnel, any failure | to be exceedingly convenient and very quick to use, 
of which would involve abandoning the experiment | the current being correctly set for balance in a 
in hand in order to release the air and enter the|fraction of the time that would be occupied in 
applying weights and adjusting a rider. The only 
In reviewing the various possibilities, it occurred | essentials for satisfactory working are a steady 
to the writer that if the aerodynamic forces | supply voltage and a means for the very fine adjust- 
applied to the balances could be balanced by;ment of current. The former requirement is 
some form of electro-magnetic attraction, it|supplied by a battery, while for the latter it was 
would at once become possible to measure them | found very satisfactory to use an ordinary sliding 
directly in terms of an electric current without’ rheostat for rough adjustment and a low-resistance 
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carbon-block rheostat in series with it for fine 
adjustment. A novel method of varying stability 
yas used on this trial balance, and is depicted in 
Fig. 10. It needs little explanation. The armature 
attached to the balance tends to remain in the 
centre of the gap between the fixed magnet poles, 
and when displaced is pulled back by a force 
roughly proportional to the displacement and to 
the field strength. By varying the current in the 
magnet winding, the device can thus be made to 
behave as a variable-stiffness stabilising spring, and 
it has the advantage of complete freedom from any 
solid friction. The problem of variable damping 
for the balance is not so easily solved. Electro- 
magnetic damping is attractive on account of ease 
of control, but, unfortunately, the movements of 
the balance are so small, and its mass so large, that 
a huge magnet would be required to produce 
sufficient flux. Resort has therefore been had to 
an ordinary cil dashpot, the openings in the plunger 
of which can be varied by an electro-magnetic 
mechanism actuated from outside the tunnel. 
Having outlined the principles that have been 
adopted for balance operation, it remains to describe 
the actual balance that has been designed to embody 
them. It will be well to give first some idea of the 
magnitude ot the forces that will be measured, and 
in this connection it is very desirable to provide a 
balance which will measure not only the large 
forces at the full speed and pressure of the tunnel, 
but also the much smaller forces at lower pressures 
and speeds. The tunnel will be used not only to 
obtain full-scale data directly, but also to investigate 
the nature of the changes that occur between the 
Reynolds numbers attained in ordinary wind 
tunnels and those appropriate to flight. It is very 
desirable that the whole range of Reynolds number 
available should be covered for one setting up of 
the model, and it would be inconvenient and waste 
ful of time and power if it were necessary to change 
over to a more sensitive balance at some point in the 
range. Table II will give some idea of the very large 
TABLE II.—Forces to be Measured by Balance. 


| 25 atmos. | 1 atmos. 
Force. | 80 ft. per | 40 ft. per 
| second. second, 
Lb. | Lb. 

Maximum lift of an aeroplane model 1,000 | 20 

Maximum drag of un aeroplane model .. 400 | 8 
4 | 0-08 
3 0-06 

| 


Maximum drag of an aerofoil .. 5 
Drag of a good streamline model 








range of forces which has to be covered. Jt is, 
therefore, essential that the balance should be | 
supported in a manner that ayoids friction, as far | 
us possible, and yet allows a resultant force in any 
direction on the model to be transmitted. This 
latter condition makes knife edges unsuitable, on 
account of their inability to transmit lateral forces 
unless seated in grooves, a procedure which intro- 
duces undesirable friction. The problem was solved 
by the adoption of a fulerum formed by crossed 
springs. 

In the first attempt to design a suitable balance, 
the usual method of testing “* on wires,” as employed 
in ordinary tunnels, was adapted to the needs of the 
compressed-air tunnel. This method involves the 
use of three sevarate balance arms in order to 
determine the litt, drag, and pitching moment on 
the model. At this point, the question arose 
whether it would be necessary to shield these 
balances from stray air currents in the space 
surrounding the tunnel jet. An experiment on the 
model tunnel indicated that such shielding was 
essential. It therefore became desirable to compress 
the balance into as small a space as possible, in 
order that it could be easily shielded, and this led 
to a reconsideration o, the type of balance and the 
nature of the model suspension. It was finally 
decided that the most suitable scheme was to attach 
the model rigidly, by means of suitable wires, to 
a ring frame surrounding the jet, and to measure 
the forces transmitted to this frame. The ring 
frame itself formed the balance arm, and arrange- 
ments were made so that it could be supported 
successively so as to turn about three different 
fulerum points, the moments about which were 





The manner in which this has been done will 
be seen by reference to Figs. 11 to 14, Plate XV. The 
first of these is a diagrammatic drawing showing 
the general scheme of the balance. From this it 
will be seen that the single set of coils measures, in 
turn, the moment of the resultant force on the model 
about the axes AA, BB and CC. In the actual 
balance, AC is 5in. and AB 10in., and the leverage 
from A to the centre of the coils is 60in. The “lift ” 
leverage is thus 12:1 and the “drag” leverage 
5:1. It is a very simple matter to calculate the 
lift, drag, and pitching moment on the model from 
the three balance readings (7.e., forces at the coils) 
R,. R, and R, obtained, respectively, when the 
balance is swinging about the fulcra A, B and C, for 
we have :- 





Pitching moment = 5 R, ft.-lb. 
Lift = 12 Rg — 5 R, Ib. 
Drag = 5(R, — R,) lb. 
The leverages have been chosen as convenient 
round numbers, so that the above calculation can 
be performed rapidly without the need even of a 
slide rule. 

Figs. 12 and 13 show the general scheme of con- 
struction of the balance. The ring frame is built of 
steel tubes with suitable fittings at their ends, and 
carries the three crossed-spring fulcra on two large 
castings at the ends of its horizontal diameter. The 
measuring coils are placed at the top of the ring, 
while the dashpot, balance indicator, and stability 
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magnet are placed at the bottom. The ring is 
shielded by a structure of angles and light plate 
carried by the main supports of the balance, and 
the whole system of balance and shield is mounted 
on rollers on longitudinal joists above and below 
the tunnel jet, so that it can be placed at any con- 
venient point, or moved clear of the jet altogether 
if so desired. Fig. 14 shows the detail of the 
operating mechanism for changing the balance from 
one fulcrum to another. This consists of a camshaft, 
driven, through a very large ratio reduction gear, 
by a small three-phase motor. Suitable cams on 
this shaft successively operate levers carrying 
fittings which engage the three fulcra in turn, in 
a manner that will be clear from the drawing. 
Another cam on the same shaft adds a counterweight 
to the ring frame when fulcrum C is used, so that 
the centre of gravity of ring and model may still 
remain approximately in the vertical plane of the 
fulcrum. The camshaft carries a commutator 
which closes a different circuit when the cams are 
in each of the three operating positions. The condi- 
tion of the balance is thus indicated to the operator 
at the control table. The model is supported from 
the ring frame by wires in such a way that its 
attitude to the wind (angle of incidence) can be 
varied by means of a small motor on the frame. 

The procedure in making a series of measurements 
is to set the balance successively on its three fulcra 
and take readings, and then to change the incidence 
suitably, take three further readings, and so on. 
At the end of the series, either the pressure or the 
wind speed is altered, and the process repeated at 
the new Reynolds number. The above balance is 
under construction at the time of writing, so that 
it is not yet possible to give particulars of its actual 
use. It would appear, however, that it will be 
very convenient, the whole control being under 


successively measured by a single electric coil|the hands of one operator at the control table. 


system. 


The balance is intended to carry out the most 











important kinds of measurement in the new tunnel, 
viz., the determination of the performance of wings 
and complete model aeroplanes in straight flight, 
and the determination of the drag of various bodies. 
No doubt other balances will be required for special 
purposes as time goes on, and such will be designed 
and constructed as the need arises. There is an 
ample provision of electrical leads into the tunnel, 
so that any such subsidiary balances as may be 
required can be connected up at any time without 
disturbing the wiring to the main balance. 

Pressure-plotting experiments will certainly be 
required in the new tunnel. The most appropriate 
instrument for this class of work appears to be a 
multi-tube manometer using mercury in the tubes, 
the readings being taken by photographing the 
tubes by projecting their shadows on to a piece of 
bromide paper from a point source of light. An 
instrument on these lines has been very completely 
developed for use on aircraft in flight, and a few 
minor modifications would render it directly applic- 
able to the present case. 

There remains the problem of measuring the speed 
in the compressed-air tunnel, or rather the measure- 
ment of the two quantities concerned in the reduc- 
tion of the measured forces to non-dimensional 


a : F vl 
coefficients, viz., p v*, and — Reynolds number. 


It is proposed to adopt the same procedure as in 
atmospheric tunnels, i.e., to choose two convenient 
points on the walls of the tunnel where the pressures 
are different and to calibrate the difference of 
pressure between these points in terms of $+, 
the dynamic head in the jet, as given by the standard 
Pitot tube. The main difficulty is to devise a simple 
standard manometer for measuring the pressures. 
This must either be enclosed in the tunnel and read 
from outside, or must be able to stand the full 25 
atmospheres pressure while indicating a pressure 
difference of the order of 4 ft. of water at the maxi- 
mum. Also, like the main balance itself, it must 
be capable of accurate reading over a very wide 
range of pressure difference. 

After some consideration, it has been decided that 
it is possible to construct a curved-tube manometer, 
having a tube of thick-walled glass cemented intoa 
groove machined in a steel casting, which will safely 
withstand 25 atmospheres. The advantage of such a 
manometer as an ultimate standard is the ease with 
which it can be calibrated and read. The instru- 
ment under construction will have two tubes side 
by side, so that one may be connected to the 
standard Pitot in the tunnel jet and the other to 
the two holes in the tunnel] walls for calibration of 
the tunnel. The Pitot being subsequently dis- 
connected, the pressure difference between the holes 
in the walls applied to one tube of the manometer 
becomes a permanent measure of the value of p 7 
in the jet. 

It is felt, however, that the continual use of a 
manometer subjected to the full 25 atmospheres 
may be troublesome, and an alternative type 
of enclosed speed gauge has also been provided. 
This is illustrated in Fig. 15. The first idea was 
to use the well-known inverted pot manometer, in 
which the force on an inverted bell-jar, the interior 
of which is acted upon by the pressure to be 
measured, is weighed on a simple balance. This 
proved impossible under the conditions of the 
compressed-air tunnel, because it was necessary to 
use mercury as the manometric liquid in order to 
avoid an altogether too bulky instrument for the 
higher pressures (4ft.of water or so), and the mercury 
was found to cause stickiness and very inaccurate 
readings at the much lower pressures that will often 
have to be read. As shown in Fig. 15, this difficulty 
has been overcome by the use of a disc in a cylindrical 
tube, permitting a small air leak past the edge of 
the disc. This procedure destroys the “ absolute’ 
nature of the instrument, but as it is necessary to 
calibrate the tunnel itself against the standard Pitot 
tube as described above, this calibration can, at 
the same time, include that of the measuring gauge. 
As a matter of fact, with a clearance of the order 
of two or three hundredths of an inch on a 1}-in. 
disc, the reduction of force on the disc is only about 
1 per cent., i.e., the force is only one part in a 
hundred less than it would be if the gap were closed. 





As will be seen from the diagram, the force on the 
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disc is measured by a system of coils similar to those 
on the main aerodynamic balance. 

To determine the value of Reynolds number, it 
is necessary to know the value of the viscosity of 
the air in the tunnel and the wind speed. The 
accuracy required is not so high as that involved 
in determining p 2, since the force coefficients never 
vary very rapidly with Reynolds number. The 
procedure is to determine the pressure and tempera- 
ture of the enclosed air, from which the values of 
viscosity and density are known, and the known 
value of p x then gives the value of v. Pressure is 
measured by an ordinary pressure gauge with 
sufficient accuracy, but, in case it may ever be needed 
with greater accuracy for any special purpose, pro- 
vision has been made for fitting a pressure gauge of 
the floating-plunger type, in which the pressure is 
directly measured against a dead weight. Tempera- 
ture is conveniently measured by a direct indicating 
resistance thermometer, reading at the control table. 

A word may be said, in conclusion, upon the 
electrical instruments used. As the whole of the 
force measurements depend on measurements of 
current, it was obviously essential to use instruments 
that could be thoroughly relied upon. The accuracy 
Was naturally required to be considerably greater 
than what might be called the characteristic 
accuracy of wind-tunnel work (viz., about + } per 
cent.), which is conditioned mainly by the general 
steadiness of the air current in a tunnel. As the 
value of the current must be squared to calculate 
the force, an accuracy of the order of 1 in 1,000 was 
indicated for the actual current-measuring instru- 
ment. ‘This could, of course, be very easily attained 
by a potentiometer method, but such a method has 
the distinct disadvantage that it involves the 
simultaneous balance of two systems: the balance 
itself, and the potentiometer. A direct-reading 
ammeter was therefore very much to be desired, 
although an accuracy of 0-1 per cent. on each of 
‘ome half-dozen ranges represents about the limit 
of what can be achieved with such an instrument. 


The Weston Electrical Instrument Company have, 
however, produced a special variable shunt having 
eight ranges, for use with their standard laboratory 
type milli-voltmeter, and on test this instrument 
showed an accuracy of 1 in 1,000 of the full-scale 
reading on all ranges, which is a very creditable 
performance. The same firm also produced a very 
neat “‘ balance indicator”? of the design indicated 
in Fig. 10. A Tinsley vernier potentiometer will be 
permanently mounted on the instrument table, so 
that at any moment the readings of the ammeter 
can be directly checked against a standard cell and 
standard resistance. 








600-TON AUTOMATIC PRESS. 


Tue capacity of a hydraulic press of short stroke, 
such as is used for a variety of purposes nowadays, is 
generally determined by the rate at which the work 
can be fed into it, and high-production figures can 
only be obtained by increasing this rate. An inter- 
esting hydraulic press on these lines is illustrated in 
the accompanying figure, a continuous automatic feed 
being provided by a rotating ring carrying six die 
blocks which are filled, inserted, withdrawn, and 
emptied without any stoppage of the mechanism. 
This machine is manufactured by Messrs. Greenwood 
and Batley, Limited, Albion Works, Leeds, and is 
capable of producing pressings up to a rate of 12 per 
minute, and of exerting any gross pressure up to 
600 tons. The ram is situated underneath the work 
table, i.e., it acts upwards against a deep crosshead 
carried on three screwed columns and provided with 
a spherical seating. The maximum stroke of the ram 
is 1 in., and the crosshead can be adjusted to suit 
different depths of die blocks, &c., so as to give a 
daylight of from 24 in. to 10 in. It will be realised 
that the work table is fixed, being carried on three 
columns, and that the rotating ring is arranged below 
it. The ring is formed with teeth on its periphery, 
and is rotated by a pinion driven, through worm 
gearing, by the 4-h.p. motor, which can be seen at the 
right hand of the figure. 

The work table is furnished with a central opening, 





through which the ram passes, and with three radial 











slots in which the crossheads of the die block holders 
slide. Each of these holders, which are oval in outline, 
carries two die blocks, and itself rotates on its centre, 
so that the two dies are at one period of the working 
cycle lying radially and, at another, lying at right 
angles to the radius. The pivot of each holder passes 
through the crosshead, and is coupled by a link to 
one arm of a bell crank lever, the fulerum of which 
is carried on the under side of the work table. The 
other arm of the lever carries a roller, which runs in 
a cam path formed in the rotating ring. As the ring 
rotates, the crossheads are successively moved by the 
levers in towards the centre of the press and out 
again. The die holders are thus given radial move- 
ment, but the rotating movement necessary to swing 
them into line along the slot so that one of the die 
blocks enters the space between the two front columns, 
and takes its position immediately above the ram, 
still remains to be described. This motion is effected 
by rollers attached to plates fixed on the crosshead 
pivots. These rollers engage with fixed cams, which 
cause the pivots to turn as the crosshead moves inwards 
or outwards. 

The mechanism will be no doubt better understood 
by following a complete cycle of the movements. 
When facing the work table, the right-hand die of 
each pair is that in which the raw material, powder 
or plate, as the case may be, is inserted. As the 
crosshead begins to slide in towards the centre, the 
holder swings round in an anti-clockwise direction 
until it reaches an angle of 90 deg. to its original 
position. When the holder is in this position, the 
radial movement is completed and the die is over the 
ram. A tappet fixed to the cam ring then operates 
a sensitive switch attached to one of the work-table 
columns and, closing the main contactor switch, 
energises a solenoid. The movement of the solenoid 
plunger opens a pilot valve which, in turn, causes the 
press ram exhaust valve to close and the admission 
valve to open, thereby admitting the pressure fluid to 
the ram cylinder, when the pressing operation takes 
place. During these operations the cam ring has 
continued to rotate and, at a suitable moment, a 
second tappet on it trips the sensitive switch, with 
the resultant sequence of opening the contactor switch, 
exhausting the pilot valve, closing the ram admission 
valve, and opening the ram exhaust valve. The ram 
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then descends, freeing the die block containing the 
pressed work. 

The return stroke of the holder follows, during 
which it rotates, still in an anti-clockwise direction, 
through a further 90 deg. The finished work is then 
in the left-hand position at the outside of the table, 
and the other die block is in a position to commence 
its inward stroke, when it has been loaded, an operation 


carried out while the work is being ejected from the! prevent either the ejecting or spinning gears being 
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first die block and the block itself cleaned. The 
ejection is effected by means of the pedal seen to the 
left of the table columns. To facilitate filling, the 
right-hand die block can be rotated in the holder. 
This is done by the pedal at the right of the table 
columns, which sets in motion a friction disc situated 
below the die and actuated by a pinion and chain drive 
from the cam ring. Safety devices are provided to 
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operated, unless the dies are at rest in the outside 
position at the edge of the work table. 

As there are three columns to the press, there are 
three working openings to the ram, opposite each of 
which is one of the work-table slots with its two die 
blocks. Each station thus provided accommodates 
two operators, one to eject and clean, the other to 
fill, i.e., there are six in all seated round the work table. 
Continuous operation is thus provided. A press button 
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will be noticed at the top of the table columns. This 
Is provided to enable any of the operators to prevent 
the ram from lifting in case of incorrect filling or 
assembly. While the button is kept pressed, though 
no movement of the ram occurs, the cam ring still 
continues to rotate, and the defective die escapes 
pressing. Once it has passed out of the ram opening, 
the button is released and the normal cycle of opera- 
tions continues. In cases where the machine is used 
for inflammable materials, an automatic pressure- 
operated guard covers the blocks when the actual 
pressing takes place. A device to prevent the ram 
operating when the pressure exceeds a predetermined 
limit is incorporated. This device is adjustable to give 
any required load up to 600 tons. An instrument, 
connected mechanically to the ram and hydraulically 
to the ram cylinder, provides an accurate record of 
the number of pressings made, the gross load exerted, 
and the length of stroke. The pressure fluid is provided 
bd a motor-driven three-throw pump, not shown in the 
gure, 











Motor BoGir FROM TRAILING END. 


RAIL MOTOR COACHES FOR THE 
BERMUDA RAILWAY. 


In a recent leading article we drew attention to the 
extent to which rail motor coaches were now being 
employed abroad and suggested that this subject 
deserved rather more attention than it was receiving 
in this country. As we pointed out, on the North 
American Continent, at the present time, the petrol- 
electric combination is most favoured, though mech- 
anical transmission is also employed. The latter, 
however, has not proved altogether acceptable in the 
form usually adopted hitherto, in which the common 
disadvantages of gear changing have as a rule been 
rather accentuated by the service demanded. At this 
time, therefore, it is more than usually interesting to be 
able to describe an altogether novel form of mechanical 
transmission which undoubtedly overcomes many of 
the difficulties associated with the application of a 
direct-engine drive to such vehicles. 

Our description is accompanied by Figs. 1 to 5 on 





this and the opposite pages; these illustrate stock which 
is being supplied by Messrs. The Drewry Car Company, 
Limited, 12, South-place, London, for the Bermuda 
Railway, a short system of two branches, together 
having a length of 22 miles. The number of vehicles 
supplied is 16 in all; these will handle all the traffic 
of the system. Six of the vehicles are motor passenger 
coaches, six are passenger trailers, while two are covered 
steel motor freight vans and two trailer vans. 

The vehicle shown in Fig. 1 is a motor passenger 
coach, the main driver’s compartment being at the 
left-hand end. As the principal interest in this stock 
centres in the power unit, we propose to defer till a 
future issue further particulars of the stock itself, 
dealing now mainly with the power bogie, which is 
illustrated in Figs. 2 to 5. 

The power bogie consists of a frame built up of 
channels and angles having a length of solebar of 
14 ft. 3 in. It is carried on four wheels, 2 ft. 6 in. 
in diameter, with a laminated spring above each 
axle box. The wheel-base is 6 ft. 6 in. The journals 
are inside the wheels, provision being made as shown 
in the drawings, Figs. 2 and 3, for coupling rods, 
though these are not shown fitted in Figs. 1, 3 and 4. 
The bogie frame is fitted with a rigid bolster carrying 
a centre pivot of the usual spherical form, and oilless 
roller side bearings are provided as shown. The 
power unit is a 115-h.p. engine, by the Parsons Oil 
Engine Company, Limited, Southampton, running 
on petrol. It has six cylinders of 4} in. bore, by 6 in. 
stroke, its normal running speed being 1,650 r.p.m. 
The cylinders are cast in pairs, with detachable heads, 
the cylinder castings being tested to 400 lb. per square 
inch, and the jacket castings to 50. The valves are 
side by side, and are interchangeable. The crankshaft 
is a nickel-steel forging. The crank case, of cast iron, 
provides bearings on each side of all cranks. The 
connecting rods are drop forged of nickel-chrome steel, 
with white-metalled big-ends and phosphor-bronze 
bushed little-ends. The gudgeon pins are of the 
floating type. A Simms high-tension magneto with 
automatic advance, is fitted. A governor connected to 
the throttle is provided, independent of the hand 
throttle, and adjustable over the necessary range of 
speed from outside the casing. The engine is started 
by hand gear shown at the left-hand end of the bogie 
in Fig. 3, and also by electric self-starter. 

The engine is carried on a sub-frame of channels, 
extending between the headstock and bolster frame. 
The drive is direct to a gear unit at the other end of the 
bogie, where it is transmitted through bevels to a 
cross-shaft. From this, at the extreme right of Figs. 
2, 3 and 4, and the near end in Fig. 5, the drive is 
returned, by means of wide chains, to gears on the 
trailing axle. The most interesting feature of the 
design is undoubtedly the gear unit, which is known 
as the Wilson-Drewry Transmission. This is designed 
by Messrs. Improved Gears, Limited, of 23, Queen 
Anne’s-gate, Westminster, the Drewry Car Company 
being licensees. The unit comprises a series of 
epicyclic gears, in line with the engine shaft, and the 
cross-shaft drive for the chains. 

Five speeds are provided by this gear, viz., 1:1, 
1-49: 1, 2-36: 1, 4:15:1, and 10-5: 1, there being a 
further reduction of 4-25 to 1 from the cross-shaft to 
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the axle. Since one is a 1:1 drive direct, the actual 
gear combinations are four in number. For each of 
these an epicyclic gear of the proper proportions is 
provided, one or the other being engaged as required, 
while the others run idle. The gears, which are always 
in mesh, are arranged side by side along the shaft, and 
each is provided on the outside with a band brake. 
When any gear is required its particular brake is 
tightened and the gear comes into operation. Control 
is on the pre-selector system, in which the driver 
first selects the gear required, with one handle, and has 
to operate a second handle to bring it into use. This 
makes it impossible for two gears to be engaged at 
once. The selection and engagement of the gears 
is performed in the following manner. The gear-box 
is fitted on one side with a selector lever, and on the 
other with a gear-changing air cylinder, the latter being 
clearly shown in Figs. 3 and 5. The gear-selecting 
lever operates a camshaft inside the box, and for each 
gear the proper cam is brought into action as required. 
Each cam operates a spring loaded plate, holding this 
away from or allowing it to advance towards the axis 
of the unit, according to the position chosen for the 
selector. Each band brake is fitted with a tightening 
lever working on the usual principle, the lever ends 
resting normally against the respective spring plates. 
At the bottom of the gear is a rocking plate, operated 
by the air cylinder mentioned above. In this are slots 
designed to catch the ends of the band levers, which, 
however, can be disengaged under the action of springs 
by rocking the plate again. In action, the camshaft 
is first revolved by the selector, when one particular 
cam will allow one spring plate to move forward. This 
makes contact with its brake lever, and tends to push 
this inwards. On operating the air cylinder the rocking 
plate is first depressed, releasing the lever of the gear 
hitherto engaged, and allowing the new gear lever to 
move forward under spring pressure into its slot. As 
the air cylinder is exhausted, the plate moves up again 
slowly, engaging the end of the lever and tightening 
the brake of the new gear. It is obvious that with this 
arrangement no two gears can be engaged at once, 
while the engagement, depending as it does on the rate 
at which air escapes from the cylinder, is absolutely 
out of the control of the operator. Rough handling 
is therefore impossible. 

This mechanism suffices for four ratios. The fifth, 
viz., 1:1, is transmitted direct, partly through cones 
and partly through the whole group of gears operating 
as a solid unit; thus the actual load either on the cones 
or any particular group of teeth is relatively small, and 
wear is small. 

Actually there are five band brakes side by side in 
the gear unit, the fifth being for a ‘‘ neutral ”’ position 
for reversing. The cross-shaft is furnished with opposed 
bevels in the usual way coupled up to the shaft on one 
side of the longitudinal axis, or the other, by dog 
clutches operated by two air cylinders shown side by 
side at the near end of the unit in Fig. 5. One handle 
only is provided in the cab to operate both the selector 
and these clutch cylinders, and has to be moved by the 
driver from one control to the other. It is not possible, 
however, to remove it from the selector fitting, without 
putting it in the neutral position, so that before it can 
be used to work one or the other of the clutch cylinders, 
the gears are rendered inoperative, all brakes being 
released and the neutral brake engaged, which brings 
the transmission shaft to rest while the epicyclic gears 
are idle. 

The brakes are self-centring, and are provided with 
spring ratchet take-up gear. They are fabric lined, 
completely encircle the drums, and run in oil. The 
gears are lubricated by a positive plunger pump, with- 
out valves, delivering to the centre of the gearing. 
Owing to the exhaust control of the gear-changing 
air cylinder, and the low speed at which the gears 
pick up under the gentle closure of the brake bands, 
the gears are exceptionally silent. In order to allow 
for taking up slack in the chain drive, the gear 
unit is mounted on a sub-frame on which it can be 
adjusted by means of lugs on the unit provided with 
slotted holes. Screw tensioning gear is carried to the 
end of the bogie frame, as shown in Figs. 3 and 5, and, 
as will be noted, particularly in the latter, the two sets 
of gear are coupled by a cross chain, adjustment thus 
being equal on both sides. 

(To be continued). 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS, 
-Mr. G, Scott Ram, O.B.E., M.I.E.E., has been elected 
president of the Association of Supervising Electrical 
Engineers, following the year of office of Mr. S. B. 
Donkin. Mr. Scott Ram will deliver his presidential 
address on October 20. 


‘TENDERS. 


Trade, 35, Old Queen-street, London, 8.W.1, particulars | 
of tenders invited by various bodies in the British | 
Empire and foreign countries. The closing date of 


on application to the Department at the above address, 
the reference number given being quoted in each case. 

Pump, Motor and Control Gear.—The supply of pump, 
motor, and control gear for the Mays-road pumping 
station. The Christchurch City Council, New Zealand ; 
November 12. (Ref. No. G.X. 10,774.) 

Refuse Collectors and Sprinkler Cars.—The supply of 
five small sprinkling cars and three refuse collectors. 
The Director-General, Tanzim Department, Ministry of 
Public Works, Cairo, Egypt; November 2. (Ref. 
No. G. 10,781.) 

Distilling Plant.—The supply and erection at Sollum, 
Egypt, of a distilling plant, comprising evaporators, pre- 
heating, condensers, pumping set, &c. The Director- 
General, Mechanical and Electrical Department, | 








of Public Works, Cairo, November 7. (Ref. No. 
G. 10786.) 
CONTRACTS. 
Messrs. DANIEL ADAMSON AND Company, LIMITED, 


Dukinfield, Ashton-under-Lyne, have obtained an order 
for Lancashire boiler plant from Messrs. Hull Fish Meal 
and Oil Company, Hull. The installation includes a 
boiler 9 ft. in diameter, and having a working pressure 
of 160 lb. per square inch, forced-draught fans and motors, 
air heaters and induced-draught fan and motor, &c. 

Messrs, AuTO-KLEAN STRAINERS, LIMITED, 40, Trinity- 
square, E.C.3, have supplied twelve of their strainers to 
each of the new P. & O. liners, Corfu and Carthage. 
These include in each case two large lubricating-oil 
strainers for the main turbines, one on the pipe line to 
the centrifugals, six fuel-oil discharge strainers for main 
and auxiliary boilers, and three lubricating-oil strainers 
for turbo-generators. 

Messrs. EpGark ALLEN AND CoMPANY, LIMITED, 
Imperial Steel Works, Sheffield, have obtained a 
contract from Messrs. Cement Industries, Limited, for 


The complete installation will have a capacity of 180,000 
tons per annum ; 
output is being put in hand, The plant will include | 
recuperator type rotary kiln, Rexman rod mills and 
Fuller-Kinyon conveying equipment, &c. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


more numerous and larger than for a long time past, 
and though changed financial conditions are disturbing, 
quite a lot of business has been transacted, and a cheering 
feature is the desire of customers to make provision for | 
forward requirements. Most sales are for home use, 


but several transactions have occurred with customers 
abroad who have been using foreign iron. Business 
with Scotland shows some expansion. Producers 


continue to absorb at their own foundries and _steel- 
works the bulk of the limited make, and the small 
surplus available for sale is promptly taken up by home 
consumers who have to come on the market for supplies. 

Increasing overseas demand promises to reduce stocks. 
Fixed prices are unaltered, but a rise is looked for. 
No. 1 grade of iron is 61s.; No. 3g.m.b., 58s. 6d. ; No. 4 
foundry, 57s. 6d. ; and No. 4 forge, 57s. 

Hematite—The welcome brisk demand that has 
sprung up for East Coast hematite has been quickly | 
followed by much-needed advance in values. For long, | 
sales have been impossible except on terms that entailed 
substantial loss to producers, and even now, quotations | 
are at an unremunerative level; but little further upward | 
movement of values is needed to enable makers to run | 
plant at a profit. Extensive business with Sheffield | 
and the Midlands is reported, and sales to overseas | 
buyers include parcels for firms in Germany, France 
and Scandinavia. Quotations have risen 5s. 6d. since 
last week, and the tendency is still upward. Ordinary 
qualities are now 65s., and No. 1 is at a premium of 6d. 
Foreign Ore.—Variation in rates of exchange has 
created instability in the foreign ore trade. For the 
time being, sellers refuse to quote, and consumers have 
also withdrawn from the market. 

Blast-Furnace Coke.—-Durham blast-furnace coke, 
though abundant and in only moderate request, is 
stiffening. Good average qualities are now unobtainable 
under 15s. 6d., delivered here. 

Manufactured Iron and Steel.—There is just a little 
more doing in one or two branches of manufactured iron 
and steel, but in most departments, producers are much 
in need of work. Sections engaged on constructional 
steel keep busy. Dearer spelter has necessitated an 
advance in quotations for sheets. Common iron bars 


are 10l.; best bars, 10/. 10s.; double best bars, 111. ; 
treble best bars, lll. 10s.; packing (parallel), 8/. ; 
packing (tapered), 10/.; steel billets (soft), 52. 15s. ; | 


steel billets (medium), 6/. 12s. 6d.; steel billets (hard), 





Tue JuNioR LystirutTion oF ENGINEERS.—Dr. 8. L, 
Pearee, M.Inst.C.E., has accepted the invitation of the 
Council to succeed Col. Sir H. G. Lyons, F.R.S., as | 
president of the Junior Institution of Engineers. His 
induction will take place on December 4 when he will 
deliver his presidential address, 





7l. 2s. 6d.; iron and steel rivets, 11l. 5s.; steel ship 
plates, 8/. 15s.; steel angles, 8/. 7s. 6d.; steel joists, 
8l. 15s.; heavy sections of steel rails, 8/. 10s. for parcels | ¢ 
of 500 tons and over and 9J. for smaller lots ; fish plates, | 
i2/7. 10s.; black sheets (No. 24 gauge), 8l.; and gal- 


nme corrugated sheets (No. 24 gauge), 9/. 10s. 


Scrap.—Scrap is slow of sale, but firm in price. 


WE have received from the Department of Overseas | * 


tenders is stated where possible. Details may be obtained | 


the supply and erection of a complete Portland cement | 
plant to be erected at Asheham, near Lewes, Sussex. | 


at present the first unit of 60,000 tons | 


The Cleveland Iron Trade.—Inquiries circulating are | 





| pits are readily clearing their outputs. 


and the submarines Thames and Porpoise. 
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PERSONAL. 


Messrs. JAMES HALL AND Sons, LIMITED, Blue 
Boar Foundry, Rochester, Kent, inform us that owing 
| to ill health, Mr. J. CampBetu has retired from activ; 
| management of the Company, but retains his seat on 
the board as consulting director. Mr. A. C. FENDICK 
has joined the firm as managing director. 

Messrs. Marrerson, Liuitep, Healy W orks, Shaw- 
clough, Rochdale, have appointed Mr. J. J. Kine, of 

‘Dun-Laoghaire,” The Poplars, Washington, County 
Durham, to be agent for the whole of their specialities 
for the counties of Durham and Northumberland. 


Messrs. Kincatp, WALLER, MANVILLE AND Dawson, 
of St. Stephen’s House, Victoria-embankment, Westmin- 
ster, state that the partnership now existing between 
Sir Edward Manville, Sir Philip Dawson, Mr. A. EF, 
Jackson and Mr. H. G. Simmonds, was dissolved at 
the end of September. Mr. A. E. Jackson will continue 
in practice on his own account, retaining the name of 
the present firm, with offices at Abbey House, Victoria- 
street, Westminster. 

THe STEEL BanpD CONVEYOR AND ENGINEERING 

| Com ANY, Limirep, Birmingham, have appointed 
| Mr. G. A, Phillipson, M.I.Min.E., lately technical repre- 
; sentative of the Coppée Company (Great Britain), 
Limited, to represent them in London and South of 
| England, in connection with handling schemes for various 
industries. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Business is a shade more active in 
some departments, and easier in others. On balance, 
there appears to be a slight improvement. According to 
leading engineers and steelmakers, suspension of the gold 
standard, while not an unmixed blessing, is likely to 
prove beneficial in the long run. Foreign supplies will 
cost more, but it will be possible to undertake export 
sales at a lower price, and thus to get at closer grips 
with rival manufacturers in other countries. Lord 
Aberconway, this week, in Sheffield, told shareholders 
of the Sheepbridge Coal and Iron Company that in this 
| way, all our factories, metallurgical plants, workshops 
and collieries will improve their markets abroad, while 
they will be protected by something like 15 per cent. 
|or 20 per cent. against foreign competition at home. 
There will be practically a bonus on exports, and a 
| tariff against imports. This, he said, opens a brighter 
future. Lord Aberconway foresees favourable develop- 
ments if Parliament stabilises the position by an actual 
| protective tariff. The other side of the picture is that 
the South Yorkshire industries rely considerably on 
| foreign metals, for which they will have to pay more. 
| | At the moment, business in steelmaking ores and alloys 
is, on instructions from foreign producers, being con- 
ducted only in the currency terms of the producing 
| countries, and as these are subject to quick change, 
| forward buying is not assisted. Open-hearth basic steel 
| is still in a state of slump. Owing to the general lack of 
| orders, big concerns are operating below quarter capacity. 
fey ge Siemens acid steel billets, 91. 2s. 6d. ; hard 

basic, 61. 6d, to 81. 12s. 6d.; soft basic, 61. ; Crown 
iron bars, OL 15s.; iron hoops, Ill. 15s.; steel hoops, 
| 92. 10s.; soft wire rods, 7/. 10s.; Derbyshire foundry 
| pig iron, 68s. 6d. ; Derbyshire forge iron, 60s. 6d. ; basic 
|scrap, 33s. 6d. After prolonged negotiations, wage 
reductions have been agreed for building-trade operatives 
| engaged in engineering work in Sheffield, and will take 
| effect from the first full-pay period after to-day. They 
lx vary from Is. a week in the case of navvies, to 4s. a week 
be the case of skilled craftsmen. The resultant saving 
will usefully supplement the numerous economies which 
| engineering employers have introduced with the object 
| of lowering production costs. There are few develop- 
;ments this week in big-scale orders on engineering 
account. The extent to which Sheffield will share in 
the 200,000/. worth of orders recently booked by Messrs. 
| Armstrong- Vickers, Limited, at Elswick, Newcastle, is not 
| determined, but benefit to local works is expected to be 
considerable. Sound advance is being made in cold 
metals research at Sheffield University. The results to 
date shed valuable light on manufacturing troubles. 
Further assistance is expected from experiments now in 
hand. 

South Yorkshire Coal Trade.—Considering the early 
advent of seasonal advances, business in house coal is 
slow, though there is a slightly better inquiry from 
London and the provinces for best qualities. All grades 
are freely offered. Steam fuel is more active, and on 

















| export account best qualities are reported to be in short 


supply. Inland deliveries are steadily maintained. 
Electricity concerns are taking increased supplies, but 
stocks of inferior slack and smalls are heavy. Gas coal 
Furnace and 
foundry cokes are in ample supply, though the undertom 


is a shade firmer. Quotations :—Best branch hand 
picked, 24s. 6d. to 25s. 6d.; South Yorkshire best. 
23s. 6d. to 24s. 6d.; best house coal, 21s. 6d. to 22s. 6d. ; 
Derbyshire best brights, 21s. to 22s.; screened hour 
coal, 19s. to 20s.; best screened nuts, 18s. to 1b». ; 


Derbyshire hards, 17s. to 18s. 6d. ; rough slacks, 9s. 6d. tv 
10s. 6d.; nutty slacks, 7s. 6d. to 8s. 6d. ; smalls, 5s. 6d. 
to 6s. 6d. 








H.M.S. TorPeDo-Boat DEsTROYERS ‘‘ CYGNET” AND 
Bf tl ’—Two torpedo boat destroyers, H.M.SS. 
Cygnet and Crescent, were launched successfully from 


| the Barrow yard of Messrs. Vickers-Armstrong, Limited, 
| Tuesday last, September 29. 


This yard now has under 
construction only the destroyers Defender and Diamond 
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NOTES FROM THE NORTH-WEST. 
MANCHESTER, Wednesday. 

The General Outlook.—Although leading iron and 
steel and allied interests in the North-Western area 
are hopeful that the depreciation of the £ may in time 
bring increased business, at the moment political uncer- 
tainty is making buyers cautious for the most part, 
and there is relatively little business moving. There is, 
however, a greater tendency towards forward buying of 
foundry iron than for some time past, and users with 
moderately heavy order books are placing orders for 
requirements up to the end of December. Other sections, 
however, report that conditions are quiet and that 
there is little real hope of improvement until more 
stabilised Government rules, and the pound has had an 
opportunity of finding its new and more or less fixed 
level in foreign exchanges. Meanwhile, a particularly 
encouraging feature is the re-starting of two blast- 
furnaces in the last few days by the Barrow Hematite 
Steel Company, Limited, coupled with the announce- 
ment that the firm’s steel-making plant will be put into 
operation in the near future. The works have been 
closed down for several months, Their resumption will 
provide employment for about 1,200 men. 


Textile Merger.—The amalgamation of interests of 
six leading Lancashire firms engaged in the manufac- 
ture of textile machinery, foreshadowed some months 
ago, was confirmed last week by the registration of a 
new company, Messrs. The Textile Machinery Makers, 
Limited. The companies concerned in the merger are 
Messrs. Brooks and Doxey, Limited, of Manchester ; 
Messrs. Dobson and Barlow, of Bolton; Messrs. J. 
Hetherington and Company, Limited, of Manchester; 
Messrs. Howard and Bullough, Limited, of Accrington; 
Mes Platt Brothers, Limited, of Oldham; and 
Messrs. Asa Lees and Company, Limited, of Oldham. 
The aim of the combine is to pool resources and effect 
important economies in the way of co-ordination of 
interests and administration, which will reduce produc- 
tion costs, and also to eliminate price-cutting, which has 
been prevalent in this section for a considerable time, 
while orders have been scarce. Sir George Bullough is 
president of the new undertaking, and directors have 
been appointed from each of the companies absorbed. 
Messrs. Dobson and Barlow’s accounts for the year 
ended June 30 last show a loss of 24,267/., compared 
with a loss in the previous year of 16,6071. and a profit 
of 44,4087. in 1928-29. 

Engineering Orders.—Steady progress is being made 
with the extension and modernisation of the Partington 
lronworks of Messrs. The Lancashire Steel Corporation, 
Limited. The whole scheme provides for the concentra- 
tion of numerous sections of the company’s business at 
Partington, and the erection of new wharves, blast- 
furnace and steel plant, which, when completed, will 
make the works one of the most efficient in the world. 
At present the Corporation has on hand a number of 
substantial orders, including one from the South African 
Railway Board for a large quantity of steel rails and fish- 
plates. Motor manufacturers continue busy, among 
recent orders being one received by Messrs. The Leyland 
Motors, Limited, of Leyland, near Preston, for four 
single-deck omnibuses for the Accrington Corporation. 














NOTES FROM THE SOUTH-WEST. 


CarpDIFF, Wednesday. 

The Coal Trade.—Hopes are still entertained that the 
coal trade will benefit from the de-standardisation of 
the £ as a result of the better position in which colliery 
companies have been placed to compete with foreign 
fuel. Inland consumption is also expected to expand 
in consequence of greater activity at steel works, and 
in industry generally. So far, these expectations have 
not materialised. Tentative inquiries are, however, 
circulating more freely both for inland and foreign 
delivery, but orders come along very slowly. Foreign 
consumers generally are waiting to see the effect of the 
currency change throughout the world, while colliery 
salesmen are not keen to book up business too far ahead, 
so that, while the outlook is generally regarded as 
brighter, no appreciable change has occurred. Supplies 
of all classes of coal, both large and small, continue 
plentiful to meet the demand, and buyers experience 
no difficulty in covering their needs on the basis of 
stipulation prices, though in isolated cases sellers ask 
a premium of 3d. on schedule, but shippers not tied to 
named brands can cover at schedule without trouble. 

French Pitwood Contracts.—An interesting position 
las arisen in regard to contracts for French pitwood 
which is extensively used in the Welsh mines. As a 
result of the depreciation of the £, French exporters 
demanded that they should be paid on a gold standard 
basis. Welsh importers, have, however, refused this 
request, and intimated that they will not agree to any 
Variation in contracts which were made on a Sterling 
basis, To this, French exporters have replied proposing 
that the matter should be submitted to arbitration, but 
this suggestion has been declined. In the meantime, 
business in regard to pitwood has been brought to a 
virtual standstill as French exporters now ask up to 
-9s. per ton f.o.b. Bordeaux, against 18s. to 198. a 
lortnight ago. Fortunately, the Welsh collieries have 
sullicient wood to meet their needs for some weeks to 
come, in addition to which, supplies are available from 
Portugal, 

Better Freights.—Shipping freights have moved up- 
wards for the first time for many months. Hundreds 
of vessels are still laid up, but the currency changes 
have involved shipowners in increased expenses, with 
the result that they have been compelled to hold out 
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for higher levels, and Genoa has paid 6s. 3d. compared 
with 5s. a week earlier, River Plate, 9s. 9d. against 9s., 
and Nantes, 4s. 6d. against 4s. It should, however, be 
remembered that of late coal freights have been at the 
lowest levels for a quarter of a century and that current 
levels are not remunerative. 


Tron and Steel.—Shipments of iron and steel goods 
were increased by 1,300 tons in the past week to 9,598 
tons, exports of tin-plates and terne-plates rising from 
5,795 tons to 6,474 tons, black-plates and sheets from 
1,237 tons to 1,326 tons, and other iron and steel goods 
from 506 tons to 930 tons. Galvanised sheets, however, 
fell from 891 tons to 868 tons. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel T'rade—There has been practically of 
change in the state of the Scottish steel trade over the 
week, and the demand is of a poor nature. Buyers are 
not yet in evidence and do not seem much inclined to 
enter the market in the present state of uncertainty. 
Ship plates and sections move very slowly for the simple 
reason that shipbuilders have little work on hand. 
Structural material is also in poor request. Black steel 
sheet makers are quiet and are much in need of orders, 
both for black and galvanised sorts, but inquiries are 
rather better, and makers are very hopeful of a revival 
in buying in the near future. Prices are all firmer and 
in the case of steel sheets the quotations are up by 5s. 
to 10s. per ton on account of dearer raw material. The 
following are the current market quotations :—Boiler 
plates, 101. 10s. per ton; ship plates, 8/7. 15s. per ton ; 
sections, 8/. 7s. 6d. per ton; black steel sheets, } in., 
71. 10s. to 71. 12s, 6d. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 10/. 15s. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—The depression in the malle- 
able-iron trade of the West of Scotland still prevails 
and there is little business going through. The outlook 
at the moment is somewhat obscure as regards re-rolled 
steel bars, but the altered position of things has brought 
buyers into the market. The semi-finished material 
position is so uncertain that producers are unwilling to 
commit themselves much ahead, and have stiffened 
up their prices. The current quotations are as follows :— 
Crown bars, 101. 5s. per ton for home delivery and 
91. 10s. per ton for export ; re-rolled steel bars, 6/. 2s. 6d. 
to 61. 5s. per ton for home delivery or export. 

Scottish Pig-Iron Trade.--No improvement can be 
reported in connection with the Scottish pig-iron trade, 
and producers are anxiously looking forward to better 
times. The world’s trading position is rather more 
unsettled than it was, and until conditions improve 
considerably, a dull state is likely to continue. The 
import of pig-iron from India continues, and last week 
some 2,800 tons came into this port from Calcutta. The 
local output is still very small, and although inquiries 
for export lots are better, actual business has not 
increased, Prices are unchanged and are as follows :— 
Hematite, 68s. 6d. per ton, delivered at the steel works ; 
foundry iron No. 1, 72s. per ton, and No. 3, 69s. 6d. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 26, only amounted to 80 tons. Of 
that total 45 tons went overseas and 35 tons coastwise. 
During the corresponding week ot last year the figures 
were 175 tons overseas and 88 tons coastwise, making a 
total shipment of 263 tons. 

Scottish Iron Trade Wages Reduced.—Sir John M. 
MacLeod, Bart., C.A., Glasgow, has made the following 
intimation to Mr. Thos. Petrie and Mr. John Brown, 
joint secretaries of the Scottish Manufactured Iron 
Trade Conciliation and Arbitration Board :—‘ In 
terms of the remit, I have examined the employers’ 
books for July and August, 1931, and I certify that the 
average net selling price brought out is 101, 5s, 8 -53d.” 
This means that there will be a decrease of 24 per cent. 
on the basis rates in the wages of the workmen. 

Shipbuilding.—The depressed state of the Scottish 
shipbuilding industry is once again brought clearly 
before us by the poor returns for the past month. Not 
only was the output just about the lowest on record, but 
the new contracts fixed up were very few. In the latter 
connection the Clyde only secured one new order—a 
paddle steamer of special design to be built by Messrs. 
McKie and Baxter, Limited, Paisley, for abroad. This 
vessel which will be 197 ft. in length, 29 ft. in breadth, 
and 7 ft. in depth, will be fitted with surface condensing 
machinery. Messrs. The Caledon Shipbuilding and 
Engineering Company, Limited, Dundee, have con- 
tracted to build a steamer, 210 ft. in length, for Messrs. 
The Limerick Steamship Company, Limited, Ireland, and 
Messrs. A. Hall and Company, Limited, Aberdeen, have 
secured orders for two sea-going tugs for London owners, 
and a drifter of 94 ft. in length for owners in the North of 
England. The output for the past month consisted of 
two vessels of 620 tons from Clyde yards, and two 
vessels of 90 tons at Aberdeen. The Clyde total com- 
pares badly with last September, when launches num- 
bered 10, the ships totalling 26,894 tons. The total 
Clyde output for the year to date is 135,032 tons, as 
against 411,443 tons for the same nine months of last year. 








RoyaL AERONAUTICAL SocieTy.—Owing to Professor 
Piccard finding it impossible to visit this country at the 
moment, it has been found necessary to postpone the 
lecture he was to deliver before the Royal Aeronautical 
Society on October 8, 
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NOTICES OF MEETINGS. 


INSTITUTION OF CHEMICAL ENGINEERS.—To-night, 
6 p.m., Chemical Society, Burlington House, Piccadilly, 
W.1. ‘The Gas Generator as a Direct Producer of 
Metallurgical Products.” by Mr. N. E. Rambush and 
Mr. F. F. Rixon. 

Junior InstituTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, 8.W.1. ‘‘ Reinforced Concrete 
in India,” by Mr. R. P. Mears. Friday, ‘October 9, 
7.30 p.m. ‘‘ Office Engineering,” by Mr. E. D. Gill. 

InstITUTE: OF British FounDRYMEN.—Lancashire 
Branch: Saturday, October 3, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. “Low Total 
Carbon Cast Irons and their Service to the Foundry- 
man,” by Mr. W. West. Burnley Section: Saturday, 
October 10, 6.30 p.m., Technical School, Accrington. 
“Cylinders for Steam, Diesels and Compressors,” by 
Mr. F. J. Cook. 

Socrety or ENGInEERS.—Monday, October 5, 6 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
** Present Practice in Aerial Survey,’’ by Major C. K. 
Cochran-Patrick. 

Braprorp ENGINEERING Socltety.—Monday, Octo- 
ber 5, 7.30 p.m., Technical College, Bradford. Inaugural 
Address by the President, Mr. W. Hiles. Kinematograph 
Film, “‘ Cable Making and Pylon Construction.” 
INSTITUTION OF AUTOMOBILE ENGINEERS.—Birmingham 
Centre: Monday, October 5, 7.30 p.m., Queen’s Hotel, 
Birmingham. Presidential Address: ‘The Internal 
Combustion Engine and its Performances,’’ by Mr. 
W. A. Tookey, and at Bristol Centre: Thursday, Octo- 
ber 8, 7 p.m., Merchant Venturers’ Technical College. 
INSTITUTION OF PRODUCTION ENGINEERS.—Man- 
chester Section : Monday, October 5, 7.30 p.m. College of 
Technology, Sackville-street, Manchester. “ Payment 
by Results,” by Mr. J. Ronald. Coventry Section: 
Wednesday, October 7, 7.30 p.m., King’s Head Hotel, 
Coventry. ‘‘Sales Distribution and Its Influence on 
Production,” by Mr. J. G. Young. London Section: 
Friday, October 9, 7.30 p.m., Society of Motor Manu- 
facturers and Traders, 83, Pall Mall, S.W.1. Annual 
General Meeting. ‘‘ Distribution and Production,” by 
Mr. J. G. Young. 

Society oF CHEemicaL Inpustry.—London Section : 
Monday, October 5, 8 p.m., Chemical Society, Burlington 
House, Piccadilly, W.1. ‘‘ Recent Applications of 
Science to Agriculture,” by Sir D. Hall. 

InstITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Tuesday, October 6, 6.45 p.m., Swedenborg 
Hall, 20, Hart-street, W.C.1. ‘Exhaust Ventilation in 
Asbestos Textile Works,”’ by Mr. C. W. Price. 

STAFFORDSHIRE [RON AND STEEL INsTITUTE.—Tuesday, 
October 6, 7 p.m., Education Offices, St. James’s-road, 
Dudley, Presidential Address: ‘‘ Modern Trend in 
Cast Iron,” by Mr. R. P. Bethell. 

SHEFFIELD METALLURGICAL AssocIATION.—Tuesday, 
October 6, 7.30 p.m., 198, West-street, Sheffield. 
* Difficulties met with in Electro-deposition of Non- 
Ferrous Metals on to Steel,’”” by Mr. E. J. Dobb. 

INSTITUTE OF FuEL.—Wednesday, October 7, 7 p.m., 
Institution of Electrical Engineers, Victoria-embank- 
ment, W.C.2. Joint Meeting with various Societies. 
‘Coal: Smokeless Fuel and Oil from the National 
Standpoint,”” by Dr. W. R. Ormandy. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
October 8, 6.30 p.m., 10, Upper Belgrave-street, S.W.1. 
‘The Influence of Rapidly Alternating Loading on 
Concrete and Reinforced Concrete,” by Dr. E. Probst. 
InsTITUTE OF MARINE ENGINEERS.—Junior Section : 
Thursday, October 8, 7 p.m., 85, The Minories, E.C.3. 
“The Practical Running and Maintenance of Marine 
Turbines,” by Mr. J. R. Douglas. 

INSTITUTION OF MECHANICAL ENGINEERS.— Yorkshire 
Branch: Wednesday, October 7, 7.30 p.m., Grand 
Hotel, Sheffield. ‘‘ Mechanical Aspects of Coal Face 
Machinery,” by Prof. I. C. F. Statham. 

Institute oF Mertats.—London Local Section: 
Thursday, October 8, 7.30 p.m., Society of Motor Manu- 
facturers and Traders, 83, Pall Mall, 8.W.1. Chairman’s 
Address by Mr. W. T. Griffiths. Sheffield Local Section : 
Friday, October 9, 7.30 p.m., Mappin Hall, Sheffield. 
Joint Meeting with Sheffield Society of Engineers and 
Metallurgists. ‘‘ Gases in Metals,” by Dr. W. Rosenhain. 
MANCHESTER ASSOCIATION OF ENGINEERS,——Friday, 
October 9, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. Inaugural Address by the President, Mr. 
C. E. Stromeyer. 

Society oF CHEMICAL INDUSTRY, CHEMICAL ENGI- 
NEERING Group.—Friday, October 9, 8 p.m., Chemical 
Society, Burlington House, Piccadilly, W.1. ‘ The 
Manufacture and Testing of Asphalt Paving Material,” 
by Mr. D. M. Wilson. 


Ant1-Gas SERVICES REuUNION.—It is proposed to hold 
a reunion and dinner for all members of the Anti-Gas 
Establishment, R.E., Special Brigade, R.E., and Anti- 
Gas Department, M. of M. All old members are invited 
to write for particulars to Mr. H. W. Lucas, 42, Althorp- 
road, Wandsworth Common, 8.W.17. 





Tue InstITUTION OF MECHANICAL ENGINEERS.—In 
view of the present political situation, the President and 
Council of the Institution of Mechanical Engineers have 
decided that it is desirable to postpone the Annual 
Dinner of the Institution, whieh had been fixed for 
Thursday, October 15. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TreLEGRAPHIC f ‘“‘ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 

TELEPHONE NumMBER—TEMPLE BAR 3663 

(2 lines). 
SUBSCRIPTIONS, HOME AND FOREIGN. 

“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom ........................ £3 5 0 

For Canada— 








Thin paper copies ........................ £2 18 6 

Thick paper copies........................ ss 3 0 
For all other places abroad :— 

Thin paper copies ......................+ £3 3 0 

Thick paper copies........................ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of Publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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INTERNAL COMBUSTION ENGINES 
AND STEAM POWER. 


BALAAM, when called upon to imprecate curses on 
the invading Isrelites, confounded his paymaster 
by unreservedly blessing them, and in a somewhat 
corresponding case Sir Alfred Ewing, deputed by 
the Bramwell Trust to conduct the obsequies of 
steam power, found himself confronted with the 
awkward fact that the function had been ludicrously 
antedated, and that the presumptive corpse was 
in greater health and vigour than at any prior 
period of a somewhat prolonged existence. It was 
in 1881 that Sir Frederick Bramwell, impressed 
with the performance of the gas engine, then more 
or less a novelty, ventured to predict that in 
fifty years’ time gas power would have entirely re- 
placed steam power, and that steam engines, apart 
from a few insignificant survivors lingering super- 
fluously on the scene, would exist only as museum 
specimens. Prophets, like the poor, are always 
with us, but in general confound the familiar text 
in that they commonly receive far more honour than 
their due even in the country of their birth. Sir 
Frederick differed, however, from the common run 
of our prophets in that he was prepared to back 
his anticipations financially. In 1903, accordingly, 
he established a trust fund to provide an honorarium 
for a lecture to be delivered in 1931, taking as 
text the predictions he made in 1881. This lecture 
formed the presidential address to Section G of the 
British Association, of Sir Alfred Ewing last Friday, 
an abstract of which will be found on page 444 of 
this issue. Sir Alfred recalled the fact that at the 
same meeting, as Sir Frederick made his prophecy, 
Mr. J. E. Dowson described his producer, and 
showed that with it one horse-power could be de- 
veloped for a consumption of about one pound of 
anthracite. At that date the thermal efficiency of 
the steam engine hardly exceeded 12 per cent., and 
as illustrating the persistence of data once recog- 
nised as authoritative, it may be noted that this 
same figure was quoted as representing the best 
steam practice of to-day by Sir David Milne- Watson 
at the Chemical Section of the British Association, 
on Monday last. Had this been true, Sir Frederick’s 
prophecy would have had a far better prospect of 








fulfilment. Actually, the Electricity Commissioners 
credit the Kearsley power station with an overall 
year-in year-out thermal efficiency, coal to elec- 
tricity, of 23-84 per cent. 

Sir Frederick was not alone in his sanguine 
anticipations for the future of the internal-combus- 
tion engine. Notably, Fleming Jenkin, in 1884, 
declared that whilst the steam engine had been 
improved nearly as far as possible, the efficiency of 
the actual gas engine could, he said, probably 
be doubled or even tripled, and hence it seemed 
inevitable that it should ultimately supplant its 
rival. It was in the same year that Sir Charles 
Parsons constructed his first steam turbine. Many 
engineers of the present day will easily recall the 
incredulity with which the announcement was 
received, that a steam motor had been produced 
actually capable of running at 18,000 r.p.m. This 
machine was rated at 6h.p. Its steam consump- 
tion was of the order of 200 lb. per kilowatt-hour, 
a figure which might well justify the opprobious 
epithet of steam-eater, with which the innovation 
was immediately greeted by competitors. Few en- 
gineers of that date had, however, any competent 
knowledge of hydraulic principles, and they may 
be pardoned, therefore, for failing to realise the 
possibilities of an apparently not too promising 
infant. Amongst the few who saw further must be 
reckoned Professor Unwin, who, in a lecture before 
the Institution of Civil Engineers in 1885, said that 
could materials be obtained strong enough to with- 
stand the speeds required, there would be no diffi- 
culty in constructing steam turbines as efficient as 
the best existing steam engines. The difficulty here 
alluded to was evaded by Parsons adopting the 
principle of pressure compounding, by means of 
which steam and blade velocities could be kept 
within moderate limits. Dr. de Laval, on the other 
hand, frankly faced the high-speed problem, and 
with equal, if as the event proved, less fruitful 
ingenuity, showed that even with the materials 
available in the early ’eighties, blade speeds of 
15 miles a minute were quite practicable, when the 
problem was attacked in the light of the mathemati- 
cal theory of elasticity. In this connection it is 
of some interest to note that Parsons, although he 
had taken high mathematical honours at Cambridge, 
made throughout his career, relatively little use of 
mathematics. Indeed, the most difficult of the 
problems presented by the pressure-compounded 
turbine were mechanical in character, and had to 
be solved mainly by insight and experiment. The 
difficulties were enhanced by the fact that the steam 
turbine is inherently best suited for large outputs, 
whilst the demand was wholly for small units. 

In spite of its somewhat over-healthy infantile 
appetite, the steam turbine had such advantages 
in compactness and steadiness of running that 
over 300 had been constructed by 1888. The 
largest was rated at 75 kw., and was credited with a 
steam consumption of 55 lb. per kilowatt-hour. 
It operated non-condensing and without superheat, 
whilst the steam pressure was but 100 lb. per square 
inch. This unit was supplied to the Newcastle and 
District Electric Lighting Company, and was the 
first turbine to be installed in a power station, 
and it may be added that this company, from the 
very outset, never used any other type of prime 
mover for generator driving. 

Perhaps the most remarkable feature about 
Sir Frederick Bramwell’s prediction is that he 
should have confirmed it in 1903. It is true that 
in the mean time the Diesel engine had been intro- 
duced and had established a new standard of 
thermal efficiency ; on the other hand the famous 
Elberfeld trials had shown that the reciprocating 
steam engine was obsolete for power-station pur- 
poses. Seven years earlier, Charles Brown, the 
founder of mechanical engineering in Switzerland, 
after a visit to the Newcastle power-stations, had 
realised this truth, although the turbines were then 
all small and relatively inefficient. He was impressed, 
however, by the steadiness of the running and by 
the low cost of installation, which led him to remark 
that even if the turbine did use more steam, the 
cost of this was more than offset by the lower 
building costs, and the saving in wages and oil. 
Sir Frederick was, however, 85 in 1903, and, as he 
admitted, it is difficult to teach old dogs new tricks, 








440 





ENGINEERING. 


[OcT. 2, 1931. 





Even the most sanguine, moreover, could hardly 
have imagined that, in little more than another 
25 years, units of 200,000-kw. rating would be in 
operation. 

As Sir Alfred pointed out, the turbine still retains 
the advantage of the low capital costs, direct and in- 
direct, which so strongly impressed Charles Brown, 
whilst it is beginning to challenge seriously even the 
Diese] engine in the matter of thermal efficiency. | 
In a recent contract, an overall thermal efficiency | 
of 38-5 per cent. has been guaranteed, and the | 
low internal losses of the turbine as compared with | 
the Diesel engine go far to offset the higher indicated | 
thermodynamic efficiency of the latter. Whether 
this can be materially bettered remains to be | 
proved. At present, the turbine has the advantage | 
of utilising the toe of the diagram, which has not | 
yet proved commercially practicable in the case of | 
the internal combustion engine. In large power | 
plants, however, reciprocating machines of any type | 
are unsuitable, and those that know most about tur- 
bines are not sanguine as to the practicability of 
internal combustion turbines. The extraordinary 
overload capacity of the turbine, again, is of the 
utmost value to the power-station engineer, and 
is unapproachable by any type of internal combus- 
tion engine yet produced. 

Whilst, however, gas or oil power seems unlikely 
to challenge seriously the position of steam in 
large power-station practice, there are certain 
fields, daily becoming more and more important, 
in which the internal combustion engine reigns 
supreme. Sir Alfred quoted figures showing that 
the horse-power installed on the motor cars of the 
world now exceeds 600,000,000 h.p. Notable as 
this figure is, still more remarkable is the fact 
that for the most part these engines are in the 
charge of drivers and attendants having at best 
but a rudimentary knowledge of mechanics. In 
fact, Mr. Ricardo declares that not one half of the 
drivers have the slightest idea of how the engine 
works. The designers of these engines have a very | 
strong claim to our admiration and respect. 

In the matter of total weights per brake horse- 
power, the internal combustion engine is far ahead 
of its rival. The great 160,000-kw. Hellgate 
unit has a weight (turbines only) of about 7-6 Ib. | 
per horse-power. To this must be added the weights 
due to the boiler and condenser plant. The Rolls- 
Royce racing engine fitted to the Vickers-Super- 
marine craft with which the Schneider trophy was 
won weighed but 0-711 Ib. per horse-power. It 
developed 2,300 h.p. at 3,200 r.p.m., and is said 
to be capable of increasing this output by another 
300 h.p. In some respects, of course, the comparison 
with the turbine is not wholly fair, since the weights 
of similar prime movers tend to vary directly as the 
maximum diameter of some characteristic dimen- 
sion. The Hellgate turbine, it may be noted, had a 
maximum diameter over blade tips of 16 ft. Even 
however, when full allowance is made for this scale 
effect, it is evident that there is very little likelihood 
of the Rolls-Royce weights being ever rivalled by a 
steam actuated prime mover. 





In conclusion, the failure of Sir Frederick Bram- 
well’s prediction, based as it was on a careful and 
rational appreciation of the actual conditions at the 
time it was made, ought to serve as a warning against 
too great confidence on the part of the prophets who 
daily attempt to instruct us as the future of society 
and civilisation. Life is far more complex than 
mechanism, and when expert engineers prove bad 
prophets in their own well-explored field, forecasts 
as to social and political conditions have about as 
much chance of proving trustworthy as the predic- 
tions found in Old Moore’s Almanack. The 
percentage of successes ought, in fact, to be about 
the same. Napoleon Bonaparte prophesied that in 
50 years Europe would be either French or Cossack ; 
Karl Marx, that the rich would grow richer and the 
poor poorer ; whilst, to come to more recent times, 
the German general staff promised their docile 
pawns a short and joyous war. Never prophesy 
unless you know, was the advice given by Disraeli, 
and the soundness of the maxim is indisputable. 
though the engineer cannot always act up to it, 
He is the only creative thinker who is called upon 
to guarantee financially, the accuracy of his forecasts, 
and he is therefore generally careful not to estimate 


too far ahead of experience. Short sightedness is, no 
doubt, an evil, but over long views are apt to be 
disastrous. 








THE CENTENARY MEETING OF 
THE BRITISH ASSOCIATION. 


(Continued from page 413). 
SECTION G.—ENGINEERING. 


FARADAY’S STEELS AND ALLOyYs. 

THE first item in the programme of the Engineer- 
ing Section, which met in the City and Guilds 
Engineering College, on Thursday morning, Septem- 
ber 24, was a paper by Sir Robert Hadfield, Bart., 
F.R.S., entitled ‘‘ Notes on a Research on Faraday’s 
Steels and Alloys.” The chair was occupied by 
the President of the Section, Sir J. A. Ewing, K.C.B., 
F.R.S., who first explained that his address would not 
be delivered until the afternoon of the following 
day, and it would also constitute the Bramwell 
Trust Lecture. After a few introductory remarks 
he then called on Sir Robert Hadfield to read his 
paper. 

Sir Robert stated that, for the first time, the 
“Steels and Alloys”? made by Michael Faraday 
from 1819-1824 had been subjected to complete 
examination, including chemical analysis, metallo- 
graphic, physical, mechanical and other tests. With 
the permission of the managers of the Royal Institu- 
tion he had been able to investigate the nature and 
properties of 79 specimens of Faraday’s steels and 
alloys with the resources of a modern research 
laboratory, and from the information so obtained it 
was evident that Faraday’s work constituted an 
important and valuable research. It was, in fact, 
the first systematic research on steel alloys on a 
comprehensive scale. Faraday made and examined 
steels alloyed with at least 16 different elements, 
as well as special compounds, but some of the 
most interesting of his alloys, including those con- 
taining very high percentages of platinum and 
rhodium, could not be found. Neither had the most 
painstaking inquiries made in Sheffield and London 
brought to light any of the comparatively heavy 
ingots of Faraday’s alloys, weighing from 10 lb. to 
20 lb. each, which were made to his instructions by 
the firm of Sandersons, in Sheffield. 

With small exceptions, all that had survived was 
a deal box, 9 in. by 5} in. by 5} in., labelled by 
Faraday’s own hand and containing the 79 speci- 
mens, of which the heaviest weighed only 5 oz., the 
total weight being 7 lb. 14.0z. Information given in 
Stodart and Faraday’s papers of 1820 and 1822 had 
provided some useful clues, but there was nothing to 
indicate the actual compositions of the individual 
specimens. In spite of the small total weight and of 
having to work with so small a portion of each 
specimen, so that none of the relics should be com- 
pletely destroyed, it had been possible to determine 
the composition, nature and properties of the greater 
portion of them. 

In the paper, Sir Robert described his own work on 
Faraday’s specimens and gave the results obtained. 
He also explained the circumstances leading up to 
Faraday’s research, and described the methods used 
by the great experimental philosopher. The his- 
torical part of the paper, it may be explained, 
represents the result of a study of a large number of 
contemporary writings and other sources of infor- 
mation, and enables the conditions of Faraday’s 
time to be appreciated. In it, the author explained 
the important influence of ‘* wootz ” or Indian steel 
in the early part of last century and also made 
clear the relation between Faraday, who then 
regarded himself primarily as a chemist, and James 
Stodart, the maker of surgical instruments and 
cutlery. The hand-blown blast furnace and the 
crucibles in which Faraday prepared his alloys were 
also dealt with. The furnace was formed by placing 
two large sized crucibles one inside the other, the 
inner one having the bottom portion sawn off, 
and being fitted with a small perforated cast-iron 
grate about half way down. The crucibles, which 
were called blue pots, were made of a mixture of 
blacklead and clay and the space between them was 
filled with powdered glass. The small inner melting 
crucible, which was provided with a lid, stood on a 


crucible, the stool standing on the cast iron grate and 
the whole being surrounded and covered with small 
pieces of coke. Air was supplied to the space below 
the grate by means of hand bellows, and it is stated 
that the temperature reached was sufficient to melt 
platinum. Pure iron could be melted in 12 min. to 
15 min., and Faraday’s best crucibles were often 
found to soften and break down. 

Continuing, Sir Robert stated that the long series 
of small-scale experiments carried out by Faraday 
at the Royal Institution were followed by the manu- 
facture of the alloys on a comparatively large scale 
in Sheffield. Some of the alloys were used to make 
cutlery, razors, fenders and other commercial 
articles. Faraday’s researches were continued after 
the death of Stodart, but were ultimately abandoned 
probably owing to the absence of any urgent demand 
for alloy steels in industry at that time, and to the 
pressing claims of other researches. In conclusion, 
Sir Robert remarked that although Faraday is, and 
will always remain, most famous for his electrical 
and chemical researches, the facts disclosed by his 
(Sir Robert’s) research entitle him to be regarded as 
a metallurgical investigator of the highest order and 
the pioneer of alloy steels. 

In the course of his remarks, Sir Robert mentioned 
that he had had a few miniature pocket knives, 
measuring only 1? in. in length when opened out, 
made from one of Faraday’s alloy steels containing 
1 per cent. of platinum, and he presented one of these 
knives to the Chairman. After expressing his 
pleasure in receiving this, and his appreciation of 
Sir Roberts’ keen and sympathetic grasp of the 
early work of Faraday, the Chairman called on 
Sir Henry Fowler to open the discussion. Sir 
Henry remarked that the paper enabled us to 
appreciate to some extent the work done by Faraday, 
and then recounted some of his own early experi- 
ences with the author’s own manganese steel, con- 
cluding with an expression of his appreciation of 
Sir Robert’s work. Dr. Barker, who spoke on the 
invitation of the Chairman, also expressed high 
appreciation of the author’s work, and Dr. Rosen- 
hain, who followed, said Sir Robert had raised the 
question why Faraday had selected only noble 
metals for steel alloys. He suggested that Faraday 
had been endeavouring to improve the rust-resisting 
properties of steel by alloying with it non-rusting 
metals, in which he was, to some extent, successful. 
From Faraday’s point of view, a very expensive 
steel might still be “ worth its weight in gold” for 
surgical purposes, if nothing else were available. 
The Chairman then conveyed the thanks of the 
Section to Sir Robert for his contribution, remark- 
ing that it was particularly interesting to learn how 
much Faraday had achieved in a sphere in which 
we had hardly realised that he had worked at all, 
in view of his greater work in other directions. 


METALS AND ALLoys IN RELATION TO 
ENGINEERING PROGRESS. 

After a brief response by Sir Robert Hadfield, 
the Chairman called on Dr. W. Rosenhain to read 
his paper bearing the above title, which formed the 
next item on the programme. In this, the author 
pointed out that, in addition to the need for improved 
materials, it was also necessary to secure improved 
knowledge of materials to allow of their better 
application and production. Engineering progress. 
he said, was dependent upon the collaboration of 
the engineer and the metallurgist, and the specialised 
knowledge of the latter in regard to materials should 
command the confidence of the former. As a result 
of the rapid development of aircraft and of high- 
speed transport on sea and land, materials having 
a high ratio of strength to weight had become very 
important. Although frequently referred to as 
light, they need not necessarily be of low specific 
gravity. The range of materials already available 
included high-tensile steels, the stronger alloys of 
aluminium, as well as magnesium and certain of its 
alloys. Dr. Rosenhain discussed the probable deve- 
lopments and improvements of this type of material, 
notably with regard to obtaining higher tensile 
strength with the same weight and combined with 
the necessary ductility. He also emphasised the - 
portance of resistance to corrosion in materials 0 
this kind. The rust-resisting steels, the author 
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view, and it was believed that materials as rust 
resisting as the 8/18 nickel-chromium steels might 
be developed having superior mechanical properties, 
particularly in the matter of elastic limit, yield 
stress and fatigue range. Mention was also made 
of the possibility of employing beryllium, not only 
as an alloying element, but as a basis metal. 

A second group of materials in which further 
developments were to be anticipated were those 
for use at high temperatures. In many cases it 
was necessary to combine high resistance to creep 
at high temperatures with chemical resistance to 
the action of steam, flue gases, coal-hydrogen 
mixtures, and other agents. The author said he 
did not propose to discuss this matter at great 
length, as it formed the subject of another paper, 
but he pointed out that, in many cases, failure at 
high temperatures occurred by separation of the 
crystals from each other, so that strengthening of 
the crystals themselves was insufficient. In this 
connection, he remarked, the problem of the 
future appeared to be to find a means of increasing 
intercrystalline cohesion at high temperatures. 

Dr. Rosenhain then went on to consider the 
combined effect of corrosion and stress, both in 
regard to corrosion fatigue and other types of 
phenomena in which chemical action combined 
with stress to produce failure. He mentioned, in 
this connection, experiments carried out by himself 
and Mr. A. J. Murphy, on the accelerated failure of 
specimens of boiler plate when bent backwards and 
forwards through a small angle while immersed in 
tap water. The phenomenon of season cracking in 
brass and the typically intercrystalline cracking 
which occurs in some cases round the rivet holes in 
boilers, were also discussed. In the latter connec- 
tion, attention was called to the importance of the 
severe local stresses due to excessive caulking or 
high riveting pressures, and reference was made to 
the important part which the phenomenon of ageing 
in cold-worked mild steel may play in bringing 
about failures of this kind. The problem of develop- 
ing a material immune from risks of failure of this 
kind, the author remarked, was difficult, but might 
be solved in the near future. 

Another characteristic of materials referred to 
in the paper was their resistance to wear and 
abrasion, and it was stated that requirements had 
been met, to a large extent, by the production of 
specially resistant types of cast iron, by the nitride 
hardening of steel, by the production of very hard 
alloys for cutting tools, including those of the 
Stellite type and the newer tungsten-carbide ma- 
terials. In conclusion, reference was made to the 
general question of the quality of materials, such 
factors as uniformity and reliability being of 
increasing importance as engineering requirements 
become more severe. Developments in methods of 
testing, the author stated, were tending to secure 
improvements in this respect, and he remarked that 
the use of X-rays and of magnetic and electrical 
methods of non-destructive testing were likely to 
Increase. The use of more exhaustive methods of 
testing must not be regarded with hostility by the 
inetallurgist, but should rather be regarded as an 
aid in arriving at the best methods of manufacture. 
It must also be remembered that the requirements 
of the engineer were based upon the increasing 
needs of public and private service, and it was 
only by the closest co-operation between engineers 
and metallurgists that these needs could be met in 
the future. 

In inviting discussion on the paper, the Chairman 
remarked that the author had once been his pupil, 
and he was glad to think that he had been responsible 
for directing his attention to metallurgical work. 
Some of the slides shown by the author had recalled 
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metallurgists could give them. In steam-turbine 
practice, superheating was necessary to prevent 
the steam from becoming wet during expansion, 
and it would be convenient if the superheat could 
be added before the commencement of expansion 
and re-superheating dispensed with. That, however, 
depended upon the production of suitable steels. 
With regard to the illustrations of intercrystalline 
fracture given by the author, he suggested that 
the metal at the crystal junctions might be of a 
different chemical constitution to the average 
of the crystals themselves, owing to an effect some- 
what analogous to that which occurs during the 
cooling of a steel ingot. 
Sir Robert Hadfield, the first speaker in the 
discussion, referred to the tenacity of alloys, 
remarking that we seemed to have arrived at a 
stage when it was not possible to obtain a tenacity 
greater than about 120 tons per square inch. He 
had on one occasion obtained a tenacity of about 
150 tons per square inch in a special alloy cooled in 
liquid air, and he inquired if it would be possible to 
obtain higher tenacity without brittleness. He also 
remarked that the Faraday alloys he had examined 
did not appear to possess any special heat-resisting 
properties. 
The next speaker, Dr. C. H. Lander, referred to 
the desirability of obtaining cheap metals of the 
cast type suitable for use at temperatures of about 
600-625 deg. C., and capable of retaining their form 
for a longer period of years than was possible 
with the cast irons now available. If the working 
temperature could be increased by even 50 deg., cer- 
tain processes would become commercially practic- 
able which were not so at present. He referred to 
some experiments made by the Gas Light and Coke 
Company, involving the use of cast-iron retorts, and 
stated that some of these had failed in three months, 
while in most of them the throughput had to be 
reduced in 12 months, and the maximum life obtain- 
able had been 2 years. He thought if a small 
fraction of the attention paid to the alloy steels 
were given to the production of cheap cast 
metals, it would be possible to obtain what was 
required. 
Mr. J. S. Wilson inquired if it would be possible 
to obtain an alloy or metal with a higher modulus of 
elasticity than that of steel, and Professor Fulton 
referred to the effect of alternating stresses on creep 
at high temperatures. Professor F. C. Lea, in 
answer to the previous speaker, said the question 
of repeated stresses at high temperatures had been 
dealt with in a paper read at the Oxford meeting 
of the Association. It was clear that account 
must be taken of the time function in considering 
the strength of materials. 
In his reply, which was then given, Dr. Rosenhain 
said it was difficult to deal briefly with the points 
raised in the discussion, and he would not attempt 
to do so. He thanked the Chairman forthe happy 
memories he had recalled and said, with regard 
to the constitution of the metal at the crystal 
boundaries, that the phenomenon of intercrystalline 
fracture occurred in the purest metals known. He 
would require notice of Sir Robert Hadfield’s 
question, but the tensile strength of our best metals 
was still very short of the value theoretically 
obtainable. In answer to Dr. Lander, he said the 
difficulty was that of cheapness. There were plenty 
of materials which would meet the requirements 
stated, but they were not cheap. With regard 
to the question of obtaining a metal with a high 
elastic modulus, he explained that the difference 
between the elastic modulus of one steel and 
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The Chairman then called on Professor F. C. 


The |to an ordinary horseshoe magnet. 
deal with all the points raised by Dr. Owens, but, 
with regard to the effect of enclosing the steel 
specimens in a gauze cage, he suggested that 
moisture might be kept away from the specimens 
by the cage, and the results affected in this way. 
Dr. Owens, however, here remarked that this was 
not the case. 
tween domestic and factory smoke, Professor Wilson 
said the higher oxidation in the latter reduced the 
magnetic effect, adding that if the oxidation were 
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available was short, he proposed to summarise 
the paper by running through the slides. We 
propose to reprint this paper in an early issue of 
ENGINEERING, so that we need not deal here with 
its subject matter. The only speaker on this 
paper was Dr. Rosenhain, who said the author 
had referred to the question of oxidation penetrat- 
ing the steel from the outside. Although such 
action was important, he remarked, it was not 
essential to intercrystalline failure, which could 
occur without oxidation in a high vacuum. There 
was still evidence of intercrystalline separation 
occurring without oxidation, though it did play 
an important part when it could occur. 


THE ORIGIN OF IRON IN CorRROSION PRODUCTS. 


The last paper on the programme for the day 
was one by Professor E. Wilson, on “ The Origin 
of Iron in Corrosion Products Due to London 
Atmosphere.” In this paper, which we shall 
reprint in a subsequent issue, the author explained 
that the corrosion products on metal exposed to 
the atmosphere of London, were known to contain 
iron which was wind borne. Analysis of the soot 
collected from chimneys in the neighbourhood of 
certain conductors exposed on the roof of King’s 
College, showed an appreciable percentage of ferrous 
sulphide, but no metallic iron. Determinations of 
the magnetic susceptibility of the soot and corrosion 
products had led to the conclusion that the iron 
present in the corrosion was due to the mineral 
iron pyrites originally in the coal. 

In the discussion on this paper, Professor W. 
Cramp referred to the long time required for in- 
vestigations on corrosion, mentioning that some 
of the authors’ specimens had been exposed for 
twenty years. The results, however, might lead to 
important developments in connection with the alu- 
minium transmission lines being erected all over the 
country. He remarked that if the pyrites came off 
from domestic coal in the form of ferrous sulphide, 
which was magnetic, it should be possible to collect 
smoke magnetically, which would be simpler than 
the electrostatic process. He inquired whether, 
when aluminium, copper and other metals were 
exposed in localities where the smoke did not 
come from domestic fires, the corrosion products 
still showed these magnetic effects. 

Dr. J. S. Owens said coal always contained pyrites, 
and when heated one of the sulphur atoms was 
easily driven off, although it was difficult to drive 
off the remainder of the sulphur. The corrosive 
properties of soot were really due to the sulphur. 
He had noticed that corrosion frequently commenced 
at points, which suggested that some particle had 
been deposited where the corrosion commenced. 
He also mentioned some experiments in which two 
sets of polished steel specimens had been exposed 
to the air, one set inside a gauze cage and the other 
outside. While the latter had become corroded, 
the former had remained bright, which suggested 
that the corrosion products found it difficult to 
penetrate the gauze. He saw no good reason for 
separating the effects of factory and domestic 
smoke. 

In his reply, Professor Wilson, referring to 
Professor Cramp’s remarks, said he had not studied 
the effects of atmospheric corrosion outside the 
London area, but was very interested in the sugges- 
tion that ferrous sulphide might be collected 
magnetically. He thought the effect might be 
tried of attaching magnets to the pylons of trans- 
mission lines to prevent the deposition of corrosive 
products on the insulators. The corrosive products 
were certainly highly magnetic, and would fly on 
He could not 


With regard to the distinction be- 








as without the occurrence of undue creep. 


Temperature on Some of the Physical Properties 
present, engineers were limited by the materials! of Metals,” and Professor Lea said that, as the time ! and the meeting then adjourned. 


sufficient it would become entirely non-magnetic. 


This concluded the programme for the morning, 
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AcousTIcAL ProBLEMS OF BROADCASTING 
Srupios. 


The first paper on the programme for the meeting 
of Friday morning, September 25, was one by 
Mr. Noel Ashbridge bearing the above title. We 
shall reprint this paper in a subsequent issue of 
ENGINEERING. The author said that, to save 
time, he would merely read some extracts from the 
paper, and make a few remarks on the remainder. 
The paper first dealt with the development of 
studio acoustics, and passed on to consider the 
effects of the reverberation period. All early 
studios, the author stated, were very heavily damped 
with sound absorbing material, but with the rapid 
development of microphones and other apparatus, 
the lack of normal reverberation became obvious 
and objectionable. Since it was considered that the 
amount of reverberation allowable for different 
types of programme must be variable, the difficulty 
was at first overcome by the introduction of artificial 
echo, but this did not give results comparable with 
those obtained when using a studio having good 
natural acoustic properties. The problem of design- 
ing studios possessing such properties had, therefore, 
to be faced. 

The next section of the paper dealt with the 
conditions obtaining both from the scientific and 
practical points of view. There was, however, the 
difficulty that it was impossible to forecast accu- 
rately the conditions under which music would 
be reproduced in the listener’s home, and_ this 
prevented a precise treatment of the problem. 
Considering studio conditions, microphone design 
was not finalised, especially with regard to the 
volume of sound that could be handled. More- 
over, the number of persons present in a studio 
could not always be fixed definitely, and such 
variations appreciably affected the acoustical 
conditions in the case of the larger studios. From 
the economic point of view, it was difficult to 
arrange that a studio was always of the correct 
size in relation to the number of performers taking 
part, and for the same reason it was not always 
possible to design a studio with the correct relation- 
ship between height, width and length. 

In the third section of the paper the author ex- 
plained the principles on which studio design is based 
by the British Broadcasting Corporation, and curves 
were given showing the number of players which 
should normally be allowed in relation to studio 
volume, and also the correct reverberation period. 
Curves were also given showing the reverberation 
periods plotted against frequency for some existing 
studios. Reference was made to the effect of a 
non-linear relationship between reverberation time 
and frequency, and the question of the design of 
studios for special purposes was briefly considered. 

At the conclusion of the paper, Sir J. A. Ewing, 
who occupied the Chair, invited Professor G. W. O. 
Howe to open the discussion. Professor Howe, 
after referring briefly to the rapid development of 
the science of acoustics in connection with broad- 
casting, pointed out that the investigations made 
by Sabine had commenced before the advent of 
broadcasting, and had other useful applications. 
He had, he cont:nued, been in personal. contact 
with an acoustic problem in the case of a building 
designed for use as a church, which, when com- 
pleted, was found to have very bad acoustic proper- 
ties. When complaints were made to the architects, 
the latter had replied that the building had been 
designed as a church and not as an auditorium. 
Enlightenment, however, was now spreading among 
architects, who were beginning to realise that 
there was a science of acoustics as well as one of 
illumination. Rough tests made in the church 
referred to showed thet the reverberation period 
was about 4 seconds, so that at the back of the 
building speech was quite unintelligible. He had 
recently visited the broadcasting studios in Berlin 
referred to by the author, and had noticed their 
favourable situation, which would enable the build- 
ings to be spread out if necessary, and thus greatly 
simplify the acoustic problems. 

Professor W. Cramp, the next speaker, said the 
author had stated that certain problems had been 
solved on well-known architectural principles, but he 
agreed with Professor Howe that acoustic problems 
had been largely neglected by architects. Now that 





the British Broadcasting Corporation was calling 
attention to the matter, however, the information 
might filter down, and lead to more care being taken 
in the design of public buildings in which speeches 
and music were to be made. The author had said 
the reverberation periods for studios were different 
for different frequencies, and Professor Cramp 
inquired how this affected the sound produced by 
various instruments, which depended for their 
quality on the production of higher harmonics. 
While this might be satisfactory in the case of an 
orchestra, he thought it might be serious in the 
case of a solo instrument. He also inquired if it 
were not possible to employ a number of microphones 
located in different parts of the studio, so that the 
conductor could have the instruments arranged 
in the order he was accustomed to. Another 
question raised by the speaker was whether the 
reverberation period was not affected by allowing a 
large audience to enter the studio, and he also 
asked if the fact that the weaker instruments of an 
orchestra were placed nearer the microphone would 
not affect the results at the listener’s end. He 
concluded by remarking that to arrive at the best 
compromise between the results in the studio and 
those at the listener's end was a very difficult 
problem. 

Mr. E. R. Relf, the next speaker, said he thought 
one of the great difficulties in connection with 
broadcast music was that sounds which could be 
easily distinguished when heard in a hall became 
blended when reproduced on a loud speaker in 
the home; and Mr. Cutlack, who followed, said 
his experience indicated that, in the case of a 
cathedral, the results were most satisfactory when 
the building was well filled. This, he thought, 
rather clashed with what the author had said. 
Another speaker, whose name did not transpire, 
said the author appeared to apologise for the fact 
that the results had been based on musical taste, 
but he hoped that this policy would be continued. 
He thought much music had been written to suit 
traditional types of buildings, and it might be that 
in the future music would be written to suit the 
studio conditions. The attempt to graft traditional 
music on to those conditions would, however, be 
disastrous. He hoped that the investigations into 
the best reverberation-period curve for studios would 
be continued, and mentioned that, in the case of two 
buildings in Vienna, which had entirely different 
acoustic properties, the reverberation periods for a 
frequency of 512 cycles per second were identical. 

The Chairman then said that the time available 
for discussion was exhausted, and asked the author 
to reply briefly. In reply to Professor Howe, 
Mr. Ashbridge said we were greatly indebted to the 
work of Sabine, on which the paper was largely based. 
The reverberation period in churches was always a 
difficulty, and he thought that, in the case referred 
to by Professor Howe, it was probably longer than 
the four seconds mentioned. With regard to the 
location of the Berlin studios, he pointed out that 
Berlin was a much smaller city than London, so 
that the difficulty of securing a suitable site would 
not be so great. In the matter of architectural 
practice referred to by Professor Cramp, he had 
been thinking more of sound insulation than rever- 
beration, and he agreed that the question of the 
acoustics of ordinary buildings was still in its 
infancy. He also agreed with Professor Cramp’s 
remarks as to the effect of variable reverberation 
periods on individual instruments, and agreed that 
it was necessary to study the question of over- 
tones. With regard to the use of a number of 
microphones, he said this was generally unsatis- 
factory, since it increased the background noise. 
Several microphones had, however, to be employed 
when broadcasting opera, but it was then the 
practice to fade out those not actually in use. 
The difficulties in connection with the special 
location of the instruments of an orchestra with 
regard to the conductor were inclined to die out, 
and in answer to the point raised by one of the 
speakers, he would explain that the balance of an 
orchestra was not decided by listening in the studio, 
but from the output of a loud speaker. The 
conductor, however, was placed somewhat at a 
disadvantage by this procedure. 


(To be continued.) 





THE IRON AND STEEL INSTITUTE ; 
SWANSEA MEETING. 


THE annual autumn meeting of the Iron and 
Steel Institute opened on Tuesday last, September 
29, at Swansea, and is being brought to a conclusion 
to-day. On the morning of the first day, the mem- 
bers assembled in the hall of the Royal Metal 
Exchange and were welcomed to Swansea by the 
Mayor, Councillor J. Miller, J.P., who, in the course 
of his speech, said that he hoped that the delibera- 
tions of the members would be of benefit not only 
to local industries, but that the meeting would 
do something towards solving the great problems 
that were confronting the industry at the present 
time. A welcome to the Institute, on behalf of 
the South Wales Siemens Steel Association was 
voiced by Mr. Frank J. Rees, J.P., chairman of 
that body. In a brief speech, he referred to the 
importance of Llanelly as a metallurgical centre in 
South Wales, and wished the meeting every success. 
The president of the Institute, Colonel Sir W. 
Charles Wright, then thanked the two speakers 
for their cordial welcome. The minutes of the 
previous meeting having been dealt with, the 
members passed on to the reading and discussion 
of papers. 

Tron-Tin ALLoys. 


The first paper on the agenda bore the title, 
‘“A Study of the Constitution of the Iron-Tin 
Alloys,” and was by Professor C. A. Edwards, 
F.R.S., and Mr. A. Preece. It was placed before 
the meeting by Mr. Preece, who stated that it was 
possible that reliable data relating to the constitution 
of the iron-tin alloys might lead to a more complete 
understanding of the causes of the cohesion which 
existed between thin coatings or layers of tin and 
the surfaces of mild steel or wrought iron, such as 
were applied in the tin-plate industry. The present 
research had led to the establishment of the iron-tin 
equilibrium diagram, which showed the existence 
of three compounds, namely, Fe,Sn, FeSn, and 
FeSn,. The first of these was stable between 
760 deg. C., and 900 deg. C., but could react with 
tin at 800 deg. C. to produce the compound FeSn. 
FeSn was stable at all temperatures below 800 deg. C. 
but reacted with tin below 496 deg. C. to produce 
the compound FeSn,. This last compound existed 
below 496 deg. C., but when heated above that 
temperature broke down into FeSn plus a tin-rich 
liquid. A sample of FeSn, had been prepared in a 
very pure state. The thermal transformations at 
760 deg. and 800 deg. C., which Wever and Reinecken 
in 1926, had attributed to polymorphic changes in 
FeSn,, had been shown, in the present research, 
to be in no way connected with FeSn,, but were 
due, respectively, to the decomposition and forma- 
tion of the compounds Fe,Sn and FeSn. No 
evidence could be obtained of the existence of 
Fe,Sn, which Wever and Reinecken showed in 
their diagram. The present diagram showed the 
existence of a range of limited miscibility, and in 
this respect agreed with that of Isaac and Tammann, 
determined in 1905. Wever and Reinecken’s 
diagram showed no limited miscibility range. The 
solubility of tin in solid iron increased with increasing 
temperature up to 760 deg. C., and then became 
less as the temperature was further raised to the 
melting point of iron. ; 

Professor J. H. Andrew, who opened the discussion 
thought that the investigation undertaken by the 
authors presented great difficulties. He suggested 
that if they had cast their ingots in the form of a 
thin slot, of much thinner section than that of the 
comparatively large ingots employed, they might 
still further have minimised the trouble of excessive 
segregation. He would also like to know whether 
all the microsections examined had been subjected 
to chemical analysis. It would be of interest if 
the authors could tell the meeting whether they 
had derived any inferences from their work which 
could be applied in the tin-plate industry. In 
the first place, were they in a position to state 
the best temperature for tinning. Secondly, could 
they give the meeting information concerning the 
iron and tin line in a tinned section. Thirdly, 
did the time factor make much difference in the 
actual alloying in the boundary between the iron 
and the tin in the tinning process. 
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Mr. E. H. Saniter said that if 0-5 per cent. of 
tin were present in a steel, the tin would exist in 
the metal as Fe,Sn. If so, it was stable between 
760 deg. C. and 900 deg. C. He would like to know 


whether 900 deg. C was the melting point or whether | of Armco iron employed were tinned by immersion 
the constituent was decomposed into some other] in a tin bath at 320 deg. C. for 30 seconds, and were 
then heated in a hydrogen atmosphere. After | addition of such an expensive element could not be 


compound at 900 deg. C. Tin did get into ordinary 
steel, and it was important to know something of the 
reactions which took place between the two metals. 
The last speaker in the discussion, Professor C. O. 
Bannister, stated that, apparently, the authors 
had left out of consideration altogether the Y range 
in their study of the iron-tin equilibrium diagram. 

In his reply to the discussion, Professor C. A. 
Edwards said that he quite agreed with Professor 
Andrew that it might have been possible to minimise 
the excessive degree of segregation by employing 
thinner slabs or castings. The delicacy of the 
casting operation would, however, have been 
greatly increased. A narrower aperture in the 
mould would have made teeming more difficult 
and, on account of delay in the teeming, it might 
have been possible for the alloys to separate into 
two layers. All specimens examined microscopi- 
cally had also been subjected to chemical analysis. 
The question as to whether their research had a 
direct bearing on the tin-plate industry was a 
delicate one. They had views which were very 
promising in certain directions, but they preferred 
to postpone making any announcements on these 
particular points until they had more evidence at 
their disposal. With regard to the proper tempera- 
ture at which to conduct tinning operations, he 
was of opinion that the persons engaged in the 
industry knew more concerning this than the 
authors could tell them. He would like to empha- 
sise, however, that the compound Fe Sn, was of 
great importance in connection with some of the 
practical problems in the tin-plate industry. Turning 
to the question asked by Mr. Saniter, he thought 
the correct answer was to say that tin in small 
quantities, which might accidentally get into a 
steel charge, existed in solid solution. The exact 
manner in which it should be looked upon as existing 
in solid solution was a very delicate question. 
There was a possibility of a divergence of views on 
the subject, which it would, perhaps, not be profit- 
able to discuss. If the compounds did exist in 
solid solution, then the compound in the case in 
question would be Fe, Sn. In answer to Professor 
Bannister, they had quite intentionally left out of 
consideration the y loop because their work had not 
extended to this particular portion of the diagram. 
They intended, however, to carry out work on this 
at some future date. 


DirFusION oF TIN INTO IRON. 


The second paper taken was entitled, ‘‘ The 
Diffusion of Tin into Iron with Special Reference 
to the Formation of Columnar Crystals,” and was 
by Professor C. O. Bannister and Dr. W. D. Jones. 
Professor Bannister, who read the contribution in 
abstract, stated that the early work on the iron-tin 
alloys consisted almost entirely of the identification 
of the various compounds of the two elements. For 
the present work cylindrical containers had been 
prepared by cutting 2-in. lengths of Armco iron, 
l in. in diameter. In each a cavity was drilled, 
}in. in diameter, to within } in. of the bottom. The 
cavities were threaded to take a }-in. bolt, and, 
in each case, 10 gm. of high-quality tin had been 
poured into the cavity. A bolt was inserted half- 
way down the cavity. After heating the prepared 
cylinders for the desired time at the requisite 
temperature and cooling down, they were sawn 
through transversely, and, in some cases, longitu- 
dinally. One of these cylinders was heated at 
800 deg. C. for three hours, and slowly cooled in the 
furnace. No evidence of diffusion of tin into the 
Iron was found. Evidence was obtained, however, 
that diffusion commenced as soon as the specimen 
reached the necessary temperature and before the 
tin was saturated with iron. This evidence had 
been obtained by heating a charged cylinder for 
10 minutes only at 1,000 deg. C. On examination, 
the commencement of columnar growth had been 
found, and microscopical examination had shown 
that the tin contained only a few dendrites of the 


900 deg. and 1,400 deg. C. 


cooling, the specimens were sectioned perpendicu- 
larly to the diffusing surface. The measurement 
of the depth of diffusion to the diffusion line was 
conducted by means of a Zeiss micro-camera, 
at a standard magnification of 100 diameters. It 
was found that a satisfactory account of the experi- 
mental observations was provided by the following 
algebraical expressions advanced by Weiss* :— 

y-—yPame 2. 2. + (DD 
where y and y! were the distances from the origin 
of two zones of constant concentration, m was a 
constant, and ¢ the time. The relationship between 
the rate of diffusion and the temperature was 
expressed in the following empirical expression of 
Weiss : 

V=n(at—1.  . «. @) 
where V was the rate of diffusion, T the absolute 
temperature, and n and a were experimentally 
determined constants. 

Mr. E. H. Saniter stated that the authors had 

given no analysis of their Armco iron. If carbon 
were present, he would like to know what became 
of it in the tin diffusion area. Columnar crystals 
were produced during the casting of ingots and in 
various other ways. The formation of columnar 
crystals seemed to take place from the plane of 
action, whatever the particular action. might be. 
In the case of the ingot, this was the chilling action 
of the mould, and they grew out until the section 
of the ingot became too cold for them to grow any 
longer. In the case of decarburisation, it was 
along the axis of decarburisation on the outward 
passage of the carbon monoxide or carbon dioxide 
gases. In the case of tin, it seemed to be in the 
direction of the penetration of the tin. He thought 
that these three analogies were rather interesting. 
The only other speaker, Professor C. A. Edwards, 
stated that the columnarisation of ferrite during 
decarburisation appeared to be not only associated 
with the y to « phase, it was possible to have 
columnarisation at a much lower temperature, 
provided a residual stress were present. In the 
present investigation it was quite possible that 
columnarisation might be due to some kind of 
transient stress set up at the zone of diffusion. 
In the course of his reply, Professor Bannister 
stated that only 0-02 per cent. of carbon was 
present in their Armco iron. It was consequently 
practically carbon-free and they had, therefore, 
found no trace of the carbon being pushed forward 
by the penetration of the tin. In mild steel, on 
the other hand, there was distinct evidence that 
the carbon was pushed forward by the penetration 
of tin into the metal. He felt that they could ex- 
plain the penetration of tin into iron without taking 
stresses into account. The consideration of tran- 
sient stresses might be useful in some directions, 
but their case was one of the straight-forward 
diffusion of one element into another, and there 
was no need to take into account the question of 
stresses. 


Errect oF MOLYBDENUM ON | PER CENT. TO 2-5 PER 
CENT. MANGANESE STEELS. 


The third paper considered was by Mr. G. Burns, 
and dealt with “‘The Effect of Molybdenum on 
Medium-Carbon Steels Containing 1 per cent. to 
2-5 per cent. of Manganese.” The contribution 
was presented to the meeting by Mr. Burns, and 
will be found on page 447 of our present issue. 

Mr. J. Jones said that these steels were receiving 
a considerable amount of attention, both in this 
country and in the United States. Their limita- 
tions as regards their susceptibility to mass effect 
and to temper brittleness were realised, but, in 
spite of this, they had received wide application. 
There were difficulties in cooling quickly after the 
tempering treatment, but the fact that masses of 


It was decided to investigate the extent of diffu- | ties seemed to suggest that steels of high manganese 
sion of tin into iron in a direct manner, observations | content containing from 0-30 per cent. to 0-35 per 
being confined to the range of temperature between | cent. of carbon could be treated in the same manner, 
The small specimens | without giving rise to warping. The difficulty, 


however, could be got over by adding molybdenum, 
but, in the present condition of industry, the 


envisaged in connection with what were intended 
to be cheap alloy steels. In experimenting with 
a steel containing 0-34 per cent. of carbon and 
1-24 per cent. of manganese, he had obtained mass 
effect after oil-hardening and tempering, and had 
found this to be reduced by the addition of molyb- 
denum. The author had said that in steels con- 
taining 1-3 per cent. of manganese, as normalised, 
the improvement brought about by the addition 
of molybdenum, up to 0-3 per cent. was only 
slight. He would like to know if he had carried 
out tests on large-section material after normalising. 
The author had also stated that none of the steels 
containing 1-3 per cent. of manganese was hardened 
satisfactorily by quenching in oil from any tempera- 
ture between 820 deg. and 900 deg. C. He questioned 
whether the word ‘“‘satisfactorily” were the 
correct one to use. It was a relative term. The 
question was mainly one of the service required of 
the steel. If the author had used the world ‘“ com- 
pletely,” instead of satisfactorily, he would have 
agreed with him. The only other speaker, Professor 
J. H. Andrew, said that many alloy steels could be 
improved by additions of molybdenum. The AR, 
point was lowered by each addition of molybdenum, 
and when this point was depressed, a finer pearlitic 
structure was secured. 

In his reply, Mr. Burns stated that Mr. Jones had 
asked whether he had done any work in connection 
with the addition of molybdenum to large sections 
of steel as normalised. The present work only 
referred to small specimens, but he was now doing 
work on larger pieces. He could not give an answer 
to the question asked at the present time. Mr. 
Jones had also criticised his using the word satisfac- 
torily in connection with quenching results. The 
Brinell hardness of the specimen, after oil hardening 
and tempering, was only 20 points or 30 points below 
that of the quenched steel. This difference was 
hardly great enough for the steel to have been 
satisfactorily hardened in the first place. He was 
glad that Mr. Jones confirmed that molybdenum 
did reduce the mass effect. 


INFLUENCE OF SILICON ON NICKEL STEEL. 


The last paper considered by the meeting on 
Tuesday morning, September 29, bore the title, 
“<The Influence of Silicon on Nickel Steel.” It was 
read in abstract by the author, Mr. R. Harrison, and 
is reproduced on page 450 of our present issue. 

The discussion was again opened by Mr. J. Jones, 
who stated that the value to industry of the data 
contained in the paper would have been enhanced 
if the author had selected a nickel content which 
the industry could afford, namely about 3 per cent., 
instead of 4 per cent. The question at issue was 
whether something cheaper could be substituted for 
a portion of the nickel. Mr. Harrison had made it 
clear that nothing of that kind could be expected in 
the case of silicon. From the point of view of the 
mechanical properties, the question was whether 
there was anything likely to be gained by using a 
steel containing from 0-30 to 0-35 per cent. of silicon 
rather than one containing from 0-15 to 0-20 per 
cent. The author had given some data concerning 
the mechanical properties of his steels in the trans- 
verse direction. He had always regarded silicon as 
having a deleterious effect on the transverse strength 
of steels, and he would like to know if the author 
could confirm or refute this statement. As a matter 
of fact, in the author’s steels containing high silicon, 
there was indeed some degree of deterioration. The 
author had closed his contribution by saying that the 
steels investigated contained not more than 0-87 per 
cent. of silicon, but they had given no indication 
that any good mechanical properties were likely to 
be obtained by increasing the silicon to 1 per cent. 
or 2 per cent. He was not quite sure that the last 





nickel-chromium steels were cooled quickly from 
the tempering temperature without undue difficul- 








tin-iron compound. 


* Annales de Chimie, vol. 19, page 201 (1923). 


portion of the conclusion was justified ; if this were 
so, the question of silicon was quite finished. The 
author’s point was that, up to 0-87 per cent., very 
,ittle benefit had been obtained. It might be, 
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however, that, with 2 per cent. or 3 per cent. nickel 
steels, large additions of silicon might give encourag- 
ing results. 

The only other speaker, Mr. C. H. Ridsdale, said 
that he had come across a piece of machinery which 
had fractured owing to violent stresses at what was 
usually termed “ blue heat,” namely, from 350 deg. 
to 500 deg. C. The steel contained 0-5 per cent. of 
carbon, 0-13 per cent. of silicon, low percentages 
(about 0-03) of sulphur and phosphorus, 0-75 per 
cent. of manganese and from 3-5 per cent. to 4 per 
cent. of nickel. He would like to know if the author 
could suggest a steel which would be tougher and 
less liable to fracture, would, for instance, an addi- 
tion of 0-2 per cent. or 0-3 per cent. of molybdenum 
have the effect of reducing the susceptibility of the 
steel to blue-heat brittleness. 

Mr. Harrison, in a brief reply to the discussion, 
stated that a 4 per cent. nickel steel had been chosen 
in order ‘‘ to make sure that it was a nickel steel,” 
and on the assumption that what was true of a 
4 per cent. nickel steel was true of a 3 per cent. 
Having regard to the steady nature of the changes 
brought about by increases in silicon he thought it 
probable that this was indeed the case. With refe- 
rence to the last paragraph in his paper, he wished 
to emphasise that he had not stated that no improve- 
ment would be secured by increasing the silicon to 
1 per cent. or 2 per cent., but that there was no 
indication of any special improvement by making 
such an increase. In answer to Mr. Ridsdale, he 
regretted that he had no data on the properties of 
the steels under discussion at elevated temperatures. 
When Mr. Harrison had completed his reply, the 
President intimated that the meeting would now 
adjourn until 10 a.m. on the following day, Wednes- 
day, September 30. 

After lunch at the Drill Hall, at the invitation of 
Messrs. The British (Guest. Keen, Baldwins), Iron 
and Steel Company, Limited, the members spent 
the afternoon in visits to the Port Talbot and 
Margam works of this Company. In the evening 
an enjoyable reception and dance was held at the 
Drill Hall at the invitation of the Mayor and Mayor- 
ess of Swansea, Councillor and Mrs. John Miller. 
An account of the business proceedings of the 
mornings of Wednesday, September 30, and Thurs- 
day, October 1, and of the various works visits and 
excursions will be given in our next issue. 

(T’'o be continued), 
POWER.* 

By Sir J. A. Ewrna, K.C.B., LL.D., D.Se., F.R.S. 

Ir is perhaps right to warn you at the outset that 
this is an attempt to kill two birds with one rather large 
stone. ‘The address has to serve also as the Bramwell 
Trust lecture. Instead of being free, as presidents 
of sections generally are, to choose any text, or none, 
I find a text ready chosen for me. To-day we have 
to discuss a forecast which Sir Frederick Bramwell 
offered at the jubilee meeting of this Association, a 
forecast to which he and his contemporaries attached 
particular importance. We must now assign to it 
a place in the long list of prophecies that have turned 
out to be over-statements. 

What has mechanised the world is, more than any- 
thing else, the production and the distribution of power. 
To-day we are concerned with the best ways of convert- 
ing the heat of combustion of fuel into mechanical 
or electrical energy. One need draw no distinction 
in this regard between mechanical and electrical forms 
of energy, for each may be converted into the other 
almost without loss. But to get either from heat is 
another story. At the utmost, you can convert no 
more than a modest fraction of the heat that comes from 
fuel: in specially favourable cases you may hope to 
convert something like a third; the rest is scattered 
beyond recall. The heat-engines with which we are 
practically concerned divide themselves into two great 
classes. First, there are those which use steam for 
working substance, whether of the reciprocating or 
turbine type; in them the heat of the burning fuel 
is generated outside and has to make its way to the 
working substance through a containing shell. Second, 
there is the internal-combustion class where the heat 
of the fuel is generated within the working substance 
itself. To this class belong the gas, oil, and petrol 
engines that have sprung into existence within the 
memory of many persons now living and have pro- 
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foundly changed our habits and our outlook. Between 
the two classes of heat-engines there is a rivalry ; 
one might almost say a sort of war. Each has fields 
of operation where its supremacy hardly admits of 
doubt, but there are disputed regions in which we 
find a lively contest. 

To explain the task of the Bramwell Lecturer we 
must recall the meeting of 1881, when the Association 
was celebrating its jubilee in the heyday of Victorian 
prosperity and confidence. It was a jubilant jubilee. 
Never, perhaps, was applied science more actively 
progressive. From day to day its achievements com- 
pelled attention. Electricity was knocking at the door, 
bringing a wallet big with gifts, wonderful gifts that 
established new contacts between the sciences of the 
laboratory and the arts of social life. 

Fifty years ago the gas-engine was much in the public 
eye. It had already proved its value in many work- 
rooms. There was still no supply of electricity from 
public stations, and for a private installation the 
gas-engine furnished a suitable and exceedingly con- 
venient source of power. It was a day of small things ; 
an engine which developed as much as 20 h.p. was 
described as a “‘ king of gas-engines.” Within this 
modest limit the Otto engine, which dates from 1876, 
had a well-deserved reputation as an efficient and 
trustworthy prime-mover that would run with little 
attention, using ordinary town gas as its fuel. At the 
jubilee meeting of this Association, Emerson Dowson 
drew attention to a less costly alternative: he had 
made what was called producer gas from coke or anthra- 
cite, and had run engines with it. He had even demon- 
strated that with Dowson gas you could get a horse- 
power from | lb. of coal per hour, instead of burning 
2 or 3 |b. at the very least, as you had to do in a steam- 
engine. From this it was clear that the gas-engine 
offered immensely attractive possibilities as a generator 
of power. 

An obvious merit of internal combustion was the 
advantage which you secured by supplying heat to the 
working substance at a much higher level of tempera- 
ture than can be reached with steam. Finally, there 
was this broad difference : the gas-engine had the inde- 
finite promise of youth; the steam-engine was an 
old servant whose limitations were well known. Nobody 
expected that steam would change its ways. Small 
wonder then, that the engineers of those days looked 
to the future of the gas-engine with exaggerated hope. 

It was in that spirit that Bramwell made the prophecy 
we have now, after fifty years, toreview. The occasion 
—as I have said—was the jubilee meeting of this 
Association, held at York in 1881. The President 
of Section G was Sir William (afterwards Lord) Arm- 
strong. His address was mainly on other subjects, 
but incidentally it contains an exceedingly apt criticism 
of the steam-engine as they knew it then. He said: 
“In expanding the steam we quickly arrive at a point 
at which the reduced pressure on the piston is so 
little in excess of the friction of the machine as to render 
the steam not worth retaining, and at this point we 
reject it. In figurative language, we take the cream 
off the bowl, and throw away the milk.” 

After the President had spoken, Bramwell also gave 
an address ‘‘ on some of the developments of mechanical 
engineering during the last half-century,’ which is 
printed in extenso in the Report. 

He said: ‘‘I think there is a very large future 
indeed for gas-engines. I do not know whether this 
may be the place wherein to state it, but I believe 
the way in which we shall utilise our fuel hereafter will, 
in all probability not be by way of the steam engine. 
Sir William Armstrong alluded to this probability in 
his address, and I entirely agree—if he will allow me 
to say so—that such a change in the production of power 
from fuel appears to be impending, if not in the imme- 
diate future, at all events in a time not very far remote : 
and however much the mechanical section of the British 
Association may to-day contemplate with regret even 
the more distant prospect of the steam-engine becoming 
a thing of the past, [ very much doubt whether those 
who meet here fiftv years hence will then speak of 
that motor except in the character of a curiosity to 
be found in a museum.” 

The view expressed by Bramwell in this remarkable 
forecast found support in more than one quarter. In 
the following year, Sir William Siemens was President 
of this Association. After acknowledging the great 
service which the Association had done to engineering 
by settling a consistent and practical system of electrical 
units, he went on to compare the theoretical efficiencies 
of steam-engine and gas-engine on the basis of the 
theory of Carnot, and then remarked :—** Before many 
years we shall find in our factories and on board our 
ships, engines with a fuel consumption not exceeding 
1 lb. of coal per effective horse-power per hour, in which 
the gas producer takes the place of the somewhat 
complex and dangerous steam boiler.” 

Again, the late Lord Rayleigh, speaking from the 
Presidential Chair at the Montreal meeting of 1884, 
says :—‘* The efficiency of the steam engine is found 


to be so high that there is no great margin remaining 
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for improvement. The higher initial temperature 
possible in the gas engine opens out much wider possi- 
bilities, and many good judges look forward to a time 
when the steam-engine will have to give way to its 
younger rival.” 

Let me quote one more authority. Fleeming Jenkins, 
lecturing on gas and calorific engines. at the Institution 
of Civil Engineers, in February, 1884, refers to the 
fact that Dowson gas even then allowed the gas-engine 
to compete favourably with the steam-engine, and 
concludes :—*‘ Since this is the case now, and since 
theory shows that it is possible to increase the efficiency 
of the actual gas-engine two and even three-fold, the 
conclusion seems irresistible that gas-engines will 
ultimately supplant the steam engine. The steam engine 
has been improved nearly as far as possible, but the 
internal-combustion gas engine can undoubtedly 
be greatly improved, and must command a brilliant 
future.” 

Bramwell himself returned to the question when 
President of the Association in 1888. In his address 
from the chair, he repeated the forecast of 1881 with 
a qualifying phrase or two :— 

‘** At the York meeting of our Association I ventured 
to predict that unless some substantive improvement 
were made in the steam-engine (of which improvement, 
as yet, we have no notion) I believed its days, for 
small powers, were numbered, and that those who 
attended the Centenary of the British Association in 
1931 would see the present steam engines in museums, 
treated as things to be respected, and of antiquarian 
interest to the engineers of those days, such as are the 
open-topped steam cylinders of Newcomen and Smeaton 
to ourselves. I must say I see no reason, after the 
seven years which have elapsed since the York meeting 
to regret having made that prophecy, or to desire to 
withdraw it.” 

Finally, in July, 1903, when within a few months of 
his death at the age of 85, he wrote as follows to the 
President of this Association. After quoting the 
words he had used at York twenty-two years before, 
he proceeded thus :— 

“In saying this, no doubt, I then thought | was 
speaking somewhat hyperbolically, but from the close 
attention I have paid to the subject of internal- 
combustion engines, and from the way in which that 
attention has revealed a continuous and, year by year. 
a largely increasing development of such engines, I feel 
assured that, although there may still be steam engines 
remaining in work in 1931, the output of steam engines 
in that year will be but small as compared with the 
output of internal-combustion engines.” 

He added that he wished to keep alive the interest 
of the Association on this subject, and for that purpose 
offered a sum, which was to be invested in Consols, 
and in 1931 was to be paid as honorarium “to a 
gentleman to be selected by the Council to prepare 
a paper having my utterances in 1881 as a sort of 
text, and dealing with the whole question of the 
prime movers of 1931, and especially with the then 
relation between steam engines and internal-combustion 
engines.” 

That is the task I am now attempting to discharge. 
You do not need to be told that the prediction has, in 
great measure, failed to come true. Steam is neither 
dead nor dying. On the contrary, its use has immensely 
developed both on land and sea. To-day, it is a much 
more efficient medium than it was for the conversion 
of heat into work, and you find it actuating engines of 
vastly greater individual and aggregate power than 
any that were even imagined when Bramwell spoke. 
But alongside of that we have wonderful achievements 
on the part of the internal-combustion engine which go 
far to justify the enthusiasm that stirred him fifty years 
ago. 

The gas engine itself did not develop so fast as 
those who had faith in it might have hoped. Sir 
Dugald Clerk tells us that even in 1898 the largest 
gas engines then built indicated 220 h.p. By that 
time, however, B.H. Thwaite had demonstrated that 
the so-called waste gases of the blast furnace were 
a suitable fuel, and this led makers, especially on the 
Continent, to take up the design of large gas engines 
in forms which, for some years, had a conspicuous 
vogue. There were examples in which as much as 
2,000 h.p. was developed in a single-cylinder working 
on the Clerk cycle, and a four-cylinder engine was 
built to indicate 8,000 h.p. Such engines were notable 
for their great bulk and weight. They were also, for 
the most part, costly failures. The big cylinders. 
cylinder-heads and pistons were apt to crack. The 
difficulty of controlling the temperature of the metal 
and escaping effects of unequal expansion stopped the 
construction of gas engines with large cylinders. The 
builders of gas engines have wisely sought security by 
restricting the dimensions of their cylinders, and 
confidence in their wares is now restored. But now- 
adays, when we would treat of what internal combustion 
has accomplished, and of its future, we turn not to 
gas engines, but to engines which use liquid fuel. 

The success of the Otto gas engine led makers to 
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design engines operating in much the same way, but 
using for fuel a spray of oil, instead of gas. Such 
engines found a place where gas was not available, as 
in the driving of agricultural machinery. For the most 
part, their fuel was the safe and familiar oil of the 
paraffin lamp. Like the gas engine, they were heavy, 
and they ran at very moderate speeds, such as 200 r.p.m. 
About 1883, Daimler set himself to produce an engine 
with much lighter working parts which should run at 
a far higher speed, five times as fast, or more, and 
should use for fuel an oil so volatile that a carburettor | 
would serve to charge the incoming air with combustible 
vapour. After successful trials with a bicycle, he 
applied his motor, in 1887, to drive a car on the road. 
That was the beginning of a new era in locomotion. 
In due course, the petrol engine also achieved the 
conquest of the air. At the end of 1903, only a few 
days after Bramwell’s death, the brothers Wright took 
their first flight in a motor-driven aeroplane. 

It was soon recognised that the efficiency of the 
action depended on the extent to which the combustible 
mixture in the cylinder was compressed before it was 
fired; the more compression the greater was the 
subsequent expansion in the working stroke, and 
consequently the higher was the efficiency. But a 
practical limit was set by the danger that the mixture 
would automatically ignite before the proper time if 
too much compression were attempted. It was in 
heavy-oil engines that Rudolph Diesel initiated an 
epoch-making change about 1895. Instead of com- 
pressing a combustible mixture, he compressed the 
air alone, bringing it to a very high pressure, and 
thereby making it so hot that when the charge of oil 
was forcibly injected at the dead-point there was 
instant ignition. This escaped all risk of pre-ignition, 
and greatly augmented the efficiency of the action, 
as a thermodynamic consequence of the very high 
temperature at which the fuel gaveup its heat. The 
essential feature of the engine is that the fuel does 
not enter the cylinder until the air there is highly 
compressed, and the working stroke is about to begin. 
It is this feature which has made the Diesel engine 
the most efficient of all known means of obtaining 
mechanical work from the combustion of fuel. When 
I say the most efficient. I am using the word in its 
thermodynamic sense; other factors obviously enter 
when you come to consider questions of mechanical 
simplicity, of suitability for a particular purpose, or of 
cost. 

As a small-power prime-mover in situations where 
electric supply is not available, such as country houses, 
farms, or isolated workshops, the convenience of the 
internal-combustion engine has, in fact, led to its 
almost universal use in preference to steam. 

Many factors have contributed to prevent Bramwell’s 
prophecy from being fulfilled, but none have been so 
potent as Parsons’ invention and development of the 
compound steam turbine. That invention was no 
isolated event—no mere throwing out of a happy 
thought. It was the life work of a man who, to an 
extraordinary degree, combined creative imagination 
with energy and persistence and practical skill. 

The turbine, as we know it now, is the product of 
sustained effort and unquenchable faith. The genius 
of Parsons was indeed of the kind which includes an 
infinite capacity for taking pains. He was a dreamer 
of wonderful dreams, but he was tireless in compelling 
his dreams to come true. He never admitted defeat ; 
a difficulty was a thing to be overcome, an obstacle 
was merely an incentive. He loved to attempt tasks 
which most men would pronounce impossible. And 
he was the severest critic of his own success; he was 
always striving to better what seemed already very 
good. These qualities made Parsons perhaps the 
most successful innovator the engineering world has 
ever known. 

Long before he died, the world recognised that he 
had revolutionised steam engineering. He had taught 
us how to generate power on a scale and with a con- 
centration never before approached. Nothing, in a 
sense, could. be simpler than his steam windmill with 
its successive rings of vanes, each in turn taking up a 
small fraction of the whole energy of the blast. To 
conceive such a device was one thing, to give it being 
and action was quite another. That meant many 
subsidiary inventions and years of toil; it meant the 
removal of mountains of prejudice and difficulty. 
But the triumph is complete. Engineers, all the world 
over, are wholeheartedly converted. They build their 
steam windmills on a colossal scale, crowding 50,000 
or 100,000, sometimes even 200,000 kw. into a single 
unit, confident in the knowledge that no more trust- 
worthy and economical prime-mover is available for 
the gigantic stations which play so important a part 
in modern civilisation as centres for the production 
and distribution of light and of power. 

_All these stations have come into existence in the 
lifty years which have passed since Bramwell made his 
prophecy and in them it has most conspicuously failed 


electric energy from heat is almost wholly through the 
medium of steam. To illustrate how small a place is 
taken in them by the internal-combustion engine let 
me quote some figures for British power stations. A 
return published in 1930 by the Electricity Commis- 
sioners gives the aggregate capacity of the generative 
plant of various types as follows :— 


Kilowatts. 
Steam turbines ape 5,531,952 
Reciprocating steam engines 138,806 
Oil engines oan re 71,331 
Gas engines ... 17,473 
Water-power plant 42,208 


You will see that oil engines and gas engines together 
make up only 1} per cent. of the whole. And it is the 
vase that abroad, as well as at home, the steam turbine 
is dominant. 

The commanding position of the steam turbine is, 
of course, mainly due to its high thermodynamic 
efficiency : in large sizes it gets more work out of coal 
than can be got in any other way. But apart from that, 
its avoidance of reciprocation gives it an advantage 
which only those who remember early power stations 
with their piston engines can fully realise. Again, it 
can readily be built and run in big units, and another 
merit which appeals strongly to the central-station 
engineer is its wide range of economical working both 
above and below its normal load; this specially fits 
it for the peaks and variations of demand with which 
power stations have to cope. 

It is in the great power stations equipped with large 
turbines and coal-fired boilers, using steam of high 
pressure and high superheat, that we find, beyond any 
question, the most economical production of power. 
The very bigness of the units tends towards effi- 
ciency, but that is not all. The turbine, asa thermo- 
dynamic machine, has permitted a far closer approach 
to the ideal cycle of Carnot than was possible in the 
reciprocating steam-engine, which, as Lord Armstrong 
said, skimmed the cream and threw away the milk. 
In the turbine the steam expands right down to the 
lowest vacuum that the condensing water will produce, 
doing effective work all the way, and thereby saving 
a most valuable and previously wasted portion of the 
whole heat-drop. Moreover, with the turbine there is 
a complete escape from the alternate heating and cool- 
ing of metallic surfaces which was a source of much loss 
in engines of the older type. Pressures of 600 or 700 lb. 
per square inch are now commonplace; 1,200 lb. is 
becoming familiar; 2,000 lb., or even more, is not 
unknown. Superheating is often carried to 750 deg., 
or 800 deg. F.—sometimes to 850 deg., and in rare 
cases to 900 deg. F.—and is limited only by the ability 
of the metallurgist to supply metal that will not 
‘creep’? too seriously under the combined influence 
of high pressure and high temperature. A modern 
turbine can generate one electrical unit with a consump- 
tion of barely 1 lb. of cheap coal, which means that it 
converts into electrical energy fully 30 per cent. of the 
potential energy of the fuel. It is not surprising that 
the internal-combustion engine finds little favour in 
power stations, save as an occasional stand-by to assist 
in meeting the peak load.* 

Turning now to another field, we find that in railway 
traction the supremacy of steam is maintained. Higher 
pressures and the use of superheating have helped to 
hold it, and the most progressive locomotive engineers 
have experiments in progress which may carry practice 
further along these lines. Much attention has been 
paid to the Diesel engine as a possible alternative, 
but so far, the number of Diesel locomotives that have 
found employment in main-line working is a negligible 
proportion of the whole. If the steam locomotive is 
to disappear, there is no indication that its place will 
be taken by an internal-combustion rival. What is 
much more likely is that it will in time be driven out— 
wholly or in part—by electric traction as Lord Weir’s 
Committee has recently suggested for the British rail- 
ways. But electrification will mean that the prime- 
mover is still steam, though acting at a central station— 
except, of course, in countries which have available 
reserves of hydraulic power. Such a country is Switzer- 
land, and there the transformation from the steam 
locomotive to electric traction is already almost com- 
plete. 

For road motors, the internal-combustion engine is, 
of course, supreme ; it has created as well as supplied 
a vast demand. Mr. Ricardo, writing in 1928+ said 
that the output of high-speed internal-combustion 
engines exceeded by more than 10 times the total 
horse-power of all power stations, ships and railways. 





* Among other merits of steam turbine plant is its 
comparatively low capital cost. Published figures show 
that in recently-equipped British power stations the 
cost, including land, buildings, boilers, turbines, and all 
electrical machinery is from 14/. to 16l. per kilowatt 
of plant installed. For Diesel plant the corresponding 
capital cost is stated to be from two to four times as 
great. 

+ H. R. Ricardo, on “ Light High-Speed Internal- 


A statement at the World Power Conference, held in 
Berlin in 1930, gave the number of motor cars on the 
world’s roads as 30,000,000, with an output of at least 
600,000,000 h.p. I have not attempted to check these 
estimates ; I do not suspect them of exaggeration; | 
am only thankful that many of the engines referred to 
spend a great part of their time in garages and parking 
places. In their own special field—the roads and the 
air—they have an unchallenged monopoly. And, 
indeed, they well deserve it. We ought, I think, to 
pay tribute to the constructive talent that has made 
these engines the convenient and reliable prime-movers 
they have in fact become. Let me quote in this connec- 
tion some very just remarks by Mr. Ricardo. 

“ With the advent of this class of engine there has 
been a marked change of attitude as regards both the 
manufacture and the handling of prime-movers. In 
the past, a prime-mover was regarded as a delicate 
piece of mechanism, luxuriously housed, and served 
by skilled engineers trained to anticipate all its needs 
and to minister to its ailments. To-day, the high- 
speed internal-combustion engine receives no such 
special care; more than half the engines produced 
are tended by people who have no idea of how they 
work, and who consider that their obligations are 
fulfilled so long as they keep one compartment reason- 
ably full of fuel and another of lubricating oil; it is 
for such usage that the engine must be designed. A 
typical example of the modern attitude towards the 
high-speed engine is to be found in the case of the 
motor-bus. The modern ‘bus engine is capable of 
developing 70 h.p. to 80 h.p., and of running at piston 
speeds exceeding 2,000 ft. per minute ; it is placed in 
the hands of a driver who knows nothing about engi- 
neering generally, or of his engine in particular. Such 
an engine runs 16 hours daily under very arduous 
conditions, and, in the ordinary course of events, it 
continues so to do for six months before it receives any 
skilled attention. It is obvious that to withstand such 
usage an engine must be reliable.” 

One may note in passing the remarkably successful 
efforts which have lately been made towards reducing 
the weight of high-speed engines which will burn heavy 
oil instead of petrol, with the consequent advantage 
(over petrol) of greater efficiency, less weight of fuel, 
greater safety, and smaller running cost. Light engines 
of this type open up new possibilities in the air, as 
well as on the road and on the sea. 

This brings me to the last field which must be sur- 
veyed in our brief review—the field of ocean navigation. 
And here we find a situation which is puzzling, unsettled, 
and difficult to analyse. For in the selection of prime- 
movers for ocean-going ships, there are sharp differences 
of opinion and of practice ; there is no sense of finality ; 
there is even—so it seems to me—a good deal of fashion 
and caprice. 

In our own navy and foreign navies there is a prac- 
tical monopoly on the part of steam except, of course, 
in submarines. The advent of the steam turbine, of oil 
fuel, of gearing between turbine and propeller shafts, 
of water-tube boilers, of higher pressure, and of super- 
heating—all these progressive improvements have only 
consolidated the position. Foreign navies have followed 
the British lead, and, for surface vessels, the only 
departure from that rule is to be found in a new German 
cruiser, which is still something of a mystery ship. 
Except for this rare and as yet unfledged bird, naval 
usage sticks to steam. 

But the mercantile marine is in a state of flux. 
Before the war there were almost no motor-driven ships. 
During the post-war years of marine reconstruction 
the number of oil-driven motor-ships rapidly increased, 
and it is still increasing. In 1930, according to Lloyd’s 
Register, the gross tonnage of the world’s shipping 
was in round figures 694 million tons, of which 14 
millions were survivors from the ancient régime of sails. 
Of the 68 million tons that were mechanically propelled 
60 million tons were steamships and 8 million tons were 
motor-ships. The motor tonnage had increased nearly 
four-fold in the preceding three years. Of merchant 
vessels launched during the year 1930, considerably 
more than half the tonnage was motor driven; and 
even in Great Britain the motor tonnage launched in 
that year was nearly 52 per cent. of the whole tonnage 
launched. For the moment the motor-ship is in the 
ascendant. At this rate, a superficial observer might 
fancy that steam was in process of being driven off 
the high seas. But if that were his conclusion J 
think he would be quite wrong. 

None of the greatest and fastest ships are motor- 
driven. And this is true not only of the older ships 
but also of the newest, such as the Europa and the Bre- 
men and the Empress of Britain, and the giant Cunarder 
which is now on the stocks and is confidently expected 
to eclipse them all. For such vessels, motors do not 
give the concentration of power that is needed, whereas 
turbines do give it, and give it easily. From Lloyd’s 
list of marine engines under construction at the end of 
March, 1931, I find that the average shaft horse-power 
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of the (51) turbines is nearly 20,000, whereas that of the 
(328) motors is not much over 2,000. The present 
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fashion, if one may call it so, is to put motors into ships 
of moderate size and power. The same list gives 189 
as the number of reciprocating steam-engines under 
construction; these are mainly for comparatively 
small and slow ships, for their average horse-power 
is of the order of 1,000. 

Of motor-driven ships many are tankers. Of tonnage 
launched during 1930 the tankers constitute more than 
30 per cent. of the whole output. About seven-eighths 
of these are motor-driven : they carry oil and, naturally 
enough, consume it. Motor-driven tankers account 
for half the world aggregate of motor tonnage launched 
in 1930. 

It is when we turn to cargo liners and passenger 
liners which, though not of the largest class, are still 
notable ships, often catering for the luxurious traveller, 
that we find the liveliest contest between the steam 
turbine and the Diesel motor. Some nations, such as 
Denmark, Norway and Sweden, conspicuously favour 
motors. Others, such as America, no less conspicuously 
favour steam. The choice would sometimes seem to 
depend more upon the taste and fancy of some dominat- 
ing personality than upon a careful weighing of argu- 
ments such as appeal to engineers. One finds some 
shipowning companies going strongly for Diesel engines 
and other companies going no less strongly for steam. 

To make a fair comparison of performance you must 
take both types at their certainly-attainable best. 
You must not compare modern Diesel engines with 
steam-engines of antiquated type, but with turbines 
working under conditions that have been demonstrated 
to be practicable at sea, where high pressure and high 
temperature, with water-tube boilers, pure distilled 
water, no oil in the steam, and sound condenser tubes 
maintain an efficiency comparable with that which 
can be reached in the internal-combustion engine. 

When we attempt to appraise the merits of the 
rivals and to estimate their chances in the more distant 
future, we see that from the thermo-dynamic point 
of view the Diesel engine still has a small advantage. 
On the other hand, its oil is more costly than fuel 
oil for boilers, it must have lubricating oil, too, and the 
first cost of the engine is substantially greater than 
that of steam plant. In respect of weight and of 
space occupied there is not much to choose; when 
account is taken of all accessories there is, perhaps, 
a slight advantage on the side of steam. As to durability 
I cannot speak ; so far as I know, there is still a dearth 
of published facts about the cost of upkeep with Diesel 
engines. Prima facie, the great number of recipro- 
cating parts is a serious drawback. There must 
be a great number because the safe limit of cylinder 
size is soon reached, and it is only by having many 
cylinders that any large aggregate of power is developed. 
In a recent Diesel-engined liner of the luxurious type, 
a ship of some 17,000 or 18,000 tons, 12 Diesel cylinders 
operate on each of four shafts, making 48 in all, to 
produce a speed of 18 to 20 knots. Besides these 48 
main cylinders, there are 24 more which serve purposes 
that are auxiliary but essential to the working of the 
main engines. Consider the number of working 

joints, of valves, of valve-rods and tappets, besides 
pistons and connecting-rods, which this involves. 
Does such an accumulation of reciprocating pieces 
with their hammer-blow accelerations mark a real 
engineering advance as compared with the cosy hum 
of a turbine engine room, and has it come to stay ? 
Frankly, I think not. 

As a last technical point I would say a few words 
about fuel for marine engines. Can anything be 
done to re-establish the ancient connection of the 
merchant service with the British coalfields ? Remem- 
ber that here and in most other places, the cost of coal 
is substantially less than that of oil, for the same 
quantity of heat. Where oil scores is in its greater 
convenience of handling. Much has been said and 
written about restoring prosperity to the miners by 
converting coal into oil. As a chemical operation, 
it is quite possible to make oil from coal ; as a commer- 
cial proposition, it is impracticable, so long as nature 
continues to supply oil directly from the bountiful 
stores on which man now draws with careless and 
prodigal ease. Ships that burn oil must have it come 
to them from sources outside Great Britain. Well, 
then, can we expect ships to return to the use of coal 
as fuel? For some classes of ships I think we may, 
though not all classes. Neither in the navy nor in 
what one may call the upper division of the mercantile 
marine—the luxurious express liners which carry 
fastidious passengers and must keep to a time-table 


that means quick fuelling—can one expect a reversion ; 


to coal so long as oil fuel can be got at anything like 
its present price. But with cargo-liners and big cargo- 
boats, the case is different. They do offer a possible 
field for the use of coal, a field where I believe its use 
would be economically sound as well as of great national 
advantage. In the running of such ships, the incidental 
conveniences of oil fuel count for less. The cost of 
fuel is a relatively big factor and there is a clear advan- 
tage in being able to burn either coal or oil at option, 
according to the local cheapness of supply. There the 


geared turbine with coal fuel can more than hold its 
own provided the steam plant embodies the conditions 
that make for high efficiency, conditions which are 
now known to be attainable in marine practice. I 
think those engineers are right who contend that for 
such ships a highly economic mode of working would 
| be to use pulverised coal for steam-raising in a small 
| number of large boilers of the water-tube type, with 
a pressure of, say, 500 lb. and a temperature of 750 deg. 
F., each boiler having its own pulverising mill and being 
| fitted also for burning oil as an alternative fuel. In 
| such a scheme, there would be no untried elements 
| but the combination of the elements would be experi- 
| mental, and a conclusive demonstration of its advan- 
tages can be obtained only by testing it out on a large 
scale in ships, trading on more than one route. An 
experiment of this kind is well worth making. 











LABOUR NOTES. 

THE Shipbuilding Employers’ Federation posted 
notices on Thursday of last week at the shipyards and 
ship-repairing yards of their members, intimating that 
the first instalment of their readjusted scheme of wages 
and working conditions would take effect as from the 
first pay this month. The second instalment is to 
take effect as from the first pay in January. Giving 
as their reasons the large amount of unemployment 
in the industry and the inability of the unions to 
finance a strike, the leaders have advised the men to 
continue work, under the new terms, under protest. 





Last week-end, the trouble which threatened in the 
building trades was averted by the adoption of a new 
agreement, which is to remain in force for eighteen 
months. In the main, the new agreement embodies 
the provisions of the old one, although in detail amend- 
ments are added which make it more acceptable to 
the workers’ side of the National Joint Council for the 
industry. It differs, of course, in important respects 
from the agreement negotiated earlier in the year by 
a joint committee and rejected by the unions. 





A communication received by the International 
Labour Office at Geneva states that the State of 
Wisconsin has adopted a Labour Code, which corre- 
sponds closely to the model Labour Bill drafted by 
the Committee on Labour Injunctions of the American 
Civil Liberties Union. The new legislation declares 
that any agreement by which a worker undertakes, 
as one of the conditions of his employment, not to join 
a particular trade union is contrary to public policy 
and shall not be enforced by the courts. Strikes, trade 
union membership, the payment of trade union contri- 
butions, the advertising of strikes, peaceful assembly 
and peaceful picketing are declared legal, and no court 
may issue an injunction prohibiting any of these acts. 
The issue of injunctions relating to specific acts during 
labour disputes is carefully regulated. An injunction 
may be issued only after a hearing at which witnesses 
for both sides give evidence under oath, and notice of 
injunction proceedings must be given. Temporary 
injunctions may be issued only for a period of five days 
and are not renewable. Persons charged with contempt 
of court for violation of an injunction.shall enjoy the 
right of admission to bail, adequate defence, trial by 
jury, and trial by a judge other than the one who 
issued the injunction. Punishment is limited to a 
fine not exceeding 25 dols., or imprisonment, or both. 





During the first half of September there was an 
increase of 109,000 in the number of unemployed 
workers in Germany, making the aggregate 4,324,000. 
Of the total number, 1,324,000 were in receipt of 
insurance benefit, 1,122,000 of extended benefit, and 
the bulk of the rest presumably of municipal relief. 
According to The Times correspondent in Berlin, the 
total number of unemployed has increased by 371,000 
since the beginning of July ; during the same period of 
last year the increase was 342,000. The total at the 
beginning of this July, however, was already 1,300,000 
higher than last year at the same time. 


Sweeping reductions of wages have been decided 
upon by a considerable number of large industrial 
concerns in the United States. The United Steel 
Corporation, the Bethlehem Steel Corporation, and 
the Youngstown Sheet and Tube Company are reducing 
wages by 10 per cent. as from yesterday. From the 
same date, the wages of employees of the General 
Motors Corporation are reduced by amounts varying 
between 10 per cent. and 20 per cent., a 9 per cent. 
reduction and a five-day week have been decided upon 
by the United States Rubber Company, and 10 per 
cent. cuts have been intimated by the American 
Smelting and Refining Company and the Utah Copper 
Company. Other producers throughout the country 
are expected, it is stated, to take similar action. 


despite the pledge to President Hoover by leading 
industrialists to maintain the existing rates, and in 
face of the Washington Administration’s frequently 
expressed conviction that the maintenance of a high 
wage scale and a high standard of living was the real 
remedy for industrial depression. President Hoover, 
when asked to give his views, said he was shocked by 
the reductions, and added that his desire to maintain 
the standard of living was unaltered. The effect 
on labour is said to be one of bitter resentment. 
Mr. Matthew Woll, vice-president of the American 
Federation of Labour, declared that if the move- 
ment became general, serious industrial conflicts 
would result. Industry, he said, would suffer further 
depression as the nation’s buying power lowered. 








The German Legislative Decree of June 5 provided 
that the wages of workers employed by local autho- 
rities should be assimilated to those of workers 
employed by the State. This change, which involved a 
considerable reduction in the wages of local workers, 
was to be put into effect not later than October 1. 
The local workers’ organisations rigorously opposed 
the measure on the ground that its application would 
entail not merely a reduction of wages but the abandon- 
ment of the principle of respect for collective agree- 








ments. After long negotiations, however, the parties 
concerned, namely, the organisations of workers 
employed by local government authorities, and the 
National Federation of Local Authorities and other 
associations of public authorities, concluded an agree- 
ment for the period from August 27 to October 31, 
1931, although most of the collective agreements did 
not expire until the end of September. The agreement 
provides for a reduction of wages by 4 per cent., and 
the abolition of marriage allowances. 


An agreement entered into’ by an American news- 
paper proprietor and District No. 9 of the International 
Association of Machinists, stipulates that all machinists 
doing work enumerated in a given list shall be members 
of the union, including foremen. Clause 5 is in the 
following terms :—‘‘The Shop Committee shall first 
endeavour to adjust all grievances with their foremen ; 
all grievances that cannot be adjusted with the foreman 
shall be brought before the management by a com- 
mittee representing the machinists or their district 
representative. The company will in no way discrimi- 
nate against any employee who from time to time may 
be selected to serve on the shop committee. Overtime 
and work done on Sundays and holidays are to be paid 
for at double time. 


The Commission of Inquiry for European Union 
has adopted a report on economic problems drafted 
by its Co-ordination Sub-Committee. Dealing with 
unemployment, the report recommended the approval 
of proposals concerning international placing, and in 
particular those for the summoning of a technical 
conference to discuss a suggested agenda. The Sub- 
Committee expressed the firm belief that the execution 
of public works of common interest might be very 
valuable to European co-operation, and therefore 
proposed that the conclusions as to public works put 
forward by the Unemployment and Credit Problems 
Committees be approved, and that the examination of 
any schemes submitted by Governments to the League 
of Nations be undertaken by the Committee of Inquiry 
set up for this purpose by the Communications and 
Transit Organisation. The latter Committee should 
be completed by the addition of representatives of the 
International Labour Office and, if necessary, of the 
competent organs of the League. Should the execu- 
tion of the public works in question require financial 
support from the League, the conclusions of the 
Committee of Inquiry would be submitted to the 
Financial Committee. The Commission of Inquiry for 
European Union would be kept informed of progress. 


The report added that the Sub-Committee had 
taken note of suggestions made by the International 
Association of Agriculture, with a view to the co-opera- 
tion of the various factors of production for the 
exploitation of territories not utilised. The Sub- 
Committee agreed, it was stated, with the Unemploy- 
ment Committee that these suggestions must inevitably, 
sooner or later, exceed the European horizon, and 
proposed that the League Council should submit them 
for examination by its competent organs, in concert 
with the Joint Unemployment Committee. 


At September 21, the numbers of persons on the 
registers of Employment Exchanges in Great Britain 
were 2,044,482 wholly unemployed, 654,755 tempo- 
rarily stopped, and 112,378 normally in casual em- 
ployment, making a total of 2,811,615. This was 
22,535 more than a week before and 701,957 more 
than a year before. The total comprised 2,045,715 





The New York correspondent of the Daily Telegraph | 





states that the lower wage scale has been resorted to 





men, 76,825 boys, 627,628 women, and 61,447 girls. 
In the previous week, the number of wholly unem- 
ployed persons was 2,018,541. 
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THE EFFECT OF MOLYBDENUM ON in water, oil and air. All the tests were made in 


the longitudinal direction. Extensions were measured 


MEDIUM-CARBON STEELS CON- with the Ewing extensometer, working on a gauge 
TAINING 1 TO 2-5 PER CENT. OF length of 2 in., and the yield point was taken as that 


MANGANESE.* 
By G. Burns, B.Met. 


stress which gave a permanent extension of 0-2 per 
cent. (0-004 in. on 2 in.). The notched-bar impact 
tests were carried out in a 120-ft.-lb. Izod machine 


STEELS containing 0-30 to 0-35 per cent. of carbon, /on the standard B.E.S.A. 3-notch test-piece (45 deg. 
and 1 to 1-5 per cent. of manganese have in recent | V-notch, 2 mm. deep, root radius 0-25 mm.), but 
years found increasing use, particularly in America, | having all the notches on the side of the specimen 


on account of the superiority of their mechanical pro- | nearest to the centre of the original bar. 


Figs. 2 


perties over those of carbon steels, especially in the | and 3, below, show the effect of molybdenum on the 


heat-treated condition. 


The disadvantages of these | mechanical properties of the steels containing 1-3 per 


steels are that they do not harden deeply, and that} cent. of manganese tempered at 600 deg. C. after 


they tend to exhibit temper-brittleness. 


and Jones have shown that the addition of 0-5 per| C. in oil, respectively. 


Greaves | quenching from 850 deg. C. in water and from 820 deg. 


Fig. 4 shows the effect of the 


cent. of molybdenum to a steel containing 2-3 per} tempering temperature on the mechanical properties 
cent. of manganese will almost eliminate the tendency | of the steel containing 2-3 per cent. of manganese and 


to temper-brittleness. 
of a small amount of molybdenum will cause manganese 
steels to harden more deeply, and gives test results 
illustrating the beneficial effect of molybdenum in 
this direction. 
on steel containing 0-45 per cent. of carbon, 1 to 1-3 


per cent. of manganese, and 0 to 0-75 per cent. of molyb- , 
denum, in the oil-hardened and tempered condition. | 
They found the mechanical properties to be much | 


improved by the addition of molybdenum. 


Fig.2. MECHANICAL PROPERTIES. 
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‘The steels used in this investigation were made by 
the crucible process, and were rolled into bars 1? in. 
by™} in. in section. Analyses of the bars are given 
in Table I. 
Thermal Critical Ranges.—Critical ranges were 
determined by means of a platinum/platinum-rhodium 
thermocouple and a Carpenter-Stansfield potentio- 
meter, used in conjunction with a Rosenhain plotting 


TaBLEq].—Chemical Analysesjof Steels Used. 


Gillett and Mack carried out tests | 


Thum states that the addition| 0-5 per cent. of molybdenum, oil-hardened from 


| 900 deg. C. 

| In the series containing 1-3 per cent. of manganese 
| some slight improvement is made in the mechanical 
properties in the normalised condition by the addition 
of molybdenum, but a comparison of the properties 
of the steels containing molybdenum with another 
steel containing somewhat greater amounts of carbon 
and manganese but no molybdenum, shows that a 
similar improvement in the mechanical properties 


Fig.3.MECHANICAL PROPERTIES. 
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can be obtained by the adjustment of the carbon 
and manganese contents alone. In steels which are 
to be used in the normalised condition, the addition 
of molybdenum does not appear to be justified. 

None of the steels containing 1-3 per cent. of man- 
ganese was hardened satisfactorily by quenching in 
oil from any temperature between 820 deg. C. and 
900 deg. C., though the results of quenching from the 


Tasie II.—Critical Ranges. 





| 
| Cc. | Si. rn, | Ss. | P. | Mo. 


R.D. Mark. | Per | Per | “Per | Per Per | Per 
cent. | cent. | cent. | cent. cent. | cent. 











.| 0-29 | 0-10 | 1-32 | 0-030 | 0-030 | Nil 
KEJ -/ 0-35 | 0-11 | 1-24 | 0-025 | 0-025 | 0-22 
KEK .| 0-32 | 0-11 | 1-22 | 0-015 | 0-020 | 0-32 
CDO_ 0-36 | 0-09 | 2-24 | 0-027 | 0-025 | Nil 
DWW 0-30 | 0-15 | 2-30 | 0-030 | 0-025 | 0-52 


| 
| | | | 








chronograph. The rate of heating employed was 5 deg. 
to 6 deg. C. per minute below Ac,, and the cooling 
Tate was 4 deg. to 44 deg. C. per minute above Acs. 
The results are shown in Table II. The addition of 
molybdenum raises the Ac, point, but appears to have 
little effect on the end of Acs. On cooling, Ar, is 
depressed slightly and Ar, is considerably lowered, 
Particularly in the steel containing 0-3 per cent. of 
molybdenum. Since the end of Ac, is not affected by 
the addition of molybdenum up to 0-3 per cent. and 
the raising of Ac, is not very great, no alteration of 
heat-treatment temperatures is necessary when molyb- 
denum is present. 

Mechanical Properties—Tests were carried out on 
the low-manganese series in the normalised, oil- 
quenched and tempered, and in the water-quenched 
and tempered conditions. On the steels containing 
<3 per cent. of manganese, tests were made in the 
tempered condition after cooling from 900 deg. C. 





We Communication from the Research Department, 
colwich, read before the Iron and Steel Institute, at 





























The steels containing 2-3 per cent. of manganese 
hardened satisfactorily on being oil-quenched from 
900 deg. C. The effect of molybdenum on _ these 
steels in the oil-hardened and tempered condition is 
marked, causing a considerable improvement in the 
mechanical properties, and also raising the maximum 
tempering temperature appreciably. This is in 
accord with the general experience that steels containing 
molybdenum temper more slowly than those not con- 
taining it. The test results for the steel containing 
no molybdenum are taken from R.D. report No. 61, 
1923, by J. A. Jones. Water-quenching and tempering 
of the steel containing 0-5 per cent. of molybdenum 
did not give mechanical properties in any way superior 
to those resulting from oil-quenching and tempering. 
Since the steel shows a marked tendency to crack on 
being quenched in water, such treatment cannot be 
recommended for it. On being air-cooled from 900 deg. 
C. this steel showed a distinct tendency towards air- 
hardening, giving a low elastic limit and notched-bar 
impact figure, but a considerable improvement was 
effected by reheating the air-cooled steel at 550 deg. C. 

Susceptibility to Temper-Brittleness.—Sections of 
the steels of the lower manganese series were water- 
hardened from 850 deg. C. and tempered for 2 hr. at 
625 deg. C., one section from each steel being quenched 
in water from the tempering temperature, and another 





section cooled at a rate of 4 deg. C. per minute. The 


Fig.4, MECHANICAL PROPERTIES. 
EFFECT OF TEMPERING. | 
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results of notched-bar impact tests carried out on the 
steels in these two conditions indicated that none of 
these crucible steels showed any suceptibility to temper- 
brittleness. In Table VIII are shown some results 
for a steel of similar composition, made by the open- 
hearth process. The last column gives approximate 
values for the impact figure of a steel of similar com- 
position but without molybdenum, given the same heat 
TaBLe VIII.—Susceptibility to Temper-Brittleness of Steel 
Containing 1°3 per cent. of Manganese and 0°16 per 
cent. of Molybdenum, 
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improvement in the elastic properties and toughness 
was effected by this treatment, and it will also be 
seen that with this treatment the addition of molyb- 
denum to the steel has beneficial effects. The steels 
of this series all hardened satisfactorily on being 
quenched in water from 850 deg. C., and in this respect 
the steel containing 0-3 per cent. of molybdenum gave 
particularly consistent results. The effect of molyb- 
denum on the steels after water-quenching and temper- 
ing is very marked, causing a considerable increase in 
the elastic limit, yield point and maximum load, with 
only a slight reduction in ductility, and no loss of 
toughness as measured by the notched-bar impact 
test. 

All the steels in the water-quenched and tempered 
condition showed sorbitic microstructures with no free 





ferrite, and no alteration of the structure with increas- 








Swansea, on Tuesday, September 29, 1931. Abridged. 








ing molybdenum content was observed. 


treatment. Results obtained by Greaves and Jones,* 
show that the addition of 0-5 per cent. of molybdenum 
to the steel containing 2-3 per cent. of manganese 
almost eliminates the tendency of the steel to exhibit 
temper- brittleness. 

Mass Effect—Results published by E. E. Thumyf 
show that the addition of molybdenum to a steel 
containing 0-27 per cent. of carbon and 1-5 per cent. 
of manganese, made by the electric furnace, produces 
more uniform hardening through the thickness of 
the section used. The size of bar used is not stated. 
Results of tensile and notched-bar impact tests on a 
similar steel, show that there is little difference in the 
test results obtained from a 1}-in. diameter bar, and 





* ENGINEERING, vol. cxix, page 623 (1925). 
+ Iron Age, vol. cxxv, page. 144 (1930). 
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from a 3}-in. Gothic section given the same treatment. 
This steel was of open-hearth manufacture. 
Conclusions.—In the steels containing 1-3 per cent. 
of manganese, as normalised, the addition of molyb- 
denum up to 0-3 per cent. produces little improvement 
in the mechanical properties that could not be obtained 
equally well by an increase of the manganese, or 
manganese and carbon content. It has, however, a 
marked benéficial effect on the steel in the hardened 
and tempered condition. The addition of 0-15 to 


. oe ets | t Be 
TaBLe XI.—Mass Effect in Steel Containing 1-3 per cent. | toy the flow of humid air, the effects of compressed air | are highly undesirable in mines. 


of Manganese and (0-21 per cent. of Molybdenum. 


Water-quenched from 850 deg. C., tempered at 555 deg. C., 
and cooled in air. 
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0-25 per cent. of molybdenum reduces the tendency 
to temper-brittleness, and causes more uniform harden- 
ing throughout the thickness of a section. In the steels 
containing 2-3 per cent. of manganese, the addition 
of 0-5 per cent. of molybdenum almost eliminates 
the susceptibility to temper-brittleness and gives 
mechanical properties approximating to those of nickel- 
chromium-molybdenum steels in the oil-hardened 
and tempered condition. In conclusion, it should 
be added that the results given in Tables VIII and XI 
are taken from tests carried out at the Elswick Works 
of Messrs. Sir W. G. Armstrong, Whitworth and Com- 
pany, Limited, in 1926. 








METHODS OF IMPROVING THE KATA 
CONDITIONS OF ATMOSPHERIC 
AIR IN DEEP-LEVEL MINES.* 

By A. L. Eaan. 


_ THE progressive solution of the problem of economic | 
air conditioning in the hot and humid mines of the | 


Witwatersrand is a task ever before the minds of those 
engaged in or interested in the gold-mining industry 
of South Africa. The difficulties surrounding the 


problem are increased by the natural wetness of these | 
mines and by the siliceous nature of the dust produced | 


by mining,operations, which necessitates (under Govern- 
ment regulation) the copious use of water to lay it, with 
a consequent high atmospheric humidity. Under 
another Government regulation, 30 cub. ft. per minute 
of ventilating air per worker underground must be 
supplied to a mine throughout the 24 hours, for the 
maximum number of persons employed underground. 
This is usually done by means of fans installed on the 
surface. Increasing the quantity of air passed through 
a mine undoubtedly conduces towards cooler and better 
working conditions, but the cost and power consump- 
tion of larger or better fans is a heavy item which 
increases very rapidly as the velocity of the under- 
ground air stream is raised. 

There is a widely held opinion that, in a given 
mine, the horsepower input to a fan varies as the cube 
of the quantity of air passing per minute. Dr. J. H. 
Dobson, in a highly instructive and comprehensive 


to flow. The “standard” formule for pressure drop 
in smooth pipes carrying compressed air, for example 
the one given by Professor Unwin in the Howard 
Lecture to the Royal Society of Arts in 1894, is not 
in the form of an exponential, but calculations made by 
lite use can be converted into that form. It will then 
| be found that the index always exceeds 3, and the high 
|index for mine fans may be, to some extent, thus 
| accounted for. 

Messrs. Walker and Jensen’s paper also deals with 
other aspects of mine ventilation ; formule are evolved 


| are discussed, and certain suggestions are made bearing 
|on means for reconditioning or dehumidifying the 
| air at local hot spots. The problem has. also engaged 
| the prolonged attention of the technical staffs of the 
various groups controlling the mines of the Witwaters- 
rand, and, in the case of two of the mining groups, the 
investigations have led to the actual construction of an 
air-dehumidifying machine and its installation in a 
Far East Rand deep-level mine. The investigations 
| leading up to the production of the machine, together 
| with a description of it, are briefly summarised below. 

In certain Witwatersrand deep-level mines, the tem- 
perature and humidity of the air passing through 
the mine approaches the limits for the performance 
of manual labour in some of the working places under- 
ground, and, on account of the high capital cost, the 
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| provision of plant to recondition the whole of the air 
in such mines is uneconomic and almost an impracticable 
| proposition, while the same argument applies to 
| pre-cooling the ventilating air on the surface. Increas- 
|ing the volume of ventilating air supplied to the mine 
| by means of additional or larger fans has merits, 






Entropy 


at the surface of the mine). The separation of the'steam 
by high potential electricity has been tried on the 
Witwatersrand without success, although this process 
will readily remove precondensed moisture such as 
fog. An indirect refrigerating machine, that is, one 
using a chemical refrigerant, is of large size for a smal] 
output, on account of the large specific volume of the 
refrigerant, and this fact, together with the complicated 
automatic gear required, raises the cost considerably, 
while a highly skilled attendant is necessary. Moreover, 
chemical refrigerants of a toxic or noxious character 





| It is concluded that dehumidification by purely 
| mechanical means is the most satisfactory solution 
| of the problem, even though the coefficient of perfor- 
mance be much lower than that of an indirect refrigerat- 
ing machine. This involves condensation in a machine 
and the removal to a distance of the liberated latent 
heat. In the Witwatersrand gold mines, there is 
usually plenty of water available from sources in the 
mine itself, providing a useful medium for the trans. 
ference and conveyance of heat. 

There are two physical facts with an important 
bearing on mechanical dehumidification: (1) The 
weight of steam contained in a given weight of saturated 
air at a given temperature is proportional to the 
volume of the saturated air, from which it follows that, 
if the volume be artificially reduced without raising 





Fig.1.TEMPERATURE-ENTROPY (T-$) DIAGRAM FOR SATURATED AIR COMPRESSED 
AND ATMOSPHERIC. 
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its temperature, much of the contained steam can no 
longer be retained and will be precipitated as water. 
It follows, then, that dehumidification, as such, is 
possible without refrigeration. (2) The adiabatic 
expansion of compressed or atmospheric saturated air, 
|although it increases its volume, will so reduce the 





particularly since the introduction of fans of the | temperature that some of the steam will condense. 
screw-propeller type, but when the hot spots are near | This process requires a certain amount of time, not 
the upcast shaft, the main air stream is likely to be | readily calculable, and, if the time be insufficient, 
humid and vitiated, whatever its volume may be. | super-saturation will occur and delay or prevent 


Further, if the hot spots are at various levels, splitting 
the air stream in a vertical plane presents considerable 
difficulties. It was, therefore, considered desirable 
to adopt local air reconditioning at bad places, as the 





survey of the mine-air problem} expressed the hope 
that the truth, or otherwise, of this cube law would | 
be further investigated. With this object, Messrs. | 
W. J. Walker and A. E. Jensen carried out | 
careful and elaborate tests on the fans at two | 
Witwatersrand mines, and the data accumulated, | 
together with the deductions drawn, have been 
set out in a paper recently read before the South 
African Institution of Engineers.t The investigations 
indicate that the horsepower input to fans having the 
same efficiency, follows approximately an exponen- 
tial law, but the index instead of being 3 is appreciably 
higher. The tests and calculations suggest that the | 
index may be 3 for pure dry air, but that this figure | 
is too low for actual mine conditions where moisture | 
isevaporated and swept along in both gaseous and con- | 
densed forms, with a consequent additional resistance | 


ee eaten ser | 

* Paper read before Section G of the British Associa- 
tion, London, on September 28, 1931. 
; t+ “A Review of the Engineering Aspect of Improving 
Temperature and Humidity Conditions of Mine Atmos- 
pheres at Great Depth,” by Dr. J. H. Dobson, Journal of 
the South African Institution of Engineers, September, 
1927, and July, 1928. 

t “Mine Ventilation and the Cooling of Mine Air,” 
by W. J. Walker and A. E. Jensen, Journal of the South 
African Institution of Engineers, June, 1931. 





| quantity of air to be dealt with is then comparatively 


small and the method does not involve the re-employ- 
ment of already vitiated air. 

It is evident, then, that local reconditioning cannot 
be regarded as an alternative to increasing the volume 
of ventilating air, and the two methods are not strictly 
comparable on the basis of “‘ coefficient of performance ”’ 
or cost per B.Th.U. removed. The primary require- 
ment of a local air reconditioning process is the actual 
removal of heat from the ‘‘ hot spots,”’ either out of the 
mine altogether or to a locality where the heat is less 
objectionable. A consideration of the total heat 
(enthalpy) of saturated air shows that most of it is the 
latent heat of the associated aqueous vapour or low- 
press”re steam, and the latter constituent will be herein 
referred to as steam. Therefore, it seems desirable 
to aim at abstracting the steam by the process known 
as dehumidification. 

There seems to be no known method of separating 
a mixture of air and steam without a physical or 
chemical change. The absorption of steam by dry 
chemicals liberates latent heat which is difficult to 
trap and remove, while the absorption of steam by wet 
chemicals requires a copious water supply to pick up 
the liberated heat, with a probable consequent dilution 
of the chemical solution, necessitating evaporative 
reconcentration by the application of heat (probably 


| condensation. ‘ 

The physical fact under (1) suggests a machine 
which compresses the air, and as mechanical high-speed 
compression is adiabatic, or nearly so, an aftercooler is 
necessary in order to bring down the temperature to 
the original value and thus secure the full condensation 
due to the compression. The compression process 18 
positive and definite, as the cooling and condensing 
“time ’’ is independent of the compression ** time, 
|so super-saturation is avoided and condensation 18 
certain. The temperature rise during compression 
prevents condensation during the act of compression, 
and there is no moisture in the compression chamber. 
A machine which relies mainly upon compression and 
aftercooling (isothermal compression in effect) for the 
dehumidifying process will be herein referred to as 4 
maximum-compression machine. ; 

The physical fact under (2) suggests a machine (oF 
vessel or chamber) in which the air pressure is caused 
to fall below the atmospheric, so creating a partial 
| vacuum, A machine so arranged will be herein referred 
|to as a vacuum machine. The vacuum machine is 
/naturally of large volumetric capacity, while the 
| removal of the condensate from the operating chamber 

is not easy, and no heat is actually removed from the 
mine atmosphere. Nevertheless, a supply of cold, dry 
lair is created suitable either for mixing purposes, °F 
| for compression back to atmospheric pressure followed 
| by water cooling. A machine can also be devised to 
|make use of both physical facts (1) and (2), having 


| compression and expansion stages of dehumidification, 
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’ one inlet condition, namely, saturated air at 95 deg. F. 
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but not necessarily a vacuum, and such a machine will 
be herein termed a minimum-compression machine. 

On account of its probable bulk and other objections, 
a vacuum machine has not been seriously considered, 
although developments of the idea seem possible, such 
as pumping water out of a large “ paint insulated ” 
rock chamber, thus reducing the air pressure, tempera- 
ture, and steam contents. Considering the maximum 
and minimum compression machines, it is evident that 
compression work must be done, and it is equally 
evident that the necessary ultimate expansion can be 
made to do work (causing a fall of temperature) with 
a corresponding reduction of the total work input. 
Therefore a compression dehumidifying machine quite 
naturally develops certain features which are very 
similar to a known type of refrigerating machine using 
air (unsaturated) as the refrigerant, without requiring 
any previous knowledge of the latter machine, so that 
a dehumidifying machine is not essentially a refrigerat- 
ing machine, but only incidentally so. There are 
certain definite limitations in a “‘ saturated-air”’ 
dehumidifying cycle which are not present in a 
refrigerating machine using air which is not saturated. 

When considering the design of the dehumidifying 
machine for installation in ‘the previously-mentioned 
Far East Rand deep-level mine, the following natural 
or assumed limitations were accepted as existing :— 


(a) The air to be treated might be at 95 deg. F., and 
saturated. 

(b) The atmospheric pressure, at the altitude and 
depth, is 14 lb. per square inch. 

(c) The mine water available is at 80 deg. F., a 
figure which does not encourage pre-cooling by water. 

(d) Owing to the presence of condensate, an expansion 
temperature lower than 32 deg. F. in the machine may 
cause freezing and choking of passages. 

(e) Motive power tobe electric, on account of 
convenience and flexibility. 

(f) The unconverted electric power (say, 8 per cent.), 
which appears as heat, must not be allowed to escape 
into the mine. 


(g) The machine should occupy a height of less 
than 8 ft., and as little floor space as possible. 

Considering the maximum-compression machine in 
the light of conditions (a) to (e), the moisture in this 
type is literally ‘‘ squeezed ’’ out in a positive manner, 
and the amount which can be extracted is approxi- 
mately the difference between the weight of steam 
present at 95 deg. F. and the weight present at 32 deg. F. 
The latter weight is one-tenth of the former, so that 
a compression of 10 atmospheres is indicated, followed 
by aftercooling to atmospheric temperature. The 
“dried” compressed air is then at 95 deg. F., and it 
is obviously desirable to recover some of the power 
input by expanding the compressed air in a motor 
down to atmospheric pressure, although in this case 
expansion is not an important factor in the dehumidify- 
ing process. It can be shown that adiabatic expansion 
would produce a temperature well below zero Fahren- 
heit, which threatens troubles due to freezing. There- 
fore, expansion to 32 deg. F. in about seven stages, 
with reheating between stages, is indicated, and this 
process has the further advantage of bringing the 
pressure-volume curve nearer the isothermal PV 
curve with a better output of expansion work. The 
first stage is the expansion of saturated (aftercooled) 
air, accompanied, if “‘ time ” allows, by a small amount 
of condensation. The reheated air admitted to the 
later stages is then not saturated, and can be allowed 
to expand below 32 deg. F. before condensation occurs. 
Owing to these secondary considerations, the extraction 
by 10 to 1 compression may be better than nine-tenths, 
and the delivered air will not be saturated at 32 deg. F. 
Alternatively, a maximum-compression machine will 
extract nine-tenths of the steam with a rather lower 
compression ratio than 10 to 1, as experience with an 
air turbo-motor has shown that the expansion “ time ” 
is sufficient for the occurrence of a large percentage of 
the remaining theoretical condensation in the first 
expansion stage ; in other words, supersaturation only 
occurs to a small extent. 

The power absorbed by compression in a maximum- 
Compression machine is greater than that required by 
& minimum-compression machine, but, on the other 
hand, the power recovered by expansion (especially 
when reheated) is also greater. The net power input 
'8 greatly affected by the combined efficiency, as a 
product, of the compressor and air motor employed. 

In the case of the minimum-compression machine, 
the design will be found to be governed by the inlet 
and exhaust conditions of the air motor, especially the 
temperature range. Two exhaust conditions are 
known, namely, 14 Ib. absolute and 32 deg. F., and 


(or another figure determined by the temperature of 
the cooling water available). Hence there must be 
a certain inlet pressure, but this is not easy to calculate. 
./€ simple basic theory is that the entropy of the 
Mput saturated mixture of air and steam remains 


heat, and no heat added by friction. A practically 
frictionless condition obtains in a cylinder with a 
piston, but certainly not in a turbine. Assuming 
isentropic expansion, the T/¢é diagram, given in 
Fig. 1, shows the compression pressure required in a 
frictionless machine. The pressure required is much 
greater than with dry air, as the adiabatic expansion 
index, instead of being 1-4, is not constant, and has 
a value round about 1-15. Therefore the effect of 
saturation is not negligible, and time spent in consider- 
ing it is profitably employed. 

A machine having a compression ratio somewhere 
between the maximum and the minimum possesses the 
undesirable features of both types; thus, the com- 
pression work is greater, and reheating is necessary to 
avoid freezing, while there is much water deposited 
during expansion and whirled around at high velocities 
if an air turbo-motor be used. The entropy diagram 
shows that, in-a frictionless insulated air motor, the 
pressure of thetinput of 95 deg. saturated air must be 
about-32 lb. absolute, in order to exhaust at 32 deg. F. 
and 14 lb., but, in the particular turbo-air motor 
actually used, the pressure has to be 45 Ib. absolute for 
discharging at 32 deg. F., and 14 1b. With an input of 
dry air, however, the compression in a frictionless 
machine need be only about 22 Ib. to discharge at 14 lb. 
absolute and 32 deg. F. It is important to remember 
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that the PV diagram for saturated air expanding with 
condensation is very different from that of dry air, 
while the PV diagram during compression is practically 
the same as for dry air. 

Of the three cycles, maximum-compression, mini- 
mum-compression, and vacuum, the manufacturers of 
the machine now being used, Messrs. Brown Boveri 
and Company, of Baden, Switzerland, preferred the 
second from the point of view of simplicity, cost and 
power consumption, and also because they considered 
that a large percentage of the theoretical condensation 
during expansion could be guaranteed, while the 
erosion of turbine blades due to high velocity water 
droplets in the air motor could be minimised by using 
high grade stainless steel. The turbine type of compres- 
sor and air motor can run at very high speed, and is 
therefore of small size and weight for a given capacity. 
This consideration outweighed the disadvantage of the 
lower efficiency of turbo machines, for which the index 
is higher than the adiabatic and difficult to predict. 
On the other hand, turbines of smaller capacity than 
3,000 cub. ft. of air per minute have a relatively low 
efficiency due to high velocities through constricted 
passages and therefore it was decided to adopt a 
machine of this rather large capacity. It is conceivable 
that a larger number of smaller machines, possibly of 
the rotary eccentric type, may prove advantageous 
for mine conditions. Such machines should consume 
less power per unit air volume, require less cooling and 
might be cheaper in capital cost. With any type of 
mechanical dehumidifying machine, the cooling water 
has to remove the heat abstracted from the air, the 
heat abstracted from the steam, and the heat equi- 
valent of the whole of the electric power input. The 
machine nowin regular operation underground consistsof 
an electric motor 1, Figs. 2 and 3, taking 236 kw. at 2,000 
volts, 50 cycles, running at 2,980 r.p.m., driving a 
four-stage turbo compressor 3, with one inter-cooler 
4, and an after-cooler 5, running at 13,900 r.p.m. 
through single gearing 2. The cooled compressed air is 
delivered to a single-stage turbo-air motor 6, mounted 
on the same shaft as the compressor. 3,000 cub. ft. 
per minute of hot mine air, saturated at 95 deg. F., is 
drawn in through the electric motor (which it cools). 


44-5 lb. per square inch absolute, next water-cooled to 
about 95 deg. F., and then expanded through the air 
motor to just above atmospheric pressure (14 Ib.) 
and a temperature of 32 deg. F. Water separators 7, 
are provided after the coolers and also after the air 
motor to remove the steam of saturation which con- 
denses during cooling and expansion. The coolers are 
designed to operate with water supplied at 80 deg. F., 
and about 180 gallons per minute are required; 8 
are the condensers for the coolers 4 and 5, and 9 are 
the air inlets. The complete machine weighs about 
12 tons. The overall height is under 8 ft., and the floor 
space occupied is about 15 ft. by 10 ft. The machine 
was illustrated and described in ENGINEERING, vol. 
exxx, page 162 (1930). 

For the purpose of the very careful tests carried out 
at the factory by the makers, the air drawn in was 
electrically heated to 95 deg. F., and saturated by 
means of steam jets, before passing through the electric 
motor. The results at the factory were as follows :— 


Barometric pressure, lb. persquareinch 14 
Volume of saturated air, cub. ft. per 


minute at 95 deg. F. oes --- 3,000 
Volume of dry air at 95 deg. F. cub. 

ft. per minute aaa aaa oo. 2,824 
Weight of steam at inlet, lb. per minute 

actual ... aes én aa Pre fa 
Weight of water extracted, lb. per 

minute ace aaa aoa we 6-07 
Weight of steam in saturated air at 

32 deg. F. (theoretical) , ee 6(O*9) 
Weight of steam actually remaining, ; 

Ib. per minute ate ane w. «144 
Percentage extraction, possible ae On 
Percentage extraction, theoretically 

possible aes ase was ane 
Weight of dry air drawn in, lb. per 

minute PoP eee set i «43 
Volume of “‘ dry ” air discharged, cub. 

ft. per minute ae ao «- 2,520 
Temperature of discharged air, satu- 

rated ... eed aad aaa ... 32 deg. F. 
Power consumption, kw. Jas ... 236 


The calculated quantity of water was extracted 
from the aftercoolers, thus proving the positive nature 
of this part of the process. The short-fall in water 
extraction occurs in the collector, or trap, after 
expansion. Collection is there more difficult mechani- 
cally, and a second design of collector was much more 
effective than an earlier type. It is probable, therefore, 
that more steam is condensed than is indicated by the 
water collected. The actual collection of the very cold 
water in the delivered air is of little importance, except 
as a test, for its original latent heat has been taken 
out in the machine. 

Certain predicted secondary advantages of recon- 
ditioning air in the machine have been verified by 
actual tests in the mine. These are, firstly, that some 
COg is dissolved by the condensate ; secondly, that the 
air is cleansed of the dust which causes silicosis, and, 
thirdly, that the high temperature of compression has 
a powerful germicidal effect. In actual operation 
underground, the reconditioning at the working place or 
delivery point is essentially a ‘“‘ mixing” process. A 
form of local closed circuit may be used, in which hot 
air is drawn from the working place and cold air supplied 
to another part of the working place. An alternative 
is to mix the output of the machine with a supply of 
air from a ventilating current, and to feed the machine 
from a return air passage. ' 

The entropy diagram, Fig. 1, has proved useful for 
ascertaining the mixture temperature resulting when 
1 Ib. of cold dry air is mixed with W lb. of hot humid 
air, assuming that the barometer remains constant. 
The procedure in using the diagram is as follows :— 
Run up a vertical pencil line from the intersection 
point of the atmospheric pressure curve and the 
‘cold’? temperature abscissa; along the ‘“‘ warm” 
temperature abscissa, measure the distance from the 
pencil line to the same pressure curve and call this 
distance X, which can be in any units (inches, milli- 
metres, &c.). Next calculate y (in the same units) 
from y = 3. then measure y units from the 
pencilled vertical line along the “cold” temperature 
abscissa, and run up another pencil line to cut the 
atmospheric pressure curve; this cutting point lies 
on the abscissa of the resulting temperature which can 
then be read off. 

The result of mixing cold saturated air with hot 
saturated air is saturated air at a reduced temperature, 
so that condensation with fog must occur. With any 
probable mixture ratio, condensation in the external 
saturated air will occur. It is true to say that no 
mixing process will reduce the relative humidity unless 
the introduced dry air is warmed up to very nearly the 
same temperature as the saturated air into which it is 
discharged. However, mixing definitely reduces the 
temperature and the absolute humidity, so that the 
resulting atmosphere has improved Kata conditions, 
thereby facilitating the performance of manual labour. 








constant through the air motor, no heat being lost as 


Becoming heated to 120 deg. F., it is compressed to 


The machine described above has only recently been 
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put into operation, and while it is regretted that actual 
figures are not yet available, the improvement in the 
working conditions is very evident and is considered 
satisfactory. The working places at present served by | 
the machine are occupied by seven Europeans and about | 
ninety natives. The air from the machine passes 

through 250 ft. of thin 22}-in. piping (heat-insulated) | 
and is discharged into an air stream of about 10,000 | 
cub. ft. per minute, making the mixture ratio about | 
4 to 1. A somewhat larger pipe might prove to be 

advantageous. The machine is experimental in more | 
senses than one, and the design leaves room for improve- 

ment in first cost, efficiency, and possibly also in the 

choice of the thermodynamic cycle. 

A scheme is under consideration by one of the 
Mining Groups for utilising a dehumidifying machine 
in connection with deep-level sinking operations. A 
high-speed motor would be coupled at one end of its 
shaft through a Vulcan-Sinclair hydraulic coupling 
to the winding drums of the sinking equipment and 
at the other end of its shaft to the dehumidifier plant. 
The air drawn in by the dehumidifier would include 
that required for cooling the motor, so that none of the 
heat produced by electrical losses would pass into the 
mine air. The ventilating system for a portion of the 
mine in the vicinity of the plant embracing the sinking 
and development area would be arranged as a separate 
closed circuit and after each blasting operation the 
air in this circuit would be displaced and discharged 
from the mine, via the up-cast shaft. Such an arrange- 
ment appears to offer attractive possibilities, and may 
pave the way for further applications of the dehumidi- 
fier in combination with other underground electrically- 
driven equipment. 

It is hoped that more widely extended investigation 
will lead to the ultimate production of a machine or 
method of real benefit to the mining industry. A 
vacuum machine or system may offer possibilities 
worthy of attention by scientists and engineers. For | 
example, much of the low-grade heat of the steam | 
of saturation is converted into work during the expan- 
sion of saturated atmospheric air, and this fact suggests 
the hope that some of this work may be recoverable 
by a process yet to be discovered, and so make it possible 
to dehumidify and recondition without an external 
supply of power. The continuous output of low-grade 
heat from the newly exposed rock surfaces of the 
mine seems to offer attractive power possibilities which 
may reward future investigators. | 











RING COILING MACHINE. 


ALTHOUGH, as a general rule, machines constructed | 
for a single special operation for a particular firm have 
a correspondingly limited interest, we think the coiling 
machine illustrated in the accompanying figure may 
have a wider appeal, as turning out work which could 
be utilised in more than one way. The machine here | 
described has been constructed for the River Rouge 
Plant of Messrs. Ford Motor Company, by Messrs. 
Sleeper and Hartley, Incorporated, Worcester, Massa- 
chusetts, U.S.A., and is used for coiling flat strip, 
3 in. by 1 in., edgewise into rings, 14 in. in external 
diameter. This strip is made of a tough alloy steel, 
known as Maxel, and the rings, when finished form the 
blanks for the flywheel ring starting gear which is used 
on all Ford motors in the model A and A.A. chassis. 
The rings are produced from the machine at the rate | 
of 25 per minute. They are, of course, not continuous, | 
but the coiling is so accurate that the rings are ready | 
for immediate butt welding of the joint. This process 
completed, they are annealed and machined, and then 
each has 112 teeth cut in its periphery. Assembly 
consists of pressing the finished ring over the engine | 
tiywheel, where it meshes with the starting motor pinion. | 

Before referring to the machine in detail, some 
remarks may be made on its genesis. The early rings | 
were either cast on the flywheel or were punched out of 
blanks, but breakage of teeth stopped one process, and | 
distortion, defective grain and heavy waste the other. | 
Messrs. Ford then tried one of the largest Sleeper and | 
Hartley spring coiling machines to make the rings, 
but experience in dealing with the hard material soon 
showed that a special machine would be the most | 
economical; hence the design of the one under dis- 
cussion, which, in en:bodying the requirements of 
rigidity weighs over 15 tons. The strip is fed into the | 
machine at the right-hand side of the figure, and passes, | 
with its wide face horizontal, between four pairs of 
rolls which have knurled surfaces to ensure a grip. | 
On emerging from the feed rolls the strip is first started 
on the desired curvature by deflector rolls. It then | 
passes between the coiling rolls, seen near the centre | 


of the figure, which give it its final shape, and which | extraction of oils and the manufacture of soap, textile | 


RING COILING MACHINE. 


CONSTRUCTED BY MESSRS. SLEEPER AND HARTLEY, INC., WORCESTER, MASS., U.S.A. 
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of 300 tons. The ends of the ring, after the shearing 
operation, just touch one another, as they are to be 
butt-welded, but the machine can be adjusted to turn 
out rings with the ends either overlapping or having 
a gap between them. Normally, the coiled rings are 
transferred from the coiling machine to the welding 
machine by a conveyor, not shown in the figure, in 
which, however, some of the rings are seen on the 
floor. Any tendency to spring apart of the ends 
transversely has to be corrected during welding, and 
the subsequent annealing and hardening processes 
which follow the welding and teeth-cutting operations, 
respectively. 

The machine is completely automatic, the only hand 
labour needed, as distinct from attention, being that 
of starting the end of a new strip into the feed rolls. 
The drive is by means of a 30-h.p. motor, running 
at 1,200 r.p.m. As the material is rolled cold this 
is not an excessive power, the amount being kept 
down by the fact that all the bearings are either of the 
ball or roller type. An overload slipping clutch to 
prevent damage from possible jamming is provided. 
Other safety devices include a control clutch lever at 
each end. The feed roll handwheel is of solid con- 
struction, in order to resist bursting should the clutch 
which couples it to the live shafting be aécidentally 
left in. The question of lubrication has received great 
attention. The lower feed rolls run in a bath of oil 


which is carried to the strip, and thence to the surfaces 


of the deflector and coiling rolls. All the bearings are 
lubricated through the Tribon high-pressure system 
from a single-feed box, while the deflector roll bearings 
each get an injection of oil every time a ring is 
completed, that is, 25 times a minute. 








Levant Farr, Tet-Aviv, PALESTINE.—The fifth 
Palestine and Near East Exhibition and Fair will be 
held at Tel-Aviv from April 7 to 30, 1932. The Fair is 
under the patronage of His Excellency the High Com- 
missioner of Palestine, and is international in scope. 
Previous Fairs have been visited by merchants and buyers 
from the Levant, Syria and other Near Eastern countries. 
The reported attendance at the last Fair, held in 1929, 
was 120,000, and exhibits numbered 209 local and 121 
foreign firms. Itis reported that certain foreign countries, 
particularly Germany and Czechoslovakia, will participate, 
and that considerable sums of money will be spent by 
firms from these countries in displaying their exhibits. 
The organisers have expressed the intention to in- 
augurate a “Buy British Goods” campaign, and, 
provided that a sufficient number of British firms 
participate, it is intended to have their exhibits in a 
special British pavilion. It is considered that the display 
of agricultural machinery, pumps and other irrigation 
plant, small industrial machines such as are used in the 


are adjustable to such fine limits that the rings can be | goods, builders’ plant, electrical goods, wireless apparatus, 


formed with a tolerance on diameter ,of only 0-0025 in. | 
The ring, which is nearly completed, is then guided to 
the shears by a series of rolls, and at the correct moment 
the feed motion is stopped by means of a cam gear, 
and the shears cut the ring with an estimated pressure | 


| 
} 


motor cars and motor cycles, should lead to good results, 
as Palestine is using increasing quantities of these goods. 
Particulars regarding the charges for space and other 
matters may be obtained from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1., re- 
ference number C.3662 being quoted in communications. 








THE INFLUENCE OF SILICON ON 
NICKEL STEEL.* 
By R. Harrison, B.Sc. 


THE properties of nickel-silicon steel, covering a 
wide range of compositions, were described by Guillet 
in 1906. Although the exact limits of composition of 
the structural diagram were not determined, it is 
clear from his work that all medium-carbon steels con- 
taining up to 4 or 5 per cent. of nickel and 3 or 4 per 
cent. of silicon are essentially similar in structural 
constitution, and fall well within the pearlitic group, 
though with the higher silicon there was a slight ten- 
dency for the formation of martensite at the rate of 
slow cooling he employed. Guillet found that the 
presence of silicon raises the transformation points of 
nickel steel, and that silicon raises the elastic limit 
tensile strength and hardness of nickel steels, but only 
at the expense of the elongation and the impact figure, 
especially at right angles to the plane of rolling. His 
final conclusion was that the addition of silicon to 
nickel steel is not to be recommended. 

Some of the combatant nations in the late war 
made use of nickel-silicon steels for bullet-resisting 
plates and similar purposes. The steels usually 
employed contained :— 


Per cent. 
Carbon ee bis : 0 +35 to 0-5 
Nickel wae oe .. Sto4 
Silicon 1 to2 


and were hardened and tempered to give a Brinell 
hardness of 450 to 550. Their properties have been 
described by C. M. Johnson, who obtained an elonga- 
tion of over 10 per cent. and a reduction of area of 
about 30 per cent. in steel of 120 tons per square inch 
tensile strength. These steels are not easily made, 
but it is stated that if carefully prepared and suitably 
treated they combine high strength with considerable 
toughness and resistance to impact, making them in 
some respects suitable for bullet-proof plates and simi- 
lar purposes. 

The present investigation, however, deals with 
nickel steels suitable for various constructional pur- 
poses, in which it is customary to limit the amount of 
silicon to 0-3 per cent. Its object was to determine 
the effect on nickel steel of silicon up to about | per 
cent., and, if the results were of sufficient promise, 
to extend the work to steels of higher silicon content. 
There is no reason to anticipate a sudden change In 
the character of the effect of silicon, since the structural 
constitution remains the same up to at least 3 pet 
cent. of silicon.t The second part of the investigation 


|was not proceeded with, however, since the work 
| i 





* Communication from the Research Department, 
Woolwich, read before the Iron and Steel Institute, 
at Swansea, on Tuesday, September 29, 1931. Abridged. 
| + In a carbon-free iron-silicon alloy, the limit © 
| stability of the y range is reached at about 2-2 per cent. 
of silicon, but is extended to a higher silicon content In 
the presence of carbon or of nickel. 
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|— The general effect of silicon is to raise all the critical 
points, and its influence is approximately proportional 
to the amount present in the steels examined. 

Effect of Rate of Cooling on Hardness.—Hardness 
tests were made on small pieces (1 in. by } in. by 
}in.) cooled from 850 deg. C. at different rates through 
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completed revealed no probable advantage to be 
expected from the increased silicon content. 
j Materials Used.—The steels used in this investiga- 
tion were crucible steels, cast into ingots about 4 in. 
square, and rolled into bars 1} in. by } in. in section. 
They contained 4 per cent. of nickel and about 0-4 per 
cent. of carbon. The silicon ranged from 0-05 to 0-87 
r cent. in two series having different manganese 
contents, namely, 0-4 and 0-75 per cent. The full 
analyses are given in Table I. 





the critical range. Typical results of hardness tests 


Fig.2. HARDNESS AFTER DIFFERENT RATES OF 
COOLING. EFFECT OF SILICON. 
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Fig.5. HARDNESS OF ANNEALED STEELS. 
EFFECT OF SILICON. 
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Fig.8. HARDNESS OF DIFFERENT SECTIONS QUENCHED 
IN OIL. EFFECT OF SILICON. 
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are illustrated in Figs. 2 and 3, on this page. The | 


effect of silicon in increasing the hardness of the steels 
in the annealed condition is shown in Figs. 4 and 5. 
In the series containing 0-4 per cent. of manganese, 
the increase in hardness is proportional to the silicon | 
content when any rate of cooling up to that of air- | 
cooling of a small piece is employed. In the 0-75 per 
cent. manganese alloys, which are initially harder, 
there is a similar but smaller effect of silicon, apart 
from an apparent considerable increase in hardness 





. 





| In all cases the same typical form of tempering curve was 
produced, the hardness after any given treatment being 


‘ Taste I.—Chemical Analyses of Steels Tested. 


the first signs of air-hardening (lowered elastic limit 
and yield ratio) are only revealed in the last steel of 
the series, containing 0-63 per cent. of silicon and 
0-47 per cent. of manganese. To avoid air-hardening 
(and the consequent necessity of reheating) in a 4 per 
cent. nickel-steel plate, the silicon, as well as the 
manganese, should be below 0-5 per cent. It is, 
however, unlikely that high-tensile nickel-steel plate 
with more than 3 per cent. of nickel will be made 
commercially, on account of the cost of nickel and the 
fact that, in its effect on the properties, an additional 
1 per cent. of nickel is of less value than an additional 
0-3 per cent. of manganese. 

Effect of Tempering on the Hardened Steels.—Brinell 
hardness tests were made on small pieces of the steels, 
water-quenched from 850 deg. C. and tempered at 
various temperatures between 200 deg. and 630 deg. C. 


Fig.3. HARONESS AFTER DIFFERENT RATES OF 
COOLING. EFFECT OF SILICON 
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Fig.6. EFFECT OF TEMPERING TEMPERATURE 
. ON THE HARONESS. 
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Fig.9. HARDNESS OF DIFFERENT SECTIONS QUENCHED 
IN OIL. EFFECT OF SILICON. 
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produced by the first 0-2 per cent. of silicon, due 
probably to partial air-hardening. At the faster 
tates of air-cooling (4 deg. per second), which are near | 
to the critical cooling velocity of the steel, the hardness 
numbers of the air-cooled material are very irregular. 
The rate of air-cooling of a }-in. plate lies somewhere 
between the rates (4 deg. and } deg. per second) used 
in these experiments. Steels containing as much as 
0-75 per cent. of manganese would thus be likely 
to show poor and non-uniform properties in the rolled 
or normalised condition, whilst air-cooled plates of the 
steels, containing 0-4 per cent. of manganese might 
be expected to possess good properties. 

_ Mechanical Properties of the Normalised Steels.— 
Specimens, 5 in. by 1} in. by 3 in., cut from the steels 


’ | c | Ss | Mn 8 P | Ni 
— per | per | per per per | per 
NO. cent, cent. | cent. cent cent. | cent. 
eens : ; : 
1 | 0-40 0-05 | 0-31 | 0-021 | 0-022 4-13 
2 | 0-41 | 0-21 | 0-36 | 0-017 | 0-022 4-10 
3 0-44 0-40 0-36 | 0-023 | 0-024 4-01 
4 | 0-41 | 0-63 | 0-47 | 0-018 | 0-022 3-96 
5 | 0-41 0-07 0-68 | 0-021 | 0-026 3-98 
6 | 0-87 0-21 0-81 | 0-020 | 0-026 3-99 
7 0-35 | 0-36 | 0-74 | 0-025 | 0-026 4-05 
8 0-43 0-40 0-67 | 0-031 | 0-021 4-0 
9 0-36 0-64 0-67 | 0-031 | 0-022 4:0 
10 0-43 0-68 0:75 | 0-016 | 0-024 4-1 
11 0-32 0-72 0:76 | 0-031 | 0-023 4-0 
12 | «0-45 0-72 0-65 | 0-031 | 0-018 4-1 
13 | 0-43 | 0-87 | 0-69 | 0-023 | 0-018 | 4-1 
| ! } 




















of the 0-4 per cent. manganese series, were heated at 


850 deg. C. for 1 hour, and cooled in air, the average |‘displaced in an upward direction by increasing carbon, 


800 deg. and 500 deg. C. The results indicate the 
natural hardening effect of an increase in silicon, but 





tate of cooling being about 4 deg. C. per second between ipsreasing manganese or increasing silicon (Fig. 6). 


Mechanical tests were made after oil-hardening from 


echanical Properties of the Heat-Treated Steels.— 


850 deg. C. and tempering for 2 hours at 550 deg. C. 
and at 620 deg. C., and after oil-hardening from 
850 deg. C. and tempering each steel to give the same 
maximum load. In all cases the steel was treated in 
the form of a bar having a cross-section of 1} in. by 
3? in. All test-pieces were cut in the longitudinal 
direction. Extensions were measured by means of a 
Ewing extensometer, and the yield point was taken as 
the load giving a permanent extension of 0-2 per cent. 
(0-004 in. on 2 in.). The notched-bar impact tests 
were carried out in a 120-ft.-lb. Izod machine on 
3-notch test-pieces of the B.E.S.A. standard form 
(45 deg. V-notch with a root radius of 0:25 mm. 
apd 2 mm. deep). . In all cases the notches were cut 
on the side of the specimen which had originally been 
nearest the centre of the bar. 

By averaging the results given by steels 7 and 8, 





Fig 4. HARONESS OF ANNEALED STEELS. 
EFFECT OF SILICON. 
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Fig.7. MECHANICAL PROPERTIES. STEELS OlL-HARDENED 
FROM 850°C., AND TEMPERED AT 550°C. 
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9 and 10, and 11 to 13, the effects due to accidental 
variations in the carbon and manganese are. largely 
eliminated, and comparison is rendered more easy ; 
the properties after tempering at 550 deg. C. are shown 
in Fig. 7. The slight hardening effect of silicon is evi- 
dent in the increase of elastic limit, yield point and 
maximum load, and in the fall in elongation, reduction 
of area and impact figure. The mechanical properties, 
transverse to the direction of rolling, after oil-hardening 
from 850 deg. C. and tempering for 2 hours at 550 deg. C. 
and at 620 deg. C., were measured on small tensile 
test-pieces, 0-2 in. in diameter and 0-7 in. gauge length, 
and on single-notch B.E.S.A. standard form Izod test- 
pieces. The yield point was taken by the flick of the 
beam. The results showed that the effect of increase 
in silicon content was similar in the transverse and 
longitudinal directions. 

When the steels were treated to give approximately 
the same hardness, the increase in silicon content had 
no pronounced effect; within the limits examined, 
it was neither advantageous nor detrimental to the 
mechanical properties. Sankey bend tests were also 
carried out on these steels but without serving to reveal 
any pronounced effect of the silicon. Silicon slightly 
increases the susceptibility of these steels to temper- 
brittleness. The steels of the low-manganese series 
were practically non-susceptible, but when the man- 
ganese exceeded about 0-7 per cent. the susceptibility 
increased with increase in either silicon or manganese 
content. 

Mechanical Properties of the Steels Treated in Various 
Sections.—The foregoing mechanical tests were 
carried out on steels which had been treated in the 
form of bars } in. thick. Further tests were made to 
determine to what extent the silicon content influences 
the ‘‘ mass effect ’’ in heat treatment. The pronounced 
effect of the manganese content on the behaviour of 
nickel steel treated in the mass was.indicated by the 
work of Jones,* who showed that the amount of man- 
ganese necessary to secure full hardening of the steel 
varies with the size of the section treated, but that, 
for any given section, a small increase of manganese at 
a certain critical percentage produces a large difference 
in the hardness of the quenched steel. Brinell hardness 
tests were made on the surface of hardened specimens 








* Journ. Iron and Steel Institute, vol. cxvii, page 295 
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(1928). 
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of steel of various silicon contents, and the results are| The nine outfits in use last year consisted each of | CATALOGUES PO 
shown in Figs. 8 and 9. In general, a high silicon con- | an electric welding and grinding car specially designed | moe ey a ‘ ; D 
tent had the effect of maintaining a higher degree of |for track work, a new type of carriage-mounted r ag gg ag Fraser oa Pigg end Woodside- I 
hardness in the thick section, but its effect was smaller | rail grinder for the heavy grinding, and a small elec- | 27; orth Binchiey, ondon, N.12, have sent us 
; < k a aa , catalogues of two of Cork’s belts. One is a chain vee 
than that of a corresponding amount of manganese. trically-operated hand grinder used for finishing off |}.j¢ and the other a combined chain belt, both ate 
Microstructure—The microstructures throughout | work. The car is equipped with transverse de-railing | }ink attachments to ordinary driving chains of the bloee O 
were those characteristic of a 4 per cent. nickel steel. | wheels, so that it can be readily derailed, and is/| or roller types. latic 
In the air-cooled condition the amount of ferrite sepa- | provided with sufficient cable to permit of welding | Motor-Boat Engines.—Messrs. The Coventry Victor ani 
rating was almost unchanged by silicon in the low- | operations being extended over a distance of 1,200 ft. | Motor Company, Limited, Coventry, have issued new vies 
manganese series. When the manganese exceeded 0-6 | at one setting. The welding unit is a Wilson equip- | catalogues of their outboard and inboard motor boat ied 
per cent., an increase in silicon led to a reduction of the | ment, manufactured by Messrs. Wilson Welder and |engines. Both are four-cycle petrol engines, made in ting 
amount of free ferrite. After oil-hardening and temper- | Metals Company, of Hoboken, New Jersey, U.S.A. beth ootes sizes and powers, of which full particulars, {Soc 
ing, the structures were sorbitic throughout, though | It consists of a petrol-engine driven generator which hoe PEOS ORO StVSR the catalogues. ; the 
in the low-manganese series oil-cooling of a piece 3-in. | supplies current for welding, grinding and lighting. Protective Coatings.—Messrs. Wailes Dove Bitumastic This 
in thickness was not sufficiently fast to suppress the | The Company has been sending out with each outfit | — eaider oie 7 oe 7 in | 
; % aaa : cinpma e423 of their . 
separation of ferrite entirely. os : a welder and foreman, who take turns ee welding, and bitumastic anti-corrosive paints and coatings for iron and in 1 
Conclusions.—Silicon raises the critical points, both | there are two helpers concerned principally with the steel structures, and the special qualities for chimney feed 
on heating and cooling, the rise in the A, point of a | operation of the grinders. Work is carried out night and | stacks, fresh-water tanks, waterproofing walls, &c. , Ven 
4 per cent. nickel steel being similar to that observed | day, electric floodlights being used when required. | Acetylene Generators.—Messrs. Autogenwerk Sirius : 
in carbon steel. The effect of silicon on 4 per cent. | Joints with a batter in excess of ,3,-in. were the first | Company, Diisseldorf-Eller, Germany, have sent us cata. Trie 
é “ae y 
nickel steel, whether in the forged, rolled, or normalised | chosen, the welder foreman determining the batter at logues in English describing their welding blowpipes and from 
condition, is a hardening effect. It increases the |each joint with a 22-in. straight edge. The welding | their acetylene generator. The capacity of the usual 
elastic limit, yield point and tensile strength, but |is then done by applying the metal in longitudinal | workshop size is 140 cub. ft. of gas per hour from 55 lb. 
: | of carbide, and a larger size has double this capacity. E 


reduces the elongation, reduction of area and notched- 
bar impact figure. For use as plates in the rolled or 
normalised condition, irregularity of properties due to 
partial air-hardening must be guarded against by 
keeping the silicon, as well as the manganese, below 0-5 
per cent. A similar hardening effect due to silicon is 
evident in steels which have received the same harden- 
ing and tempering treatment; but in small sections, 
hardened and tempered to give a stated hardness, 
the silicon has very little effect on the properties. 

As the size of the section is increased, mass effect 
begins to show first in steels lowest in silicon. When the 


manganese is insufficient to ensure full hardening, the | 


effect of a slight increase in manganese is greater 
than that of a considerable addition of silicon. When 
the manganese is already at a high figure, an increase 
of silicon maintains a hardened condition in somewhat 
larger sections. The usual limit for silicon is 0-3 per 
cent. Provided that homogeneous steels free from 
laminations are secured, there is no objection, from the 
point of view of mechanical properties, to the use of a 
considerably higher silicon content, except in rolled 
nickel-steel plate, in which it should not exceed 0-5 per 
cent. On the other hand, no advantage is gained by 
abnormally high silicon. The steels investigated 
contained not more than 0-87 per cent. of silicon, but 
they gave no indication that any specially good 
mechanical properties are likely to be obtained by 
increasing the silicon to 1 or 2 per cent. 








THE ELECTRIC WELDING OF 
BATTERED RAIL ENDS. 


ELEcTRICITY is now being utilised in Canada in 
almost every important branch of industry and, it is, 
therefore, hardly surprising that Canadian engineers are 
beginning to realise the advantages of electric weld- 
ing in numerous fields. Not only in maintenance, but 
also in process and construction work, arc welding is 
found to have many advantages; thus crane and hoist 
builders, as well as tank and boiler plants, are rapidly 
adopting the new process. This increasing develop- 
ment of electric welding, coupled with the more wide- 
spread distribution of electricity, will possibly lead to 
the more general use of electric welding for building up 
battered rail ends on lines over which much heavy 
traffic passes, and, in this connection, the experience 
of the Canadian Pacific Railway on its steam railway 


beads along the head of the rail end, continuing across 
the expansion space, between the rails, unless this is 
too wide. The weld takes about 15 minutes, after 


ground down to the contour of the rail. The small 
portable grinder, with its }-in. wheel is used to cut down 


cut normal expansion space. 


Each outfit, working two shifts daily, can complete an 
average of 18 joints each shift, in spite of repeated 
interruptions by trains. The average length of weld 
made is about 17 in. to 18 in. The electrode used is 
a 3 per cent. nickel steel, flux-coated, and the welding 
operation takes about 150 amperes of 60 volt cur- 
rent. Tests made with the scleroscope show that 
the welds have a scleroscope hardness of about 55 
immediately after being completed, and that this in- 
creases, under traffic to from 60 to 63 in a few months 
time, which is equivalent to a Brinell hardness of about 
380. An examination of rebuilt rails after 16 months’ 
service has proved them to be in good condition, but 
further improvements are being made in the methods 
adopted, as the result of which considerable economies 
are expected to be realised by the company. 

A new type of grinder, developed by the Canadian 
Pacific Railway engineers, is now being turned out by 
Messrs. Hall Engineering Company, Limited, of Mon- 
treal. The machine consists of a one-rail car frame, 
which supports a travelling grinder carriage in such 
a way that the grinding wheel can be raised and lowered, 
tilted to either side, and moved back and forward 
longitudinally along the head of the rail. The frame 
of the grinder is mounted on double flanged wheels, 
and carries the operating mechanism including a 
3-h.p., 110-volts, direct-current motor, and a 14 in. 
by 2 in. grinding wheel. The grinding wheel itself, is 


grinding mechanism is constructed so as to move 
forward and backward along the rail through a distance 
of 30 in., thus passing the grinding wheel forward and 
backward over the rail through this distance. This 
movement is effected by a hand-operated screw drive. 


the rail head, and, as already stated, raised, lowered or 
tilted on both sides to shape the welded rail head to 
the proper contour of the rail section. These lateral 
and vertical movements of the grinding wheel are 











which the large grinder unit is set up and the weld is | 


through the weld, at the rail ends to provide a clean- | 
About 10 minutes are | 
taken up with the grinding work, so that the total time | 
required to build up the rail ends is about 25 minutes. | 


suspended directly over and in line with the rail. The | 


The grinding wheel can also be moved laterally across , 


Disintegrator.—Messrs. Hathorn, Davey and Company, 
Limited, Leeds, have sent us a new catalogue of the 
| ‘Gargantua ”’ disintegrator, which they introduced 
| about two years ago for cutting all the solids found in 
the sewage flow into small pieces. The method of 
| installing is illustrated, and the precautions against bad 
effects from an irregular flow to the machine are explained. 

Agricultural Tractor.—A catalogue of Fordson tractors 
is to hand from Messrs. Ford Motor Company, Limited, 
88, Regent-street, London, W.1. A specification is given 
with illustrated descriptions of the many agricultural 
| operations to which the tractor can be applied. Some 
| figures are given of the time and cost of the usual land 
| cultivation operations as carried out with horse and 
| tractor power. 
| Electric Transmission.—Messrs. British Insulated 
| Cables, Limited, Prescot, Lancs, have sent us a further 
| batch of new catalogues dealing with electric cables and 
fittings. Special catalogues are issued in connection 
| with wiring for general lighting, railless electric traction, 
rubber-covered cables and wires of standard and of 
specially tough finish, and boxes for the joints and 
branchings of cables in coal mines. 

Grinding Machines.—-The new catalogue issued by 
Messrs. Snow and Company, Limited, Sheffield, illustrates 
their various types of grinding machines, in which the 
grinding wheel is made up of segments, which are easily 
replaceable. In all types there are several sizes and a 
choice of the usual drives. Some provisions are made for 
repetition work. The machines are easily fitted with 
special carriers for quick loading and other facilities for 
rapid work. 

Windmills.—Messrs. Glasgow Electrical Engineering 
Company, Limited, 45, Pitt-street, Glasgow, have issued 
an interesting catalogue of ‘‘Garty-Apex’’ windmills. 
Two types are illustrated, operated by two-bladed air- 
screws, and both are mounted on lattice work towers. 
In one type the dynamo is geared directly to the windmill 
| shaft and in the other a vertical shaft transmits the drive 
to the foot of the tower for connection to a dynamo, 
pump or other machine. 

Mechanical Stoker—A Henderson patent stoker for 
feeding wood or similar fuel to boiler furnaces is dealt 
with in a catalogue to hand from Messrs. J. Gordon 
Alison and Company, Limited, Birkenhead. Variable feed 
gear is provided, and also openings with fall-doors, to 
allow long pieces to be inserted by hand, but in size 
and general appearance the stoker is not very different 
from those employed for coal. Fittings for attaching 
to boiler fronts are provided as required. 

Motor Control Gears.—A catalogue of cdntrol gear for 
synchronous motors, to hand from Messrs. Brookhirst 
Switchgear, Ltd., Chester, explains one of the disadvan- 

















system may be of general interest. The ever-increasing | performed by hand controlled screws. The entire tages of applying a large number of small motors to fac- and R 
weight of passenger and freight trains in North America ! unit only weighs 475 Ib., and it is provided with four tory machinery, viz., the low power factor of —— capaci 
and elsewhere is calling for the constant study of the | lifting handles so that it can be taken off the track rege? gid —" pres nl bow spd —— of ene 
problem of producing a stronger rail, and both the} when not in use, or when it is necessary to allow a adie — =. po sg ey ‘nen as hn to tially, 
Canadian National and the Canadian Pacific Railways train to pass. The small hand grinder is used mainly | 1,000 hp. at the usual range of voltages, and prices are source 
are finding it necessary to lay 130-lb. rails on certain| for dressing up the gauge side of the weld, and for | stated. Piave 
of their busier lines. Whatever type of railis used, | trimming the weld material in the expansion space Steam Turbines—As List No. 1012, the Brush siliee 
however, there always remains the difficulty of the gap | between rail ends; it is electrically operated and Electrical Engineering Company, Limited, of the Falcon rhe 
at the ends to allow for expansion and contraction | equipped with 6 in. by } in. and 6 in. by 1 in. grinding Works, Loughborough, have issued a particularly sitate, 
from heat and cold, resulting in a hammer blow by | wheels. ; a complete and lucid description — of the _ Brush- undert 
the passing wheel, which gradually wears away each Falcon turbine. This is a new design which is more to cov 
of the ends. The stroke of this blow may be as little . : especially intended for works that, requiring —— re season 
as 0-01 of an inch, but, with a heavy locomotive BaTTERSEA PoweER StatTion.—Two large condensers other purposes, find it more profitable to gene ra ° _ 
: . 6g = : have recently been delivered to the new power station, electricity for themselves than to purchase a supply operat 
and train of cars, there is sufficient force to cause the | a¢ Battersea, of the London Power Company, Limited. fromsome public undertaking. The new turbine has one ago, h: 
ends to mushroom long before normal wear and tear | ‘These, it is clainied, are among the largest condensers velocity compounded wheel followed by sufficient rows of will © 
has rendered the rail useless. Once the joint has been | ever made in this country; owing to their size, they , reaction blading to secure a highly satisfactory efficiency es 
pounded down to any appreciable extent, the trouble | could not be sent by rail, and had to be conveyed to ratio for the turbine taken as a whole. It is supplied in en d 
is cumulative because the length of the stroke increases. | London by sea and road from the works of the makers, four standard sizes, ranging from 750 kw. up to 2,000 vt as rege 
The necessity of correcting pounded joints before severe | Messrs. Richardsons, W estgarth and Company, Limited, The latter is designed for a speed of 4,500 r.p.m., whilst for the 
a aes . a aS | Hartlepool. When installed they will be coupled to | the two smaller sizes run at 6,000r.p.m. Single-reduction 
damage has been done is therefore obvious. If . ‘ith i ij f cape fee d , he turbine with either five gr 
The Canadian Pacific Railway authorities have been | onn one unit with a total cooling sur ace ot 60,000 gearing 1s use to couple up the turbine L ane th 
: : , . é | sq. ft. Each condenser has a steam capacity of 185,000 lb. a direct or an alternating current generator, or if desired, ree 
experimenting, during the past three years, in the hope | per hour and will maintain a vacuum of 29 in. Each | to a slow-speed rope drive. When the turbine is to been ir 
of developing some fairly economical means of building | has a tube surface of 30,000 sq. ft., the tubes passing supply process steam, a special diaphragm is provided 1927-8 
up battered rail ends by electric welding. At the outset | about 3,000,000 gallons of water per hour. The brass | between the pass-out belt and the low-pressure section i 
their engineers made use of one machine, but, early in| tube plates, 1} in. thick, and each having a superficial of the turbine. Steam admission is controlled ~ oe h Sit, W 
1930, nine complete grinding and welding outfits were | ®¢8 of 135 sq. ft. were made specially for the builders and auxiliary valves, operated by oil relays. he = ave ni 
at work with a staff of 36 skilled welders. During | at the Birmingham works of Messrs. Imperial Chemical | processsteam is required, an additional auxiliary gover The 
| Industries, Limited. The condenser shells are manu-| is fitted, which makes constant the speed of rotation, sions a: 


the current year further extensions have been made, 
involving improvements in technique. 


| factured from §-in. mild-steel plates riveted and electric- 
‘ally welded together. 


under all conditions of changing loads and varying 
demands for process steam. 
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PORT MARGHERA: THE NEW IN- 


| tural work. It consists of three principal buildings, 


] 
| but only six are contemplated in the present pro- 


DUSTRIAL PORT OF VENICE.—II. | Viz-. the boiler-house, the machinery house and the | gramme, and of these, four had actually been 


3y Brysson CUNNINGHAM, D.Sc., M.Inst.C.E. 
(Concluded from page 395.) 
OnE of the most important and interesting instal- 


| transformer house, all of which are shown in longi- 
| tudinal section in Figs. 46a and 46b, Plate XVI. 
| Commencing at the left hand or canal side, there will 
| be seen, immediately adjacent to the waterway, a 


lations at Marghera which the writer, within the| mechanical installation for unloading coal from 


limited time at his disposal, had an opportunity of 


inspecting, was the Central Thermo-Electric Genera- 
ting Station of the Adriatic Electricity Company 
(Societa Adriatica di Elettricita) which is located on 
the west side of the Western Industrial Canal. 
This company is one of the six largest concerns 
in Italy and is, indeed, among the most notable 
in Europe, for supplying electric current, and it 
feeds an area, covering the provinces of the three 
Venetias and Emilia, which extends from Pola and 
Trieste westward to the shores of Lake Garda, and 
from the Venetian Alps in the north to Ravenna 


ships. It consists of two transporters, with movable 
gantries, which run on tracks laid on concrete beds, 
or dwarf walls, set 30 m. apart, and forming retain- 
ing walls for the intervening coal dump, which has 
|a storage capacity for 20,000 tons of coal. The 
transporters, ,each equipped with a grab of nearly 
5 cub. yards capacity, have a working rate of 
100 tons per hour. The runway projects 36 m. 
from the outer rail of the track on the canal side, so 
as to enable the grab to plumb the centre lines of 
vessels moored alongside timber dolphins at the 
foot of the sloping canal bank. This projection is 





| installed at the time of the writer’s visit. They are 


| of the semi-marine type with sub-horizontal tubes. 
The heating surfaces of each are as follows :— 
boiler, 1,200 sq. m.; superheaters, 420 sq. m.; 
Green’s economisers, 900 sq.m. The steam pressure 
is 28 kg. per square centimetre (about 400 lb. per 
square inch) at a temperature of 400 deg. C., and 
the normal output of steam is 36,000 kg. (80,000 Ib.) 
per hour. The furnaces have underfeed stokers of 
the Riley type, but extra long in order to ensure 
the hourly combustion of 5,000 kg. (11,000 Ib.) of 
Cardiff coal of 7,200 calories, and of 6,500 kg. 
(14,300 Ib.) of 6,000 calories, under conditions to 
produce a CO, content of 12 per cent. The 
boiler feed is by means of two electrically- 
driven centrifugal pumps, each of 75 tons per hour 
capacity, and two turbo-pumps each of 150 tons 











and Rimini in the south. Its aggregate working | 
capacity is 350,000 h.p. and its annual production | 
of energy exceeds 600,000,000 kw.-hours. Essen- 
tially, it is a hydro-electric undertaking, with | 
sources of power in Lake Santa Croce and the River | 
Piave, lying to the north of Venice; but the inter- 
mittency and irregularity of water supplies neces- | 
sitate, as in the case of other Italian hydro-electric 
undertakings, a reserve steam generating station | 
to cover the periods, mainly during the winter 
Season, when the hydraulic system is unable to 
operate. This station, initiated some three years 
ago, has been gradually developing in capacity and 
will continue to do so as occasion arises. It has 
been designed on the most modern lines, especially 
as regards the rational and economic use of fuel, 
for the development of 120,000 kw. spread over 
five groups of generators. In the first instance only 
three generators have been installed, two having 
been in a position to function during the winter of 
1927-8, while the third, at the time of the writer’s 
Visit, was nearing completion. Further installations | 
have not yet reached the stage of materialisation. 
_The station is not without architectural preten- 
‘ions as an example of reinforced concrete in struc- | 





Coat TRANSPORTER AND STORAGE PIr. 


Fig. 48. 


hinged so as to be capable of being raised into a 
vertical position when not in use. The height of 
the underside of the gantry is about 30 ft. above 
rail level and the operation of the grab is controlled 
from a cabin on the waterside support, Fig. 48, 
shows the transporter, from the landward side, in 
course of erection. 

Coal from the dump is taken by the same grab 
and deposited in a hopper, which can be distin- 
guished in Fig. 46a on the landward leg of the 
transporter frame, whence it passes by means of a 
conveyor into another hopper to fall into a crushing 
machine. From the discharge shoot of the crusher 
the coal drops into a combined circulating bucket 
conveyor and elevator, which lifts it to the top level 
of the boiler-house and there deposits it in one or 
other of a series of bunkers or silos, located over 
the boilers. The rate of working this conveyor- 
elevator is 50 tons per hour. Arrangements have 
also been made for providing the station with an 
installation for the supply of liquid fuel as an 
alternative to coal. 

The boilers in the completed undertaking are 
to be 12 in number, arranged in two buildings sym- 
metrically placed in regard to the machinery house, 








There are automatic regulators of the 
Copes pattern. The meters are of the Venturi- 
Siemens type. The chimneys are of the Prat type, 
with mechanical draught induced by two fans, of 
which one has variable velocity. The total power 
of the motors is 70 h.p. An interior view of the 
boiler-house is given in Fig. 49, page 454. 

The cycle of production and utilisation of the 
steam is shown in Fig. 47, Plate XVI. This is a 
diagram of the water and steam circulating system. 
At the boilers the pressure is 400 lb. per square inch 
and the temperature 400 deg. C. ; at the turbine stop 
valves it is 370 lb. per square inch and the tempe- 
rature is 375 deg. The condensed water is deaerated 
and heated by an apparatus of the Atlas Werke, fed 
by waste steam at a pressure of 1-2 atmospheres 
absolute. Additional heating is done by the econo- 
misers. The feed water is sent to the deaerators 
after distillation. With the characteristics selected 
the thermal efficiency is about 21-5 per cent., 
corresponding to a total consumption of 4,000 
calories per kilowatt-hour at the terminals of the 
alternators. 

The turbo-alternators, which are installed in a 
fine hall, seen in Fig. 51, page 466, comprised, at 


per hour. 
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Fie. 49. INTERIOR oF BoILER House. 





the time of the writer’s visit, two turbines of 26,400 | 
h.p., each constructed by Messrs. F. Tosi, of Legnano, 
coupled to alternators of 22,000 kv.-a., made by 





Messrs. Ganz, of Budapest. These two units were 
brought into service in the winter of 1928-29. 
A third, of 36,000 h.p., was in course of installa- 
tion for connection with an alternator of 43,000 
kv.-a. capacity. The two smaller turbines develop 
26,400 h.p. at a speed of 2,520 r.p.m., and are 
capable of a continual overload of 20 per cent. with 
a pressure of 25 kg. per square centimetre (355 Ib. 
per square inch), and a temperature of 375 deg. C. | 
at the admission valve. The turbines are of the | 
mixed impulse and reaction type, with three cylin- 
ders. The high-pressure and intermediate cylinders | 
have their respective rotors rigidly coupled together, | 
and are arranged in such a manner that the Jongi- 
tudinal thrusts are balanced, the steam being sup- 
plied at the outer end in each case. The low- 
pressure cylinder is symmetrical about a central 
vertical plane, the steam being admitted at the 
centre between the two sets of blades, so that no | 
longitudinal thrust is developed. The usual dummy 
and labyrinth are therefore unnecessary and are 
not fitted. The division of the turbine into three | 
cylinders, while enabling the blading to be designed | 
to the best advantage, has resulted in the rotor of | 
each cylinder being short and rigid. The critical | 
velocity is in consequence considerably above the | 
maximum speed. There are 56 rows of blades in | 
all, the first three being of the impulse type. The | 
high-pressure cylinder has 27 rows, the intermediate | 
cylinder 17 rows, and there are nine double rows in | 
the low-pressure cylinder. Each of the three rotors | 
is carried on two bearings, the necessary lubricant | boiler feed, which are driven in part by the steam- 
being supplied by two pumps operated from the | recovery turbines. A view of the basement below 
turbine itself. A thrust bearing is provided between | the turbine-room, showing the pumps, is given in 
the first two cylinders to take up any slight residual Fig. 52, page 466. 
thrust. The generating pressure is 10,500 volts, and the 
The auxiliary service pumps are all worked elec- | energy produced at the station by the first two units 
trically at 220 volts, with the exception of the cir- | is stepped up to 50,000 volts, and fed into the exist- 


| 
| 














| 
| 








culating pumps for the condensers and those for the | ing network, by means of the two lines to Mestre } for each of the five turbo-alternators, together with 





Fie. 50. ConTrot PLATFORM. 


and Padua, while that from the third and subse- 
| quent units will be stepped up to 120,000 volts, and 
| supplied, via S. Croce, to Padua. The control room 
| lies between the turbine room and the transformer 
| house, and beyond the latter are transformers and 
high-tension circuit breakers in the open. The trans- 
| former house will ultimately contain five units, one 
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the control gear for the 10,000-volt and 50,000-volt 
circuits. The whole of the 120,000-volt plant will 
be located in the open, this step having been decided 
upon partly for economic reasons and partly for 
the facilities which are thus afforded for extensions, 
The electrical circuits adopted for the three volt- 
ages employed are closely in accord with those in 
existing stations in Italy, the fundamental character- 
istics aimed at being to attain the maximum 
simplicity of control and layout, in combination 
with easy access to all plant. 

The alternators are normally connected to the 
corresponding transformers by means of three-phase 
armoured cables, but arrangements are provided 
for coupling them to the 10,000-volt ’bus-bars, 
to which the transformers are also connected. 
The secondary windings of the transformers are 
coupled to the 50,000-volt bars through oil switches, 
all the transmission lines being connected to one 
or other of these sets of bars. When the 120,000- 
volt installation is completed, it will be possible 
to maintain services at three different voltages, a 
necessary condition in view of the functions of 
the station already referred to. 

The transformers installed for the first two 
units have a continuous service rating of 22,000 
kv.-a., and, as explained, are located under cover 
in the transformer house adjacent to the control 
room. They are arranged for a supply pressure of 
11,500 volts with delta connection, the secondary 
voltage being 57.500 with star connection. The 
transformers are of the oil-immersed type, and 
are cooled by sea water. Each transformer is pro- 
vided with the usual arrangements for discharging 
gas and maintaining the oil level, together with 
temperature indicators and an indicator to give 
warning of failure of the water supply. The weight 
of each transformer complete with oil is 57,000 kg., 
and the efficiency at full load, with a power factor 
of 75 per cent., is 98-1 per cent. 

The two transformers for the 120.000-volt 
service are located just outside the transformer 
house, as shown in Fig. 466. They have a continuous 
service rating of 36,000 kv.-a. The transformers 
are intended for either stepping up or stepping 
down, and can be used for stepping up from 10,500 
volts to either 50,000 volts or 120,000 volts, and for 
stepping down from 120,000 volts to either 50,000 
volts or 10,000 volts. The secondary output 
must be arranged so that the vectorial sum of the 
loads on the two secondary windings does not neces- 
sitate a primary input of more than 36,000 kv.-a. 
fo use the transformers for stepping down instead 
of stepping up, it is necessary to alter the ratio of 
transformation, and this is effected by means of a 
suitably-designed induction regulator, installed in 
the tank and operated from the outside. The 
transformers are provided with the Buchholz 
system of protection, and the weight of each 
complete with oil is 130,000 kg. They were con- 
structed by Messrs. Brown Boveri. 

A view of the control gallery is given in Fig. 50. 
It will be noticed that there is a pleasing architectural 
treatment which distinctly raises the ssthetic 
standard of the whole establishment. It is very 
effectively displayed in the entrance hall and the 
facade of the principal entrance. 

It would be going further afield than the range 
of the present article to describe the activities of 
the Adriatic Electricity Company in connection 
with hydro-electric generation in the neighbourhood 
of Lake Santa Croce, but these are of a very high 
order and of considerable extent. 

As regards the numerous other works established 
within the confines of the industrial district at 
Port Marghera, only a very brief summary can be 
made here. The experimental development of 
the district, served as it is by 11 km. of maritime 
canal, provided with 18,000 lineal m. of water- 
side berthage and with 30 km. of railway sidings 
linked up with the State Railway at Mestre, has 
been powerfully aided by a special legal enactment, 
which, while reducing to a very low level the 
purchase price of industrial sites, has enabled it to 
benefit from extremely favourable arrangements 
adopted in an earlier experiment to foster the 
industrial quarter of the port of Naples. So, within 
the space of ten years, 61 establishments occupying 
an area of 325 hectares have taken root and to-day 


are in full activity, while another 105 hectares are 
reserved for the erection of 23 new establishments, 
actually in course of construction or definitely 
projected. Among the various undertakings are 
petrol and oil depots and refineries, glass and crystal 
factories, fertiliser and chemical product works, 
aluminium-extraction plant on the pyrites process, 
ship and boat-building yards, rice and flour mills, 
and many others too numerous to mention or 
classify. 

The expenditure so far incurred by the State 
on account of the constructional works at Port 
Marghera has amounted to 150,000,000 lire, while 
the urban works and installations have cost the 
municipality 60,000,000 lire. This total outlay of 
210,000,000 lire by public administrative bodies 
has stimulated private enterprise to the extent that 
about 400,000,000 lire have been sunk in individual 
ventures, as at present installed; 125,000,000 lire 
| are earmarked for installations in progress or at the 
| point of inception, and 35,000,000 lire are assigned 
for buildings in the new residential district. There 
is thus arrived at a total of 560,000,000 lire, which 
|represents the private capital invested to date in 
the enterprise of Port Marghera. Adding thereto 
the 60,000,000 lire of the municipality and the 
150,000,000 lire provided by the State, we arrive 
at a figure of 770,000,000 lire as a measure of the 
greatness of the project, which even in its initial 
stages has already furnished employment for more 
than 6,000 workers and produced a traffic movement 
of about 720,000 tons of freight entered and cleared 
by sea and of 630,000 tons of freight arrived and 
dispatched by rail. It is fitting that acknowledg- 
ment should be made of the notable part taken by 
Count Volpi di Misurata, one of Italy’s most dis- 
tinguished public men, in promoting this under- 
taking, as well as of the technical skill and ability 
displayed by Professor Coen Cagli and his staff in 
working out the project in all its details and carrying 
it so far through to a successful issue. 











THE IRON AND STEEL INSTITUTE ; 
SWANSEA MEETING. 


(Continued from page 444.) 


WueEn the members reassembled in the hall of 
the Royal Metal Exchange, Swansea, on Wednesday, 
September 30, to continue the meeting adjourned 
on the previous day, Professor H. Louis occupied 
the Chair in the unavoidable absence of the presi- 
dent, Sir Charles Wright. He stated that the 
secretary of the Institute, Mr. G. C. Lloyd, was 
recovering from the effects of an operation, and 
proposed that a friendly message be sent to him 
from the meeting ; this was agreed to. The assis- 
tant secretary then read out a list of vice-presidents 
and members of Council who were due to retire at 
the annual meeting in May, 1932. The vice- 
presidents mentioned were Messrs. E. H. Saniter 
and J. Henderson and The Hon. R. D. Kitson, 
and the members of Council, Messrs. A. Dorman, 
V. B. Stewart, H. Spence Thomas, and A. O. 
Peech, and Dr. W. H. Hatfield. 


MottLep Tin-PLATEs. 


The first paper considered on Wednesday morn- 
ing, September 30, was upon the subject of “‘Mottled 
Tin-Plates,” and was by Mr. J. C. Jones, who read 
it in abstract. He stated that the occurrence of 
dull areas on tin-plates, detracting from the appear- 
ance of the sheet, seemed to be of recent origin. 
Such plates were spoken of as being “ mottled,” or 
as showing “ mottle.”” It was generally known that 
the trouble was likely to be encountered only when 
particularly advantageous tin yields were sought, 
and the usual remedy was to allow the plate to carry 
a slightly heavier coating of tin. The present 
investigation had shown that in commercial tin- 
plate bars, well-marked segregation occurred, the 
segregated portion being enclosed in a skin or 
envelope of relatively pure iron. The envelope 
surrounding the segregated portion of a steel, 
believed to be made by the Bessemer process (sample 
E) was quite thick, and the surface of the sheets 
rolled from this material would be free from the 
presence of segregated impurities. On the other 
hand, in the case of the acid and basic open-hearth 





steels examined, samples C and D, respectively, the 





segregated portion extended very nearly to the 
surface of the bar, and the iron skin would be of 
extreme thinness in the finished plate, or, as the 
result of scaling in the mills and subsequent pick- 
ling, might be almost entirely removed from some 
of the sheets. Electrolytic iron and sheets of steel 
E were free from mottle after tinning, and a crucible 
steel showed very slight traces. Mottles, however, 
were found on both the acid and the basic open- 
hearth steels, the markings being more distinct 
on the latter than on the former. 

Although it was recognised that a solution was 
possible in the direction of modifying the steel- 
making process to produce bars of the type of 
steel E, this aspect of the problem had not been 
studied closely, and the present investigation dealt 
mainly with the finishing process of the manufac- 
ture of tin-plates. Large-scale experiments, with 
a number of fluxes, had brought out the importance 
of this factor, and had shown that comparatively 
small modifications in the tinning operation could 
change the product from mottled plates to sheets 
free from this defect. For example, it had been 
repeatedly shown, on a manufacturing scale, that 
by removing the old zinc chloride flux from a pot 
making mottled plates, and substituting another 
in which ammonium chloride was the active fluxing 
agent, the trouble could be overcome. Again 
aluminium chloride flux, when put down in place 
of zine chloride on a pot making mottled plates, 
immediately resulted in the production of sheets 
free from these markings. In each of the above 
cases, however, the flux had to be restored or 
replaced by fresh material at intervals. The 
evidence favoured the view that, for freedom from 
mottle troubles, the tinning flux should be of low 
viscosity, so that the evolution of hydrochloric 
acid gas by hydrolysis would keep it in a constant 
state of ebullition. 

The discussion was opened by the reading of a 
contribution from Mr. A. W. Kieft. In this, Mr. 
Kieft stated that it was with astonishment that 
he had heard the author give his opinion of the 
cause of mottle on steel sheets lightly coated with 
tin. Further, he was amazed at the qualities of 
the steel used in the research, only one of which 
would be used for the manufacture of commercial 
tin-plate, and the origin of this one, the author had 
stated, was doubtful. The acid open-hearth steel 
quoted in the paper was a steel suitable for a 
light-substance or “tagger’’* quality sheet. He 
had found, as the result of years of experience, 
that the patterns described by the author and 
stated to be the base of mottling were present after 
de-tinning sheets, either free from, or containing 
mottle. Specimens were produced for inspection 
at the meeting. _Alll of these, including Continental 
basic Thomas steel, when tinned in a pot producing 
mottled sheets, were all mottled. Sheets of similar 
materials, when worked through a pot not showing 
mottle, were free from the defect. Nevertheless, 
the whole of these sheets, when de-tinned by the 
reagent used by Mr. Jones, all bore similar markings, 
which appeared to be the base of the iron-tin alloy 
formation which was necessary for the final tin 
coating. It often happened that the tin coating of 
sheets of 1-25 lb. per basis box was free from 
mottle, whereas plates coated with 1-5 Ib. contained 
the troubles. On the other hand, this state of 
affairs might be reversed. He was of opinion that 
the preparation of the steel sheet in the cold-rolling, 
annealing and pickling stages, had a slight effect 
on the amount of mottle produced. Moreover, the 
condition of the tin pot and the rolls had a consider- 
able effect on the type of tin-plate produced. 

It was an everyday experience, when commencing 
tinning operations at the beginning of a week or 
when recommencing after meal times, that the 
tinned surface had a dry appearance very similar to 
the dry portion of a mottled tin-plate. This appear- 
ance was identical with that of tin-plates made from 
a tinning machine which had had a new set of rolls 
introduced, and pointed to the fact that the fine 
film of iron-tin alloy formed on the face of the rolls, 
had a greater affinity for tin than the steel sheet 
passing through the rolls. Hence, dry patches, 





* Taggers are very thin plates largely use-| in the manu- 
facture of metal tags; hence the name.—Eb. E. 
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or mottle, were left, particularly when the roll 
camber was set so fine as to obtain minimum yields. 
This might be compared with the fact that a soldering 
iron would not solder until its surface was completely 
coated with the solder. Flux and temperature also 
help to play their part. It was definitely proved 
that the shape of the pattern for any pot was the 
same irrespective of the type of steel used. It would 
seem that the pattern was due mainly to the nature 
of the flux. It could not, however, be determined 
with certainty whether it was merely a question of 
the physical drying up of the flux, or whether the 
problem was connected with a chemical action of 
the flux on the steel. The extent to which the 
mottle pattern was visible through the layer of 
superimposed tin depended essentially, of course, on 
the thickness of the tin coating. 

Dr. P. M. Macnair stated that the author’s experi- 
ments seemed to show that the steel base played a 
part in the production of mottle. He himself 
believed that the idea that the steel base had any 
influence in this respect could be neglected alto- 
gether. As a matter of fact, the author had said 


that when the tinning-pot conditions were favour- | 


able to the manufacture of mottled plates, even the 
purest iron obtainable developed the peculiar 
structure in some measure. This very statement 
indicated that the author had failed to prove his 
point that the steel base had some influence in 
producing mottling. In his own opinion the flux 
was definitely the cause of the trouble, especially if 
weak and dirty. The essential reason for the use of 
the flux was to remove water from the surface of 
the plate. A subsidiary reason was that it might 


remove any small quantities of oxide present, | 


but the first-named reason was the major one. 
He believed that the markings were what one 
might expect to find on a sheet which had been 
imperfectly dried up. The remedy, in his opinion, 
was to have a good clean flux and to leave 
the plate in contact with it for a sufficient time 
for the water to be removed completely. He 
regretted that the author had used only ammonium 
chloride and aluminium chloride in his experi- 
ments. 

If he had used zinc chloride he would have secured 
equally good results, and zine chloride was an 
everyday product. In a word, what was wanted 
was a good clean flux together with a long time of 
contact. The opinion was freely expressed in the 
tin-plate industry that foreign steel did not produce 
mottle, whereas home-manufactured steel did. 
This was due to faulty deductions and was abso- 
lutely incorrect. Foreign steel had one great ad- 
vantage ; it was cheap, and this fact “covered a 
multitude of sins.” It was receiving attributes to 
which it was not really entitled. 

Mr. H. Spence Thomas said that mottling, 
obviously, was something that users of steel did not 
want. He had found that mottling developed to a 
greater extent in open-hearth steel than in either 
basic or acid Bessemer steels. The open-hearth 
steel producers had had matters so much their own 
way that they had formed the opinion that no steel 
could be made except by the open-hearth process. 
The Institute hed been told that Bessemer steel 
could be produced more cheaply than open-hearth 
steel, the difference between the costs of the two 
varieties of steels being 8s. per ton. This should 
be borne in mind, as cheap steel was a necessity 
in many industries. In their works they had been 
using basic Bessemer steels and had secured a 
complete absence of mottling. On the other hand, 
when they had employed open-hearth steels made by 
in Wales, they had obtained mottling, and this in 
the same machines wh'ch had produced no mottling 
with Bessemer steels. In open-hearth steels made 
by using a relatively small proportion of pig-iron, 
mottling was more pronounced than in those made 
with a relatively large proportion of pig-iron. 
Nevertheless, in the latter case mottling was still 
present. In Japan he had seen tin-plates made in 
the United States, and it was quite evident that 
those made from Bessemer steel contained no 
mottle, whereas those made from open-hearth steels 
showed distinct markings. In Wales, plates were 
passed at the rate of 150 in. per minute through the 
flux bath, whereas in the United States the rate 
was 300 in. per minute. With this quick passage, 


mottling appeared on American-made open-hearth 
plates, but not on their Bessemer plates. 

One suggested cause of mottle on tin-plates was 
the non-existence of a surface skin of comparatively 
pure iron on those sheets which exhibited mottle, 
this skin forming a shell to isolate the core containing 
the non-ferrous ingredients of the steel. Sheets 
having this surface skin more or less intact were 
stated to be free from the phenomenon of mottling. 
| If this theory was to hold good, he would like to 
| know why a more active flux, such as aluminium 
| chloride, tended to remedy the mottle. This body 
| was a more active flux by reason of its greater rate 
‘of dissociation under working conditions than 

zine chloride, with a consequent increased formation 
| of hydrochloric acid. It was possible that a minute 
film of chloride of iron was formed at the surface of 
| the steel during its passage through the flux. If 
| this were the case, he wondered whether the forma- 
| tion of this compound had any connection with the 








absence of mottle during the use of the more active 
hex. One would be led to expect, however, that 
|the surface skin of comparatively pure iron would 
be damaged by sulphuric acid in the white pickling 
bath and by the hydrochloric acid produced by the 
flux, and would to all intents and purposes be non- 
| existent when the surface had reached the molten 
|tin. He would be glad if the author could give 
the meeting an account of the reactions which took 
place in the flux bath. In conclusion, he wished 
again to state that experience at Melingriffith 
indicated that, whereas mottle appeared on steel 
manufactured by the open-hearth process, steel 
made by the Bessemer process was free from this 
feature. 
| Mr. G. H. Strick stated that much had been said 
|regarding the action of the flux. The procedure, 
years ago, was to make one’s own flux by putting 
virgin spelter into hydrochloric acid and adding 
more spelter as required. He would like to know 
| whether this gave better results than the methods 
| used at the present time. He was of opinion that 
the process by which the steel was made was 
|immaterial, so long as the metal was suitable. 
| He would like to know whether plates tinned by 
| the old palm-oil process ever gave rise to mottling. 
| The next speaker, Mr. R. P. Bevan, stated that the 
‘author had suggested that tin-plates made from 
|rimmed steel did not produce a mottled surface. 
| He had experimented with five classes of steel, the 
|last of which, steel E, was believed to be a Bessemer 
|steel; it was also believed to be a rimmed steel. 
The weakness of his argument was that he was not 
certain either whether steel E was a Bessemer 
steel or whether it was a rimmed steel—all he 
could say was that it was probably a rimmed steel. 
Mr. Urias Williams said that mottling appeared 
as concentric rings on the surface of the plate. 
These rings occurred on one side of the plate, and 
black or grey patches on the other side. He did 
not think the steel had much to do with this. In 
his opening remarks the author had said that his 
paper should be looked upon in the nature of a 
record of preliminary work. He himself felt that 
it should indeed be regarded in this light. Mr. 
Spence Thomas had said that open-hearth steel 
makers had had matters much their own way. 
He wished to emphasise that it had not been the 
steelmakers in this country who had changed their 
methods of steel manufacture ; the fault lay with 
the engineers, who had consistently turned down 
Bessemer steel. In future work, if temperatures, 
analyses and other data were determined, he 
believed the researchers would get much nearer the 
solution of the difficulty. The author, in his 
investigation, had taken a pot which was making 
mottled plates, and, before putting through his 
own steel specimens, had substituted aluminium 
chloride for the flux used up till then. He would 
like to know what would have happened had he 
taken out the spent zine chloride flux and put 
back fresh flux of the same kind in its place. 
Professor C. A. Edwards regretted that the author 
had ventured to use any names of steel-making 
processes in his research. It would have been 
better if he had lettered his specimens X, Y and 
Z, given all the evidence at his disposal, drawn what 
conclusions he could, and left ali controversial 











questions regarding Bessemer and open-hearth 


steels out of the question. He had said that the 
flux, if not the primary cause of the trouble, was 
substantially the cause of it. With that conclusion 
he was quite in agreement. He would try to answer 
Mr. Spence Thomas’s question as to what was the 
reaction which occurred when steel was passed 
through the zinc chloride flux. He would like to 
mention, in passing, that the Director of Scientific 
Research, quite recently, had made a grant for a 
scientific investigation to be carried out on this very 
question. He did not think that the matter was 
quite as simple as Dr. Macnair had suggested. When 
the steel was passed through the flux a certain 
amount of ferric chloride was formed, which, 
however, did not remain in the flux. The ferric 
chloride reacted with the molten tin to form stannous 
chloride, which volatilised when the vapour pressure 
became high enough, and iron from the ferric 
chloride passed into the tin bath. Another reaction 
resulted in the production of either sulphuretted 
hydrogen or some other sulphur compound, which, 
in all probability volatilised at the same time as 
the stannous chloride. A sulphide of tin was 
formed and, to some extent at all events, was 
deposited on the surface of the tin plate. The 
deposit was largely governed by bubbles, and the 
lack of uniformity of cleanliness of the surface 
resulted in differences in the degree of reactivity 
between the tin and the surface of the sheets. 

Mr. Gethin Jones said that it was necessary to 
have comparative steels before conclusions from the 
experiments carried out could be drawn. Moreover, 
no one could claim that the acid open-hearth 
steel C was a tin-plate steel. He had seen pots 
working with Continental steel, and these had 
shown mottle; he, therefore, wished to be quite 
emphatic that the base metal had little to do with 
the appearance or non-appearance of the trouble. 
Mr. E. Escott Wood, who spoke next, remarked 
that steelmakers had repeatedly been blamed for 
all that happened after the steel bar had left the 
rolling mill. The author had started off by saying 
that the steel base of tin plates was at fault but, 
later on, he had, in effect, proved that the trouble 
under discussion did not arise from the steel base. 
He had had a good deal to say concerning the interior 
of the steels he had used, but he had said nothing 
regarding the surface of his specimens. The next 
speaker, Mr. C. Hopkins, thought that the root of 
the trouble lay in the flux pot, and experiments, 
which he had carried out, involving the dipping of 
sheets into copper sulphate solution, tended to 
provethat. The last speaker, Professor L. Taverner. 
stated that, although the trouble of mottling had 
been experienced for many years, the true cause of 
it had not yet been decided. Further, no satis- 
factory definition of mottle existed. He hardly 
agreed with Dr. Macnair that the object of the 
flux was solely to dehydrate the plates. If that 
were indeed the case, mottling troubles could be 
made to disappear very quickly. 

Mr. Jones, in the course of a brief general reply, 
said that several speakers had emphasised that the 
steel could not have anything to do with mottling 
troubles. On the other hand, Mr. Spence Thomas 
had said that the steel had a great deal of influence 
on the appearance or non-appearance of the trouble, 
and he was inclined to agree with him. There was 
room for a vast amount of research work before 
dogmatic statements regarding flux reactions could 
be made. Mr. Hopkins had coated his sheets 
with a thin layer of copper before tinning them. 
He himself had also found that a steel treated in 
this way did not give rise to mottling, but he had 
not concluded from that that the steel base had 
nothing to do with mottling troubles. Professor 
Edwards had referred to the action of tin sulphide 
and of bubbles. A great deal of work would be 
needed in order to obtain some indication as to 
which of these two factors governed the situation. 
He rather inclined to the view that bubbles and 
their influence on heat transfer might have some 
effect. Some reference had been made to the 
time of immersion in the flux bath. If the passage 
of the sheets were checked during the process 
dull band was obtained on them. This rather 
indicated that, instead of getting rid of the mottling, 
one large mottled area was obtained in place of @ 





number of smaller size. 
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EQUILIBRIUM OF CERTAIN Non-METALLIC SySTEMs. 


The next contribution considered consisted of two 
portions: Part I, by Professor J. H. Andrew and 
Messrs. W. R. Maddocks and. D. Howat, dealt 
with ‘* The Equilibrium of the System FeO-MnO.” 
Part II, by Professor J. H. Andrew and Messrs. 
W. R. Maddocks and E. A. Fowler, had reference 
to “The Equilibrium of the Systems MnS-Mn0O, 
Mns-MnSiO;, and MnS-Fe,SiO,.” Both portions 
of the paper were presented to the meeting by Mr. 
Maddocks. The authors stated that inclusions 
which became liquid at a temperature below that 
at which forging was performed might be dangerous. 
It was therefore of importance to have some know- 
ledge of the temperatures of solidification of those 
objectionable inclusions in order that methods 
for their elimination or for bringing about a change 
in their composition might possibly be devised. 
Several facts of interest and importance had been 
brought to light by the present investigations. 
In the first place, it was evident that the micro- 
constituent commonly regarded as oxide was, in 
all probability, a solid solution of FeO and MnO 
with a melting point varying between 1,410 deg. 
and 1,585 deg. C., according to the composition, 
the FeO-MnO system being an isomorphous series. 
If the MnO content of these inclusions were high, 
the chance of their coalescing and floating upwards 
in the ingot mould was problematical. The systems 
MnS-MnO ; MnS-MnSiO,; and MnS-Fe,SiO, were 
all eutectiferous ; in every case the melting points 
of the eutectics lay below 1,300 deg. C., and in the 
case of MnS-Fe,SiO, below 1,200 deg. C. There was 
the possibility—in fact, it was extremely probable— 
that the mixed silicates would melt considerably 
below 1,100 deg. C., which was below the tempera- 
ture of forging. But for the fact that the silicates 
balled up, rather than surrounded the grains, they 
would be extremely dangerous. 

Dr. L. B. Pfeil said that the authors had prepared 
their FeO by the decomposition of ferrous oxalate 
and had stated that, on analysis, a purity greater 
than 99-5 per cent. had been secured. They had 
not stated, however, how they had carried out their 
analyses. By decomposing ferrous oxalate it was 
possible to obtain a product comprising 77 per cent. 
of iron and 23 per cent. of oxygen, but this certainly 
did not prove that it was FeO. The next speaker, 
Mr. E. H. Saniter said that the question of the 
melting points of these complex slag systems was 
of importance, but the silicious mixtures of slag 
inclusions, at all events, had a plastic range, and 
this was also of some considerable importance. 
He had never come across any inclusions in steels, 
which were in a fractured condition after mechanical 
work. The last speaker, Professor C. A. Edwards, 
congratulated the authors on what was an exceed- 
ingly difficult piece of research. In his reply, 
Professor J. H. Andrew, said that he could not 
quite grasp what Dr. Pfeil required them to do. 
Analysis had shown that their FeO contained one 
atom of Fe and one atom of O. 





Moreover, the | 





for the high temperatures. Heating curves had 
been taken with well-annealed samples of the 
alloys up to 70 per cent. of chromium, in order to 
locate tentatively the solidus curve. In general, 
the results of the research indicated that chromium 
and iron formed a continuous series of solid solutions, 
the liquidus rising to 1,830 deg. C., the freezing 
point of chromium. 

Professor J. H. Andrew, the only speaker in the 
discussion, stated that one feature of the research 
was particularly interesting. It was the first time 
that anyone had shown the complete independence 
between the allotropic and the magnetic change 
points. The high nickel-chromium rustless steels 
were usually regarded as consisting of y iron. He 
would like the author to state, if possible, whether 
they really consisted of austenitic y or whether they 
were «-steels in the non-magnetic state. Did the 
nickel concentrate the chromium, or did the chro- 
mium concentrate the nickel? He was glad that 
the author had used heating curves to determine 
the solidus. They, at Glasgow, had done a con- 
siderable amount of work using this method, and 
had found it very satisfactory. He would like to 
know why they, at the National Physical Laboratory, 
did not employ tungsten-molybdenum couples, as 
these had proved of great utility under a variety of 
conditions. 

Mr. Adcock, in his reply, stated that he could give 
no reply to Professor Andrew’s question regarding 
the stainless high nickel-chromium steels. They 
had not used tungsten-molybdenum couples because 
they had never found two to agree, but he admitted 
that they had done only a very small amount of 
work in this field. He would be glad, therefore, if 
Professor Andrew would give them the benefit of 
his experience in this matter. 


SuRFACE CONDITIONS AND THE FaTIGuE RESISTANCE 
OF SPRING STEELS. 


The last paper considered by the meeting on 
Wednesday, September 30, was that entitled “ The 
Effect of Surface Conditions Produced by Heat 
Treatment on the Fatigue Resistance of Spring 
Steels,” by Drs. G. A. Hankins and M. L. Becker. 
The contribution was presented by Dr. G. A. 
Hankins, who stated that the present investigation 
had been carried out with the object of studying 
the effects of two forms of surface defects which 
might arise in heat treatment, namely, small surface 
cracks and surface decarburisation—and, if possible, 
the development of methods of heat treatment 
whereby such defects might be minimised or elimi- 
nated. We intend to reproduce this paper in a 
forthcoming issue of ENGINEERING. 

Mr. E. H. Saniter, who opened the discussion, 
said that there was a great dearth of papers like 
the present one in the Proceedings of the Institute. 
The authors had arrived at practical conclusions 
which were of great value. Surface decarburisation 
occurred in steel ingots and increased when bars 
produced from them were rolled. If, in a bar, a 


compound had been shown by a careful investigation | portion of the section consisted of 0-1 per cent. 
to be completely non-magnetic—not a particle of | carbon, and the remainder of 0-6 per cent. carbon, 


it was magnetic. 
tests Dr. Pfeil could suggest in order to satisfy 
himself completely on the point. He agreed with 
Mr. Saniter regarding the complexity of slag 
systems in general, and it was necessary to investi- 
gate the simplex binary systems before passing on 
to the more complex. 


CHROMIUM-IRON CONSTITUTIONAL DIAGRAM. 


The next paper on the agenda constituted Part X 
of * Alloys of Iron Research.” It was a contribution 
from the National Physical Laboratory, entitled, 

The Chromium-Iron Constitutional Diagram.” 
and was by Mr. F. Adcock. The author, who 
presented his contribution to the meeting in abridged 
form, stated that about 40 alloys had been prepared 
from electrolytic chromium and electrolytic iron, 
both metals being of high purity and treated with 


hydrogen to reduce the oxygen content. The 


alloys were vacuum-melted in thoria-lined alumina 
‘rucibles in a valve-energised coreless induction 
furnace. The freezing ranges of the alloys, for the 
liquidus, were determined in vacuo in the valve- 
— coreless induction furnace, thermocouples 

ng used for the lower, and an optical pyrometer 





He could not see what other|the bar was obviously weaker than one consisting 


entirely of 0-6 per cent. carbon. He could not 
help feeling that the results of the authors’ work had 
not been brought to a point at which absolutely 
certain conclusions could be drawn. When looking 
over the results for the chromium-vanadium steels, 
it seemed that the authors had not got quite to the 
bottom of the matter they were investigating. He 
would like to know whether the fatigue-test pro- 
cedure employed by the authors was quite in accord- 
ance with ordinary commercial practice. The only 
other speaker, Mr. R. 8. Brown, said that he was 
interested in springs for automobile and aero-engines, 
and he understood that no really reliable product 
had so far been secured. The ingots and billets of 
the materials employed were machined to remove 
surface defects and decarburisation, but, unfor- 
tunately, in the manufacture of the wire, the rod 
had to be patented at rather a high temperature, 
namely, about 1,000 deg. C. It seemed that the 
effect of the excessive oxidation was to produce 
surface decarburisation and this was the main 
cause of the springs failing so rapidly in service. 
If it were possible to obtain a method whereby rod 
could be successfully patented at high temperatures 





and the decarburising troubles obviated, it would 
be of great service to industry. Owing to the 
advanced hour, the Chairman, intimated that the 
reply to this discussion would be in writing, and 
adjourned the meeting until the following morning, 
Thursday, October 1, at 10 a.m. 

After a luncheon at the Drill Hall, kindly pro- 
vided by Messrs. Baldwins, Limited, the members 
visited the King’s Dock Tin-Plate Works of this 
Company and the South Wales Tin-Plate Works, at 
Llanelly, of Messrs. Richard Thomas and Company, 
Limited. In the evening the members were enter- 
tained at dinner, in the Drill Hall, at the joimt 
invitation of The South Wales Siemens Steel Associa- 
tion and The Welsh Plate and Sheet Manufacturers’ 
Association. 

(To be continued.) 








ENGINEERS’ CONTRIBUTIONS TO 
CANADA’S DEVELOPMENT.* 
By Bria.-GENERAL C. H. MitcnHett, C.B., C.M.G., 
C.E., D.Eng. 

CANADA is but a new country, and its engineering 
progress is measured only by decades. It cannot 
be said that its engineering dates back for a hundred 
years; rather, is it more nearly fifty or seventy- 
five. Canada’s first people, coming originally from 
France three hundred years ago, and Great Britain 
a hundred and fifty years later, occupied only the 
regions around the Atlantic Coast and Great Lakes. 
It was but seventy-five years ago that the expansion 
began, and it is not more than fifty or sixty years 
since the definite movement of population com- 
menced to the prairie regions westward of the 
Great Lakes and to the Pacific Coast. The present 
widely-scattered districts of population and develop- 
ment are confined to a belt across the continent 
from the Atlantic to the Pacific, which may be said 
to be 3,500 miles long, varying in width roughly 
from 300 to 400 miles. Economically, however, 
the Dominion forms a much larger figure. Its 
developable area, now being disclosed as containing 
the most valuable of natural resources and largely 
capable of sustaining population, may be viewed as 
nearly three times this size. In other words, the 
belt can, and undoubtedly will in time, be expanded 
to a region from 800 miles to a 1,000 miles wide. 

Canadian development activities were accelerated 
thirty years to fifty years ago, when they rapidly 
moved westward, and it was within that period that 
the marked growing time was most pronounced. 
In the decade before the war, the westward growth 
was continuing, but rather in the nature of consolida- 
tion than in wider expansion. 

To-day, Canada’s development is, by contrast, 
definitely moving northward. The new north of 
Canada is now beginning to be realised, for, within 
the past few years, especially since the war, there 
has been a distinct northward movement of 
population and development as the more adven- 
turous and enterprising of the Canadians have 
reached out to these new regions further afield. 
The map, Fig. 1, page 458, shows this northward 
trend, indicating new projects of the last four years. 

It is easily understood that such a young 
country as Canada should have had a very active 
life during this growing period of the past fifty years. 
The history of its material development where 
engineering was required, does not date much 
further back than seventy-five years. That early 
period was the age of road building and of rail 
and water communication, when steam application 
was in its infancy, and when most of the manufac- 
tured articles of use were imported from the United 
States or Great Britain. The country then was 
necessarily agricultural, with such industry as was 
required to supply domestic wants, and with export 
trade only in lumber. 

The decade of fifty years ago, in the ’Eighties, 
which all Canadians recognise as marking the first 
comprehensive national movement of development, 
was the period of the construction of the great 
transcontinental highway, the Canadian Pacific 
Railway, which rapidly became the link binding 
the Western Provinces to the east, and creating 





* Paper read before Section G of the British Associa- 
tion, London, on Monday, September 28, 1931. 
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through Canada a new and shorter Empire route 
between England and the Pacific. 

To appraise the value of this railway enterprise 
in moulding and developing Canada, both economic- 
ally and politically, is not easy. It was the means 
of opening up and making accessible the great 
wheat-growing areas of Western Canada, which 
now provide a solid basis for Canadian business 
and foreign trade. It seems to-day only a matter 
of history that the first trainload of wheat came 
eastward from the west in the autumn of 1885, and 
that the first passenger train westward crossed to 
the Pacific in June, 1886, in five days and nineteen 
hours. Such events, however, have now become 
a commonplace, for the engineering and economic 


proof is that to-day the heavy daily transcontinental | 
passenger trains steadily cross the continent, making | 


the 2,900 miles from Montreal to Vancouver in less 
than four days, and, even in the dead of winter, 
arrive regularly on the minute. 

The progress of Canada, from these early days 


it is a process of imitation and often times receives 
impulses from outside sources. While in this 
respect Canadian engineering, in its earlier stages, 
obtained no small help and inspiration from Great 
Britain, the mother country, it has in more recent 
years worked out its own problems in its own way, 
to meet its own conditions. 

Each country or region in which engineering is 
carried on demands design, construction, and 
operation of engineering works in conformity with 
the characteristics of the country. These governing 
characteristics are both physical and human; they 
depend upon geography, climate, natural resources, 
and, above all, upon the tastes, habits and customs 
of the people in their requirements of life and busi- 
ness. Canadian engineering has, therefore, become 
and remained distinctive. It has acquired its own 
|national qualities. The initiative and resourceful- 
|ness demanded by Canadian conditions have 
|stimulated this independence, and have developed 
| those singular features which mark the types of 





when transportation and the requirements of|engineering practice in the country. For these 


community life in town and city made the principal 


| reasons, the Canadian people readily acknowledge 


demands upon the engineer, has been the history of | the great influence which engineering has had on 


all new countries wherein valuable natural resources 
have provided the stimulus to development. <A 


| the different phases of the country’s activities and 
| business. 


This influence, directly or indirectly, 


hundred years is not long in a country’s life history, | has been a valuable factor in the economic progress, 
. . | . “ae . 
and yet this fifty-year period has seen nearly all | as well as in the political, the social, and the cultural 


the development of Canada’s natural resources | 


life of the nation. The Canadian people themselves 


crowded into it. V’hile in the half century the | have gradually awakened to the realisation of the 
population has not yet increased three times, the | value of their assets in the country’s natural 


increase of the country’s production from agriculture | 
and its other industries is indicated by the increases 
in its exports to Great Britain, the United States, 
and other countries which have grown in value | 
from 30 times to 40 times in this period. | 
The history of engineering progress in all countries 
indicates that this is mainly due to initiative, re- | 
sourcefulness, and independence of thought. It is, | 








resources, and they have set about their develop- 
ment and expansion in this same independent spirit 
of originality and resource. 


“ENGINSERIG” 


former. The one has made possible the other, and 
the two together have produced and are producing 
a united, thrifty, educated and contented people, 
who face the future with optimism. 

There are certain fields of engineering in which 
special progress has been made, wherein Canada 
has attained a marked success, which has attracted 
the attention of other nations. Outstanding in 
these particular fields are: Agriculture and grain 
milling ; paper manufacture ; mining ; transporta- 
tion; and water power, with its interconnected 
manufacturing industries. In order to bring this 
special engineering activity out more clearly in re- 
lation to the economic, social, and political aspects 
of the country’s development, each field is presented 
more specifically in the following review. 

Agriculture.—Agriculture is, and for many years 
to come will be, Canada’s premier industry. In 
respect to wheat and its products, of which Canada’s 
exports will continue to form a large part of the 
world’s supply, the industry has very largely been 
the outcome of incessant labour and _ resourceful 
ingenuity of engineers who have been responsible 
for many of its phases. They have in this respect 
contributed the machinery necessary on the land, 
the storage facilities, the milling equipment, and the 
transportation by both rail and water, each of which 
in itself forms a wide field of engineering endeavour. 

The significant feature of this industry to-day 
consists in the rapid change now come over it by the 
introduction of mechanised farm equipment of all 
kinds. Motor-cars, tractors, power ploughs. motor- 
ised harvesters and “combine ” harvesters (whereby 
all processes, including threshing, are completed 





While the various spheres of development which 
have become outstanding in Canada’s rapid material 
progress are all of a nature in which engineering has | 
taken a pre-eminent part, there is another side to 
the picture. With the development of ene 


| replacing man and animal labour. 


in the field in one operation) have rapidly been 
The “ combine, 
with its gasoline motors and two operators, 1 
taking the place in the field alone of six of the 


“binders” of the last decade with their six men 


however, influenced largely by the experiences of | material resources there has simultaneously pro- | and twenty-four horses, quite apart from the many 


the past, and by the adaptation of these experiences | 
to conditions of the present, while at the same time 





gressed the parallel development of earyerid 
human resources, with which to bring about the 


operations of teaming and threshing under the former 
method. Fig. 2 shows “combines” at work. 
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marked evidence of this mechanisation is the 
absence during the past three years of the harvesters’ 
excursions to the West, which, in the three previous 
decades, were an almost national summer event 
for tens of thousands of eastern men, many of 
whom remained in the West. This has been a 
turning point in the agricultural industry, and means | 
the re-entry of the mechanical engineer into this | 
phase in a new and much larger way. The economic | 
and social significance of this change is apparent. 

Through the storage and milling of wheat for both 
domestic and export purposes, Canadian industry 
and its engineers have made a place for themselves. 
In the storage alone, Canadian grain elevators are 
unique, and observers from all parts of the world 
come to study these methods, whether in the small 
prairie storage or the huge seven-million bushel 
terminal elevator. The total storage capacity in 
Canada has now reached 350 million bushels, of 
which 150 million is in storage elevators at Lake and | 
Ocean ports. In these developments the engineer | 
has obviously played an important part. Fig. 3/| 
shows a group of elevators at Port Arthur, at the | 
head of Lake Superior. This group has a storage 
capacity of 15 million bushels. 

With respect to the milling of grain, it is of interest 
to note that the consumption by the Canadian people 
of wheat flour is high, being at the rate of about one 
barrel per capita per year at a value of about six 
dollars. Against this may be put the quantity of 
flour exported, which in the year 1929 was at the 
rate of 1+2 barrels per capita. 
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Paper Manufacture.—The utilisation of Canada’s 
forest resources through the paper industry has been 
an outstanding feature of the past decade. The 
rapid expansion of the industry, its magnitude, its 
distribution among five of the provinces, and its 
sudden and extensive demand on the engineering 
profession, has indeed been remarkable. It rapidly 
became Canada’s second greatest industry, not only 
in extent, but in value of exports, which, although 
mostly destined to the United States, get to such 
distant markets as Great Britain, the Orient, Aus- 
tralia, and New Zealand. In its demand on the 
engineering profession, the widespread call on civil, 
mechanical, chemical, and electrical engineers has 
produced no small reaction. 

It is not only the spruce forests for paper, but 
the pine and fir regions, for lumber and timber, 
that have attracted attention to Canada’s forest 
industries. The early simple lumbering operations 
have given way to the modern and more complex 
mechanised methods on a large scale, where engi- 
neering is the foremost factor. Forest operations 
of all kinds have now become definite engineering 
enterprises, whether for the spruce for paper off 
the flat sandy island of Anticosti, or for the timber 
of the towering Douglas fir on the mountain sides 
of British Columbia. 

Mining.— Mining as an industry in Canada is 
not yet forty years old. Ontario gold mining 
dates back only eighteen years, silver twenty-eight, 
nickel thirty, and copper thirty-five years. British 
Columbia gold and copper mining goes further back, 








but the industry in Saskatchewan, Manitoba, and 
Quebec commenced very recently. The smelting of 
nickel, copper, lead, and zine has developed con- 
currently, and large operations are carried on in 
Northern Ontario, Quebec, and British Columbia. 
The first trainload of copper came out from British 
Columbia in 1897, consigned to England, and to-day 
one of its smelters in complex ore is pre-eminent in 
world production. Nickel produced in Northern 
Ontario smelters has proved a very large factor in 
the world’s supply, especially during and since the 
war. Young as the mining industry is, progress 
has been so remarkable, and the output so con- 
siderable, that in world production Canada is re- 
ported now to stand first in nickel, second in gold, 
third in lead, and fourth in copper. 

The iron deposits in Canada, while very extensive 
and widely distributed, are, as so far discovered, 
not of that high grade which would prove attractive 
for development, and in consequence progress has 
not been so marked. Research in metallurgical 
processes is, however, progressing on all sides, and 
the successful commercial utilisation of the great 
quantities of Canada’s low-grade iron ores will 
doubtless be a feature of the next decade. 

On the other hand, coal, mined for thirty years 
at both coasts and in the vicinity of the Rocky 
Mountains, has been a considerable factor in 
Canadian development. Although central Canada 
is still largely dependent upon the United States 
for its supply of anthracite, the balance is slowly 
recovering as east and west transportation facilities 
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improve. The country has recently been surprised | have been so scattered throughout technical litera- 
by the discovery of considerable coal deposits in | ture that it has required a specialised knowledge of 
Northern Ontario, low grade though they are. It | the subject to locate any particular item. Conse- 
is significant, too, that the Alberta coal industry | quently, there has been a demand for an authorita- 
has greatly increased in the past decade in supplying | tive and comprehensive treatise on the subject, 
the western prairies. That province alone claims | this has been fulfilled in the volume under review ; 
87 per cent. of Canada’s coal resources and 14 per | which gives a wide but concentrated survey, written 
cent. of those of the world, including all qualities. | in a skilful manner, and has the merit of having 
As the value of coal is rapidly changing in its | summarised the vast amount of accumulated data 
character and relation to industry through modern | at present available. Not only are problems of 
scientific advances, by offering itself in its chemical | sound indicated which are directly connected with 
constituents rather than in its physical form, the | buildings, architectural work and the sound-trans- 
low-grade coals become more valuable the world | mitting properties of materials, but the far wider 
over. Coal in powdered or liquid form is the next | applications of research are covered such as those 
advance in industrial processes in which heat is | involving the theory of acoustic impedance, super- 
required, and Canadian engineers and researches are | sonic vibration and the efficiency of sound genera- 
now busy with this in view, in the hope that Canada’s | tors, and such widely varying aspects of the subject 
large coal resources may thus be brought into use. | as subaqueous sound ranging and transmission, and 
Canada is also not without its share of the oil | physiological and atmospheric acoustics. 









resources of the North American continent. Fifty | 


years ago oil was a considerable product of Ontario, 
but that is now long forgotten in the modern oil 
activity in the shadow of the Rocky Mountains in 
Alberta, where oil is being produced at a rate 





The more satisfactory chapters of this treatise are 
those which deal with acoustic transmission, ade- 
quate emphasis being laid upon the application of 
reciprocal relation to transmission in conduits, 
transmission in solids and the acoustic radiation from 








increasing during the past few years almost in| an open pipe. The mathematical argument of the 
geometric progression. It is, perhaps, too early | theory of acoustics is well stated, although some- 
yet to foresee the future of the enormous deposits | what involved. Some of the mathematical expres- 
of oil and tar sands in the McKenzie River Valley | sions are, however, incompletely stated, e.g., the 
farther north, but it is certain that the next two} expression given for the resonance frequency 
























decades will provide developments which will | 
exercise a marked influence on the economics of | 
the country with respect to oil fuel. A singular | 
application of these tar sands has already been 
made with success in the construction of several 
experimental sections of motor highway in the west, 
using bituminous sands almost in the raw state. 
This may be the beginning of a practical use for 
these unique deposits in the construction of the 
many new highways still required on the prairies of 
Western Canada. 

Engineering has contributed a large part to 
Canada’s mining activity and progress. The 
engineer, along with the financier, has shared the 
successes and the failures, for courage has had to 
march with ingenuity and resource, and these are 
primary requisites in the development of new 
regions, 


(To be continued). 
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say, Ph.D. London: Chapman and Hall, Limited. 

{Price 25s. net. 
TxHE authors, who are professors of physics at the 
Iowa and Brown Universities. U.S.A., deal in this 
work very ably with a subject which has not 
received in this country the attention it deserves. 
Much research has been carried out on this subject, 
and reference is made to the more important of this 
work. This volume, which is the outcome of special 
lectures given in a graduate course in Electrical 
Communication at Yale University, is probably the | 


| 
Acoustics, By G. W, Stewart, Ph.D., and R. B. Linp- | 
| 
| 





(page 49) is incomplete, and the expression given 
for W, on page 50 is not scientifically accurate, 
being only an approximation. The section dealing 
with architectural acoustics details the calculation 
of reverberation time, derived from a mathematical 
standpoint, the results of which are compared with 
those obtained by Sabine’s formula from an experi- 
mental basis. The authors are to be congratulated 
on the production of this comprehensive treatise, 
which will fill a gap in modern scientific literature. 
The importance of acoustics from the purely 
scientific as well as the technical point of view 
has long been known, but a complete treatise such 
as this was needed to enable one to realise fully the 
wide field of application of acoustics, and to indicate 
that there are still many avenues of research 
which remain unexplored. The volume will make 
an admirable textbook for an advanced sound 
course, and contributes in a worthy manner to 
the attempt to solve the intricate problems which 
now require consideration, involving the scientific 
application of the principles of acoustics. 


American Society for Testing Materials. Proceedings 
of the Thirty-third Annual Meeting. Vol. xxx. Part I. 
Committee Reports, Tentative Standards. [Price 6-50 
dols.]| Part II. TZ'echnical Papers. [Price 6 dols.] 
Philadelphia : Offices of the Society, 1315 Spruce-street. 

Tue thirty-third annual meeting of the American 

Society for Testing Materials was held as before at 

Atlantic City in June of last year. The membership 

of the Society now exceeds four thousand three 

hundred, of which number nearly one thousand 
attended. 
The President, Mr. T. D. Lynch, in opening the 


most complete and thorough account of acoustics | convention, reviewed the objects of the Society, 
which has yet been published, and no important | and referred to the increasing demand for accuracy 
application seems to have been omitted. During | of measurements, with improvement of methods, 
and subsequent to the war, the theoretical and | and a more extensive knowledge of materials under 
practical applications of the science of acoustics | stress of various kinds. With such advances it is 
have assumed considerable practical importance, and | evident specifications must be developed defining 
it has become a highly important branch of physical | desired properties and methods of testing, there 
science. Under war conditions acoustical problems | being already at the opening of the convention 
arose which necessitated immediate solution. These | 564 standards and tentative standards. Following 
included methods for locating land firing, aircraft | the President’s address are given the reports of com- 





and submarines. These problems were studied by | 
Sir William Bragg, whe carried out such successful 
and constructive researches in the development of 
acoustic devices for na‘ional defence, particularly 
in connection with sound ranging operations, and 
who also indicated the difficulties associated with 
making the study of acoustics more concrete, and 
hence more fruitful of practical results. The 
phenomenal post-war development of wireless 
transmission has brought acoustical problems of 
immense importance, which are at present subjects 
of intensive research in this and other countries, 
and which are of considerable technical and commer- 
cial significance. Up till the present, information 
relating to the recent progress of the applications 








mittees appointed to deal with matters of interest 
relating to the ferrous and non-ferrous metals, and 
their products—tensile tests and yield point of steel, 
influence of phosphorous on wrought iron, high 
test cast-iron, corrosion, metallic coatings, fatigue, 
die cast metals and alloys, light metals and alloys, 
with reports also on cement, gypsum, concrete and 
clay products, and on some miscellaneous materials, 
as preservative coatings, and statements relating to 
other inquiries of interest. These reports covering 
some nine hundred pages contain detailed state- 
ments of value and authority, accompanied by 
much tabulated matter and many diagrams. As 
each report is the product of a committee of experts, 
the results presented have no doubt been well 








considered. In some cases a lengthy bibliography 
of the subject treated is appended. 

Of the tentative standards of Part I, submitted 
to the convention, six relate to ferrous metals, 
eight to non-ferrous metals, eight to cements, 
gypsum, concrete and clay, ten to preservative 
coatings, and twenty-seven to such matters as 
petroleum products, road materials, timber, stone 
and insulating materials, or fifty-nine in all. The 
tentative revisions of existing standards number 
thirty-five. 

Part IT of the Proceedings, containing the techni- 
cal papers submitted and discussed, first gives the 
Edgar-Marburg lecture, by Mr. G. 8S. Kenneth, on 
‘Colour and its Measurement,” an unusual study 
of considerable interest, followed by one thousand 
pages giving the text of the seventy-six papers read. 
The papers relate to aircraft materials, to failures 
and tests, to metals, alloys and fillet welds, to the 
influence of stress range and cycle frequency on 
corrosion, to the elastic behaviour of spring ma- 
terials, the corrosion of zine coatings and other 
inquiries relating to metals. Cement and concrete 
furnish the subject of many papers of value dealing 
with such points as the relation of mortar strength 
to strength of concrete, resistance to sulphate 
waters, workability in Haydite concrete, flow under 
comptessive stress, and volume change of concrete. 
Rosin, paint, rubber and oil fuel are amongst the 
subjects of other contributions. It is hardly 
possible in reasonable space to deal with these 
studies in detail. It may, however, be noted that 
those treating of aircraft matters contain much of 
value relating to light alloys, and engine failures, 
the discussions bringing forward individual experi- 
ence well worth attention. The papers dealing with 
cements and concrete are the occasion also of 
bringing to notice much that is instructive, particu- 
larly that treating of the volume change of concrete, 
a material which is cogently said by the author to 
expand and contract with temperature changes 
like steel, to expand and contract with moisture 
changes like wood, and to suffer plastic changes 
under continuous load like asphalte. 

These two volumes contain together about two 
thousand four hundred pages of closely printed 
matter, and it is only by reference to the books 
themselves that full appreciation of the work done 
may be attained. 


Minerals in Modern Industry. By WaAttTeR H. VosKviIt, 
Ph.D. New York : John Wiley and Sons, Inc. Lon- 
don: Chapman and Hall, Limited. [Price 18s. 6d. 
net. ] 

ALTHOUGH the mineral industry may truly be said 
to be the basis on which the prosperity of modern 
nations is built, it is nevertheless, a remarkable 
fact that no one nation has been so richly endowed 
by nature as to be entirely self-contained. The 
needs of an ever-increasing industrial production 
following the laws of supply and demand, and 
developed by modern transportation facilities, have 
thus evolved a vast trade whose activities extend 
into every corner of the globe. 

These considerations, together with others arising 
from them, form the keynote of the above work. 
The purpose of the author is ‘‘ to present the funda- 
mental economic facts and characteristics relating 
to the mineral industry,” the subject being treated 
from the point of view of the United States, condi- 
tions in other countries being referred to only in 
the case of those minerals in which the United 
States is vitally interested. 

It will be realised from the foregoing that the 
book covers a wide field, viewing it, however, from 
a somewhat unaccustomed angle. Besides dealing 
with the economics and concomitant problems 
of the industry, an outline is given of the principal 
occurrences of the chief commercial minerals, the 
processes of recovery, concentration or other 
methods of refining or manufacture, by-products, 
&c. The opening chapters deal in a general manner 
with the development and rise of the world’s 
mineral industry as a whole, the economic charac- 
teristics of minerals, the varying nature of mineral 
deposits as regards size, quality and accessibility, 
and, consequently, of their economic value; the 
fundamental relationships of minerals in industr) 
and the importance and place of power. ‘The 
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minerals of commercial importance are then treated 
separately, commencing with coal to which six 
chapters are devoted. This subject matter falls 
under the following headings: Coal resources of the 
United States, origin and classification of coal, 
anthracite, organisation of the coal industry, coke 
industries and markets, ovens, gas, carbonisation, 
pulverised coal, problems of the coal industry, 
advances in fuel efficiency, coal in foreign countries. 
It may here be interpolated that the chief problem 
of the coal trade in the United States is that of 
Over-production, and this is discussed in its various 
aspects at some length. 

The petroleum industry is not only the second 
most important business in the United States, but 
also in the world, and this despite the fact that its 









ENGINEERING. 


MESSRS. E. G. HERBERT, LIMITED, 








FEED GEAR FOR HACK-SAWING MACHINES. 


INGINEERS, MANCHESTER. 








enormous development has 
only occupied some three- 
quarters of a century. Yet, 
the revolution which it has 
wrought to industry and 
civilisation is such that it 
provides a subject worthy of 
the study of men of all 
classes and occupations. The 
four chapters devoted to 
petroleum provide both instructive and interesting 
reading and include such considerations as_ the 
characteristics of petroleum and distribution of 
oil resources, commercial products, the world’s oil 
| resources, branches of the petroleum industry, organ- 
| isation and economic problems of the oil industry. 

Among the other minerals and metals dealt with 
in Professor Voskuil’s book may be mentioned iron, 
the alloying metals of steel, copper, aluminium, 
| lead, zinc, phosphates, potash, sulphur, cement, &c. 
The work is not only lucidly, but thoughtfully, 
written, so that the inner significance of many 
important facts is brought out and discussed in a 
|manner far more enlightening to the student than 
|a mere tabulation of statistics or presentation of 
segregated information could ever be. 

We note two or three places in the text where the 
wording might have been more happily turned, but 
| these are matters of style, which, though they may 

affect the English reader, are really minor flaws 
| which do not seriously detract from the value of 
the book. 
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|GOVERNOR FEED GEAR FOR HACK- 
| SAWING MACHINES. 

Tue utility of sawing machines of the hack-saw 
type is now so widely recognised that its advantages 
have outweighed the disability existing in it, to a 
greater or less degree depending on the pattern, of 
regulating the feed of the reciprocating blade when 
cutting joists, channels, girders and similar material 
the cross-section of which varies greatly as the saw 
progresses through the cut. Messrs. E. G. Herbert, 
Limited, Atlas Works, Levenshulme, Manchester, 
recognised this point when designing their Rapidor 
and Rapid sawing machines, and partly removed it by 
their method of holding the work so that it was presen- 
ted to the saw with as uniform a cross section as 
possible. The firm has, however, now produced a 
governor feed gear which effectively gets over the 
difficulty. This gear is illustrated by Figs. 1 to 4, on 
this page. It automatically regulates the feed of the 
saw through the work as the section being cut changes 
in form, and thus makes it possible to put the 
maximum pressure on the widest section without the 
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necessity of altering the speed, or of reducing the pres- 
sure by hand, when cutting through narrower parts. 
A coarse-toothed blade can, moreover, be used for 
light sections without fear of breakage, as the strain 
on the teeth when cutting narrow parts is properly 
proportioned by the automatic alteration of feed. 

The gear can be embodied in all sizes of the Rapidor 
machine, which was developed by Messrs. Herbert to 
utilise fully the advantages of high-speed tungsten 
steel blades. As this machine was described and 
illustrated in ENGINEERING, vol. cxxiv, page 486 (1927), 
it is unnecessary to deal in detail with its general 
features. These, however, may be gathered from Fig. 4, 
which shows an example fitted with the new governor 
gear, the only change, externally, from the older 
pattern being the crank-handle lever and the gear 
wheel seen at the left of the base casting. The method 
of applying the pressure to the saw blade remains 
generally as before, and can be followed from Fig. 1. 
The right-hand end of the horizontal arm of the crank 
lever A is connected by links to the saw frame, and a 
downward pull is exerted by the tension spring coupled 
to the middle of the vertical arm of the lever. The 
degree of tension is regulated by a square-ended 
pressure screw, connected to which is a grooved indica- 
ting rod, the number of grooves visible outside the 
base giving a measure of the pressure exerted. The 
governor gear is coupled to the end of the vertical 
arm of the bell-crank lever A, and functions by relieving 
the connecting links, when necessary, of a portion of the 
pull of the spring, a limiting mechanical device keeping 
the rate of feed to a desirable figure. 

The governing end of the bell-crank lever is forked 
and embraces a friction clutch B, in the manner shown 
in Fig. 2, which clutch engages with a disc C, attached 
to a bronze nut D by a set screw. The disc and nut 
traverse a screwed portion of the shaft E, the friction 
clutch B sliding freely over the screw. The shaft 
is rotated from the drive of the machine by a chain, 
as shown to the left of Fig. 3, actuating a worm- 
wheel F, the motion of the worm-wheel being trans- 
mitted through the dog clutch G, which is kept engaged 
by the spring collar H. The action of the gear depends 
primarily on the engagement of the clutch B, which is 
provided with a Ferodo friction surface, with the nut 
disc C. If the two parts are not engaged, this disc will 
revolve with the shaft without travelling along it, but 
when the clutch is in contact with the disc, the latter 
will be prevented from rotating and will be driven 
along the shaft by the revolution of the screw. 

At the commencement of the cut, the clutch and 
dise are in contact and near the spring collar H. When 
the machine is started this contact causes the nut disc 
to travel along the screw to the left. The rate of this 
travel, which allows the bell-crank lever to pull down 
the saw at the maximum permissible feed, is, at the 
same time, considerably in excess of that corresponding 
to the feed at which a solid bar is normally cut. If a 
wide and solid section is encountered when the saw blade 
touches the work, the nut disc moves away and, the 
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Fie. 2. RepucTrion-GEAR CASING 


the spring to be exerted. The saw then progresses 
through the work at a comparatively slow rate. 
continues until the saw meets a narrow section when 
there will be a tendency to “dig in” and to advance 
much too quickly. This advance is checked by the 
clutch remaining in contact with the nut dise when the 
feed can only be given at the rate permitted by the 
screw. When a wide section is again met with, more 
pressure is needed and the nut disc runs away from the 
clutch, and so on. The mechanism does not, of course, 
interfere with the normal performance of the machine 
on solid sections. 

When the saw has completed the cut, the clutch 
and disc are in contact and are returned to the starting 
point, lifting the saw-frame in the process, by turning 
the shaft in the reverse direction to its automatic 
rotation. This is effected by a crank handle on the 
shaft I, which is geared to the shaft E, rotation against 
the worm gear being made possible by the slipping 
of the spring clutch G. It is stated that no difficulty 
has been experienced in sawing light window-frame 
sections, on the mitre or straight across, at the rate of 
200 ft. a minute, using a saw blade of 6-teeth per in. 
With special saw blades, satisfactory results have been 
obtained on such material as bicycle tubes, and 20 W.G. 
electric light conduits, &c. It is further stated that 
the finish obtained on these very light sections is quite 
as good as that normally resulting from milling, and 
that no blade breakage has been experienced. 


REVERSING GEAR FOR MARINE 
ENGINES. 


engines for craft of small or 
been most marked in recent 
years, and may be said to have culminated in the 
production of reliable airless-injection engines. The 
higher powers and speeds which characterise the latest 
practice have, however, imposed much heavier duties 
on the engine ancillaries, and cases are of not in- 
frequent occurrence in which such units as the reduc- 
tion and reversing gears have failed after a compara- 


of internal-combustion 
moderate size have 


clutch being left clear of it, allows the full tension of 


This | 
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IMPROVEMENTS in both the design and construction | 


PINION. 


stresses to which they have 
been subjected. It is of par- 
ticular importance that the 
reverse gear should be tho- 
roughly reliable, modern 
conditions frequently demand 
long periods of reverse run- 
ning, and with these points 
in view, Messrs. John I. 
Thornycroft and Company, 
Limited, Thornycroft House, 


as 











Smith Square, S.W.1, have 
introduced the new gear illus- 
trated in Figs. 1 to 7, on this 
and the opposite page, and 
on page 464. In passing, it may be mentioned that this 
gear was on view on the maker’s stand at the recent 
Shipping, Engineering and Machinery Exhibition. 

The gear has been designed for continuous and 
heavy use in all classes of motor craft, and is claimed to 
be equal in reliability to the average gear box on road | 
vehicles. It is equally suitable for petrol, paraffin or | 
heavy-oil engines, although the requirements of high- 
speed airless-injection engines have been particularly 
kept in view. The gear is designed for engine speeds 
between 1,200 r.p.m. and 1,800 r.p.m., this covering 
the requirements of the majority of modern engines, 
and will transmit 80 brake horse-power at the first- 
mentioned speed, with proportionately greater powers 
at higher speeds. The speeds ahead and astern are 
equal, thus giving the maximum retarding effect to 
the propeller when reversed. The gear can be 
arranged for bolting directly to the engine, and is 
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provided with adjustable feet, as shown in Fig. 3, to 
facilitate alignment. 
The gear consists essentially of three parts, the | 


driving-shaft assembly, the planet-wheel casing, and the 
driven-shaft assembly. 
pectively, to the right, 
assembled together in Fig. 
be coupled to the planet-wheel casing at will, 
means of the multiple-plate clutch, clearly shown in 
both figures, and the casing itself can be either held or 
| allow ed to run freely by means of the band brake shown 
| in Figs. 
tively short period of service under the additional | ing the gear to be in the neutral position, shown in 


These parts are shown, res- 
centre, and left in Fig. 1, and 
4. The driven shaft can 
by 


4and 6. The operation is as follows: Assum- 





| wheels, 


Gear Box with ReEpuctTIOoN-GEAR PINION IN PosITION. 


Fig. 4, both the clutch and brake will be free. . In 
these circumstances, the planet-wheel casing will spin 
| round freely, as less resistance will be offered to its 
motion than to that of the driven shaft, to which the 
propeller is, of course, coupled. For the ahead posi- 
tion, the control handwheel, shown in Figs. 3, 4 and 6, 
is turned in the direction to raise the nut threaded on 
the lower end of its spindle. This nut can be seen in 
Figs. 3 and 4, and it will be noticed that it is mounted 
in ‘the forked end of a lever. At its centre, this lever 
is keyed to the brake-operating shaft, shown in Fig. 6. 
passing over the top of the brake drum. The other 
end of the lever is also forked, and is connected by a 
link, as indicated in Fig. 4, to the clutch control gear. 
The operation of the clutch, through adjustable 
fingers, will be obvious from this figure, and from 
Fig. 5. The rise of the nut on the handwheel spindle 
rotates the brake-operating shaft in the direction ‘o 
free the brake, and actuates the cam-shaped sliding 
| Sleeve, clearly seen on the driven shaft in Fig. 4. 
| The sliding of the sleeve aft causes the rollers to 
mount the cam, the other end of the roller lever 
| coming into contact with the master plate of the 
clutch, the pressure exerted being adjustable by means 
of operating screws. When the clutch is fully engaged, 
the pinion on the end of the driven shaft will be coupled 
to the planet-wheel casing, and since this will prevent 
relative rotation between this pinion and the planet 

a direct drive will be obtained between the 

two shafts, the whole gear rotating as one piece. Fo! 
the reverse motion, the handwheel is turned in the 
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REVERSING GEAR FOR MARINE ENGINES, 


CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND COMPANY, LIMITED, ENGINEERS, SOUTHAMPTON. 
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opposite direction, lowering the nut to tighten the 
brake and release the clutch. The planet-wheel casing 
will thus be held, and the drive will be through the 
two crown wheels and the planet wheels. It will thus 
be seen that, in principle, the gear is of conventional 
design, the departures from previous practice lying 
in the exceptionally sturdy nature of the construction 
and in the means taken to minimise wear, including 
forced lubrication throughout. 

The clutch is made up of alternate steel and bronze 
discs, and is located in a position where it obtains 
ample lubrication. The brake shoes are of aluminium 
lined with Ferodo. As shown in Fig. 6, they are 
pivoted at the bottom on a short link. The hole in 
the link, which registers with the guide pin, is elongated 
in the plane of the shoes, leaving the latter with a 
limited freedom of movement. The degree of freedom 
given is sufficient to enable the brake to exercise a 
self-energising action, thus obviating any tendency to 
slip, but is insufficient to cause snatching. 

As the gear is designed to transmit full power astern 
for considerable periods if required, the bevel wheels 
may be running under load for corresponding periods 
at high speed. In common with all the other moving 
portions of the gear, they are mounted on ball bearings, 
and to ensure adequate lubrication in the circumstances 
described, oil is fed under pressure to all the bearings, 
and is also directed on to the teeth of the wheels 






Fig. 7. 
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themselves. The oil is supplied by the plunger pump 
shown to the left in Fig. 4. This pump is driven by 
an eccentric on the driven shaft, and from it the oil is 
fed into a channel drilled in the shaft, from which it is 
again fed to the various bearings and on to the wheel 
teeth through suitable leads in the shaft. The 
propeller thrust is taken up on the tapered-roller bearing 
shown in Fig. 4. This bearing is designed to deal 
with heavy loads at low speeds, and is also pressure 
lubricated. 

The whole of the mechanism is freely accessible 
on removal of the large top cover shown in Figs. 3 
and 4, and all adjustments can be made without the 
use of special spanners. The operating wheel can be 
fitted on either side of the casing, and all adjustments 
to the ahead and astern motions can be made from the 
outside, a vernier adjustment with a single bolt fixing 
being provided for this purpose. About four turns of 
the handwheel are required for the complete travel 
from full forward to full reverse. 

As shown in Fig. 4, the driven shaft is fitted with a 
coupling for direct connection to the intermediate or 
propeller shaft, but if required, the two-to-one single- 
helical reduction gear shown in Fig. 7 can be fitted. 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Portable Welding Set.—The supply of one portable 
direct-current arc-welding motor-generator set. The 
City Council of Johannesburg, South Africa ; October 21. 
(Ref. No. A.X. 11,125.) 

Machine Tools.—The supply of a_ plate-bending 
machine, heavy circular-saw bench, and a _plane-blade 
grinding machine. The Ministry of Public Works, 
Cairo, Egypt; October 22. (Ref. No. A.X. 11,126.) 

Sewage-Pumping Plant.—The supply of  sewage- 
pumping plant involving two vertical-spindle unchoke- 
able centrifugal pumps and two electric motors. The 
City Council of Johannesburg, South Africa, October 31. 
(Ref, No, G.X. 10,798.) 

Pumping Plant.—The supply of pumping plant for 
the Bruma disposal works, involving one single or two- 
stage centrifugal pump and one cold-starting crude-oil 
engine. The City Council of Johannesburg, South Africa ; 
October 31. (Ref. No. G.X. 10,804.) 

Filtration Plant.—-The supply, delivery, and erection 
of a complete installation of rapid gravity filters, capable 
of delivering 5,500,000 gallons of water per 24 hours, 
together with piping and valves for coupling upjto exist- 
ing plant. The Rand Water Board, Johannesburg ; 
November 12. (Ref. No. G.X. 10,807.) 

Abattoir Plant.—F ive firms in Queensland are desirous 
of receiving details and prices of abattoir plant, runways, 
sausage making, mincing and filling machines. (Ref. No. 
A,X. 11,128.) 








PERSONAL. 


Messrs, AGRICULTURAL AND GENERAL ENGINEERS, 
Limirep, Aldwych House, Aldwych, London, W.C.2, 
inform us that, as from January 1, 1932, the manufacture 
of the products of their subsidiary company, MEssrs. 
BARFORD AND PERKINS, LIMITED, Peterborough, will be 
conducted at Rochester in conjunction with those of 
Mgssrs. AVELING AND PorteR, Limirep. The home and 
export sales of the two Companies have for some years 
been conducted together. It is not intended to amend 
the constitution of the boards of the two companies, 
which, for the time being, will continue to funetion 
separately. 


CONTRACTS. 

Messrs. Davy Broruers, Limtrep, Park Iron Works, 
Shettield, have received orders from Messrs, Arcos, 
Limited, for the reconstruction of a 6,000-tons forging 
press, and for the supply of six forging manipulators, to 
the Alliance Machine Company’s designs, comprising 
one 10-ton, three 5-ton, and two 3-ton manipulators. 
Further orders for the Russian Government include a 
number of Davy turning gears for rotating forgings 
under presses, and a 5-ton charging machine of the 
Alliance type. 

Messrs. CLARKE, CHAPMAN AND COMPANY, LIMITED, 
Victoria Works, Gateshead-on-Tyne, have secured an 
order for the powdered-fuel equipment of a Japanese 
steamship. The new plant is to comprise three No. 2 
Resolutor pulverisers, each capable of dealing with one 
ton of coal per hour, and driven by 30-h.p. steam engines. 
The fuel will be conveyed by the Clarke Chapman ring- 
main system and Woodeson short-flame burners will be 
employed, 

Messrs. British PowER RAILWAY SIGNAL COMPANY, 
Limrrep, Windsor Works, Slough, have secured a contract 
from the London and North Eastern Railway Company 
for the resignalling of 30 miles of their main East-Coast 
route tracks between York and Northallerton. The 
contract includes the supply and installation of automatic 
and controlled searchlight and coiour light signals and 
constant-current track circuits with phase adjustment 
on the stretch of line, which consists of three and four 
tracks. 








In this case, the couplirg and tapered-roller bearing are 
replaced by a helical-gear pinion, a ball bearing and a 
roller bearing, with an oil-retaining seal between the 
two bearings. This oil seal is fitted to enable the gear 
to be inverted if necessary, and prevents the lubricant 
from running into the main gear when in the inverted 
position. 

The roller bearing race also forms a spigot for 
centralising the reducing-gear casing at any angle; the 
ball bearing takes the thrust of the helical pinion, 
while the roller bearing deals with the radial load. 
The assembly can be seen in section on Fig. 7, and the 
gear wheels are also shown in position in Figs. 2 and 3. 
The reduction-gear casing can be swung round through 
any angle divisible by 60 deg., or located at any other 
angle by special drilling. The reduction gear is stated 
to be perfectly silent in action, and the thrust due to the 
helical teeth, is designed to relieve the bearings of a 
large proportion of the propeller thrust. The gear 
requires no adjustment, and is separately lubricated. 
The weight of the box has been kept down to within 
very reasonable limits, to agree with modern engine 
practice, the total weight of the reverse gear being 
approximately 44 ewt., or, when the reducing gear is 
fitted, 6 ewt. 


Messrs. W. Crockatr AND Sons, Limrrep, Darnley- 
street, Glasgow, 8.1, have supplied complete outfits 
of their electric salinometers for the turbo-electric stea- 
mers Strathaird and Strathnaver, and the steamers 
Monarch of Bermuda and Rangatira. In addition, they 
have completed 10 instruments for the Admiralty for use 
on destroyers. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The most. pleasing feature 
of the Cleveland pig-iron trade is the resumption of 
substantial business with Scotland where for some con- 
siderable time past a cheap overseas iron has been 
largely bought to the exclusion of business with this 
district. Sales aggregating several thousand tons have 
been made to consumers beyond the Tweed, and price 
concessions to secure the orders are stated to have been 
appreciably less than have been customary of late. Both 
makers and merchants report more business with home 
users, and the latter have sold small lots to firms abroad, 
but, as yet, the prospect of material expansion of export 
trade is slight. Stocks at the blast furnaces, while as large 
as is considered desirable, are not hamperingly heavy, 








nised market rates are unaltered, but advances would 
cause no surprise, and an encouraging factor is the will- 
ingness of buyers to enter into forward contracts at 
current quotations. No. 1 grade of iron is 6ls.; No. 3 
g.m.b., 58s. 6d.; No. 4 foundry, 57s. 6d.; and No. 4 
forge, 57s. 

Hematite.—Demand for East Coast hematite pig con- 
tinues quite brisk, and as the very limited output is in- 
adequate to increased requirements the embarassingly 
large stocks are at length decreasing. The turn for the 
better, and the unlikelihood of early rekindling of idle 
plant, promises soon to strengthen the unsatisfactory 
statistical situation. Second hands report occasional 
sales to the Continent, but most of the business passing 
is with home firms. Further contracts have been 
arranged with customers in the Sheffield district and in 
the Midlands. Buyers are keen to make purchases at 
the equivalent of ordinary qualities at 65s., but producers 
are no longer selling freely on such terms, and report 
business on the basis of 66s. 

Foreign Ore.—The position as regards foreign ore i 
unchanged. In the absence of business, values are difti- 
cult to fix. Sellers mention round about 16s. 6d. c.i.f. 
Tees for best rubio but are not keen to operate. Con- 
sumers have still substantial stocks and are holding off 
the market. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
abundant and not readily disposed of, but sellers have 
advanced the price of good average qualities to 16s., 
delivered here. 

Manufactured Iron and Steel._-Manufactured iron and 
steel quotations remain steady and business is expanding 
a little in several departments, but further orders for 
most descriptions of material are much needed. Common 
iron bars are 10/.; best bars, 10/7. 10s. ; double best bars, 
1ll.; treble best bars, 11/7, 10s.; packing (parallel), 
8l.; packing (tapered), 101. ; steel billets (soft), 5/. 15s. ; 
steel billets (medium), 61. 12s. 6d.; steel billets (hard), 
7l. 2s. 6d.; iron and steel billets, 111. 5s.; steel ship 
plates, 8/. 15s.; steel angles, 81. 7s. 6d.; steel joists, 
8l. 15s.; heavy sections of steel rails, 87. 10s. for parcels 
of 500 tons and over, and 9, for smaller lots ; fish plates, 
121. 10s.; black sheets (No. 24 gauge), 8l.; and gal- 
vanised corrugated sheets (No. 24 gauge), 91. 5s. 

Scrap.—Demand for scrap is improving and quota- 
tions tend upward. 

Imports of Iron and Steel.—Imports of iron and steel 
to the Tees in September from overseas and coastwise 
totalled 15,592 tons, compared with 16,749 tons in 
August and only 1,164 tons in the pre-war September of 
1913. Last month’s unloadings were composed of 1,675 
tons of pig iron, 12,218 tons of crude sheet bars, billets, 
blooms and slabs, and 1,699 tons of plates, bars, angles, 
rails, sheets and joists. In August the iron and steel 
unshipped comprised 2,294 tons of pig iron, 12,772 tons 
of crude sheet bars, &c., and 1,683 tons of plates, bars, 
angles, &c., and in September, 1913, the imports were 
1,115 tons of pig iron, 9 tons of crude sheet bars, &c., 
and 40 tons of plates, bars, angles, &c. 

Shipments of Tron and Steel.—Aggregate shipments 
of iron and steel from the Tees last month amounted to 
36,821 tons, compared with 35,410 tons in August. Of 
the 10,454 tons of pig iron cleared in September, 3,831 
tons went to foreign destinations and 6,623 tons to coast- 
wise customers, the largest receivers being Scotland, 
4,603 tons, and Italy, 1,520 tons; of the 1,620 tons otf 
manufactured iron loaded, 232 tons went abroad, and 
1,388 tons coastwise, the chief customer being the Union 
of South Africa with an import of 163 tons; and of the 
24,747 tons of steel shipped, 11,604 tons went overseas 
and 13,143 tons coastwise, the principal importers being 
the Union of South Africa, 2,258 tons, India, 1,774 tons, 
and Japan, 1,184 tons, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Despite the political uncertainty, 
a greater degree of confidence is manifest throughout 
the local steel and engineering trades. Though the 
amount of business is on a small scale, enquiries are more 
numerous than for some time past, and there are hopes 
that order books will be augmented in the near future. 
The raw and semi-finished steel trades possess disturbing 
features, but producers are inclined to the view that an 
early improvement is inevitable. The latest official 
statistics relating to local steel output show a decline. 
In August, the Sheffield area turned out 67,900 tons, 
as compared with 70,000 tons in July, and 72,900 tons 
in August last year. In Lincolnshire, the output fell 
in August to 22,100 tons, as against 36,500 tons In 
July, and 37,400 tons in August last year. The heavy 
engineering trades continue to operate under many 
difficulties, but makers have been successful in booking 
numerous contracts, and keeping plant employed at the 
present reduced capacity. An order has been booked 
locally for the supply and erection of a complete Portland 
cement plant near Lewes, in Sussex. The factory 1s 
designed for an ultimate capacity of 180,000 tons per 
annum. A Sheffield firm has just completed a large 
railway layout for the Southern Railway, the largest 
layout in rolled manganese steel that has been ever 
ordered by that railway company. It is for the junction 
connecting London Bridge, Cannon Street, and Charing 
Cross stations. It is 258 ft. long over-all, consists 0! 
four double tracks with slipways, and is fitted with 
throughout. The junction contains °- 


About 40 tons of steel were “ dl 
wee! 


eheck — rails 
crossing intersections, 
in its construction, and over 2,500 bolt holes have | 
drilled in it. Railway rolling-stock requirements from 
abroad are on a low level. Sales of special steel used in 





and are now being drawn upon to some extent. Recog- 








the construction of textile machinery show a decline. 
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Harvesting machinery has been in demand, though the 
present demand for agricultural plant from abroad leaves 
much to be desired. The continued depression in the 
coal industry is reflected in the unsatisfactory demand 
for all kinds of mining apparatus. The tool trades are 
capable of showing much improvement. Engineers’ tools 
are suffering from the slackness of business in the heavy 
trades. Both farm and garden implements are in less 
active request, while depression continues to exert a 
strong grip on files, saws, and plantation tools. Twist 
drills (both of high-speed and carbon steels) are selling 
fairly well. The light foundries are only moderately 
employed. 

Publicity Club, Sheffield——-Under the presidency of 
Mr. A. K. Wilson, late Master Cutler, a Publicity Club 
has been formed in Sheffield and the inaugural luncheon 
will take place early in November. After this, there will 
be regular fortnightly meetings, a luncheon meeting and 
an evening meeting alternating. The objects ‘of the 
Club are, briefly, to bring together those interested in 
advertising, for the purpose of listening to lectures and 
joining in discussions on advertising and selling, to help 
forward good publicity for Sheffield, and to encourage 
everyone to make statements in all advertising truthful 
and accurate. The honorary secretary is Mr. A. A. 
Black, of Messrs. Arthur A, Black, Limited, Vernon 
House, Broomhall-road, Sheffield. 

South Yorkshire Coal Trade.—The coal trade generally 
has undergone little change. Export requirements tend 
to increase, but the home demand is of a stationary 
character, and prices are inclined to rise. Difficulty is 
being experienced in the disposal of industrial fuel, and 
no improvement is, expected until the iron and steel 
trades are more actively employed. Prospects, however, 
appear to be somewhat brighter. The house coal position 
has experienced little relief. There is a plentiful supply, 
and both collieries and depots have well-stocked sidings. 
The call for foundry and furnace coke shows a slight 
improvement, and hopes of this being maintained are 
bright. Gas coke is firm, realising from 23s. to 25s. 
per ton f.o.b. at Humber ports. Quotations :—Best 
branch hand picked, 24s. 6d. to 25s, 6d.; South Yorkshire 
best, 28s. 6d. to 24s. 6d.; Derbyshire best brights, 21s. 
to 22s.; best house coal, 21s. 6d. to 22s. 6d.; screened 
house coal, 19s. to 20s. ; best screened nuts, 188. to 19s. ; 
small sereened nuts, 16s, 6d. to 17s. 6d.; Yorkshire 
hards, 17s. to 18s. 6d. ; Derbyshire hards, 17s. to 18s. 6d. ; 
rough slacks, 9s. 6d. to 10s, 6d.; nutty slacks, 7s. 6d. 
to 8s. 6d. ; smalls, 5s. 6d. to 6s. 6d. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Though business matures slowly, 
the inquiry is of a promising nature, especially for 
delivery ahead. The improved position in which the 
coal trade has been placed, for competition with other 
coal-producing countries, as a result of the depreciation 
in the £, has led to a new interest in Welsh coal and 
though prospective buyers are slow to book orders, 
partly on account of the instability of exchange rates, 
and partly because of the desire to await developments, 
which they are in a position to do in view of good stocks 
and running contracts, it is confidently believed that, in 
the future, South Wales will regain a proportion of the 
trade lost. A number of small orders have already come 
to the district, which for some time have been going to 
other countries, and the loading position at the Welsh 
docks has become much more satisfactory than has been 
the case for months, while inland business too, shows 
definite signs of expansion. At the moment the collieries 
have a plentiful supply of coal to meet shippers’ limited 
requirements and no difficulty is experienced in obtaining 
most classes of large at the schedule prices while smalls 
continue in abundance. Buyers wanting particular 
brands of large have, however, in isolated cases to pay 
a small premium on the schedule, while in the sized coal 
section, nuts are usually above schedule with peas and 
beans readily obtainable at stabilisation prices. 

French Pitwood.—Though supplies of French pitwood 

still find their way toSouth Wales under protest, the dispute 
between the French exporters and South Wales impor- 
ters in regard to payment for supplies bought on a sterling 
basis continues. The exporters want to be paid on a gold 
standard basis which importers have refused. French 
exporters are now asking increased prices to make up 
for the loss in exchange, but as the Welsh colliery owners 
are refusing to pay higher prices for pitwood, importers 
are not purchasing French wood. The collieries are, 
however, able to secure Portuguese timber besides 
Scandinavian and Russian props, while there is also talk 
of importing wood from Canada. Meanwhile French 
wood continues to reach the Welsh ports for sale on 
commission or under protest so that the collieries are 
still able to obtain their requirements. 
_ tdle Shipping.—At the beginning of the month no 
lewer than 74 vessels, aggregating 398,342 tons dead- 
weight, were laid up in the South Wales ports of the Great 
Western Railway Company. This, notwithstanding 
the absorption of shipping in seasonal trades during the 
summer months, represents an increase of six vessels and 
26,505 tons over the quantity of shipping lying idle in the 
Welsh ports three months earlier, With the exception of 
one small foreign steamer, the whole of this vast idle fleet 
was British owned and included over 40 Cardift vessels. 

Boilermakers’ Strike-—-Work in the Welsh ship-repair- 
tug yards has been disorganised by a strike of boiler- 
takers against reductions in wages which were put into 
Operation by the employers throughout the country. 
{n other districts the boilermakers remained at work 
under protection, but in South Wales where other grades 
of labour have accepted reductions, the boilermakers 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—Quite a confident undertone 

prevails in the Scottish steel trade, but there is no 
evidence yet of any immediate improvement being 
orthcoming. Neither is there likely to be much 
change in the state of the industry until after the 
General Election at the end of this month. The break- 
ing off from the gold standard has had the effect of 
raising the price of imported material, and this, in 
consequence, has strengthened the position of the home 
producers. In the meantime, however, the demand 
continues to be poor, and, although there is a good 
general inquiry, makers are all much in need of orders 
to keep plant running. Export business is not of great 
volume at present, but it is expected to expand con- 
siderably now that the pound has depreciated. Makers of 
black and galvanised sheets are not much better off than 
they were, and order books are by no means well filled. 
The hardening of prices, due to the rise in the cost of 
raw material, has caused a slight check in dealing at 
the moment, but there are prospects of business opening 
out again before long. The following are the current 
market quotations :—Boiler plates, 10/. 10s. per ton; 
ship plates, 8/. 15s. per ton ; sections, 8J. 7s. 6d. per ton ; 
black steel sheets, 4 in., 7/. 10s. to 71. 128. 6d. per ton ; 
and galvanised corrugated sheets (No. 24 gauge), 11/. per 
ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—No change can yet be reported 
in the state of the malleable-iron trade of the West of 
Scotland, and there is still a much reduced output. 
Orders are very badly required, but makers are very 
hopeful that improved conditions will prevail at no 
distant date. The re-rollers of steel bars are also rather 
quiet, but there is, if anything, a little more business 
going through, The current market quotations are as 
follows :—Crown bars, 10/. 5s. per ton for home 
delivery and 91. 10s. per ton for export; and re-rolled 
steel bars, 6/. 2s, 6d. to 61. 5s. per ton for home delivery 
or export. 

Scottish Pig-Iron Trade.—The dull tone of recent 
weeks is still general in the Scottish pig-iron trade, and 
all demands of buyers are easily met, as stocks on hand 
are ample. Inquiries are somewhat better, but exports 
continue to be poor. To-day’s prices show no change 
and are as follows :—Hematite, 68s. 6d. per ton, delivered 
at the steel works ; foundry iron, No. 1, 72s. per ton ; and 
No. 3, 69s. 6d. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—Shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, October 3, only amounted to 105 tons. Of 
that total, 50 tons went overseas and 55 tons coastwise. 
During the corresponding week of last year the figures 
were 180 tons overseas and 94 tons coastwise, making 
a total shipment of 274 tons. 








NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

The General Outlook.—Although the iron and steel and 
allied industries of the North-Western area have not so 
far benefited from the devaluation of the pound to any- 
thing like the extent indicated by exaggerated, if well- 
intentioned, reports which have gained currency, there is 
certainly ample ground for optimism that slightly better 
times are ahead for several branches of industry. It is 
realised, however, that additional work must of necessity 
come slowly, and that two or three months must elapse 
before the full advantages, to manufacturers, of the 
departure from the gold standard become apparent. 
One of the first sections to profit will undoubtedly be 
the textile-machinery manufacturing branch. Already 
leading Lancashire cotton-trade undertakings have booked 
important orders which will entail the re-opening of 
several mills, and both the purchase of modern machinery 
and the overhaul and repair of existing plant will provide 
useful new work. Boilermakers, too, are hopeful that the 
revival in the cotton industry will mean more work. 
In the wire trade there is already some evidence of 
improvement. In an interview, an official of Messrs. 
Rylands Brothers, Limited, wire manufacturers, of 
Warrington, stated that business had increased con- 
siderably in the last few weeks, and that the outlook 
was more encouraging than for some years past. The 
firm has recently engaged a further 100 men, and is 
hopeful of absorbing still more labour in the near future. 
Fewer Structural Steelwork Orders.—Manufacturers of 
structural steelwork, who hope ultimately to share in 
the anticipated general industrial improvement, are 
finding conditions rather difficult at present, on account 
of municipal and other schemes having been abandoned 
or deferred in the interests of economy. Leading firms, 
however, continue to add to their order books. Messrs. 
John Booth and Sons, Limited, of the Hulton Steelworks, 
Bolton, who are supplying steelwork for a large new 
cinema at Stockport, have just secured an order for 
steelwork required for the erection of the nave of Buck- 
fastleigh Abbey, in Devonshire. In common with many 
other textile machinists, Messrs. Platt Brothers, 
Limited, of Oldham, have, in the last few months, 
explored avenues for the utilisation of idle plant, and 
have recently commenced the manufacture of pipes for 
use as gas mains. Several useful contracts have already 
been secured, and an encouraging inquiry is reported. 
This firm has also on hand in its machinery shops a 
number of contracts for foreign customers. Another 
local firm has joined in the recent migration of industry 
to the South. It is announced that Messrs. Browett, 
Lindley and Company, Limited, engineers, of Sandon 
Works, Patricroft, near Manchester, are to transfer their 
activities to new works at Letchworth, Hertfordshire. 
The transfer was commenced last weekend. A number 





ceased work, 


of members of the technical staff are being retained. 


NOTICES OF MEETINGS. 


Junior Institution oF ENGINEERS.—To-night, 
7.30 p.m., 39, Victoria-street, S.W.1. ‘‘ Office Engi- 
neering,” by Mr. E. D. Gill. Friday, October 16, 


7.30 p.m. ‘‘ The Characteristics of Commercially Pure 
Iron,” by Mr. C. C. Berger. 


INSTITUTION OF PRODUCTION ENGINEERS.—London 
Section: To-night, 7.30 p.m., Society of Motor Manu- 
facturers and Traders, 83, Pall Mall, S.W.1l. Annual 
General Meeting. ‘‘ Distribution and Production,” by 
Mr. J. G. Young. Luton, Bedford and District Section : 
Wednesday, October 14, 7.30 p.m., Red Lion Hotel, 

uton. ‘‘ Press Tool Design and Manufacture,” by 
Mr. L. D. Tyrrell. Glasgow Section : Thursday, October 
15, 7.30 p.m., Institution of Engineers and Shipbuilders 
in Scotland, 39, Elmbank-crescent, Glasgow. ‘‘ Distri- 
bution, Men and Management,” by Mr. J. G. Young. 


Society or CHEMIcAL INDUSTRY. CHEMICAL ENGI- 
NEERING GrovuP.—To-night, 8 p.m., Chemical Society, 
Burlington House, Piccadilly, W.1. ‘‘ The Manufacture 
and Testing of Asphalt Paving Material,” by Mr. D. M. 
Wilson. 


INSTITUTE OF TRANSPORT.—Monday, October 12, 
5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Presidential Address, “‘ The 
Growth of Cities,’ by Mr. F. Pick. Birmingham and 
District Section: Tuesday, October 13, 6 p.m., Queen’s 
Hotel, Birmingham. Chairman’s Address, by Mr. O. C. 
Power. Followed by discussion on ‘‘ The Working of 
the Road Traffic Act, 1930.” 
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13, 6 p.m., 85, The Minories, E.C.3. “‘ Safety Valves,”’ 
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oF MECHANICAL ENGINEERS.—South 
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Metal Exchange, Swansea. “ The Commercial ——< 
of Engineering Insurance,” by Mr. H. R. Sketch. orth 
Western Branch: Thursday, October 15, 7.15 p.m., 
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Engineers’ Club, Albert-square, Manchester. ‘“ Racing 
Motor-Car Design,” by Mr. R. A. Railton. London : 
Friday, October 16, 6 p.m., Storey’s-gate, S.W.1. 


Special General Meeting. Approval of draft by-laws. 


SHEFFIELD METALLURGICAL AssocIATION.—Tuesday, 
October 13, 7.30 p.m., 198, West-street; Sheffield. 
“Salving German Battleships at Scapa Flow,” by 
Mr. E. F. Cox. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScotLanp.—Tuesday, October 13, 7.30 p.m., 39, Elm- 
bank-crescent, Glasgow. Presidential Address, by Mr. 
A. Gilchrist. ‘‘ Parallel Performances of Sister Ships,” 
by F. G. Brownlie. 

NEWcoMEN Soctety.—Wednesday, October 14, 5.30 
p-m., Science Museum, South Kensington, S.W.7. 
‘¢ Jolliffe and Banks, Contractors,” by Mr. H. W. 
Dickinson. 

INSTITUTION OF ENGINEERING INSPECTION.—Wednes- 
day, October 14, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘Some Applications of 
Condensers to Electric Power Circuits,” by Mr. P. R. 
Coursey. 


InsTITUTION oF CIviL ENGINEERS.—Manchester and 
District Association : Wednesday, October 14, 6.45 p.m., 
Manchester Literary and Philosophical Society, 36, 
George-street, Manchester. Chairman’s Address by 
Mr. E. H. Morris. 


INSTITUTION ,OF ENGINEERS-IN-CHARGE,—Wednesday, 
October 14, 7.30 p.m., St. Bride Institute, Bride Lane, 
Fleet-street, E.C.4. Presidential Address, ‘‘ Further 
Engineering Notes on a World Tour,” by Mr. W. Reavell. 


Royat ArronavuticaL Socrety.—Thursday, October 
15, 6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. “The Protection of Metal Parts of Aircraft 
against Corrosion,” by Mr, H. Sutton. 


Optica Soctety.—Thursday, October 15, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, S.W.7. ‘‘ The Validity of the Schwarzschild 
Relation as Applied to the Use of the Logarithmic Sector,” 
by Mr. F. Twyman and Mr, A. Harvey. ‘‘ The Spekker 
Photometer for Ultra-Violet Spectrophotometry,” by 
Mr. F, Twyman, 

InstituTION OF WewLpine EnorIneeRs.—Thursday, 
October 15, 7.45 p.m., Institution of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. “‘Autogenous Welding of 
Lead and its Alloys, Ancient and Modern,” by Mr. E. B. 
Partington. 

NortH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS,—Friday, October 16, 6 p.m., Literary 
and Philosophical Society, Newcastle-on-Tyne. Annual 
General Meeting. Presidential Address by Mr, J. 
McGovern. 

FOUNDRYMEN,—Lancashire 
Branch, Burnley Section: Saturday, October 17, 6.386 
p-m., Technical School, Accrington. ‘‘ Cylinders, for 
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THE FUTURE OF THE HIGH-SPEED 
OIL ENGINE. 

Ir is sometimes suggested that the only real 
advantage offered by the high-speed airless-injection 
engine, as compared with the petrol engine, lies in 
the lower fuel costs. Those who hold this view 
further argue that the extensive adoption of this 
type of engine would result in a rapid rise in the 
price of fuel oil, ultimately offsetting any advantage 
gained, and rendering the painstaking experimental 
work which has been devoted to its development so 
much waste time. It appears to us, however, that 
the airless-injection engine possesses characteristics, 
which, given a sufficient degree of reliability, would 
ensure its adoption for certain classes of work were 
the cost of the fuel to be as high as that of petrol, a 
contingency of which there appears to be but little 
prospect. While it may be admitted that fuel costs 
are governed, to some extent, by other factors than 
the cost of production and distribution, one cannot 
believe that deliberate exploitation of the market 
forms any part of the policy of the fuel interests, 
and there is little reason to suppose that an increased 
demand for heavy fuels for high-speed engines 
would lead to a real shortage, with a corresponding 
rise in price. That these views are shared by the 
majority of engine manufacturers is shown by the 
large number of high-speed engines that have 
recently been introduced, and which are being 
added to at frequent intervals. The most sur- 
prising feature of this movement is that it has taken 
place to the greatest extent in Great Britain, where 
the prejudice against the engine throughout its 
period of development has been much stronger than 
on the Continent. 

The earlier high-speed engines of the airless- 
injection type were far from trouble-free, and for 
some time were only high speed in comparison 
with stationary or marine engines of similar type, 
difficulties in metering the fuel rendering speeds 
comparable with those obtained with petrol engines 
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impracticable. These objections have been largely 
overcome in the later models, together with any 
tendency to a foul exhaust, and it only remains to 
be proved whether the high compression ratios 
employed, in combination with high crankshaft 
speeds, will result in excessive maintenance charges. 
None of the newer engines has been on the market 
sufficiently long to demonstrate its reliabilityin 
the hands of the ordinary user, but some of the 
older and slower-speed models have been tried out 
in this way, and the results obtained certainly 
justify a parallel with the petrol engine, where 
increasing speeds have been gradually attained 
without excessive wear. 

The advantageous features of these engines, apart 
from fuel costs, have been frequently referred to in 
our columns, and may be summed up as freedom 
from fire risks, and superior torque characteristics, 
while the absence of carbon-monoxide in the 
exhaust gas, and the reduced tendency to fouling 
of the crank-case lubricating oil, are advantages 
of lesser importance. The freedom from fire risks 
is of particular importance in the case of engines 
for small marine craft and for aircraft, and no 
doubt mainly accounts for the rapid extension in 
the employment of such engines for the former 
purpose. Apart from their use in the ill-fated 
R101, heavy-oil engines have not yet found any 
important application in aircraft, on account of 
their high weight. Several experimental installa- 
tions have, however, been fitted in aeroplanes, and 
the freedom from fire risks is so important in this 
case, that further progress along these lines appears 
certain. The increase in the power-weight ratio 
necessary for their extended application, although 
offering considerable difficulties, does not appear 
to present an insuperable problem in view of the 
latest developments. The most important field of 
application for these engines is undoubtedly the 
commercial vehicle, and in this case, the battle 
between oil and petrol may be said to be fairly 
joined by the equipment of a number of the London 
General omnibuses with the A.E.C. Acro engine. 
Other makes of heavy-oil engines are now in regular 
use, either for passenger or goods vehicles, in various 
parts of the country, so that data on reliability and 
wearing qualities should soon become available. 
The petrol engine has driven out the steam lorry 
from all but a very restricted field, but its new 
competitor is certainly a more formidable opponent, 
in that it is not subject to the well-known limitations 
of the steam engine, and it would not be surprising 
if it ultimately won the day on the heavier classes 
of vehicle. Rapid progress in this direction can 
hardly be anticipated, however. In the case of 
the petrol lorry, fuel stations have been set up at 
frequent intervals along all the main traffic routes, 
and facilities for temporary repairs or minor replace- 
ments are available in every town, so that there is 
very little danger of the private user, who cannot 
rely on an extensive service organisation, being 
stranded for more than a few hours. This organisa- 
tion is the result of many years’ growth, and similar 
facilities for heavy-oil engined vehicles will require 
a considerable time to set up. Apart from fleet 
services, for which the proprietors can establish 
their own service stations, the user of a vehicle 
fitted with a heavy-oil engine is somewhat of a 
pioneer, and the difficulties attached to this position 
no doubt largely account for the small number of 
such vehicles at present on the road. 

Up till the present, very little information has 
actually been published on the performance of the 
high-speed engine, the most complete data yet given 
being incorporated in Dr. Davies and Mr. Griffen’s 
paper, read before the British Association last year. 
Although this paper was of great value for classifica- 
tion purposes, the information given was not 
sufficiently detailed to enable a true comparison to 
be made between the various types. The results of 
independent tests on the three types of engine 
tabulated by the authors would be particularly 
valuable at the present time, as all three types, 
direct injection, antechamber, and auxiliary air 
chamber, are offered to the public. The very 
fullest information is available on petrol-engine 
performance, and no doubt it is only a question of 
time before similar information is available for 
the high-speed airless-injection engine. Given the 








ENGINEERING. 











mainly a question of time and careful observation, 
and it may be suggested that this work would form 
an admirable exercise for students in the numerous 
heat-engine laboratoriesassociated with our technical 
schools and colleges. The results of numerous tests 
on stationary and marine-engines of the airless- 
injection type have, of course, been published, but 
has little application to the high-speed engine, 
owing to the difference in the nature of the duties 
required. For land work, and for use in ocean- 
going vessels, the engine runs at practically constant 
speed, but for road work in particular, a wide 
speed variation is essential. A commercial-vehicle 
engine, running on petrol, is sufficiently flexible to 
enable the vehicle to be driven on top gear between 
speeds of about 15 m.p.h. to 50 m.p.h. without any 
marked variation in efficiency, and, for effective 
competition, the newer type of engine should give 
a comparable performance. 

In his presidential address to the Institution of 
Automobile Engineers, on October 1, Mr. W. A. 
Tookey gave the results of independent tests on 
two modern engines of the pre-combustion chamber 
type, and one of the direct-injection type. It is 
not stated whether the two former were of the 
ante-chamber or auxiliary air chamber types. The 
engines varied widely in speed range and perform- 
ance, and attention may be confined to the model 
giving the best results. This was a six-cylinder 
pre-combustion chamber unit with a total cylinder 
capacity of 8,100 c.c. It developed 54-8 b.h.p. at 
815 r.p.m., and 129-5 b.h.p. at 2,133 r.p.m., showing 
a speed range fully comparable with that of a petrol 
engine. As has been pointed out, in road work the 
conditions call for a wide variation in engine per- 
formance, and as Dr. Davies has explained, it is 
the maintenance of low consumption over wide 
ranges of speed and load which is of major import- 
ance. Mr. Tookey gave the consumption in pints 
per brake horse-power-hour, and as the specific 
gravity of the fuel is not mentioned, this makes 
the figures rather difficult to compare with results 
previously published. Taking the figures given 
for maximum output at various speeds, however, it 
was shown that between 815 r.p.m. and 1,541 r.p.m., 
the brake horse-power increases from 54-8 to 104 ; 
the brake mean effective pressure remains almost 
constant at about 100 lb. per square inch, and the 
consumption in pints per brake horse-power-hour 
varies less than 5 per cent. At a constant speed 
in the neighbourhood of 1,600 r.p.m., the consump- 
tion is 0-455 pint per brake horse-power-hour, 
with a brake mean effective pressure of 99-2, and 
falls to 0-406 pint per brake horse-power-hour with 
a brake mean effective pressure of 66, rising again 
to 0-445 with a brake mean effective pressure of 49°8. 
These results clearly show the good fuel economy of 
the airless-injection engine at reduced loads. 

Mr. Tookey gave performance data for various 
types of petrol engine, and for marine and stationary 
airless-injection engines, in his address, the results 
in each case being reduced to the ratio of brake 
mean effective pressure over the charge in B.Th.U. 
per cubic foot of total cylinder volume. The most 
interesting feature of the address, however, lay 
possibly in the informative comments on the per- 
formance of the different types of engine, based on 
his own lengthy experience of testing. We must 
refer our readers to the address itself for the 
majority of these, but one or two may, perhaps, 
be quoted. Referring to the performance of gas 
engines in industrial service, Mr. Tookey mentioned 
that engines of 6-5 in. bore and 13-in. stroke 
produce about 1-7 Ib. of indicated mean pressure 
for each B.Th.U. As the bore is increased, this 
figure rises to 1-9 with a bore of 8-5 in., and may 
reach 1-95 with a bore of 9-5 in., after which no 
further improvement is appreciable in normal ser- 
vice. A very practical point to which attention is 
drawn is the handicap which may be placed upon 
gas engines by fitting the expansion boxes close to 
the exhaust valves, thus nullifying the effect of 
release velocity of the escaping gases. The result 
may be an unduly high wall surface temperature at 
the moment of entry of the fresh mixture, an 
unduly high residual pressure, and restriction of 
the passages in small engines by carbon deposits at 
points where re-expansion occurs, 
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THE FUEL MARKET. 

THOSE who conduct an industry are, or should be, 
best able to lay down rules for their own guidance. 
There are general principles, economical and even 
ethical, to which, doubtless, they must conform, 


but there can be few industries in which details: 


essential to efficient regulation are not known to 
those who conduct them as they cannot be to out- 
siders. Nevertheless, the experience of recent 
years has produced an increasing recognition of the 
advantage to be derived from co-operation among 
those engaged in an industry. The application of 
this principle has barely gone beyond the fringe 
of the field over which it seems likely to be useful, 
and in most industries the direction and extent to 
which it may be invoked are matters that must be 
decided by those concerned, according to the circum- 
stances of their individual enterprises. In some 
industries, however, the freedom of independent 
action is restricted by its inherent conditions of 
working, and this is particularly the case in questions 
relating to fuel. It has not, indeed, always been so. 
So far, at least, as concerns this country, there was 
before the war a more or less steady demand for 
all the coal that could be produced, and by com- 
parison with it the demand for oil was, if not trivial, 
at least small. ‘The consumption of oil, indeed, has 
continued to increase. Including motor spirit, 
which forms about half the total, it is more than 
double what it was ten years ago, but this is evidently 
attributable in a large measure to the increased use 
of mechanical power, and to some extent to improve- 
ments in the design of Diesel engines. It is prob- 
ably in accordance with general expectation that 
the use of oil should turn out to be increasing so 
rapidly. Like low-temperature carbonisation oil 
has enjoyed a good press for some years past, and 
its prospects have excited expectation rather in 
proportion to the technical interests which its 
problems have aroused than to the place it fills 
in national economy. Having regard, in fact, to 
all that has been said and written about the pros- 
pects of oil, it takes something of an effort to realise 
that even at the present time the fuel equivalent of 
oil and motor spirit used in this country for all 
purposes is only of the order of 10 per cent. of the 
total fuel consumption. The large majority of the 
fuel supplies continues to be provided by coal, and 
here the position has been entirely reversed since 
the war. In the first three months of the present 
year coal was raised in this country at a rate about 
20 per cent. less than throughout 1913. From hav- 
ing been able to dispose of all that their staffs could 
raise, British collieries have been subject for years 
past to chronic unemployment, which is in no 
sufficient way to be explained by the relatively 
small inroad made into their trade through the 
increased use of oil. It has accordingly long been 
evident that the time is overdue for a stock-taking 
of the relative part that fuel in its various forms can 
take with the most advantage to the national 
economy, and at the suggestion of Sir David Milne 
Watson, the President of the Institute of Fuel, a 
paper by Dr. W. R. Ormandy was presented to a 
joint meeting of that body and the principal London 
chemical and engineering institutions on October 7, 
dealing with coal, smokeless fuel and oil from the 
national standpoint. 

There has been no lack of papers on specific 
industrial processes relating to fuel, and some of an 
omnibus character dealing with a number of them, 
but up to the present time few appear to have pro- 
duced so comprehensive and well-balanced a state- 
ment of the many aspects of the question. There 
have, indeed, been many valuable papers dealing 
with individual aspects, but up to now no such 
systematic and successful attempt has been made to 
bring together the leading facts of the economical 
and technical position of the coal, mineral oil, oil 
derived from coal by hydrogenation, and the pro- 
ducts of the destructive distillation of various types 
of coal, and to compare the probable place of each 
of them in the service of industries which have an 
unprecedented need to use each of them to the best 
advantage. The superiority which this statement 
has over many of its predecessors is to show, more 
clearly than has been realised generally up till now, 
that the fuel industries, if they are to obtain the 





economical basis which is indispensable to them, 








must be regarded as a whole. The time appears to 
have passed finally when the development of one 
branch can be pursued regardless of the others, 
The economical position of fuel producers has been 
affected not merely by the increase in their numbers 
in many parts of the world; but, as Dr. Ormandy 
points out, it has probably suffered no less through 
the improvements in their own technology, and in 
that of the fuel-using industries. The gas industry, 
for example, has been increasing steadily, but its 
consumption of coal does not increase to the same 
extent, owing to the great economies brought about 
by better design and the higher yield of gas obtained 
per ton of coal used. In the development of oil, 
again, there was a time not so many years ago when 
serious anxiety was felt about the prospects of 
maintaining the supply which modern industry 
requires. Now, however, by the help of geological 
observation, and still more in recent years of 
geophysical methods, new oil fields and new sources 
of supply are being discovered and developed more 
rapidly than the old fields are giving out. It may 
be said broadly, in fact, that since 1913 the amount 
of products obtained from a unit of fuel has been 
steadily increasing at a substantially greater rate 
than"the demand for the fuel, and till that situation 
changes unemployment will continue to become 
relatively more severe in those fuel-producing 
countries who are not making the best use of their 
resources. 

The information which is now published in regard 
to the cost of obtaining both light and heavy fuel 
oils by the hydrogenation of British coal indicates 
that the prolonged researches of Imperial Chemical 
Industries, Limited, coupled with the results 
obtained by the no less prolonged investigations of 
the Fuel Research Station, have brought the hydro- 
genation processes to a very advanced stage of 
technical and economical perfection. On the experi- 
ence of Imperial Chemical Industries with a semi- 
commercial unit capable of dealing with about 
15 tons of coal a day, the company could now at 
the present price of coal convert it into petrol at 
an over-all cost of 7d. per gallon of spirit produced, 
and heavier oils at least as easily and probably more 
so. This figure is based on a plant with an output 
of 220,000 tons of petrol per annum, estimated to 
cost 8,000,000/. At the present time petrol carries 
an excise duty of 8d. a gallon, to which has to be 
added some 4d. a gallon for distribution and retail- 
ing, and it can be hardly doubted that, as 
Dr. Ormandy states, the price of oil must rise 
ultimately to some more economical limit. As that 
time approaches it may be worth the State’s while 
to consider how far the gain in using home resources 
and providing additional employment may make it 
worth its while to mitigate the duty on oil produced 
within the country. In the meanwhile the problems 
of most immediate economic interest are those that 
relate to the 90 per cent. of the fuel that is already 
obtained from coal. The measures that seem to be 
indicated as necessary for putting the fuel industry 
of this country on a level with that of its competitors 
seem unquestionably to call for capital expenditure, 
and it is to be hoped that the saner influences regu- 
lating the coal industry may have the power at 
least to avoid adding to the difficulties by which 
any such expenditure is beset at the present time. 
There are, of course, collieries in this country as 
well equipped as the best of their competitors. and 
as economically worked, but among the pits, over 
2,000 in number, there seems to be no doubt that 
they are in a minority. It is, perhaps, hardly fair 
to compare the extent to which coal cleaning 1s used 
in British pits—28 per cent. in this country 4s 
against 80 per cent. in Germany and 85 per cent. 
in France—owing to the larger proportion of clean 
coal in the British output. Whether this proportion 
indicates that the British coal is cleaned as satis- 
factorily as the Continental is perhaps another 
question, but the disproportion in respect of the 
mines which are fitted with machine-mining plant— 
under 30 per cent. in this country, as against So sae 
cent. in Germany, 65 per cent. in France, ove! 
80 per cent. in Belgium, and regularly in America. 
even in thick seams—seems hardly explic able, 
except on the assumption that a serious expenditure 
is being avoided for lack of funds, or perhaps more 
accurately through absence of security in internal 
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trade conditions. The lack of cleaning and sizing 
of British as compared with Continental export 
supplies is doubtless improving, but it may be 
questioned whether it has not still far to go. At 
the present time the British export coal trade is 
barely more than two-thirds of what it was in 1913, 
and in Italy, for example, though their total imports 
of coal went up by 2,000,000 tons in 1928, their 
imports from Great Britain were 3,000,000 tons less. 
In the production of coke, again, the uniformity of 
which is of material consequence to its metallurgical 
users, there is said to be little scientific blending, 
and at the present time much further knowledge is 
required to put the design of coke ovens on a satis- 
factory basis. With all these problems are involved 
many considerations as to the use to be made of 
coke-oven gas, which in itself is an excellent example 
of the manner in which desirable changes may 
affect the interests of the several branches of an 
industry differently. If, again, low-temperature 
carbonisation was contemplated on a large scale, 
the disposal of the gas would be among the major 
problems, and the regulation of its composition 
would seem to be a necessary preliminary for their 
economical solution. The implication involved in 
Dr. Ormandy’s paper is that those concerned in 
these complex problems should seek to lay down 
some common basis of action, and the Institute of 
Fuel, with the other distinguished institutions to 
which the paper was submitted, will have done good 
work if their discussion leads to some such steps. 








CLERK MAXWELL. 


By a curious, yet curiously appropriate, coinci- 
dence the centenary of Faraday’s discovery of 
electromagnetic induction is also the centenary of 
the birth of Clerk Maxwell, the other great founder 
of the modern science of electricity and magnetism. 
Clerk Maxwell, at a very early age, gave promise of 
his future fame. A paper to the Royal Society of 
Edinburgh on a mechanical method of generating 
Cartesian ovals was written by him at the age of 
15. Proceeding to Cambridge, he was, in 1854, 
second wrangler, and placed equal to the senior 
wrangler as first Smith’s prizeman. He had 
already, however, done much original work, his 
Royal Society paper on Faraday’s lines of force 
having been substantially completed, whilst he 
was yet an undergraduate. Maxwell lived in an 
age when the urge to specialisation was far less 
insistent than it is to-day. He was, therefore, 
able to make pioneering contributions of first- 
class importance in many branches of science. 
His fame, of course, rests mainly on his famous 
equations to the electro-magnetic field, which are, as 
Sir J. J. Thomson has stated, the most important 
in the whole range of physics. Daily use is made 
of these in all branches of electrical engineering, 
but engineers engaged in quite other branches of 
the profession are also deeply indebted to Maxwell’s 
researches. In 1864 he explained the theory of his 
reciprocal figures, which are of fundamental import- 
ance in graphic statics. In view of the pressure of 
other researches, however, it is not surprising that 
he left to others the development of this illuminative 
concept, a work largely completed by the great 
Italian geometer, Cremona. We also owe to Maxwell 
the first general method of determining the stresses 
In statically indeterminate structures, and on his 
reciprocal theorem, moreover, is based the instru- 
ments of Professor Beggs and others for finding by 
experiments on models the stresses in complicated 
redundant structures. Such instruments seem 
likely to become increasingly popular in the future. 
According to this reciprocal theorem of Maxwell, 
the deflection at any point B of an elastic structure 
due to a load W applied at A, is equal to the deflec- 
tion at A along the line of action of the original load 
there, caused by a load W at B, acting in the direc- 
tion of the original deflection there. Again, as 
early as his eighteenth year Maxwell was experi- 
henting on the effect of stresses on the optical 
Properties of transparent solids, a phenomenon 
which, as is now common knowledge, has occasion- 
ally proved useful as a means of determining stresses 
complicated cases. : 

Engineers are also indebted to Maxwell for his 


the novice, was an immense help to former genera- 
tions of students. It was Maxwell, moreover, who 
was the first to recognise the supreme importance 
of the work of Willard Gibbs, probably the most 
original of American scientific thinkers. Gibbs’ 
thermodynamic model is the basis of the tempera- 
ture-entropy, and entropy-total-heat diagrams now 
in such common use by engineers. One of the most 
striking of Maxwell’s contributions to the elucida- 
tion of the true significance of the second law of 
thermodynamics was his concept of the “ sorting 
demon,” who, able to deal with individual molecules, 
would be able, without any expenditure of work, to 
make heat pass from a colder to a hotter region. 
This illuminating idea seems to have first been 
broached in a letter to the late Lord Rayleigh dated 
December 6, 1870. 

Maxwell’s contributions to the kinetic theory of 
gases were of fundamental importance, and have led 
to remarkable developments in many branches of 
science. In determining the distribution of molecular 
velocities by an application of the mathematical 
theory of probabilities, he founded the science of 
statistical mechanics, which threatens to dominate 
in the future many branches of physics. He 
established the law of equipartition of energy 
according to which the total energy of any molecule 
is on the average equally divided between its several 
degrees of freedom, and moreover, that in a mixture 
of two similar gases the average energy of every 
molecule is the same. We owe to Maxwell, also, the 
important fact that the viscosity of a gas is inde- 
pendent of its pressure, and rational relationships 
between the viscosity of a gas, its conductivity for 
heat and its coefficient of diffusion. It is of interest 
to note that by developing a method by which 
Maxwell was able to determine the rate at which an 
abnormal distribution of velocities in a mass of gas 
would disappear, Sir J. H. Jeans has been able to 
calculate the probable age of the stars; and by 
making use of another of Maxwell’s concepts, to 
show that spiral nebulas in breaking up will do so 
in masses of the same order as that of the stars. 
Maxwell proved, moreover, that radiation must 
exert a pressure on any surface which intercepts it, 


largely responsible for the distension of the stars. 
So much has been said, elsewhere, of the funda- 
mental importance of Maxwell’s electro-magnetic 
equations, that it seemed fitting to notice above his 
remarkable achievements in other branches of 
science. It is curious to note that these equations to 
the electro-magnetic field originated in the study of 
what must be regarded as a very crude model, 
consisting of cog wheels and idlers which he framed 
to represent mechanically Faraday’s observations. 
It has been said of Maxwell that he was constitu- 
tionally incapable of thinking wrongly in any 
problem in mechanics. 
In conjunction with Fleeming Jenkin and Balfour 
Stewart, he made the first absolute determination 
of the value of the ohm. This work was carried out 
at King’s College, London, where he held a pro- 
fessorship from 1860 to 1868, retiring in the latter 
year, owing largely to ill-health. He returned to 


and this radiation pressure is now recognised as | 


| flowing upwards 
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Moror.Less FLIGHT. 


THE next item taken at the meeting on Friday 
morning, September 25, was a paper by Colonel, 
the Master of Sempill, on “‘ Motorless Flight.” The 
object of the paper, the author stated, was to set 
out a broad statement of the present position with 
regard to motorless flight and to give some notes on 
future developments. In this connection, we owed 
a great debt of gratitude to Germany for the manner 
in which the knowledge available in that country 
had been placed at our disposal. Little progress 
had been made until 1920, when Germany, ham- 
pered by the restrictions of the Peace Treaty in 
the development of motor-driven machines, com- 
menced to give attention to gliding and soaring. 
The type of glider developed was a robust, simple 
machine, intended only for straight flights from the 
tops of hills of moderate height, but the sail- 
plane was a highly developed aircraft, in the design 
and. construction of which great care was taken to 
achieve the highest efficiency with regard to gliding 
angle, sinking speed, and speed range. These 
requirements were best met in the full or semi- 
cantilever high-wing monoplane, with relatively 
thick-sectioned and highly cambered wings of 
large span and aspect ratio. Three methods of 
launching sailplanes were employed, the standard 
method being to employ a shock cord tensioned by 
a ground crew. The other methods were towing 
by a motor-car or by an aeroplane. Sailplanes 
had been towed for great distances—in America 
from the Pacific to the Atlantic Coast, and in this 
country for several hundred miles under very 
adverse weather conditions. 

The work involved in the design, construction, 
and operation of gliders and sailplanes offered 
considerable scope for those desirous of obtaining 
general first-hand knowledge of aeronautical science 
and engineering, since the cost of the materials was 
very small. From the scientific and technical 
standpoints there were many lessons to be learnt, 
some of which had been applied to power-driven 
machines. The meteorological aspect was exceed- 
|ingly important, and sailplane flights offered 
| opportunities to the meteorologist for obtaining 
| data on wind structure, the air circulation in the 
| vicinity of and within different cloud formations, 
|and the extent and severity of vertical currents. 
| Duration or long-distance flights might be made by 
utilising winds deflected upwards by hills, currents 
into cumulus clouds, thermic 
currents such as were found over deserts, and the 
up-wind found on the front of an advancing squall 
or thunderstorm. The first successful attempts at 
cloud soaring were made about two years ago, and 
were still very experimental. The development of 
cloud soaring was, however, most important, since 
by this means sailplanes might cross flat country. 
The present duration record stood at nearly twenty 














Cambridge in 1871 as the first holder of the newly- 
established chair of experimental physics. He was 
the founder of the Cambridge school of research, to 
which we are indebted for so many fundamental 


hours in the air, the cross-country record being 
200 miles in a straight line and the height record 
10,000 ft. above the starting point. When it was 
remembered that this had been achieved within a 





contributions to physical science. His successors in 
the chair have been Lord Rayleigh, Sir J. J. Thomson 
and Lord Rutherford. Maxwell died at the early age 
of forty-eight. Of Roger Cotes, Newton said: 
“Had Mr. Cotes lived, we should have known some- 
thing,” and great as were Maxwell’s contributions 
to science, his untimely death and constant ill-health 
must undoubtedly have robbed the world of much 


few years, the results were certainly remarkable. 
Professor R. V. Southwell, who opened the 
discussion on this paper, remarked that it had been 
said that no information could be secured by 
the use of gliders which could not be obtained more 
accurately from motor-driven machines. His own 
view was, however, that the former might be of 
considerable use scientifically, since with them it was 





that it can ill spare. In an eloquent tribute to 
Maxwell at Cambridge, on October 2, Professor 
Max Planck, the famous Berlin physicist, observed 
that ‘‘ By his birth Maxwell belonged to Edinburgh, 
by his personality to Cambridge, and by his work 


possible to obtain information of what might be 
termed an integrated type, as compared with balloons 
and instruments which gave only single-point ob- 
servations. Sir Gilbert Walker, the next speaker, 
said the meteorological characteristics of small 





to the whole world.” 








Tue INSTITUTION OF ELEcTRICAL ENGINEERS.—We 
are informed that the Ferranti Scholarship for 1931 
has been awarded to Mr. W. G. Thompson, B.Sc., of 
Armstrong College, Newcastle-on-Tyne. The Scholar- 


at 20 m.p.h. than at 80 m.p.h. 


clouds were very surprising, and he thought it 
would be easier to make observations of a laboratory 
type for investigating them in a machine travelling 
A glider could 
be towed in the air by an aeroplane and set free in 








Theory of Heat, which, though difficult reading to 


ship has an annual value of 250/., and is tenable for 
two years. 


the required locality to make measurements in a 
leisurely manner. 


Another point of interest in 
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connection with gliders was the improvement made 
in aerodynamic efficiency. When gliding was 
first taken up in Germany, the angle of descent 
of the machines had been over 6 deg., but this 
had now been reduced to 3 deg., which meant 
that the air resistance had been halved. The angle 
of descent of a vulture, he remarked, was 5 deg., 
but by making use of up currents of air it could 
ascend to a height of 3,000 ft., and could remain 
in the air for a whole day without flapping its wings. 
He thought there were many possibilities for the 
commercial development of gliders in tropical 
countries. 

Dr. 8. J. Davies, the next speaker, remarked that 
the evolution of the motor car had been brought 
about both by research and by mass experience, 
whereas that of aviation, so far, had been mainly 
due to the former. The glider, however, would 
make the second method of development possible. 
Mr. H. E. Wimperis said it had been stated that, by 
meansof gliding, useful information could be obtained 
with regard to the structure of the atmosphere, but 
he thought that better information could be obtained 
from motor-driven machines; the glider would, 
however, be welcomed as an adjunct. The last 
speaker, Dr. A. P. Thurston, in the course of his 
remarks, said he thought gliding would enable the 
aircraft designer to obtain valuable information, 
and would also provide facilities for the young men 
of the race to acquire the air sense. 

Colonel the Master of Sempill then replied briefly, 
owing to shortage of time. Sir Gilbert Walker, 
he said, had referred to the use of sailplanes for 
meteorological purposes, and he fully agreed with 
this. He thought the conditions existing in this 
country were excellent for this type of aircraft, and 
that they were probably better than those in Ger- 
many. He was aware of the views of Mr. Wimperis 
with regard to gliding, but was glad to think that, 
nevertheless, he had been one of the supporters 
of the movement. 

Winpb-TuNNEL DEVELOPMENTS. 

The next item on the programme was a paper 
by Mr. E. R. Relf, on ‘‘ The Compressed-Air Wind 
Tunnel at the National Physical Laboratory,”’ which 
was reprinted on page 428 of our last issue. The 
author, in presenting it, said that, as but little time 
remained, he proposed only to call attention to 
some of the more important parts of the paper. 
At its conclusion, Professor E. G. Coker, who had 
in the meantime, taken the Chair, said he thought 
the next paper, by Mr. R. McKinnon Wood, might 
then be taken, and the two papers subsequently 
discussed together. This paper, which we shall 
reprint later, dealt with the new wind tunnels of 
the Royal Aircraft Establishment at Farnborough. 
One of these was a 5-ft. tunnel of the open-jet 
type, similar to that built by Prandtl at Géttingen. 
The maximum wind speed was, at present, 115m.p.h., 
but it was intended to increase this to 250 m.p.h. 
A large tunnel which it was intended to erect at 
Farnborough would be of similar form, but the wind 
stream would have a diameter of 24 ft. and the 
maximum wind speed would be 120 m.p.h. It would 
be possible to test in this large-scale models as well 
as actual aircraft, although the wings of the latter 
would extend beyond the air stream. It would, 
therefore, not be possible to obtain the lift and 
resistance of the machine as a whole, but the effects 
of variations in the central portions could be exa- 
mined, and this information should prove of great 
value. A wind tunnel of the vertical type in which 
models could be tested in free flight for the purpose 
of investigating the phenomenon of spin was also 
described. 

After the author had briefly explained the main 
points of his paper, the Chairman invited Sir Henry 
Fowler to open the discussion. Sir Henry first 
remarked that he could only speak historically, 
but he well remembered the discussions which 
occurred during the war on the subject of scale 
effect and the difficulty of applying the results of 
model experiments to full-size aircraft. He had 
visited the wind tunnel at Washington, and had 
noted that it had the advantage of occupying only 
a small space. He was also interested to note that 
they were reverting to the shape of one of the 
original wind tunnels he had seen at Teddington, 





that had been constructed by the late Dr. 
Stanton. 

Sir Ernest Moir said he was not aw fait with 
flying matters, but had been interested in some 
remarks by Mr. McKinnon Wood, with reference 
to the carbon monoxide contents of the air. A very 
small proportion of this gas, of the order of 0-02 per 
cent., was lethal, and he thought it possible that 
the fact that a pilot sometimes lost control of a 
machine in the air might be due to this gas entering 
the cockpit by back suction from the exhaust. 
Dr. Thurston inquired how allowance would be 
made for the variation in pressure distribution on 
long bodies in the air jet, and also asked for parti- 
culars of the method of measuring the air speed. 
Mr. Relf here remarked that the pressure distribu- 
tion could be measured by a photographic mano- 
meter, such as was used for such measurements in 
flight, and allowance would certainly need to be 
made for the static-pressure gradient. The measure- 
ment of air speed was explained in the paper, of 
which copies were available, but he had not dealt 
with them owing to lack of time. Continuing his 
remarks, Dr. Thurston asked if in the spinning 
experiments they had tried the effect of using an 
air flow which was not uniform over the section, 
so that if the model flew towards the side of the 
channel it would be flung back again. 

The Chairman then invited the authors to reply, 
but Mr. Relf said he had already answered the 
questions on his paper, and had nothing to add. 
He, however, expressed his appreciation of the 
manner in which the paper had been received. 
Mr. McKinnon Wood said he had been interested 
in Sir Ernest Moir’s remarks, but he thought the 
amount of carbon monoxide which could get into 
the cockpit would be extremely small, owing to the 
very adequate ventilation. In answer to Dr. Thurs- 
ton, he said the stability of the model in the spinning 
tunnel was remarkable, and it was not found to 
collide with the wall. It had been suggested that 
if the wing approached the wall, an interference 
effect, similar to that which would be produced by 
an image of the wing itself, was set up, thus giving 
automatic stability. 

This concluded the programme for the morning 
meeting, which was then adjourned. 


PRESIDENTIAL ADDRESS. 


In the afternoon, the Section met in the hall of 
the Royal Geographical Society for the Presidential 
Address and Bramwell Trust Lecture, which was 
delivered by Sir Alfred Ewing. The lecture, on 
‘* Power,” was reprinted on page 444 of the last issue 
of ENGINEERING, and was also discussed in a leading 
article on page 439, ante, so that we need not refer 
here to its contents. We may, however, explain that 
Sir Frederick Bramwell, in 1903, made provision 
for the preparation of a lecture “‘ dealing with the 
whole question of the prime movers in 1931, and 
especially with the then relation between steam 
engines and internal-combustion engines,’ to be 
given at the Centenary Meeting of the Association. 
Sir Alfred Ewing was invited to deliver the lecture, 
and had agreed to do so if it could also be taken 
as his presidential address. On the occasion of its 
delivery, the Chair was taken by the President of 
the Association, General the Rt. Hon. J. C. Smuts, 
and the vote of thanks to the lecturer was proposed 
by Sir Henry Fowler. 


ENGINEERS’ CONTRIBUTIONS TO CANADA’S 
DEVELOPMENT. 

When the meeting was resumed on Monday, 
September 28, the Chairman, Sir J. A. Ewing, 
explained that the first item on the programme 
was a paper by Brigadier-General C. H. Mitchell, 
C.B., C.M.G., entitled ‘‘ Engineers’ Contributions 
to Canada’s Development.’ General Mitchell, he 
added, had hoped to be present in person to read 
the paper, but had been unable to do so, and he 
therefore asked the Recorder, Mr. J. S. Wilson, 
to read it. Before doing so, Mr. Wilson explained 
that, in view of the special circumstances of the 
Centenary of the Association, it had been thought 
desirable to obtain communications from the Over- 
seas Dominions which had been visited by the 
Association. They had succeeded in the cases of 
Canada and South Africa, but had been unable to 





obtain a paper from Australia. Mr. Wilson then 
read extensive extracts from General Mitchell’s 
paper, which we reprint on page 457 of this week’s 
issue of ENGINEERING. 

The only speaker on this paper was Sir Thomas 
Hudson Beare, who referred to the Canadian 
National Railways, and inquired if this system had 
been a financial success. In Australia, he stated, the 
railways were State-owned and built, and in common 
with those of other countries, they were suffering 
from the effects of the trade slump and the com- 
petition of motor transport. About four years ago, 
the railways were bringing in 43 per cent. on the 
capital expenditure, which was approximately the 
average rate of interest on the loans, but at present 
they were only just able to pay the working expenses, 
and the interest had, therefore, to be provided out 
of the national revenue. He understood that the 
state of affairs in South Africa was similar, and he 
would like to know if the same thing was being 
experienced in Canada. In conclusion, he referred 
to economic advantages possessed by Canada in 
water power, much of which was utilised in the 
paper industry. 

At the conclusion of Sir Thomas Hudson Beare’s 
remarks, the Chairman proposed a vote of thanks 
to the author, which was heartily accorded, and 
he requested the Recorder to convey this to 
Brigadier-General Mitchell. 


Lonpon TUNNELLING PROBLEMS. 


The next paper was one by Mr. H. H. Dalrymple- 
Hay, entitled “‘Some London Tunnelling Prob- 
lems,” in which the author first stated that there 
were now some 45 miles of double-line tube railway 
in and around London, and 80 stations, for the 
construction of a large portion of which he had 
been responsible. He first explained the methods 
of tunnelling employed, remarking that it was due 
to the presence of the thick bed of London clay 
that the economical construction of tube railways, 
originated by the late James Henry Greathead, had 
been rendered possible. The problem of con- 
structing tube railways economically was, where 
possible, to place them at such a depth as to be 
wholly in the clay, but in some cases they had to 
be constructed through water-bearing gravels and 
the overlying sands. The Greathead shield was 
not adapted to tunnelling through water-bearing 
strata, and when in the construction of the original 
section of the City and South London Railway, 
water-bearing strata had been encountered, it had 
been found necessary to adopt the “ assisted- 
shield method.” This consisted in mining out 
ahead of the shield, and timbering the ground so 
as to form a chamber into which the shield could 
be pushed as the advance was made for each new 
ring of the tunnel. The method had the drawback 
that a great deal of timber was required, which was 
buried in the ground outside the completed tunnel. 

During the construction of the Waterloo and 
City Railway, a new type of shield was developed 
to work in water-bearing strata under compressed 
air. This method of tunnelling, known as the 
“ hooded shield and clay-stopping system,” involved 
the employment of a shield with a projecting 
cutting edge, or hood, of considerable strength and 
integral with the shield skin. Under cover of this 
hood, the miners could work in safety and attack 
the gravel face by scratching out a series of small 
holes in front of the cutting edge and at once filling 
the holes with balls of puddled clay, well rammed 
in. This stopped the escape of the compressed alr, 
and formed a ring of clay into which the shield 
could be easily pushed. As a result, a layer of 
puddled clay, impervious to air and water, was left 
behind outside the leading ring of tunnel iron as 
the shield advanced. As the tunnel was under 
compressed air, the roof and sides of the ground 
left unsupported by the shield at its tail after each 
advance, were automatically supported by the 
elastic reaction of the compressed air in the tunnel, 
thus forming a real, though invisible, support. In 
this way, the annular space outside the tunnel was 
maintained intact by the air pressure acting 0M 
the layer of clay, and the space between was subse- 
quently filled with cement grout. This, when set, 
transferred the weight of the ground directly to 
the tunnel itself. 
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This method of working was employed in the 
case of the two tunnels under the Thames at 
Charing Cross on the Bakerloo Railway, where each 
tunnel was driven through open water-bearing 
gravels and sands with, at times of high tide, a 
head of 70 ft. of water, the air pressure varying 
from 20 lb. to 35 lb. per square inch, The clay- 
stopping method had been carried out successfully 
ina number of other instances, and, quite recently, 
had been employed in the construction of a shaft in 
Calcutta in connection with the first tunnel to be 
constructed under the Hooghly River, under the 
author’s direction. 

The remainder of the paper was occupied with 
the descriptions of three tunnelling operations in 
connection with the London Underground Railways, 
viz., the extension of the Hampstead Tube to 
Kennington, in which it was necessary to cut 
through the loop tunnel constructed a few years 
previously under the river, at what was then the 
terminus of the Hampstead Railway at Charing 
Cross; the installation of an escalator under 
Waterloo Station ; and the construction of Piccadilly 
Circus Station. As, however, these works have all 
been previously dealt with in detail in our columns, 
we need not describe them here. We may mention, 
however, that when dealing with the work at 
Piccadilly Station, the author acknowledged the 
assistance he had received from the Recorder of the 
Section, Mr. J. S. Wilson, in connection with the 
design of the steelwork. 

Invited by the Chairman to open the discussion, 
Sir Ernest Moir said that the outstanding feature 
of the paper was that it indicated that the engineer 
took full responsibility for his work, and had not 
thrust it on the contractor. The speaker had 
himself carried out some 8 miles of tunnelling in 
the London clay, though his other work differed 
greatly from that of the author. He referred to 
his experiences in tunnelling under the Hudson 
River by the shield method, and subsequently in 
connection with the Blackwall Tunnel. There, 
he said, the conditions were similar to those described 
in the paper. There was only 5 ft. between the 
top of the tunnel and the bed of the river, so that 
it was not possible to work outside the shield at 
all. They had, however, deliberately deposited 
15 ft. of clay over the tunnel, so that if the gravel 
had run out, the clay bed would close down and fill 
up the hole without permitting the water to follow 
it. Sir Ernest next referred to some tunnelling 
work under the East River, in which four tunnels 
were constructed with solid rock below and quick- 
sand above. In this case, he had employed a 
clay blanket 15 ft. thick extending for 100 ft. on 
each side of the tunnels and this blanket had proved 
entirely satisfactory. He concluded with a reference 
to the high cost of the cast-iron lining, and mentioned 
a case in which the cast-iron lining, for the lower 
half of the tunnel had been replaced by vitrified 
brickwork, 15 in. in thickness. Considerable econo- 
my had been effected in that way. 

Mr. A. R. Cooper, the next speaker, said that it 
was frequently asked why the depth of the tunnels 
was so great, and the author had explained the 
advantages of tunnelling in the London clay. 
It also avoided the disturbance of pipes, cables, &c. 
Another reason was that the increasing length of the 
railways called for a higher-class line, with smaller 
gradients and curves of greater radius than formerly. 
The loop at Charing Cross had been of 3} chains 
radius, which meant high maintenance costs, but 
in the new Southgate extension, now being laid 
out by the author, the sharpest curve had a radius 
of 20 chains, which would enable high speeds to 
be employed with low maintenance costs. With 
regard to the size of the tunnels, he explained that 
the standard diameter of 11 ft. 8} in. was an advance 
on that of the old City and South London line, 
although it might with advantage be a little larger. 
In conclusion, he expressed appreciation of the 
author's work, remarking that there had been, 
80 far, no problem for which he had not found a 
solution. 

Mr. J. S. Wilson also referred in appreciative 
terms to the work the author had done, and men- 
tioned, as an example of the difficulties encountered, 
the fact that a certain girder, weighing some 6 or 
‘ tons, for the work at Piccadilly Circus, had to be 
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lowered into position through a hole in the road. 


As it was of the greatest importance that the road 
traftic should be interfered with as little as possible, 
a wooden model of the girder had been made and 
a rehearsal of the lowering operation carried out. 
Actually, this wooden model jammed, and the 
hole had therefore to be enlarged. Another trial 
made with the wooden model was satisfactory, 
and the lowering of the actual girder was subse- 
quently carried out without difficulty. Mr. Wilson 
concluded by thanking the author for the remarks 
he had made about his (Mr. Wilson’s) work. 

The last speaker on this paper, Mr. W. Lowe 
Brown, referred to the cast-iron lining of tunnels, 
and remarked that this had been, in some cases, 
replaced by cement concrete blocks. In water- 
bearing ground, however, there was nothing so 
satisfactory as cast iron, as with this, the tunnel 
could be made absolutely dry, which he did not 
think would be possible with concrete blocks. 
With regard to the size of tunnels, he concluded, 
it must be remembered that it was largely due to 
the fact that they could be made of small diameter 
that their construction was economically possible. 

The Chairman then invited the author to reply 
to the points raised in the discussion, and in doing 
so mentioned that he had been a member of the 
committee formed many years ago to deal with 
complaints as to the vibration caused by the Central 
London Railway, the other members being Lord 
Rayleigh and Sir John Wolfe Barry. The trouble 
had been due to the unsprung weight of the loco- 
motives employed, and by altering the design of 
the latter to reduce this weight a very great improve- 
ment had been effected. One advantage of deep 
tunnels was that no vibration was experienced 
on the surface. 

Mr. Dalrymple-Hay expressed thanks for the 
reception accorded his paper, but said he did not 
wish to reply. 

(To be continued.) 








NOTE. 
ANDREW LAING MEMORIAL. 


In an obituary notice on the late Mr. Andrew 
Laing, published on page 148, of our issue of 
January 30, 1931, we gave an account of his out- 
standing services to marine engineering. It will be 
recalled that Mr. Laing, who died on January 24, 
1931, was the general manager and a director of 
Messrs. The Wallsend Slipway and Engineering 
Company, Limited. Under his guidance this com- 
pany manufactured the engines of a large number of 
warships, cargo and passenger vessels. Prior to his 
association with Messrs. The Wallsend Slipway and 
Engineering Company, Mr. Laing was for many 
years connected with Messrs. The Fairfield Ship- 
building and Engineering Company, Limited, and 
something of his character may be gauged from the 
fact that he became engine-works manager of this 
firm in 1887, at the early age of 31, and a director in 
1890, when only 34. The horse-power of the marine 
engines constructed during his association with the 
Fairfield and Wallsend Companies totalled about 
5,000,000. Mr. Laing was undoubtedly one of the 
leading engineers of modern times, and it is with 
satisfaction that we are able to announce that the 
memory of his activities in the cause of the advance- 
ment of the sciences of engineering and shipbuilding 
is to be perpetuated on the North-East Coast by 
an annual memorial lecture, to be given under the 
auspices of the North-East Coast Institution of 
Engineers and Shipbuilders, of which Mr. Laing 
was an honorary fellow. We understand that 
such a lecture has been made possible by the 
munificence of the Misses Jeannie and Catherine 
Laing, who being desirous that a special fund should 
be founded to perpetuate the memory of their 
brother, have given the sum of 2,000/. to the 
Institution for the purpose of the lecture. The 
Council of the Institution expect to be in a position 
shortly to announce the date and other particulars 
regarding the first Andrew Laing Memorial Lecture. 
It should be added that, in accordance with the terms 
of the trust deed, the lecture will deal with engineer- 
ing or shipbuilding, and each lecture will be de- 
livered by a prominent member of these professions. 
We feel sure that the above announcement will 
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receive the interested attention of marine engineers 
and shipbuilders in all parts of the world. 








LETTERS TO THE EDITOR. 


INTERNAL COMBUSTION ENGINES 
AND STEAM POWER. 


To THE Eprror or ENGINEERING. 

Str,—I notice that in the leading article in your 
issue of October 2 (page 439, ante), I am represented 
as having stated that the best steam practice of to-day 
had an efficiency of 12 per cent. : 

This is certainly a misunderstanding. My argument 
was that private industrial plants as a whole were not 
likely at any time to exceed the corresponding effi- 
ciency secured by the public electricity service, and that 
to-day this overall efficiency figure stands at 12 per 
cent. from coal to ultimate delivery of energy. 

The actual efficiency of the steam prime mover 
itself, which is but one link in this chain, was not 
mentioned by me. 

Yours faithfully, 
D. Minne Watson. 
The Gas Light and Coke Company, 
Horseferry Road, 
Westminster, S.W.1. 
October 6, 1931. 








TRACING PAPERS. 
To THE Eptror or ENGINEERING. 


Str,—I was glad to note the letter of Mr. T. H. 
Webster (page 256, ante), on the question of tracing 
papers of British manufacture. I also have been 
impressed by the fact that the only tracing papers 
of British manufacture, which are offered for sale by 
the various English drawing office suppliers, are of a 
greasy texture, or else are not transparent. On the 
other hand, the fine quality paper which is transparent, 
and wears for a considerable period without signs of 
brittleness, is invariably of Continental make. 

It would appear that it is either impossible with 
British paper machinery to pulp the paper suffi- 
ciently fine or, alternatively, that British paper manu- 
facturers purposely ignore a very lucrative market. 
Here, then, is a chance for some paper manufacturer 
of initiative to market a tracing paper which has the 
quality of (1) reasonably permanent transparency, and 
(2) reasonably permanent strength. 

I am of the opinion that such paper can be obtained 
without resorting to artificial oiling, which appears 
to “ perish ” the paper, and makes it a most unpleasant 
medium on which to work. 

Yours faithfully, 
C. J. Grimwoop, B.Se., A.M.I.E.E. 

8, Broadway, Westminster, 8.W.1., 

September 24, 1931. 

P.S.—Since writing the above, I have been informed 
that the Drawing Office Materials Manufacturers’ and 
Dealers’ Association already have the matter under 
discussion and experiment with some of their associates. 
It is very satisfactory to hear this, as they will find 
their market already prepared.—C. J. G. 


FarapAy House Op Strupents’ AssocitaTion.— 
The 23rd annual dinner of the Faraday House Old 
Students’ Association will be held at the Savoy Hotel, 
Strand, London, W.C.2, on October 23 next. Applica- 
tions for tickets should be addressed to the honorary 
secretary of the Association, 66, Southampton-row, 
London, W.C.1. 


SuPpER-LANCASHIRE BoIceR INSTALLATION AT HULL; 
ADDENDUM.—On page 436 of our issue of October 2 last, 
we gave, under the heading ‘* Contracts,”’ some particulars 
of an order for a boiler plant obtained by Messrs. Daniel 
Adamson and Company, Dukinfield, Ashton-under- 
Lyne, from Messrs. The Hull Fish Meal and Oil Company, 
Limited, Hull. The order was for one of the firm’s 
Super-Lancashire boiler plants, and not merely for an 
ordinary Lancashire boiler installation. It will be 
recalled that an illustrated description of a Super- 
Lancashire boiler unit, constructed by Messrs. Daniel 
Adamson and Company, was given in ENGINEERING, 
vol. exxx, page 378 (1930). 


THE MARKING oF IMPORTED ABRASIVE WHEELS.—The 
Board of Trade announce that they have referred to 
the Standing Committee appointed under the Merchandise 
Marks Act, 1926, an application for the making of an 
Order in Council to require imported abrasive wheels and 
other articles consisting of grains of natural or manu- 
factured abrasive, bonded together with other material, 
to bear an indication of origin. A public inquiry will 
be held by the Committee and any communications 
bearing on the subject should be addressed to the secre- 
tary, Mr. E. W. Reardon, at the Board of Trade Offices, 
Great George-street, London, 8.W.1, as early as possible, 
and, in any case, not later than October 31 next. 
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LABOUR NOTES. 


Ir was announced in Fleet Orders last week that 
the standard weekly bonus for Admiralty workmen 
in establishments at home has been reduced from 14s. 
to 128., as from October 1. A corresponding reduction 
is made in the case of those not in receipt of the standard 
rate of bonus. A cut of 2s. has taken effect, as from 
the same date, in the consolidated wages of tempera- 
ture recorders (department of the Chief Inspector of 
Naval Ordnance), shipkeepers and caretakers. No 
change is at present contemplated in the wages of 
workmen who, in accordance with specific Admiralty 
instructions, receive building, printing, or other trade 
or local rates of pay, or in the bonuses paid to women, 
apprentices or juvenile male employees. 


On Tuesday last week, representatives of John 
Spencer (Burnley), Limited, the operatives in their 
employment, the Northern Counties Textile Trades 
Federation and the Amalgamated Weavers Association, 
reached a temporary agreement on the ** more looms ” 
question, so far as Messrs. Spencer’s establishment 
was concerned. Under the arrangement arrived at, 
the mill was to be closed and re-opened on Monday 
of this week, under the following conditions :—Until a 
final settlement is reached in the county on the rate 
of pay and general conditions for the ‘‘ more looms ” 
system, the firm will pay 15-5d. for 100,000 picks as 
the basis of the weaver’s wage, as against 15d. per 
100,000 picks which has been previously paid. The 
overlookers who left work on the instruction of their 
trade union to be reinstated in their former positions 
when the mill re-opens, and the temporary overlookers 
to be compensated for loss of their employment. In 
the interests of peace within the industry, both parties 
undertake to carry out the spirit and letter of the 
agreement. 





The agreement has, however, been strongly opposed 
both in Burnley and in Nelson, and at a meeting in 
Bury on Saturday, the General Council of the Weavers 
Amalgamation repudiated it. The principal reason 
given for this disapproval is that the wages basis fixed 
is 4d. per 100,000 picks below what the weavers had 
been holding out for in their recent negotiations with 
the employers, and it was feared that the price agreed 
upon would be used as a lever in future discussions. 





During 1930, out of a total of 770 compensation cases 
from all causes, 273 dermatitis cases were reported to 
the Division of Industrial Hygiene in New York State. 
Of these 273 cases, 150 were due to various identified 
poisonous substances, including 27 due to metals and 
compounds, 14 due to non-metals, and 4 to acids. Of 
the metals and their compounds, chrome solutions are, 
it is stated, the chief cause of dermatitis. Cement, 
among the non-metals, is one of the substances which 
affect the skin, but it is not compensable, except, 
perhaps, as an alkali. Other alkalis, however, which 
are widely used, and often by hand, in cleaning, are 
quite a common cause of skin affection. The acids, 
though extremely poisonous and destructive of the 
skin, are not a common cause of skin trouble, since 
they are seldom used in concentrated form. Most of 
the dermatoses, it is added, which workers suffer are 
disabling, but not dangerous. 


The Soviet social msurance system is described in 
the latest issue of Industrial and Labour Information, 
the weekly organ of the International Labour Office. 
It is managed by territorial funds covering all occupa- 
tions and administered by committees elected by the 
trade unions. 
alone falls within vhe scope of institutions having a 
purely vocational basis. Within each of the Federated 
Republics, the activities of the funds are directed and 


supervised by the Department of Insurance, established | 
under the People’s Commissariat of Labour, and the | 


General Social Insurance Council of each Republic. 
The Federal directing and supervising body is the 
Department of Social Insurance under the People’s 
Commissariat of Labour of the Soviet Union, assisted 
by a Central Social Insurance Council. Important 
changes in structure have, however, recently been made 
by a Decree of the Central Executive Committee and 
the Council of People’s Commissars. 


the territorial funds, Federal occupational funds are | 
established for the metal, engineering, coal-mining, | 


Republic in which all the territorial general funds of 
the Republic concerned are combined. The benefits 
due to workers employed in State, co-operative and 
other public undertakings will in future be paid direct 
to the insured persons by the undertakings, which will 
deduct the amount of benefits paid from their contribu- 
tions to insurance. In all industrial and transport 
undertakings of large or medium size and in large 
building undertakings and Soviet farms, offices of the 
insurance funds will be established for the payment of 
benefits. These offices will be competent to settle all 
questions relating to the grant and payment of daily 
allowances, pensions and other classes of benefit. The 
work of the offices will be placed under the supervision 
of the works committees. Of the savings made by 
these offices, 50 per cent. will be utilised to improve 
the living conditions of the workers in the undertakings, 
especially of members of advance guards. 





At Monday’s sitting of the Labour Party’s annual 
conference at Scarborough, Mr. Shinwell, M.P., moved 
a resolution re-affirming a demand for the complete 
unification of the mining industry under public owner- 
ship and control, and the introduction of a minimum 





living wage for those engaged in the industry. It 
was quite a practicable proposition, he said, to apply 
a shorter working day for the purpose of absorbing 
a lot of unemployed labour in the mining fields. Was 
it a practicable proposition to nationalise the mining 
industry ? He had no hesitation, having conferred 
with experts inside and outside the industry, in saying 
that national ownership of the mines was a practicable 
proposition. Mr. J. Jones, the secretary of the York- 
shire Miners’ Association, and a member of the Execu- 
tive of the Labour Party, seconded the resolution, 
which had, he said, the approval of the Miners’ Federa- 
tion of Great Britain. The resolution was carried 
unanimously. 





It is stated that the representatives of the Civil 
Service Clerical Association on the staff side of the 
Ministry of Labour Departmental Whitley Council 
have withdrawn from that body, on the ground that 
the official side intended to submit economy pro- 
posals (which, it is claimed, would seriously lower 
staffing conditions) without insisting upon simul- 
taneous negotiations on grading-up claims. 





Representatives of the Federation of Master Cotton 
Spinners’ Associations, the Operative Spinners’ Amalga- 
mation and the Cardroom Amagamation met on Friday 
last week, in Manchester, to hear the workers’ reply 
to the Federation’s request for co-operation in reducing 
costs of production. The employers had asked the 
operatives to agree to remove trade union restrictions 
standing in the way of increased production, and also 
to place no embargo on improved practice and inven- 
tion having for their object improved quality, in- 
creased production, and a reduction in the costs of 
production. The operatives’ representatives agreed 
to a suggestion of the employers’ representatives that 
a joint committee should be appointed to deal with the 
various phases outlined in the employers’ statement. 


At September 21 there were approximately 9,157,500 
insured persons aged 16 to 64, in employment in Great 
Britain. This was 38,800 less than a month before 
and 489,000 less than a year before. At September 28, 





the numbers of persons on the registers of Employment 


unemployed, 631,947 temporarily stopped, and 113,166 
normally in casual employment, making a total of 


| 
| Exchanges in Great Britain, were 2,080,659 wholly 
| 


The insurance of transport workers | 


2,825,772. This was 14,157 more than a week before 
and 664,083 more than a year before. The total 
comprised 2,070,639 men, 75,909 boys, 618,600 women, 
and 60,624 girls. 





During September, the average numbers of persons 
on the registers of Employment Exchanges in Great 
Britain were 2,036,610 wholly unemployed, 657,918 
temporarily stopped, and 112,246 normally in casual 





/employment, making a total of 2,806,774, of whom 
| 1,886,562 were men aged 21 and over, 156,449 men 
|aged 18 to 20, 76,584 boys aged 14 to 17, 531,015 
women aged 21 and over, 94,849 women aged 18 to 


Side by side with | 20, and 61,315 girls aged 14 to 17. 





During the four weeks ending September 21, the 


other mining and chemical industries, and for railway | ,,,.mber of vacant situations filled through the Employ- 


and water transport. Each of these funds is to be 


administered by a committee elected by the Trades | yas 149.945. 


|ment Exchanges and Juvenile Employment Bureaux 
Since the beginning of the year 1,434,517 


Union Congress, and placed under the direct super-| vacant situations have been filled, an increase of 
vision of the Federal Department of Social Insurance. | 185,407 as compared with the corresponding period of 


The Social Insurance Departments 


and Social | 
Insurance Councils of the Republics are abolished, and 


| last year. 





Addressing the Labour Party’s annual conference at 


in their place a territorial fund is established for each Scarborough on Tuesday, Mr. A. Hayday, M.P., the 


president of the Trades Union Congress, said :—~“ Tt 
is farcical to talk of the ratification of the Washington 
Hours Convention at this stage. We were discontented 
at the circumstances in which the Trade Disputes Bill 
was both introduced and defeated, and we suspect 
there was some arrangement in exchange for electoral 
reform. We therefore feel that in the near future we 
must insist upon greater consultation between the 
political and industrial wings of the Labour movement 
on matters affecting the workers. . . . This is no 
movement for weaklings. We of the trade union 
movement will provide some of the money and we 
will provide man and woman power, but we expect 
from well-intentioned people associated with the 
Labour movement that they will genuinely share the 
sacrifice involved, and not leave the trade unions to 
bear the full brunt of the financial and physical effort 
required.” 





On the proposal of Sir Stafford Cripps, M.P., the 
following resolution on the subject of the cuts in 
unemployment benefit was carried unanimously :— 
“This conference reaffirms the long-established prin- 
ciple of Labour policy, that proper provision for the 
unemployed is a social duty and should be treated as 
a national responsibility. It protests against the 
recent reduction of rates of unemployment benefit and 
the introduction of Poor Law tests and Poor Law 
machinery into the administration of unemployment 
insurance, believing that, until the unemployed have 
been absorbed into normal work, which should be the 
primary purpose of a sound public policy, adequate 
maintenance should be provided, and it pledges itself 
to reverse the policy of the present Government, which 
has entailed great hardship on large numbers of people 
unemployed through no fault of their own.” 

A committee appointed by the executive council 
of the American Federation of Labour, to study a 
possible modification of the prohibition laws in the 
interests of business revival, has concluded that a 
modification of the Volstead Act so as to permit the 
manufacture of beer and light wine is a matter of 
urgent necessity in the present unemployment crisis. 
The report will come before the annual meeting of the 
Federation at Vancouver this month. 





In the course of an address to a congress of indus- 
trial workers’ officers in the Province of Rome, Mr. 
Bottai, the Italian Minister of Corporations, said that 
there were still trade union officers—happily, their 
number was decreasing—who thought that organisation 
work was a purely mechanical task limited to meeting 
the requirements of one or more unions, although their 
intelligence and training should enable them to adopt 
wider views and see in the interests of their unions the 
interests of all classes of workers, and in the workers’ 
interests those of the whole body of institutions 
composing the Fascist State. Only thus could trade 
union organisers really justify the high and essentially 
political position they occupied. All concerned should 
be informed of this fact, which certain elements seemed 
to ignore, just as if the Fascist system were divided into 
two classes, one consisting of politicians, the other of 
organisers whose sole duty it was to number cards 
and stamp badges without troubling about the political 
leanings of the rank and file. The trade union was a 
political instrument of the authorities, and consequently 
a Fascist political organ. The trade union official 
was essentially a politician, who, through his technical 
and administrative work, could, and did, influence 
the political opinions of the masses. 


Mr. Bottai added that he would like to see the trade 
union organiser treated with more respect and appre- 
ciation, and not as an inferior or subordinate member 
of the ruling class of Fascism. Attention should be 
called to their work during the past five years of 
Fascist organisation, which had sorely tried the intelli- 
gence, patience, and powers of resistance of all 
concerned. He did not in any way regret that this 
effort had coincided with a severe economic depression, 
because a movement undertaken in such difficult 
circumstances had had to be planned with the greatest 
care and prudence and with a view to all possible 
contingencies, so that the powers of resistance of the 
Italian workers and the courage and loyalty of the 
employers had been thoroughly tested. The depression 
had also compelled them to overhaul their economic 
machinery, and the institutions which survived would 
be those whose work was of daily importance. Steps 
would then be taken to adapt the functions of the 
trade unions to the new Italian economic structure. 
The most prominent and intelligent manufacturers, 
those who were the best judges of their own interests, 
now admitted that had it not been for the Fascist 
system the economic depression would have caused a 
state of social chaos in Italy from which it would have 
been difficult to recover. 
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3,000-H.P. ELECTRIC LOCOMOTIVE 
FOR SPAIN. 


Tur progressive increase in the output of electric 
locomotives is not without interest at the present 
time, and may be illustrated by referring to the com- 
pletion of a 3,600-h.p. 1,500-volt unit, which has been 
designed for hauling express trains at speeds up to 
110 km. (68°35 miles) per hour between Irun and 
Alsasua on the Northern Railway of Spain. The mechani- 
cal parts of this locomotive, the general appearance of 
which may be gathered from the accompanying illus- 
tration, were manufactured by the Sociedad Espaiiola 
de Construecci6én Naval, of Reinosa, while the electrical 
equipment was produced partly by the same firm 
and partly by Messrs. Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester, the 
latter firm also being responsible for the design. 

As will be seen, the locomotive is of the 4-6+6-4 
type, and its weight is about 150 tons. It consists of 
two units, which are connected by an articulated 
coupling, and carry the body, the latter resting on the 
usual pivot centres and bearers. Each of the units is 
equipped with three driving axles and a standard North- 
ern Railway guiding bogie. All the driving axles are 
fitted with two rigidly mounted motors, the power being 
transmitted to the wheels through Winterthur universal] 
gearing. The control is of the Metropolitan-Vickers 
electro-pneumatic type, provision being made for series, 
series-parallel and parallel connections which, together 
with the field-gontrol steps, allow nine economical 
speeds to be obtained. Regenerative braking can be 
employed on the down grades, the exciting current 
necessary for this purpose being obtained from a motor- 
generator. 

For purposes of comparison it is interesting to note 
that the 2,600-h.p. electric freight locomotives used on 
the Great Indian Peninsular Railway weigh 120 tons, 
and the 2,160-h.p. passenger locomotives on the same 
system 100 tons. The weight of the 1,200-h.p. loco- 
motives employed on the South African Railways is 
69 tons. 








Sociery OF CHEMICAL INDUSTRY, CHEMICAL ENGI- 
NEERING GRoUP.—Owing to the fact that he has taken 
up a new appointment, Mr. W. F. Darke has found it 
hecessary to relinquish the office of honorary secretary 
to the Chemical Engineering Group of the Society of 
Chemical Industry, which office he undertook in 1929 
on the resignation of Mr. H. J. Pooley. He is succeeded 
by Mr. Donald MeDonald, who has been a member of 
the Group since its formation. Mr. McDonald is the 





fourth holder of the office of honorary secretary. 

_ Rew: /RCED-CONCRETE CONFERENCE AND EXHIBI- 
TION, PoLanp,—The first conference of engineers 
specialising in reinforced concrete to be held in Poland 


will take place on November 21 and 22, The programme 
will comprise 45 contributions dealing with all branches 


: teinforved-conerete work. These will be divided into 
“ree sections respectively devoted to the theory of 
reintorced concrete, the testing of materials, and descrip- 


tions of completed works. 
exhibition f products, machines and appliances employed 
'n reinforced-concrete construction will be held. It is 
+ pa that exhibitors will not be charged for stands at 

le exhibition, Full particulars regarding the conference 
~ exhibition may be obtained from the Organising 
: mmittee, Polskiego Zjazdu Zelbetnikow, Czackiego 
St, 1, Warsaw, Poland, 


During the meeting an | 


THE LATE MR. EDWARD ROBINS. 


Crvin engineers in many parts of the world will 
learn with regret of the death, on September 21, at 
Lugano, Switzerland, after a short illness, of Mr. 
Edward Robins, who had travelled extensively in the 
course of his duties. The elder son of the late Mr. 
Charles Robins, M.Inst.C.E., Edward Robins was born 
on April 8, 1856. When 16 years of age he became a 
pupil of the late Mr. James Samuel, and afterwards 
served under Mr. P. A. Fraser. In 1877, he was 
appointed assistant to Mr. George Bush, and became 
engaged on the preparation of Parliamentary plans for 
a line of railway from South Molton to Lynton, Devon. 
Soon afterwards, however, Mr. Robins proceeded to 
take up an appointment in the Public Works Depart- 
ment of Ceylon, and thereafter much of his life was 
spent abroad. While in Ceylon, which he left in 1881, 
he was engaged on the construction of hill roads, 
bridges and irrigation works, and also carried out work 
in connection with the deepening of Galle harbour and 
the building of jetties. In 1881, he joined the Public 
Works Department of Trinidad, and was appointed 
District Executive Officer of the Southern Province. 
The following two years were occupied in routine 
duties and in the construction of roads, bridges, 
railways, wharves and jetties. In 1883, Mr. Robins 
accepted a position on the staff of the Public Works 
Department of British Guiana, and the four years 
from 1883 to 1887 were spent on the survey of 66 miles 
of railway, the construction of large sea-defence works, 
reclamation and drainage works, and the erection of 
public buildings. 

After spending a year in private practice in London, 
he was appointed, in 1888, chief engineer, on special 
service, in the island of Dominica, West Indies, and 
reported on improvements to roads and on a proposed 
light railway; he also erected several bridges. In 
1890, he proceeded to Nicaragua and made surveys 
for a line of railway from Lake Nicaragua to the city 
of Rama; he also carried out a detailed survey, with 
soundings, of the river Escondido, over a distance of 
60 miles, and reported, to Messrs. Livesey, Son and 
Henderson, on how the navigation could be improved 
and a harbour constructed at Bluefields. The years 
from 1891 to 1894 were spent in London and, during 
the succeeding six years, Mr. Robins visited British 
Guiana, Nyassaland and Ceylon, in all of which he 
conducted surveys of various kinds. In 1900, he 
proceeded to the Gold Coast, where he carried out 
numerous surveys and superintended the construction 
of several sections of railway. He occupied the position 
of Chief Engineer of Ways and Works of the Gold Coast 
Government Railways for several years. Mr. Robins 
retired some time ago and, of late years, had been 
living in Switzerland. A former student member of 
the Institution of Civil Engineers, he was elected an 
associate member on December 7, 1880, and became a 
full member on December 3, 1904. He was also, for 





Reservoirs Act, 1930, PANELS OF QUALIFIED ENGI- 
NEERS,—A third supplementary list of engineers appoint- 
ed to each of the two panels of qualified civil engineers 
constituted under the Reservoirs (Safety Provisions) Act, 
1930, appeared in the London Gazette and the Edinburgh 





Gazette for Friday, September 25. Previous lists were 
gazetted on February 6, March 13 and May 22, 1931. 


BARKING INDUSTRIAL EXHIBITION. 


THE Municipal Borough of Barking, which received 
its Charter of Incorporation from H.R.H. Prince 
George on Monday, October 5, has celebrated that 
event by the opening of an industrial exhibition. 
Although the large-scale industries within the town’s 
boundaries are relatively few, it is very probable 
they will not long remain so, as the situation of this 
Thames-side town indicates its suitability as a manu- 
facturing centre. That expansion is expected is 
evident from the fact that new housing schemes are in 
progress which will increase the living accommodation 
considerably. The present population is round about 
52,000, but by the end of next year it is expected to 
be more than 80,000. As might be anticipated, the 
majority of the stands in the Exhibition do not display 
engineering products, although the building itself may, 
with propriety, be claimed as an exhibit of that nature. 
Though only intended to be temporary, the building is 
an excellent example of light structural steelwork, and 
is also remarkable as illustrating the facilities for 
rapid erection this method of construction affords. 
Covering an area of some 13,000 sq. ft., it was designed, 
constructed from all-British steel, and erected within 
the short space of fourteen days, by Messrs. Sanders & 
Forster, Limited, Thames Works, Barking. 

As the well-known Beckton Gas Works are situated 
in the neighbourhood, Messrs. The Gas Light and Coke 
Company, Horseferry-road, 8.W., take a prominent 
place amongst the exhibitors, modern domestic gas 
appliances being well-displayed. A subsidiary com- 
pany, housed at the Beckton Works, Messrs. East 
London Bricks, Limited, show a strong form of building 
brick in which gas-works clinker is incorporated. 
Messrs. County of London Electric Supply Company, 
Limited, who have a power station at Creeksmouth, 
Barking, demonstrate the ubiquity of electricity in 
present-day life by a travelling electric showroom, and 
an all-electric home in working order. Not the least 
valid of the arguments for these local exhibitions is 
their educative value, inasmuch as many of the visitors 
see domestic appliances of a technical nature for the 
first time. Exhibitors, too, can learn from one another 
publicity methods which may increase general trade and 
prosperity. 

The local chemical industry is well represented, and 
among these exhibitors may be mentioned Messrs. 
British Anti-Fouling Composition and Paint Company, 
Limited, Creeksmouth, Barking, the name of the 
firm indicating the kind of product shown; Messrs. 
The Chemical Supply Company, Limited, Abbey-road, 
Barking, who manufacture pharmaceutical products, 
industrial inorganic and organic chemicals, andsynthetic 
perfumes and ethers; and Messrs. Lawes Chemical 
Manure Company, Limited, Creeksmouth, Barking, 
manufacturers of superphosphate and compound 
fertilisers. Wood-block flooring is represented by 
Messrs. Acme Flooring and Paving Company (1904), 
Limited, River-road, Barking; artificial stone by 
Messrs. The Alexandra Stone Company (Barking), 
Limited, River-road, Barking; the Essex wall-board 
by Messrs. Thames Board Mills, Purfleet ; and electric 
wiring systems and cables by Messrs. Union Cable Com- 
pany, Limited, Dagenham Dock. The stand of Messrs. 
The Cape Asbestos Company, Limited, whose works are 
at Harts-lane, Barking, shows very well the extra- 





ordinary range in which asbestos is now employed. 
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MECHANICAL STOKERS FOR 
BRICK KILNS. 


THE introduction of the mechanical stoker has made 
possible the attainment of regular conditions of firing 
in the boilers installed in power stations and factories, 
with resulting economies, the value of which is too 
great to be neglected. Naturally such developments 
interest those who have to burn solid fuel for other 
purposes than steam raising. The hand firing of the 
furnaces of brick kilns has persisted not so much because 
of the unsuitability of mechanical stoking, but because 





of lack of information regarding the experiences of 
those who have tried the scheme out even in small scale | 
experiments. The position has now been improved, 
for investigations have been conducted by Messrs. W. E. | 
Rice and R. R. Faller of the United States Bureau 
of Mines on actual kilns, and the results embodied in | 
the records of that organisation as Report of Investiga- | 
tions No. 3122. | 

This work was undertaken to discover whether it was | 
possible to burn coal on an automatic stoker, and | 
admit the hot gases to the centre of the kiln with the | 
attainment of a symmetrical distribution of the heat. 
It was recognised that if this were possible the brick- 
making industry would be able thus to obtain the 
advantages of control, the regular application of heat 
and the burning of cheap fuel, characteristic of the 
process. 

The first tests were made with round, down-draught 
kilns of 32 ft. diameter. An over-feed stepped-grate 
type of furnace was installed for the investigations. 
This had a width of 6 ft. and a length of 7 ft., with a 
rated capacity of 35 lb. of coal per square feet per 
hour. Forced draught was used. Early tests revealed 
certain faults, which later installations were designed 
to avoid. Qne result observed was a great loss in 
temperature of from 400 deg. to 500 deg. F., in the gases 
between the furnace and the kiln. Continuous operation 
was not possible because of the frequent interrup- 
tions necessary for the removal of ash. In this 
operation, the fan had to be stopped and the doors 
of the ash pit and the furnace housing kept open for 
from 45 to 60 minutes. During such a period the 
excess air entering, rose from 70 to 1,260 per cent., 
and the temperature at the top of the setting fell from 
1,875 deg. to 1,720 deg. F. Further work showed the | 
persistence of holes in the fuel bed at the front, per- 
mitting the passage of excess air, which it was attempted 
to overcome by the introduction of baffle under the 
grate, to deflect the air on entry. After the first 
set of tests, it was found that the furnace and hot gas 
duct were in such a bad condition that extensive repairs 
were needed. Unsatisfactory as these results were, 
hecause of faulty construction, high resistance in the 
gas ducts due to their length and to bends in them, 
and the carrying of ash into the kilns by the high 
velocity used for the gases, in order to keep down the 
heat loss, they afforded data, at least on what had to 
be avoided, to ensure success. 

The first change made was to arrange for the firing of 
a single kiln by the furnace, instead of having arrange- 
ments for dealing with two alternately, as was the 
case in the earlier work. From the rear of the furnace, 
at the wall of the kiln, a duct, 3 ft. wide by 2 ft. at 
the wall and having a 12-in. rise in the arch, carried 
the gases to the permanent uptake in the centre, which 
ended at the floor level of the kiln, to enable a track 
to put down across it, for the entrance of trucks when 
charging. When the bricks were in place the uptake 
was extended 5 ft. above the floor with loose fire- 
bricks. A variety of bricks were fired in these tests 
with successful results. The weight of coal saved 
in dealing with these materials varied from 14-8 to 
49-7 per cent., but in one case an increase over hand- 
firing of 12-1 per cent. was noted. In every test, 
however, the use of cheap fuel enabled the cost to be 
reduced, to an extent of between 22-9 and 65:4 per 
cent. Such results warrant, it is believed, the atten- 
tion of those concerned with the requirements of the 
brick-making industry, as they were entirely due to the 
more efficient application of heat. The heat-balance 
for one of the tests showed that 49-5 per cent. of the 
total heat in the coal was utilised in the actual operation 
of firing the bricks, as compared with 26-3 per cent., 
when hand-firing was in use. The difference was 
principally due to the change in the dimensions of the 
setting, causing alterations in the rate of heat absorp- 
tion, and to the lower loss of heat in the dry flue gases, 
though there was also a considerable reduction in the 
combustible contents of the ash, which was lowered 
successively as the tests were continued. 








LECTURES ON ARCHITECTURE.—A series of four popular | 
lectures on architecture will be given at the galleries of 
the Royal Institute of Britsh Architects, 9, Conduit- 
Street, W.1, at 3 p.m., on Saturday, October 10, 17, 24, 
and 81. The object of the lectures is to promote a | 
general interest in architecture. The lectures are free | 
and cards of admission are obtainable from the secretary | 
of the Institute. 


DIAGRAMS OF THREE MONTHS’ METAL PRICES. 


YULY. AUGUST. 
£L 26 8BWHHKHWDAABWMWS 5 TN1HBNDAUB731 248 WH HB WA BL 


ee es 


S 
s 


R&E.S & 


BSS 


zs 


RSS 8 S$ & 











SEPTEMBER. 
134 


132 
130 
28 
126 
124 
122 
120 
118 
116 
4/114 
Wz 
110 
108 
106 
ds 
% 


s £ 


BSA REE ES 


= 
> 





26 BWHKWAABIWMS § 7TNHBUNDUB7W324 8 OH GB MU BIO 


(2902) JULY. 


AUGUST. 


SEPTEMBER. “ENGINEERING” 


Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of the 
London Metal Exchange for “ fine foreign’? and “standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted for 
steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 1b. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 


lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


Automatic Door CLoser.--A British-made automatic 
spring door closer with an oil check is now being intro- 
duced by Messrs. Parker, Winder and Achurch, Limited, 
Broad-street, Birmingham, which, in addition to being 
neat and unobtrusive in appearance, has the advantage 
of not suffering damage by an effort to close the door 
violently. The new door closer, unlike the majority of 
those generally fitted, has a vertical cylinder about 
9 in. in overall length and 1} in. in diameter. It is 
chromium plated and contains a spindle carrying an 
external lever and connected to an internal spiral spring. 
The twisting of the latter provides the closing foree, an 
oil throttling device ensuring this being done gently and 
without noise. The end of the lever is connected by 
a narrow resilient arm to the top of the door frame, 
damage to the mechanism being prevented by the yield- 
ing of this arm to any undue stress. The door closer is 
stated to be very readily adjusted, and to be suitable 
for any type of door up to 24 in. in thickness. It can 
be supplied, of course, to suit either right or left-hand 


' doors. 








SuppLy or Motor Lorry CoMPONEN'TS.—H.M. Trade 
Commissioner at Wellington, New Zealand, states thata 
firm is investigating the possibility of assembling motor 
lorries and omnibuses, in that country, from importet 
parts. Firms interested in the supply of such components 
as engines, gearboxes, steering gear, rear axles, &e., are 
invited to submit particulars and prices, addressing corre 
spondence to H.M. Trade Commissioner, T. & G. Building, 
Grey-street (P.O. Box 369), Wellington, New Zealand. 

Tue INsTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLAND.—In order to reduce members’ expenses 
at the present time, the Institution of Engineers and 
Shipbuilders in Scotland is putting forward a proposal, 
in lieu of revising subscription rates, to allow a rebate 
to any member, associate member, or associate, who would 
be content to receive the monthly parts of the Trans: 
actions and forego the bound volume. This suggestion 
does not involve the loss of any technical matte? to the 
subscriber, but makes possible a rebate amountin 
most classes to 7s. 6d. on the subscription. 
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THE PARKERIZING AND BONDERIZ- 
ING RUST-PROOFING PROCESSES. 


Or late years, numerous processes for inhibiting or 
retarding the deterioration of iron and steel articles 
exposed to the elements have been brought into com- 
mercial use. These processes, as our readers are well 
aware, involve the coating of the exposed surface of 
the metals with some metallic or non-metallic protective 
covering. It may be taken as an axiom that, apart 
from its efficiency from the corrosion-resistance point 
of view, the success of a rust-proofing process in industry 
depends upon its first cost, the ease with which it can 
be applied, and the time taken to complete the cycle of 
operations laid down. Another requirement of impor- 
tance is that the application of the process should not 
give rise to offensive or dangerous fumes. A process 
which appears to fulfil most, if not all, of these demands 
is that designated Parkerizing, which was first intro- 
duced in the United States some years ago. This may | 
be defined as a process whereby the surfaces of iron and 
steel articles are converted, by chemical means, into 
insoluble phosphates. Its value from a rust-prevention 
standpoint lies in the fact that these phosphates are 
insoluble in water and permanent in air. Recently, 
we were given an opportunity of inspecting a Parkerizing 
plant in operation in the metal-finishing departments 
of Messrs. The Pyrene Company, Limited, at Brentford, 
Middlesex. At a lunch given at the Savoy Hotel, | 
Strand, London, prior to the demonstration at Brent- 
ford, Mr. W. B. Phillips, Chairman of the Company, 
stated that a Parkerizing plant had been installed at 
their works some five years previously, for the purpose 
of rust-proofing some of their own products. They had 
been so satisfied with the results obtained that they had 
since acquired the sole rights for the process for Great 
Britain and Ireland. 

The process, as carried out in our presence, appears to 
be relatively simple and free from complications. The 
parts to be treated are first cleaned from grease, and, 
where necessary, scale. They are then immersed in 
baskets, or suspended, according to their size and shape, 
im a tank containing a solution of ‘‘ Parco”’ powder 
in water, which is maintained at about boiling point 
by steam-heated coils. The powder is whitish-grey 
in appearance and, it is stated. consists essentially of 
Manganese phosphate. A vigorous evolution of 
hydrogen takes place when the articles are first put in 
the phosphate bath, but this gradually diminishes and 











| verted to phosphate, the actual composition of which is 

no doubt complex. The strength of the phosphate solu- 
tion, during a continuous series of operations, is main- 
tained up to standard by periodical additions of the 
powder. The articles when removed from the phosphate 
bath are covered with an even greyish coating which, 
it is stated, is less than 0-0002-in. thick. They are 
dipped in a second tank containing black aniline dye, 
dried, and, after a final dip in an oil tank and draining, 
the treatment is complete. This oil finish, as it is 
termed, gives the articles a pleasing black mat appear- 
ance which is stated to have given good results under a 
variety of conditions of exposure. We understand also 
that Parkerized steel specimens have stood up well in 
the salt-spray test. Bright and polished surfaces can, 
however, be given to articles by varying the final 
treatment. It will be gathered from the foregoing that 
the process does not affect the shape, size, or temper 
of the steel. It may be added that while the charge is 
in the phosphate bath it requires no attention from the 
operator. Moreover, the chemical employed is not 
injurious either to the health or the clothing of the 
workmen. 

A second process, termed Bonderizing, which is some- 
what similar in its application, was also seen in 
operation at the Brentford Works of The Pyrene Com- 
pany. This, in effect, is a chemical priming process, 


been issued by The Pyrene Company. The range of 
articles at present being treated by the Parkerizing 
process includes nuts, bolts, screws, motor-car parts and 
accessories, carburettors, engine parts, lifts and escala- 
tors, road signs, camera and gramophone parts, gas 
stoves, small tools, electrical accessories, and railway 
material. Bonderizing is applied, prior to painting, 
enamelling, or lacquering motor-car wings and chassis 
parts, wheels, lamp parts, screens, steel furniture, 
typewriters, wireless parts, gramophone parts, weighing 
| machines, and upholstery springs. 











|THE SURFACE HARDENING BY 

| NITROGEN OF ALUMINIUM- 

| CHROMIUM-MOLYBDENUM 
STEELS.* 


By W. H. Cunnineuam, Assoc. Met., and J. S. 
ASHBURY. 

TuHE purpose of this paper is to explain the process 
|of nitriding as carried out productively by the firm 
| with which the authors are connected, Messrs. Thomas 
| Firth and John Brown, Limited, Sheffield. Whilst the 
| basic principles are similar, it will be understood that 
the exposure of test-pieces weighing something less than 
1 lb. to the action of ammonia gas at some elevated 
temperature in a small experimental furnace is vastly 
different from the treatment of a charge consisting of 
hundreds, and sometimes thousands, of parts, and 
weighing up to 2 tons. The essentials necessary for 
the surface hardening of articles with ammonia gas 
consist of a suitable furnace capable of accurate tempe- 
rature control ; a container made of some heat-resisting 
| material such as nichrome, which resists the action of 
ammonia gas at nitriding temperatures, and which 
can be rendered gas-tight; a supply of anhydrous 
ammonia; and an apparatus whereby the percentage 
dissociation of the gas may be determined. It is also 
necessary to provide equipment for tinning, and some 
method by which the articles can be rendered perfectly 
clean and free from grease. 

The Treatment of the Articles.—On receipt of the 
articles to be nitrided, accurate representative measure- 
ments are taken for records purposes, after which any 
articles of which portions are required to be kept 
soft are suitably protected, as will be described later. 
The parts are washed in petrol to remove all adhering 
grease, boiled in several changes of water to remove 
all traces of petrol, and are then wiped with clean, dry 
dusters. The container, which should be clean, is 
packed with the articles to be nitrided in such a 
manner as to ensure a free circulation of the ammonia 
gas throughout the parts. One or two test-pieces, 
depending on the size of the charge, are placed amongst 
the articles so as to obtain a representative nitride 
case. These test-pieces take the form of heat-treated, 
polished nitralloy bars, 2 in. long by 4 in. square, 
sawn half through in the middle. When the packing 
is completed, the cover is placed on the container 
|and bolted down securely, care being taken to ensure 
|a perfectly gas-tight joint. 
| The container is then drawn into the furnace, the 
| current switched on, and the front sealed up with some 
| heat-insulating material, after which the pyrometers 
|are connected up. The nitriding period is taken from 
| the time the box pyrometer registers 500 deg. C., and 





applied to steel prior to coating with paint, lacquer or | the temperature is kept between 495 deg. C. and 505 deg. 


enamel. The powder from which the solution is made|C. throughout the run. 


The exhaust gas is tested 


consists of manganese phosphate with a small propor- | every 4 hours to determine the percentage dissociation, 


tion of a copper salt. The presence of the latter, we | 
were informed, has the effect of speeding up the process | 
and, instead of an hour, the articles are only left in the | 
bath for 10 minutes. When they emerge, they are | 
covered with a smooth and velvety, dark reddish-brown | 
deposit. This, like the covering obtained in the first- | 
mentioned process, is a non-metallic crystalline coating | 
which constitutes an integral part of the metal. Paints | 
or enamels are absorbed, to a certain extent, by the | 
deposit, and the resultant coating adheres very firmly | 
to the surface of the steel. An inspection of numerous 
samples showed that this absorption does not affect 
the gloss or lustre of the finished paint. It is claimed | 
that should the surface be scratched or injured during 
subsequent service, rust cannot spread beneath the 
Bonderized coat. Itis pointed out, for instance, that 
enamel does not peel off the edges of motor-car wings, | 
as the result of vibration, exposure to weather, &c., if 
the wing has been subjected to the process prior to 


and the supply is regulated in accordance with the 
results obtained. When the necessary period has 
elapsed the current is switched off, the front of the 
furnace removed, and the container drawn straight 
out and allowed to cool in the open. Throughout these 
operations, the ammonia-supply pipe is left in position, 
and the gas passed through the container at approxi- 
mately the same speed as during the run until the whole 
has cooled to about 150 deg. C., when the gas is shut 
off. When cool enough to handle, the container is 
opened, the parts are removed and inspected, and 
those on which previous measurements had been 
made are again measured, and the results recorded. 
The test-pieces are fractured to ascertain the depth 
of case, and ‘surface hardness readings are taken by a 
suitable machine equipped with a diamond indenter. 
The parts are tested with specially hardened testing 
files, and hardness readings are taken on some of them 
to verify those made on the test-pieces. The parts 


finally, after about an hour, ceases altogether. This | enamelling. Owing to the short time of immersion, the | are now ready for dispatch, and are packed carefully, 


marks the end of the reaction, and the articles are then 
removed. The time taken may be decreased, and | 


process lends itself to the employment of conveyor | 
methods, and we give, on this page, a view of the | 


so that they sustain no damage during transit. 
Methods of Protection against Hardening.—The 


the process speeded up generally, by placing the | Bonderizing plant installed at the Dagenham Works of | authors have found by experience that the most 
articles in the bath in a drum which revolves at a slow | Messrs. Kelsey-Hayes Wheel Company, Limited. The | efficient protection against nitriding is afforded by 
speed, /.¢., at about one revolution every four minutes. | plant is stated to be the largest of its kind in the 


The the ry of the process may be summarised in a few | country, and to be capable of handling 600 motor-car | 


words: During the reaction small particles of iron are | 


dissolved from the surface of the steel article and | 


wheels an hour. 
It may be mentioned, in conclusion, that both of the 





* The Surface Hardening by Nitrogen of Special 
Aluminium-Chromium-Molybdenum Steels on a Produc- 
tion Basis. Paper read before the Iron and Steel 


replaced by phosphates from the solution, and the action | processes described above have been adopted by | Institute, Swansea, on Thursday, October 1, 1931. 


Continues until the whole of the surface has been con- | numerous firms in this country, to whom licences have | Abridged. 
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tinning the parts, where necessary, with a solder com- 
posed of 80 parts of lead to 20 parts of tin. The 
tinning operation is simplified by the use of a liquid 
flux, which, in their case, takes the form of zinc-killed 
hydrochloric acid containing some ammonium chloride. 
Wherever possible, the part to be kept soft is dipped 
into a bath of molten solder, which is maintained at 
a temperature around 400 deg. C., and the excess solder 
is brushed off by means of a stiff wire-brush. The 
solder is kept at this temperature so that, whilst it is 
hot enough to produce efficient tinning, there is no 
danger of affecting any previous heat treatment. In 
other cases, such as keyways and portions of an article 
which cannot be dipped without tinning surfaces that 
require hardening, the solder is applied with a soldering 
iron and blow-pipe, care being taken to remove any 
excess solder, as this would probably run on to other 
portions during nitriding. Keyways and threads are 
protected from nitriding as a matter of routine, unless 
otherwise desired. 

In cases in which tinning either by immersion or by 
blow-pipe is impracticable on finished articles which 
require partial protection, the whole article is dipped 
in the molten solder at an intermediate machining 
stage ; it is afterwards finally machined on the portions 
which require hardening, during which operation the 
tinned surface is removed, thus exposing metal suit- 
able for nitriding. For efficient protection it is essential 
that the solder whilst in a molten condition should 
be actually worked into the surface of the steel; it 
is useless merely to plaster the surface with solder, as 
by so doing complete protection will not be afforded. 
In cases in which complete protection is unnecessary, 
parts may be kept relatively soft during nitriding by 
the application of a paint composed of a mixture of 
aluminium powder and commercial sodium silicate. 
Powdered chrome ore may be substituted for alu- 
minium powder, and the paint should be of such a 
consistency that it is just possible to apply it with a 
brush. Internal threads present some difficulty in 
soldering or painting, but sufficient protection is 
afforded by packing tightly with asbestos wool and 
sealing the surface of the plugged hole with aluminium 
paint. 

Growth of Parts.—A slight growth takes place during 
nitriding, which is only to be expected seeing that 
nitrogen has been added to the steel. This growth 
is very uniform, and appears to be a function of the 
time, the temperature, and the percentage of gas 
dissociation. The authors have found that on parts 
nitrided for a short period at a low temperature— 
namely, 20 hours at 485 deg. (.—practically no growth 
takes place, whereas on parts nitrided at 505 deg. C. 
for 100 hours the expansion varied from 0-001 in. to 
0-006 in., depending on the size and section. The 
growth is uniform on uniform sections, and the figure 
0-0012 in. is very nearly constant for the growth 
which takes place on solid pieces from 1 in. to 12 in. 
in diameter. The growth which takes place on a 
round bar 1 in. in diameter is the same as that on a 
bar 6 in. in diameter, when they are nitrided together. 
The growth on a 1-in. diameter solid bar nitrided for 
80 hours at from 500 deg. to 505 deg. C. varied from 
0-0012 in. to 0-0014 in. A bar of the same outside 
diameter but bored with a 4-in. diameter hole, would 
expand to the same extent on the outside diameter, 
but would be reduced to the extent of 0-001 in. on the 
inside diameter. A third bar bored with a {-in. 
diameter hole, leaving only y-in. walls, would expand 
approximately 0.005 in. on the outside diameter, and 
also expand on the internal diameter to the extent of 
0-0012 in. 

This variation of internal growth appears to be 
controlled by the thickness of the surrounding metal— 
that is, the liability of the bore to expand increases 
as the thickness of the side walls diminishes. The 
above figures may vary slightly, depending on the 
previous heat treatment and stability of the material, 
but are given here as the average results obtained over 
a large number of tests. The “ corner effect’ which 
occurs on nitrided parts is the augmented growth 
which takes place on sharp corners. The growth on 
all surfaces combines at the comer, forming what 
might be termed a “fin,” which is very brittle and 
liable to chip, as it ccnsists entirely of nitride case, 
with no supporting core. The remedy for this is to 
provide corners of large radius wherever possible. 

Distortion.—No distortion takes place during nitrid- 
ing, provided that the piece is of uniform section, has 
no protected portions, and has been stabilised 
thoroughly to remove any machining strains. As has 
been previously mentioned, growth, which may be | 
regarded as a form of distortion, differs with varying | 
sections. For instance, a water-pump spindle with a | 
long keyway on one side only will tend to bow during 
nitriding with the keyway at the top of the are. This 
can be explained by the fact that a greater area adjacent 
to the keyway is exposed to the nitriding gases than 





on the opposite side, and, in consequence, greater growth 
takes place, with attendant distortion. If the keyway 





of such a spindle is tinned and then nitrided, it will | reached. The piece was re-nitrided for 80 hours, and 
bow slightly in the opposite direction, because no | then gave a hardness figure of 488, whilst the portion 


hardening, and therefore no growth, takes place on 
the protected portion. 

This point will be made clear on referring to Fig. 1, 
which shows three strips of nitralloy steel, 3 in. by 
4 in. by ¥ in. thick, tinned on one side only, and 
nitrided for periods of 30 hours, 50 hours and 80 hours, 
respectively. The upper strip, which was nitrided for 
30 hours, had a deflection of 0-095 in.; the second, 
nitrided for 50 hrs., a deflection of 0-113 in.; and the 
lower strip, nitrided for 80 hours, a deflection of 
0-142 in. These strips were quite straight before 
nitriding, and although this distortion would not have 
taken place had the pieces been of a much thicker 
section, the tendency to distort would still have 
been present, although not apparent because of the 
support afforded by the core. Thin bushes, which 
must be kept soft on the outside in order to obtain a 
grip on the hole into which they are pressed, ‘ bell- 
mouth’”’ to a small degree, but all this distortion is 


due to differential hardening, and would not occur if | 


the pieces were nitrided all over. During the whole of 
their experience in nitriding, which covers over 300,000 
parts, the authors have in no case found distortion of 
such a magnitude as to necessitate the removal of an 
undue amount of nitride case to effect rectification. 
Hardness Testing—For testing the hardness of a 
nitrided part, the authors use a Firth hardometer, 
capable of exerting a load of 10 kg. or 30 kg. 
The latter load is suitable for testing nitride 
cases obtained by treatment for forty or more 
hours, but is too great for articles nitrided 
for less than 40 hours, for which the lighter 
load is used. From the surface of the nitrided 
specimen to be tested, 0-001 in. to 0-0015 in. 
should be removed by grinding on a felt 
buffing wheel dressed with flour emery and 
finally polishing on 00 emery cloth. This 
amount is sufficient to remove the softer 
outer layer, and expose the hard wear-resist- 
ing nitride layer, which will give a clearly 
defined impression of the diamond. Impres- 
sions taken directly on a specimen from which 
nothing has been removed will be found to 
have spalled so badly as to be unreadable. 
It is the author’s practice to obtain diamond 
hardness numbers varying from 1,020 to 
1,170, and any tests which fall below 1,020 
are investigated, and, if necessary, the article 
is re-nitrided. The file test is useful for 
detecting non-nitriding steels which may have 
been included in the charge by error, and 
for testing the softness of protected portions. 
Surface Defects—The majority of surface defects 
occurring on nitrided articles can be traced to one 
cause—namely, decarburisation due to mishandling in 
previous operations. Satisfactory nitriding will not 
take place on a decarburised surface, and it is found 
that, after nitriding such a surface, the decarburised 
portions have lifted and become friable, and will flake 
off on rubbing with the finger. This spalling effect 
sometimes occurs on articles having a uniform circular 
section, when it forms a strip of friable case from 
} in. to } in. in width along its length. This is due to 
the removal of insufficient metal from this area owing 
to an error in centring during machining. In the case 
of articles having several diameters, spalling under 
these conditions would only occur on the greatest 
diameter. Parts which have merely been cleaned of 
rolling or forging scale will spall during nitriding and 
be quite unfit for service, and it is essential that from 
3 in. to yy in. of material should be removed from all 
surfaces which require hardening. On analysis, this 
spalled material was found to contain 0-04 per cent. 
of carbon, whereas the steel from which it came gave 
on analysis 0-25 per cent. of carbon, which shows that 
decarburisation had taken place during some opera- 
tion, resulting in spalling during nitriding. 
Occasionally, unsatisfactory nitriding has been 
traced to the fact that the parts had been previously 
nitrided and then softened to allow of alteration 
owing to some machining error—or, in the case of die 
blocks, for re-cutting the impression—before re- 
nitriding. Tests were carried out to investigate the 
trouble, with the following results: Two pieces of 
nitralloy steel of known analysis were machined and 
nitrided, the diamond hardness number after nitriding 
being 1,114. Piece No. 1 was then softened by heating 
to 790 deg. C., soaking for 2 hours, and slowly cooling 
in kieselguhr. The diamond hardness figure, after 
softening, was 551. A cut of 0-012 in. was machined 
off this piece, and the turnings analysed; it was 
found that the carbon content had fallen from 0-27 
to 0-16 per cent., whilst the other elements remained 
practically unaltered. The diamond hardness figure 
on the portion from which 0-012 in. on the radius had 
been removed was 320; a similar figure was obtained 
after a further 0-012 in. on the radius had been 
removed, which showed that the core had been 











from which no metal had been removed after softening 
gave a similar figure. This shows that a second nitrid- 
ing treatment cannot be carried out directly on an 
article which has been softened, and that a cut of 
0-024 in. on the radius is insufficient to remove the 
effects of softenings. It was found that 0-035 in. 
must be removed on the radius before the piece would 
nitride satisfactorily. 

Piece No. 2 was nitrided along with No. 1, and gave 
a similar diamond hardness number, namely, 1,114. 
This was softened by immersion in a bath of molten 
chlorides at 790 deg. C. for 2 hours and cooling in air. 
The piece then gave a hardness figure of 460. The 
same procedure was adopted as with specimen No. 1; 
the carbon content had fallen from 0-27 per cent. to 
0-07 per cent., and the diamond hardness figure, after 
removing 0-012 in. on the radius, was 320. A further 
0-012 in. on the radius was removed, when the hard- 
ness was again 320 (core hardness). After the second 
nitriding, the hardness of that portion from which 
0-024 in. on the radius had been removed was 1,066, 
and of that from which 0-012 in. was machined off 
was 774, whilst on the unmachined portion a figure of 
551 was obtained. 

It is obvious from these figures that, although 
nitrided parts can be softened by decomposition or 
diffusion of the nitrides so that alterations or additional 





Fig. 1. Distortion Dur TO UNEVEN GRowTH. THREE 
Srries oF NITRALLOY STEEL, TINNED ON THE UNDER- 


SIDE AND NITRIDED. 


Fig.2. SECTION OF CONTAINER 
SHOWING METHOD OF PACKING. 















_ VM» 


ULE EEF 
(2897.B.) 





ENGINEERING 


machining can be performed, decarburisation is an 
additional feature, and a second nitriding cannot be 
carried out successfully on articles which have been 
softened by either of these methods unless sufficient 
material is removed from the surface to get rid of the 
softening effects. This, of course, precludes the use 
of either of these softening processes on finished articles 
from which no metal may be removed. In cases in 
which it is found necessary to drill a hole or cut a key- 
way on an article which has been nitrided, the case 
may be removed by “ pencil grinding,” and machining 
carried out in the ordinary manner. Articles on which 
the final operation, prior to nitriding, has been oil- 
hardening and tempering, are often coated with a thin 
film of scale, and will not harden satisfactorily in this 
condition. A light sand-blasting will remove this 
scale and render the article quite fit for nitriding, pro- 
viding that it is not a precision job. 

A feature commonly met with is that known as 
“ blueing.” This effect occurs, to a greater or less 
extent, on almost every nitrided charge, and is usually 
confined to heavy masses of material or smaller pieces 
in close proximity to these masses. This blueing, 
which takes the form of vivid blue and pink tints, must 
not be confused with a dull slate-blue colouration which 
sometimes occurs and which should be avoided. Pro- 
bable causes of the latter feature will be outlined later ; 
neither should it be mistaken for temper colours, as this 
effect is in no way caused by overheating, but is merely 
an extremely thin film which can be easily removed bya 
few strokes of 00 emery cloth. This colouration is un- 
desirable, inasmuch as it detracts from the appearance 
of nitrided parts; but apart from this the hardness 
and depth of case are the same as those obtained on an 
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article nitrided in the same charge but which exhibits 
the characteristic grey colour. 

Heat Treatment.—Before nitriding can be success- 
fully carried out it is necessary that the core be of suffi- 
cient strength to uphold the case, the core strength 
varying with the amount and nature of the work for 
which the article is required. The nitriding steels with 
which the authors deal are manufactured in six grades, 
the four most generally used having a carbon content 
ranging from 0-20 per cent. to 0-55 per cent., other 
elements being the same for all types. The carbon 
content, within these limits, has no effect on the hard- 
ness of the nitride case, and is governed solely by the 
mechanical properties required of the core. Examples 
of the mechanical characteristics of the steels after oil- 
hardening at 900 deg. C., and tempering at 600 deg. C. 
for grade 1, and 650 deg. C for grades 3, 5 and 7, are 
given in Table I. 


TABLE I.—MeEcHANICAL PROPERTIES OF NITRIDING STEELS IN TEST-PIECES MADE FROM 1}-IN. HAMMERED Bar. 
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(For Description, see Page 479.) 


755 Air Vac Ventilators 165 


ke lak oe 





250 Centres of Bogies 
42°0 Over Headsto 


42°6 Over Body 
7-7 





6 : 3'6- 12 3°6- 


for a period of time corresponding to the size of the 
article. This is done in order to remove any strains 
set up by machining, which, unless liberated before 
nitriding, would be released during the process, thus 
causing distortion of the article. 

General Furnace Routine.—A nitriding furnace when 
once charged requires little attention, as the only 
variables are temperature and gas-flow. As the former 
is eliminated if the furnace is equipped with an efficient 
type of temperature control, it only remains for the 
attendant to regulate the feed of ammonia according to 
the results obtained from his dissociation tests. It is, 
however, necessary to exercise great care when pack- 
ing the container with articles to be nitrided, as uneven 
hardening, and, in some cases, total failure to harden, 
may be the result of slipshod methods. That parts 
must be cleaned and free from grease before nitriding 
has already been mentioned. Many articles are received 
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spots, as the melting point of the solder is considerably 
below 500 deg. C. Round shafts and spindles having 
tinned areas should be separated from each other by 
lengths of aluminium or nickel wire ; if they are grouped 
together with the protected areas in contact with each 
other, the tin will be drawn along the shaft or spindle 
by capillary attraction, and thus cause a line of protec- 
tion where it is not desired. All articles should be placed 
so that the gas can circulate freely around them, and 
this is facilitated by using nickel-wire grids with which 
to separate the various layers. 

Articles, such as cylinder liners, bushes, or fuel- 
injector bodies, in which a hardened bore is of first 
importance, should be placed one or two inches clear 
of the bottom of the container and in a vertical position, 
so that the gas has an unrestricted flow through them. 
This method is particularly to be recommended when 
packing parts with bores of small diameter. The 
authors have found that when such parts are nitrided 
in a horizontal position, there is a danger that the 
upper portion of the bore will not nitride properly. 
Their investigations of the cause of this faulty nitriding 
indicated that a line of gas bubbles, probably hydro- 





r 
Grade Carbon. Max. Stress. | Elongation. Yield Point. Impact Value. 
. Per cent. | Tons per sq. in. Per cent. Tons per sq. in. Ft.-lb. 
| | 

l 0-46 to 0-55 | 90-4 11-0 | 83-6 | 19 

3 0-36 ,, 0-45 | 77-4 13-5 69-7 | 38 

2 0-26 ,, 0°35 | 56-8 | 18°5 44-0 57 

0-20} 0-26 | 48-8 | 22-5 | 32-8 | 73 





It will be seen that this range covers the various 
Tequirements as to core strength met with in most types 
of service from steel with a high-tensile core strength 
necessary for die blocks, to a comparatively soft steel 
for use where the surface pressure is not high and 
intricate machining is involved. The mechanical 
Properties imparted to the steels by oil-hardening and 
tempering are practically unaffected by the nitriding 
temperature, although the tensile strength is lowered 
to some small extent in virtue of the fact that the parts 
are held at 500 deg. C. over a long period of time. It 
may be mentioned at this point that the core strength 
of such articles as die blocks which have been re-cut 
and re-nitrided several times is lowered to such a degree | 
that it is necessary to oil-harden and temper a second 
time in order to restore the tensile strength. Before 
an article is finish-machined, particularly if heavy 
machining operations have been carried out, it is essen- 
tial that it should be stabilised by heating to 550 deg. C. 


on which, in order to save costs, machining has only been 
done on those portions which require to be hard, the 
rest being left in the rough scaled condition. Die blocks, 
for instance, only require hardening on the face which 
carries the impression, and it is only necessary for that 
face to be free from scale. Precautions must be taken, 
however, before any large heavily-scaled areas are 
included in a nitriding charge, as the presence of such 
areas seriously upsets the ammonia dissociation, with 
consequent detrimental effects on the rest of the charge. 

It is the authors’ practice either to sand-blast those 





areas to free them from scale, or to paint over the 
scaled surface with the aluminium paint. The latter 
method is usually adopted, and is quite effective in 
preventing any deleterious effect which the large un- 
protected oxidised areas would occasion. When pack- 
ing the container, care must be taken to place tinned 
articles in such a position that no excess solder will fall 
on to others below them and cause undesirable soft 


gen, was trapped and held on to the surface of the steel 
at the highest point in the bore, so preventing complete 
nitriding from taking place on that area. It has since 
been their practice to place all such articles in a vertical 
position and as near to the open end of the ammonia- 
ialet pipe as can be arranged, so that the gas may 
circulate actively through them. 

To ensure even nitriding throughout a charge, the 
container should not be packed to more than two- 
thirds of its capacity. Fig. 2, on the opposite page, 
shows the method of packing the authors have found to 
give the most uniform hardness and depth of case. The 
portion shown hatched represents the space occupied 
by the articles to be nitrided, whilst the remainder of 
the container is left empty, as it has been found that 
articles placed near the front end of the container—the 
gas-outlet end—only become partially nitrided. A 
possible explanation for this failure to nitride is that 
the ammonia, on its way to the exit, after passing 
through and being dissociated by the articles, is in 
such an attenuated condition as to be incapable of 
further nitriding. The obvious solution for this trouble 
is to turn on more ammonia, but it has been found that 
on doing this the articles in the immediate vicinity of 





the ammonia inlet receive too much gas, and are, in 
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fact, cooled to such an oxtent that they fall below the 
nitriding temperature. 

The slate-blue colouration on nitrided 
previously mentioned in the section dealing with surface 
defects, has been found to be due to: too high a 


articles, 


nitriding temperature ; air being allowed to enter the | 


container whilst the articles are still at about 500 deg C.; 
and leaks in the container, gasket or pipe flanges. This 
dull slate-blue colouration should be studiously avoided, 
as parts possessing it will usually be found to have a 
very brittle case, sometimes coupled with a low hardness 
value, the brittleness in some cases persisting for a 
depth of 0-006 in. Apart from this, there is an increase 
in growth above that which occurs on correctly nitrided 
parts. Although there is a saving of time by nitriding 


INTERIOR OF First AND SECOND-CLASS CoACH. 


at high temperatures, in the authors’opinion the results ! 





Fie. 11. 


are not so good as those obtained by nitriding at 500 deg. 
to 510 deg. C. Many undesirable effects are produced 
by higher temperature treatment, such as greater 
growth, distortion due to sagging, liability to surface 
cracks, and the reduction of core strength and surface 
hardness. There is also an enormous increase in the 
dissociation of the ammonia, with a consequent increase 


in the amount of atomic hydrogen present, resulting | 


in a greater tendency towards decarburisation. 

It is an unnecessary waste of time to allow the con- 
tainer to cool down in the furnace after the nitriding 
run is completed, as it can be quite safely drawn straight 
out and allowed to cool in the open, provided that no 
air is allowed to be drawn into the container through the 
inlet or exit gas pipes. 

In the majority of cases where the slate-blue coloura- 


INTERIOR OF Frrst-Ciass TRAILER. 


|tion has occurred, the trouble has been found to be 
| caused by leaks in the container, either through the 
welded seams, the gasket or the pipe flanges. Faults 
|in the welded seams can, of course, be effectively 
| rectified by re-welding, although as a temporary expe- 
idient a stiff paste made by mixing kieselguhr with 
|sodium silicate may be used to seal the leak. 

The joint between the container and the pipe flanges 
|may be rendered gas-tight by employing an asbestos 
| washer smeared on each side with the aforementioned 
kieselguhr and sodium-silicate paste. It is found that 
\the best results are obtained by working with a gas 
| dissociation between 25 per cent. and 30 per cent., an 
a pressure of | in. to 2 in. of water in the wash-bottle. 
| the pressure depending on the amount and intricacy 0 
' the articles to be nitrided. 
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RAIL MOTOR COACHES FOR THE 
BERMUDA RAILWAY. 
(Concluded from page 436.) 


In our last article on the rail motor coaches being 
supplied by Messrs. The Drewry Car Company, Limited, 
to the Bermuda Railway, we paid most attention to 
the Wilson-Drewry gear by which these cars are driven. 
A photograph of one of the motor coaches was repro- 
duced on page 434, and on page 477 of this issue we 
give a plan and elevation of the same vehicle. Six 
of these cars are being supplied. They are vehicles 
42 ft. long over headstocks, and provide accommoda- 
tion for 16 first-class and 26 second-class passengers. 
At one end is an engine compartment 8 ft. 6 in. long, 
mainly occupied by a slightly raised hatch which covers 
the engine on the bogie beneath, and can be used as 
a space for luggage. The space occupied by the driver 
is, as shown in Fig. 7, quite small, since the controls 
are of the simplest possible nature, as will have been 
evident from our previous article. Fig. 8, on page 
478, shows the engine compartment, and in the far 
corner is the driver’s seat, in front of the controls and 
brake valve. At the other end of the car the provision 
for the driver is similar; the small compartment in 
which he is accommodated will be noticed in the right- 
hand bottom corner of Fig. 7, a view of it being given 
in Fig. 9. The control handles are no more than three 
in number for all operations, i.e., selection of gears, 
gear changing, and throttle. Pneumatic operation is 
provided from both driver’s compartments, as well as 
control of the air and hand brakes. 

The motor coaches have, as stated, a length of 
42 ft. over headstocks. They are 9 ft. wide over side 
pillars and 11 ft. 6 in. high from rail to top of roof. 
The bogie centres are 25 ft. apart. The motor bogie 
wheel-base is 6 ft. 6 in., and the trailing bogie 5 ft. 6 in. 
The gauge is 4 ft. 8} in. Loaded, the approximate 
weight of the coach is 20 tons. A.B.C. couplers are 
fitted. The underframes are built up of rolled sections 
and gussets. The bogie frames are of similar construc- 
tion. The axle-boxes are of cast steel, as are also the 
horn blocks. Sanding gear is fitted to the power bogie. 
The Westinghouse compressors are driven direct from 
the engine on the latter. The fuel tank holds 50 gallons 
of petrol. Radiators are fitted at both ends. 

The body framing is of teak with sheet-steel panels 
outside. The interior finish is in teak, the panels 
being of teak-faced ply-wood. The interior is plain 
varnished. The windows are frameless plate-glass 
lights, with balanced lifting gear. The interior of this 
coach is shown in Fig. 10, the first-class compartment 
being shown in the foreground and the second in 
the background. All seats are reversible except those 
at the end partitions. The seats in the first-class 
compartment are covered in green hide; those in the 
second are of the wooden-slat type. A sliding door 
gives access from the end platform to the first-class 
compartment, and sliding side doors to the second 
and engine compartments. 

The first-class trailer cars, accommodating 40 pas- 
sengers, are similar in general features to the foregoing. 
There is only a platform at one end of the car, while 
the interior, as shown in Fig. 11, is furnished with 
ratan chairs, with cushions of green hide. These 
trailers weigh, loaded, about 14 tons. It may be added 
that the coachwork is by Messrs. Cravens Railway 
Carriage and Wagon Company, Limited, the under- 
frames being built by the English Electric Company, 
Limited, Preston. 

The 10-ton covered vans have underframes similar 
to the passenger stock but only 35 ft. long. All the 
motor and trailer bogies of these vans and the passenger 
stock are identical and interchangeable. The van bodies 
are of steel-plate construction. They are furnished 
with two sets of double sliding doors on both sides, 
and in the case of the motor vans, with an engine and 
driver’s compartment at one end and a driver’s com- 
partment at the other, access to which is provided by 
doors on each side of the van. 

The system of interchangeable bogies enables a 
power unit to be taken out for repairs and replaced by 
a spare with only a loss of about three hours. One 
Spare power bogie was included in the order. 








THE ATTACK ON MILD STEEL IN 
HOT GALVANIZING.* 
By Epwarp J. DantEzs, M.Sc. 

Tuer investigation dealing with the solvent action of 
molten zine of varying composition on a typical mild 
steel which is described in the present paper forms 
part of a systematic study of the various phases of the 
hot-galvanizing process which is being carried out by 
the British Non-Ferrous Metals Research Association. 
The experiments of Diegel, Imhoff, and Russell, Good- 
rich, and Cross were concerned mainly with the effect 

* Paper presented at the Institute of Metals Ziirich 
Meeting, September 13 to 18, 1931. Abridged. 














of variations in the composition of steel on its corrosion 
by molten zinc, and a consideration of their data 
indicates that a dead mild steel will probably be more 
resistant to the action of molten zinc than any other. 
Accordingly, the present experiments were confined 
to the study of the effect of temperature, time, and 
variations in the composition of zinc on its solvent 
action for a single mild steel. Metallographic exami- 
nation of specimens obtained by heating a piece of 
mild steel in molten zinc for a time and then allowing 
the whole mass to cool undisturbed to room tem- 
perature, shows that the zinc reacts with the steel to 
form a layer of zinc-iron compound which is for all 
practical purposes the compound FeZnz. 

Preliminary experiments showed that direct measure- 
ment of the diameter of steel rods, before and after 
immersion in molten zinc at a given temperature for a 
definite time, was not capable of showing the degree 
of attack to the desired accuracy unless elaborate 
precautions were taken, and that the time required for 
a single determination was excessive. It was decided, 
therefore, to use a loss-in-weight method, the zinc alloy 
adhering to the specimen after removal from the spelter 
bath being removed by means of acid before the final 
weighing. After a study of the errors involved, the 
following experimental procedure was adopted : 

Mild steel strip having the following composition : 


Per cent. 
Carbon ... wea «- 0-054 
Phosphorus eee - 0-034 
Sulphur ... acs -- 0-048 
Manganese was -» 0-436 


Silicon see --» nil or practically nil 
was obtained in the ‘‘ bright-annealed ”’ condition and 
cut to length in guillotine shears provided with a stop, 
so that variations in length were small. After freeing 
a strip from grease, it was weighed accurately, and its 
area calculated by applying a factor determined from 
other carefully weighed and measured strips. The 
average area of each strip was 23 sq. cm. The strip 
was then dipped in a concentrated solution of gal- 
vanizers’ flux (zinc ammonium chloride) and dried in 
a small electric muffle at 300 deg. to 330 deg. C., and 
then transferred directly to the zinc bath, in which it 
was completely immersed. Drying the flux on the speci- 
men in this way had the advantage of preheating it, 
so that the decrease in temperature occasioned when it 
was immersed in the molten zinc was small. 350 grm. 
of the zinc under examination were contained in a 
cylindrical Salamander crucible heated in an electric 
crucible furnace, and a _ Brightray-Mangonic base- 
metal couple, protected by a silica sheath, served to 
indicate the temperature of the metal. 

After the desired interval, the temperature having 
been kept constant meanwhile, the strip was removed 
from the zinc, quenched in water, and the zinc alloy 
removed by dissolving in a stripping solution, which 
was made up as follows: to 500 c.c. of water, 30 c.c. 
of concentrated sulphuric acid and 2 grm. of arsenic 
trioxide were added, and the whole was heated until 
completely dissolved. After cooling to room tempera- 
ture, the solution was made up to | litre, and was then 
ready for use. By its use stripping took place in reason- 
able time, and the steel base was not affected. When 
all action had ceased the specimen was removed from 
the stripping solution, washed, dried, and reweighed. 
The loss was calculated as “loss in grm. per sq.m.” 

An examination of the experimental data showed that 
the solvent action varied with the time of immersion, 
according to whether the temperature was below or 
above 500 deg. C. 

In the lower range of temperature it was found that 


l= 
L=nvt . 7 = ((8) 
where 
L = loss in weight in grm. per square metre 
t = time of immersion in minutes 
n = a constant at constant temperature. 


That this is so was shown by the constancy of n. 
At and above 500 deg. C., however, we must write : 


b=N xs - ? - 2) 
where 
L = loss in grm. per square metre 
t = time of immersion in minutes 


N = a constant at constant temperature. 


That this is so was shown by the constancy of N. 
There was a tendency for the value of N to fall as 
the time of immersion increased. 

Careful examination of the circumstances obtaining 
in the experiments carried out at and above 500 deg. C., 
showed that this falling off of the attack with time was 
a purely experimental effect, due to the fact that the 
zinc-iron alloy produced on the surface of the sheet 
became to a very considerable extent detached and 
fell to the bottom of the crucible. When, therefore, the 
sheet was thrust to the bottom of the crucible, the 
bottom inch or so was resting most of the time in a pool 
of dross, and not zine, so that the observed loss in weight 
was naturally low. In some experiments where a 
corner of the sheet jammed on the rough inside of the 





crucible, holding it clear of the dross pool, the loss 
observed was directly proportional to the time of 
immersion, according to expression (2) above. Since 
the rate of attack below 500 deg. C. is proportional to 
the square root of the time of immersion, it must be 
concluded that it is governed by the diffusion of zinc 
through the FeZn7 layer which forms immediately 
the zinc and iron come in contact. Above 500 deg. C., 
however, the rate of attack is not influenced by the 
previous time of immersion, the zinc apparently having 
unimpeded access to the steel surface. Below 480 
deg. C., the zinc-iron layer must be stable and coherent, 
and above 500 deg. C. non-coherent and quite porous. 
If T be the temperature of the zinc in deg. C., there 
is the following relationships between n, N, and T: 


(T less than 480 deg. C.) logyy n = 
1256 — 





— +. 2-705 : 
+373 +? 705 : - (3) 
(T greater than 500 deg. C.) logyg N = 
— “ 
T + 273 is oes 


The results showed that there was good agreement 
between the values calculated from the above expres- 
sions and the experimentally determined values except 
for the two temperatures 481 deg. C. and 495 deg. C. 
At these temperatures the rate of attack is much greater 
than that calculated from expression (3) above, and 
yet it is much more nearly proportional to the square 
root of the time than to the time. The condition of 
the FeZn7 layer, then, is changing in this range of 
temperature from coherent and semi-protective to 
non-coherent and non-protective. 

Analogy with Oxidation Process.—The work of Pilling 
and Bedworth, Dunn, and others on the formation of 
oxide films on metals in air has shown that, in a number 
of cases, the oxide film is continuous and oxidation 
proceeds by diffusion of oxygen to the metal below ; 
just as here the FeZn 7 is continuous below 480 deg. C., 
and attack takes place by the diffusion of zinc through 
it. In other cases it has been shown that the oxide 
film is discontinuous and porous, giving reasonably 
free access of oxygen to the underlying metal, so that 
instead of the rate of oxidation being proportional to 
the square root of the time, as in the first case, it is 
then proportional to the time ; just as steel is attacked 
by molten zinc, at a rate proportional to the time, at and 
above 500 deg. C., at which temperatures the alloy 
layer is porous. 


TaBLE XI.— Attack of Mild Steel by Zine-Cadmium Alloys. 
Tests at 20 deg. C. above Melting Points. 


| 
Loss (Grm. per 





Alloy. — square metre) in 
| ees | 30 minutes. 
| | 
—— : = 
Zine wa 442 | 49 
99 Zn, 1Cd en ae ++} 442 | 133 
95 Zn, 5 Cd ae “<a eel 430 | 268 
93 Zn, 7 Cd a al 430 248 
90 Zn, 10 Cd. 410 200 
80 Zn, 20 Cd : a pai 370 62 
50 Zn,50Cd st. aa = 345 36 
17-4 Zn, 82-6 Cd (Eutectic) .. 290 | 15 
; ia wal 340 0 


Cadmium 





Attack by Molten Zinc-Cadmium Alloys.—Additions 
of aluminium, tin, and antimony to the molten zine all 
resulted in an increase in the rate of attack, and it was 
decided to test the effect of adding cadmium, which of 
itself has no corrosive action on mild steel, and so 
might be expected to reduce the attack. The results 
obtained with 1 per cent. cadmium were so surprising 
that a number of zinc-cadmium alloys were investi- 
gated at temperatures 20 deg. C. above their melting 
points. The results are given in Table XI. The great 
increase in attack produced by additions of 1, 5, 7, 
and 10 per cent. cadmium are readily understood 
after examination of the microstructure of the alloy 
layers produced on the steel surface after immersion 
in the various alloys. Because the camera lacks the 
accommodating power of the eye, photomicrographs 
do not show at all clearly the structures of galvanized 
coatings, and the subjoined description of the struc- 
tures observed are therefore presented in lieu of photo- 
graphs. 

It would appear that the effect of additions of cad- 
mium is to cause the FeZn, layer to become granular 
and non-protective, so that, when the amount of 
cadmium added is small, access of molten metal to the 
steel surface takes place and increased attack results. 
Cadmium alone is without action on steel, and its mere 
neutrality is sufficient to obtain the structures observed. 
One per cent. cadmium, for example, when present in 
the molten metal, prevents the formation of FeZnz 
at small and fairly well spaced areas, so that the 
coating of alloy forms in patches rather than evenly 
all over the steel surface, and fairly large crystals, 
detached from one another, result. The addition of 
7 per cent. of cadmium increased the number of neutral 
patches, and so decreased the size of the FeZn, crystals. 
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The addition of still more cadmium will similarly cause 
still smaller crystals to form. Whilst zinc forms the 
major part of the molten metal, however, increased 
attack with long time of immersion is to be antici- 
pated, since the fact that the FeZn, crystals are not 
connected with one another means that there will be 
many comparatively large channels through which the 
zinc can reach the steel to attack it. When only 40 
per cent. of the bath is zinc, the molten metal, although 
easily reaching the steel surface, is so rich in the 
inactive metal, cadmium, that the attack is less than 
with zinc alone, and continues to become less as a com- 
position of pure cadmium is approached. 

The addition of tin to the zinc caused only a slight 
increase in attack, and micro-examination showed 
only a very slight tendency to discontinuity of the 
outer surface of the FeZn, layer. For the sake of 
completeness it may be mentioned here that the 
presence of nickel and chromium in the steel causes 
increased dissolution in molten zinc by a breaking up 
of the FeZn, layer exactly similar to that produced 
by cadmium in the zinc. 

Practical Considerations.—Zinc and iron are capable 
of forming alloys in which the two metals may be 
present in all proportions, of which, owing to the high 
melting point of iron and the low temperature at which 
galvanising is carried out, only two are of concern here. 
They are the compound FeZn, holding zinc in solid 
solution, and zinc holding a very small amount of iron 
in solid solution (x and m of the equilibrium diagram, 
annexed). Although the melting point of the compound 
FeZn, is about 800 deg. C., it forms readily at, and 
even below, the melting point of zinc (420 deg. C.). 
It is the product which is formed as a result of the 
reaction between zinc and iron when they are brought 
in contact at galvanising temperatures. When left in 
contact with molten zinc it absorbs zinc without loss 
of its brittle and crystalline character, until it is a 
solid solution in equilibrium at that temperature. As 
a result, the composition of the brittle crystalline 
substance found in galvanised coatings and on the 
walls of the kettle will be slightly variable, but for the 
sake of brevity we will refer to it simply as FeZn,. 

A solid and continuous layer of this compound forms 
on the interior surfaces of a galvanised kettle as soon 
as it is filled with molten zinc, and the life of the kettle 
depends on the subsequent behaviour of this alloy. 
Below 480 deg. C. it will to a very large extent protect 
the steel beneath from the action of the molten metal, 
because the zinc can penetrate to attack the steel only 
by diffusing through the compound. As the attack 
proceeds the layer of compound will thicken, and there- 
fore offer greater resistance to the passage of zinc 
through it, so that as time passes the attack continu- 
ally slows down. At and above 500 deg. C., however, 
this layer is not continuous, and does not offer resist- 
ance to penetration by molten zinc, so that attack will 
proceed indefinitely at the same rate. Between 480 deg. 
C. and 500 deg. C. the layer gradually changes from 
non-porous and protective to porous and non-protec- 
tive. From the point of view of the life of kettles, 
then, 480 deg. C. is the critical temperature which 
must not be exceeded if kettles are to be in use for a long 
period without replacement. 

Below this critical temperature the zinc-iron com- 
pound is perfectly stable, even when in contact with 
molten zinc. It remains on the kettle walls as a solid 
layer, and does not dissolve away. Above 500 deg. C. 
it is most unstable, and does not remain attached to 
the steel surface. The removal of the compound is 
hastened by movement above 500 deg. C., but move- 
ment has no effect on its stability below the critical 
temperature. Since it is possible to convert loss in 
grm. per square metre (L) into depth of steel pene- 
trated, the life of a kettle wall of any thickness at any 
temperature can be determined by means of equations 

1 to 4. If the thickress of the kettle wall be assumed 
to be 1-5 in., the figures given in Table XIII will show 
the time that it will take for it to be penetrated by 
molten zinc at certain selected temperatures. Although 


TaBLE XIII.—Calculated Life of Kettle Wall, 1-5 in. 
Thick, at Various Temperatures. 





Temperature, Relation between 


deg. C. Land ft. Life. 
432 L= 8-4 Jt 2,410 years 
477 L=10-7 Jt... 1487. .., 
500 L= 7:4 xt ee 28-1 days 
540 L = 10-6 xt 19-6 ,, 





the figures given in Table XIII may appear at first 
sight to be somewhat startling, they are based on the 
results of a large number of closely agreeing laboratory 
experiments, and are to a great extent confirmed by 
the behaviour of kettles in actual practice. The real 
life of a kettle above the critical temperature will 
be less than that calculated above, since the zinc of a 





galvanising bath is in motion, and the above calcula-| general strike. When it was restarted the men had to 


tions are based on data obtained in the absence of 
movement. 

Before discussing the implications of the above 
calculations, it may be profitable to consider the results 
of an investigation of a kettle which had failed after 
four years’ service. Three samples were taken of the 


zinc-iron compound which had formed on the walls, | 
as follows: (1) from a spot a few inches from the top 


at the end opposite to that used for dipping ; (2) from 
the same end but about 1 ft. from the bottom of the 
kettle; (3) from the bottom surface of the kettle. 
All three samples were found under the microscope 
to be homogeneous alloys, and their iron contents 
showed them to belong to the alloys called » in the 
equilibrium diagram. No. 1 contained 8-97 per cent. 
iron, No. 2, 8-28 per cent. iron, and No. 3, 8-30 per 
cent. iron. No. 2 is of the correct composition for 
equilibrium at 476 deg. C. and No. 3 for equilibrium 
at 480 deg. C. No. 1 has a higher iron content than the 
other two, as it was formed at about the upper level 
of the zinc, and was presumably sometimes uncovered, 
so that insufficient time had elapsed for the initially 
formed FeZn, to come into equilibrium with the 
molten zinc. In support of this it may be mentioned 





use different grades of coke from those to which 
they were accustomed, and so found it difficult to 
regulate the temperature. The actual point of failure 
was that at which the highest temperature would be 
reached owing to the position of the draught holes and 
the ventilation of the shop. 

It is, in fact, overheating of portions of the kettle 
walls that leads sooner or later to failure, and a part 
of the kettle wall may become sufficiently overheated 
to cause very rapid wastage without the zinc of the bath 
showing a higher temperature. In all questions of 
kettle life it must be remembered that the temperature 
of the walls at all points is the important temperature, 
and even heating rather than measurement of the 
temperature of the zinc is the solution of the problem 
of the failure of galvanising kettles. Consideration of 
heat exchange shows that forcing the output of a kettle 
is liable to lead to overheating of the walls, and that 
astonishing differences in temperature between the 
walls and the zine in contact with them are possible. 
The evidence given in the preceding suggests that 
careful consideration of the relations between out- 
put, type of fuel, and methods of heating and heat 
control, leading to a redesign of galvanising equipment, 


JRON-ZINC EQUILIBRIUM DIAGRAM; BASED ON DATA 
OF RAYDT AND TAMMANN, VEGESACK, PEIRCE. 


(m=ZINC; n=Fe Znz.) 
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that the alloy layer at this point was very thin. Speci- 
men No. 2 was several square in. in area, and about 
0-5 in. thickness. The fact that it was quite solid 
confirms the deductions made from the results of the 
laboratory experiments, and the size of the sample 
enabled it to be shown to be FeZn, with some zinc 
in solid solution, indicating that that is the basic alloy 
of a hot-galvanised coating. 

The extent of wastage of the kettle walls was deter- 

2 . L 
mined at a number of points. The values of ee for 

vt 
the various points calculated for four years’ immersion 
by turning the inches wasted into equivalent loss in 
grm. per square metre and the time into minutes, 
, : =e L 
are given in Table XIV. The values for—- are very 
t 
considerably greater than those obtained in the 
TaBLE XIV. 





— 
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| 





Inches from | | L 

Point. Top of | Wastage. Inch. | ~~ 

Kettle. | | Mt. 

Side A as os 7 | 1-0 137 
B ae ae 15 | 1-25(pierced) | — 

Cc ow ee 18 0-38 52 

D te os 24 0-19 32 

E i =a 36 0-125 | 17 

F te ae 49 )-09 | 13 

Bottom “< 51 0-06 8-6 

End G oe as 7 0-75 103 

H ee a 14 1-06 146 

I aa as 24 0-19 26 

J os oe 49 0-09 13 


NoTe.—Total depth of kettle was 51 in. (Holes were drilled 
along vertical centre-lines of end and side plates). 
laboratory experiments, with the exception of the 
value 8-6 obtained on the unheated bottom plate. 
It must be concluded that a slight general overheating 
occurred fairly early in the life of the tank. Such 
unsuspected general overheating could quite well have 
taken place, since the kettle was emptied during the 
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should ensure a considerably longer life to kettles 
than the most careful and fortunate galvaniser is 
able to obtain to-day. With an ideal life of one 
thousand years, a practical lifeiof twenty years should 
not be unattainable. 








Tottey’s Income-Tax CHart.—The 16th edition of 
Tolley’s Complete Income-T'ax Chart-Manual has recently 
been published. This contains information regarding 
the rates, allowances and abatements for 1931-32, and 
the 27 previous years. The numerous legislative altera- 
tions of recent years, up to and including the Finance 
Act, 1931, are also set out. Two supplements, dealing 
respectively with taxation and reliefs in the Irish Free 
State, and with the new land value tax, are issued with 
the Chart-Manual. The price of the Chart, including 
the Free State supplement, is 3s. 6d., post free, and may 
be obtained either from Mr. C. H. Tolley, at 107, Tierney- 
road, London, 8.W.2, or from the publishers, Messrs. 
Waterlow and Sons, Limited, London-wall, London, 
E.C.2._ The price of the land value tax supplement is 
6d., if purchased with the chart, otherwise it is 1s., post 
free. 





Tue AUTOMOBILE ENGINEER.—The introduction of 
the pressed-steel body for motor cars gave a marked 
impetus to the tendency to design body and_ chassis 
as one unit. Some authorities are of opinion that this 
tendency might be carried further with advantage, 
but whether this be true or not, it is already difficult 
to draw a line of demarcation between the engineering 
features of the chassis and the body. The decision ol 
the proprietors of our contemporary, The Automobile 
Engineer, to incorporate motor body building among 
its standard features is therefore appropriate, and will 
enable the designing and technical stafis of automobile 
factories to find every phase of their activities dealt 
with under one cover. The first issue of the journal 
incorporating motor body building appeared in Septem- 
ber, and in this, dimensioned body builders’ drawings are 
given for typical vehicles, together with articles dealing 
with various aspects of the body-builders’ work. The 
enlarged journal remains under the able editorship ot 
Mr. W. L. Fisher, thus affording a guarantee that the 
high technical standard and independence of view, for 
which The Automobile Engineer has been hitherto 
distinguished, will be maintained. 
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THE COCONUT OIL INDUSTRY. 
By A. E. Witt1ams, F.C.S. 

ALTHOUGH coconut oil has been used extensively 
by the natives in the tropical lands of its origin 
for many centuries, it was not exported to European 
countries in any appreciable quantity, until the 
middle of the Nineteenth Century. At that time 
the industry was entirely in the hands of the natives, 
who expressed the oil by very primitive and un- 
hygienic methods ; so that the resulting product 
was vastly inferior to the oil produced in recent 
years. As the demand for coconut oil increased, due 
chiefly to its adoption in soap manufacture, the 
crude methods of producing it were improved ; and 
the systematic cultivation of the coconut palm was 
commenced. 

In 1907, nearly 3,000,000 acres were under 
cultivation, and, at the present time there are 





Fie. 1. Furnace Enp or Co 
approximately 7,000,000 acres devoted to the 
cultivation of the tree, of which area more than 
one half is in the British Empire. India possesses 
the largest area under cultivation, but this is no 
indication of the amount of oil or copra exported 
from that country, as owing to religious scruples 
forbidding the use of animal fat as a food, a large 
proportion of the natives rely entirely on the 
locally produced vegetable oils. The bulk of the 
copra and coconut oil exported to European 
countries is from the Dutch East Indies, Phillipine 
Islands, South Sea Islands and Ceylon. In addition 
to the cultivated areas, there are vast tracts of land 
containing uncultivated coconut palms, the extent 
of which has not yet been estimated. The chief 
botanical species cultivated is Cocos nucifera, which 
is essentially a coastal plant, being rarely grown 
successfully at considerable distances inland. From 
the time of planting about seven or eight years 
elapse before the tree begins to bear fruit; the 
bearing period is from 60 to 70 years, each tree 
yielding annually from 80 to 90 nuts. Many of 
the larger plantations are equipped with testing 
stations in which work on the production of seedlings 
for future use is carried out. In some districts it is 
the custom to gather the nuts from the trees before 
fully ripe ; by so doing it is said that the copra will 
keep longer and possess a higher oil-content than 
would be the case if the nuts were allowed to fully 
mature before harvesting. 

Copra Production.—Copra, or the dried broken 
kernels of the whole fruit, represents about 30 
per cent. by weight of the nuts as taken from the 
trees. The splitting of the coconuts is generally 
done by hand ; although in some districts machinery 
‘Sin use for this purpose, it is found to be not much 
quicker than native labour. Much of the copra 
€xported is produced by sun-drying the broken 
huts; the latter being spread out in thin layers 
: "agg and left for a period of from five to 

gnt davs. 


During this process the kernel] separates from 





the hard shell, and the moisture content is re- 
duced to about 8 per cent; this is further reduced 
by gradual evaporation of water during transport 
and storage. The result is that copra arriving in 
European ports seldom contains more than 5 per 
cent. of water, the oil content being from 65 per cent. 
to 70 per cent. In many districts the nuts are 
not sun-dried, but recourse is had to artificial means, 
and there are a number of efficient dryers available 
for the purpose. Generally, artificially dried copra 
has a more uniform moisture content, and frequently 
yields a better quality oil than the sun-dried 
product. In the sun-drying of coconuts, which 


occupies about one week, putrefaction often takes 
place, and the oil expressed therefrom will have a 
higher percentage of free fatty acids and also a 
darker colour. 

The native method of drying copra by artificial 
means is somewhat crude, consisting, in general, 





PRA DRYING PLANT. 

















Fie. 3. Copra Repucina MILL. 


of arranging the broken nuts on bamboo racks, 
under which a fire of coconut shells is lit, the 
hot gases and smoke from the fire being relied upon 
to dry the nuts. This method is rapidly being 
replaced by modern drying apparatus, of which an 
example is furnished by the copra drying plant 
illustrated in Figs. 1 and 2 on this page, which 
show one of several recently installed abroad for 
this purpose by Messrs. George Scott and Son, 
(London) Limited, Silvertown, London. A -feature 
of this plant is that the coconut shells, available on 
the spot, may be used as fuel, and by a special 
arrangement of the furnaces, the fuel consumption 
is very low. 

The broken nuts are dried by a current of clean, 
maintained hot air in constant circulation, its. tem- 
perature and volume being regulated as the drying 
of the copra proceeds. This plant has a capacity 
of 150 tons of coconuts per day, and produces a 
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very light coloured copra, yielding a first-class 
quality edible oil. 

Utilisation of Husk and Shell.—The outer husk 
of the nut is frequently removed in as sound a 
condition as possible, as it forms the raw material 
of an important tropical industry. The fibrous 
hust is allowed to soak for several days in a weak 
alkaline solution, whereby the material is consider- 
ably softened. It is then thoroughly washed free 
from alkali and dried. The product can be readily 
spun into a coarse yarn from which a large number 
of native requisites may be manufactured. The 
coconut shells may be advantageously used as 
fuel for the artificial drying of the copra; or may 
be ground up, mixed with a suitable binding material 
and pressed into briquettes for domestic fuel. 
Both in Europe and America the manufacture of 
activated charcoal from. coconut shells is carried 
out on a fairly extensive scale. 








CuHaraina ENp oF Copra DRYING PLANT. 


Reduction of the Copra to Meal.—It is necessary 
to reduce the dried copra to a fine meal in order 
to facilitate the extraction of the oil in the presses. 
The reduction, or grinding process, is usually 
carried out in two stages ; the machine used in the 
first stage grinds the copra to a coarse meal, which 
is then further reduced by special rolls. The 
preliminary grinding may be carried out in an 
ordinary disintegrator, or, more speedily, by a 
machine made specially for the purpose, such -as 
that illustrated in Fig. 3. This apparatus comprises 
two pairs of adjustable gear-driven rollers, all 
17 in. diameter by 4 ft. long; the roll bodies are of 
chilled cast iron. They are forced onto the steel 
shafts under hydraulic pressure, and secured by 
sunk keys. 

A feed-hopper with shaker feed, roll-scrapers, and 
cover plates are included. The upper rolls are fluted, 
or grooved, to a coarse pitch to take the copra as 
received, and the lower rolls to a finer pitch to 
reduce the product further. The out-put of this 
machine, which is constructed by Messrs. Rose, 
Downs and Thompson, Limited, of Hull, is 3 tons 
of copra per hour. In large mills these machines 
are arranged in batteries of six or more, alongside 
of which a conveyor and elevator are installed to 
carry the coarse mea] to the rolls for the final 
reduction. 

A grinding-room of a large mill, equipped with 
15 sets of Anglo-American 5-high rolls, made by 
Messrs. Rose, Downs and Thompson, is illustrated 
in Fig. 4. Each machine comprises 5 rolls made 
of chilled cast-iron, and has an cut-put of about one 
ton per hour. The coarsely ground copra passes 
into the feed-hopper at the top of each machine, 
a regulator being fitted to control the rate of feed 
to the rolls beneath. A grooved feed-roll in the base 
of the hopper ensures even distribution of the meal 
along the full length of the rolls. From the feed- 
roll the meal falls on an inclined guide-plate, off 
which it slides between the first and second rolls. 





Emerging from these, a guide plate on the opposite 
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side catches it, to pass it between the second and | 
third rolls, and so on, until the meal in one passage | 
through the 5-high rolls is crushed four times. | 
The rolls are compact and entirely self-contained | 
machines. The roll shafts are of forged steel, the | 
shafts of the top and bottom rolls having extra large | 
bosses towards each end, where they are fixed in the | 
rolis; the bottom roll shaft is also fitted with a | 
barring collar. The roll bodies may be either in cast 
iron or in specially hard chilled cast iron ; the latter | 
type give generally the greatest satisfaction. ll | 
roll bodies are accurately turned and _ finished ; | 
the shafts are forced into the rolls under hydraulic 
pressure, and fitted with sunk keys. After the | 
shafts have been fixed in the rolls, the roll bodies | 
and shafts are ground together. The rolls are driven | 
by fast and loose pulleys on the bottom roll shaft. | 
Plain bearings, roller or ball-bearings may be fitted. 

The pressure on the meal, and thus its particle | 
size, may be regulated by means of a combination of | 
compression screws and springs fitted on each 
machine. In general, the finer the particle size of 
the meal delivered from the rolls, the greater will be | 
the oil-yield in the subsequent pressing operation, for 
any given pressure and meal temperature. On the 
other hand, a finely ground meal will increase the | 
proportion of “foots” (an emulsion of water, dis- 
solved Jauric acid, and coconut oil with fine meal 
in suspension) contained in the expressed oil, the 
removal of which is a frequent source of trouble 
and loss to the oil-miller. 

Bxpression of Coconut Oil.—In the tropics, where 
coconut oil is the chief vegetable fat used, it is often 
expressed from the fresh nuts, or sometimes copra, 
by simple crushing in a pestle and mortar worked by 
a bullock team. Naturally, the percentage yield of 
oil by this method is much less than when modern 
machinery is employed. However, in many impor- 
tant commercial centres in these countries, modern | 
crushing mills, equipped with hydraulic presses, | 
are now installed, and these mills supply the bulk of | 
the oil for export and home consumption in the | 
larger towns. In European crushing milis, most of | 
the coconut oil is produced by means of hydraulic | 
presses. The type usually adopted for materials 
of high oil content, such as copra, is known to the | 
trade as the “‘ cage ”’ press. 

An example of modern plant for the expression 
of coconut oil is represented by the Rose, Downs | 
and Thompson, “ Premier” presses illustrated in | 
Fig. 5. In these presses several important labour- | 
saving devices have been introduced, resulting in an | 
increased capacity and very efficient operation. | 
Each press is surmounted by a cooking kettle with | 
an additional kettle, for the preliminary heating 
of the meal, on top. The kettles are steam-jacketted, | 
5 ft. diameter by 26 in. deep internally, and are | 
made of cast iron, lagged, and fitted with belt- | 
driven stirrers and steam damping apparatus. The | 
presses each have an extracting box or pressing cage, | 
19 in. diameter by 9 ft. long internally. The press- | 
head and base are of cast iron, the columns of forged 
steel ; the hydraulic cylinder is of cast steel with | 
a ram of 18}in. diameter, working up to a pressure | 
of 3 tons per square inch. The presses are also fitted 
with preliminary compressor apparatus, automatic | 
strickle, and hydraulic jacking cylinders. The latter | 
comprise four small hydraulic cylinders in the press | 
base, by means of which the press box can be lifted | 
a distance of about 9 in., the box being free to rise | 
and fall in the press to this extent. In all Premier | 
presses, the press box is free to rise and fall to * 
limited extent to facilitate the removal of the loose 
head block ; in the earlier types of press, the box was 
lifted by skin friction between the box and the 
charge of meal, but with the jacking cylinders a 
positive lift is given to the box. When the hydraulic 
pressure is put on the press, the jacking cylinders are | 
put in operation, and lift the box so that the loose 
head block enters the press-box to a depth of about 
9 in. When the main hydraulic pressure is released, 
the jacking cylinders are also allowed to exhaust, 
and they allow the box to drop gradually to its 
original position, acting meantime as shock ab- 
sorbers. By this procedure the risk of the loose 
head block being jammed by the expanding meal in 
the box is done away with. 

Three cooking kettles are supplied with each pair 
of presses, the upper one serving for the preliminary 
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warming up of the meal, or for the mixing of different 
grades of meal before crushing. From the upper 
kettle the meal passes, as required, to either of the 
lower kettles situated immediately above the presses. 
The heating up of the copra meal in the kettles 
facilitates the extraction of the oil in the presses ; by 
this treatment, copra meal containing 70 per cent. of 
oil may be reduced, in one treatment, to 6 per cent. 
oil content. The meal may be heated in the cooking 
kettles to a temperature of 45 deg. to 60 deg. C., 








Copra PREss. 


depending on the particle size of the meal and 
moisture content. Occasionally, copra meal is 
pressed in the cold; this produces a superior 
quality oil, but in much less quantity, and a cold 
pressing must always be followed by a hot pressing 
to reduce the oil in the residual meal to the appro- 
priate amount. The extracting boxes of the presses 
are built up of steel staves, so constructed that w hen 
united they provide innumerable minute perfora- 
tions, through which the oil may escape. The strain. 
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due to the great pressure employed, is taken by a 
series of solid weldless, steel rings which surround 
the boxes. To ensure even pressure throughout the 
charge in the press, steel plates, with an outer 
covering of softer material, are introduced into the 
press at regular intervals in the column of meal, 
during the Joading operation. 

The charging of the press is carried out automati- 
cally, as is also the levelling of the meal, both these 
operations being controlled by a foot-valve, thus 
speeding up the loading of the press and lightening 
the task of the operator. A hydraulic ram, operating 
from a compressor appliance at the top of the press, 
comes into operation several times during the 
charging of the press, packing the meal tightly 
into the press-box, and so greatly increasing the 
quantity of meal treated at one extraction. The 
hydraulic pressure employed in oil presses is as high 
as 6,000 lb. per square inch, and is obtained from a 
series of pumps, which, in the case of the larger 
mills, work in conjunction with high- and low-pres- 
sure accumulators. 

The residual meal from the presses may contain 
from 5 per cent. to 9 per cent. of oil, and is valued 
as a cattle foodstuff chiefly for the oil it contains. 
The oil-miller often disposes of it to “‘ compound ” 
feeding cake makers, who incorporate it with other 
materials. In most oil-producing centres, the 
manufacture of compound cakes is quite an impor- 
tant industry, frequently carried on in factories 
quite apart from the oil mills. 

Oil Expellers—The Rosedowns expeller, illus- 
trated in Figs. 6 and 7, is a type of apparatus much 
favoured by small oil mills, or in isolated mills 
abroad, as no expensive hydraulic equipment is 
necessary. Heavy foundations are not required, and 
the expellers may be erected on any level floor or in 
an upper story. In many oil mills they are used 
in conjunction with hydraulic presses, particularly 
in the treatment of meals of high oil content. In 
the case of copra two expressions are usually 
necessary when using the expeller ; both expressions 
may be made in the expeller or one may be made 
in a hydraulic press. The oil is expressed from the 
meal in a split horizontal extracting box, or cage, 
made up of machined steel bars. A shaft running 
through the barrel carries a series of steel pressure 
Screws affixed to it, which convey the meal through 
the box and at the same time exert a gradually 
mecreasing pressure. The oil is thus pressed out 
of the meal and escapes between the staves of the 
box. The residue or cake is discharged at the end 
of the box, through an annular opening. The meal 
18 passed to the pressure screws by means of a 
feed worm which rotates over the worm shaft. 
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Pressure exerted in the barrel on the meal may be 
adjusted by means of a sliding cone which reduces or 
enlarges the opening through which the cake is 
discharged. By engaging a clutch, the cone is 
moved mechanically, the limit of movement being 
fixed by adjustable catches which operate auto- 
matically. On the size of the annular opening 
allowed, depends the amount of oil removed from 
the copra meal and the thickness of the leaves of 
cake discharged. 

The treatment of the meal as regards grinding 
before it goes to the expeller, is essentially the 
same as in other methods of oil extraction. For 
the necessary preliminary cooking a steam jacketted 
heating and tempering conveyor is mounted over 
the standard machine. The meal is delivered to a 
feed receiver, which comprises a collecting and 
distributing pan, fitted with a stirrer driven by 
bevel gears from the worm shaft of the tempering 
trough. The purpose of thisis to regulate the supply 
of meal to the tempering conveyor and thus ensure 
even feed to the expeller. Copra meal is passed 
along the trough by means of a screw conveyor, and 
is heated by the steam jacket. Live steam may 
also be admitted to the meal in cases where it is 
too dry. 

The best yield of oil is only obtained when careful 
attention is given to the preliminary cooking of the 
meal. In the case of damp meal, surplus moisture 
must be evaporated off by means of the jacket 
steam, and no live steam admitted. Very dry 
meal may be sufficiently heated and damped 
by live steam alone. From the cooking conveyor 
the meal falls through a chute, fitted with a slide, 
into the barrel of the expeller, where it is passed 
to the pressure worms by means of the feed worm. 
An overflow chute is provided at the end of the 
tempering conveyor to pass over any surplus meal, 
which would be coliected and returned to the feed 
receiver. The oil which is expressed drops from the 
barre] into a trough built into the machine just 
below the barrel. From here it can be led by a 
pipe into a ground tank from which it is pumped 
to store ; or it can be run into an oil bogie or wheeled 
tank for transport to store. 

In order to ensure freedom from trouble and 
automatic working, the Rosedowns expeller is well 
provided with self-acting safety devices. Mention 
has already been made of the clutch-operated pres- 
sure-regulating cone. This in itself acts as a safety 
device in the event of the machine being clogged. 
Should this occur, the clutch is thrown in and the 
cone automatically withdrawn, thus increasing the 
size of the annular orifice and allowing the cake 


freedom to pass. At the same time, by reason of | 
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the excess pressure in the barrel, the feed worm 
would cease to rotate, owing to the slipping of the 
friction clutch through which it is driven, indepen- 
dently of the pressure worm. Thus no more meal 
would be admitted to the box until the blockage 
is cleared and the excess pressure reduced. The 
surplus meal being passed along the tempering con- 
veyor at such times passes out through the overflow 
chute. The barrel, which is built up of hardened 
steel bars, in a substantial cast-iron casing, heavily 
bolted, is readily opened for inspection or cleaning 
by the operation of a single lever. Owing to the 
extensive use of ball-bearings, the power required 
to work the expeller is low, and varies from 44 h.p. 
to 9 h.p., and the steam consumption generally 
does not exceed 70 1b. perhour. When the expressed 
coconut oil is intended for soap-making, or other non- 
edible purposes, it is merely filter-pressed before being 
used; but if it is destined for edible use, it must 
pass through an elaborate purification process 
before it can be so employed. These purification 
plants or oil-refineries may be incorporated in the 
same mill in which the oil is expressed. In other 
cases they form entirely separate establishments, 
and may be situated at some considerable distance 
from the crushing mills. 

Chief Applications of Coconut Oil.—In ecombina- 
tion with other oils and fats, coconut oil is largely 
used in the manufacture of soap. The advantages 
of coconut oil to the soap industry are that it does 
not require bleaching before ‘use; produces a hard 
soap which has, simultaneously, a fair degree of solu- 
bility in water; soap made from coconut oil will 
lather in salt water, an important consideration 
in the manufacture of marine soaps; the amount 
of glycerine produced in the making of soap from 
coconut oil is greater than can be obtained from any 
other oil available for the purpose. At the present 
time, coconut oil represents about 12 per cent. of 
the total oils and fats used in soap manufacture in 
Great Britain ; and in America, about 20 per cent. 

In the manufacture of margarine, coconut oil 
often plays an important part, comprising over 
60 per cent. of the margarine in some instances. 
Its melting point, texture and consistency render 
it specially suitable for this purpose and result 
in a product closely simulating butter. Before 
the war very little coconut oil was used in 
margarine making; the fats then employed were 
chiefly of animal origin. During the war and the 
subsequent inflation of prices for animal fats, 
coconut oil and other vegetable oils were employed 
in greatly increased amounts. Experience has 
proved them to be quite as satisfactory from every 
point of view, with the possible exception of their 
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deficiency in vitamins. This deficiency is remedied | the cooling of the mould was the only factor of 


in some cases during the manufacture of the 
margarine. During the last ten years or so coconut 
oil has largely displaced cottonseed oil in the 
American margarine industry. It now represents 
nearly 50 per cent. of the total margarine made in 
that country, while in Great Britain the corres- 
ponding figure is about 35 per cent. 

The ‘“‘stearine’’ from coconut oil (obtained by 
pressing out the more liquid portion of the oil at a 
suitable temperature) is employed in chocolate 
manufacture to supplement the cocoabutter already 
present in the chocolate. Up to 5 per cent. of 
coconut oil is used in toffee manufacture. When 
the toffee is intended for export to tropical countries, 
hardened coconut oil is usually employed, as the 
higher melting point, about 41 deg. C., thus obtained 
prevents the softening of the toffee at the climatic 
temperature obtaining in such countries. Its 
keeping qualities render it specially suitable in the 
biscuit and similar foodstuff industries. 








THE IRON AND STEEL INSTITUTE ; 
SWANSEA MEETING. 


(Concluded from page 457.) 


WueEn the members assembled in the hall of 
the Royal Metal Exchange for the last business 
session of the Swansea meeting, on Thursday 
morning, October 1, the President, Colonel Sir 
Charles Wright occupied the chair. 


CRYSTALLISATION OF STEEL 


INGoTs. 

The first paper considered by the meeting had 
reference to ‘‘ The Solidification and Crystallisation 
of Steel Ingots: the Influence of the Casting 
Temperature and the Undercooling Capacity of 
the Steel.’ The contribution was by Dr. B. 
Matuschka, who presented it to the meeting. He 
stated that the cooling effect of the mould initiated 
and materially influenced the solidification and 
crystallisation of the liquid steel. In order to 
investigate the progress of the solidification of 
350-kg. ingots of the same steel, cast in similar 
moulds, molten steel had been poured into appro- 
priate moulds, 250 mm. in diameter. These were 
upset after 1, 3, 7, and 12 minutes. The solidified 
shells corresponded to the form of the heat- 
dissipating inner surface of the mould. The solidifi- 
cation of ingots was found to be a physical pheno- 
menon which took place with mathematical 
regularity. The heat dissipated from the mould 
per minute, and the volume of solidified steel, were 
the two factors of the outer and inner conditions of 
solidification which exactly corresponded to each 
other. The external conditions which initiated the 
solidification and crystallisation of steel ingots and 
caused these phenomena to continue, were deter- 
mined by the cooling of the mould. The internal 
solidification conditions determined the solidifica- 
tion and crystallisation of the ingot, under given 
conditions of heat dissipation by the mould. They 
were influenced principally by the casting tempera- 
ture and the undercooling capacity of the steel. 
The paramount importance of one of the factors 
was determined by the composition and the physical 
and crystallographic properties of the steel. In all 
cases, a low casting temperature and maximum 
purity made for finer crystallisation and less segrega- 
tion, in other words, improved quality due to 
greater uniformity. 

Mr. N. D. Chopra said that most of the author’s 
work had been confirmed by the results obtained 
at two works, the one in Upper Silesia, and the 
other in the United States. While a great deal 
of research had been carried out in this field, he 
still thought that sufficient attention had not been 
given to the subject even now. From the economic 
point of view, the matter was of very great import- 
ance, especially at the present time. If conditions 
in ingots were studied further, it might be that 
considerable savings might be effected, including a 
reduction in the top crop. The author had said 
that the external conditions, which initiated the 
solidification and crystallisation of steel ingots 
and caused them to continue, were determined by 
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importance. While it was, indeed, an important 
factor, it was not the only factor. He would like 
to know if the author had made any experiments 
on the lines of some conducted in non-ferrous 
metallurgy. Had he, for instance, tried casting 
ingots with the mould inclined to the vertical, the 
pouring and other conditions remaining the same 
as they would be if the mould were vertical. 

The Chairman intimated that the reply to this 
discussion would be in writing. 


Propuction Economy In IRON AND STEEL WoRKS. 


The next contribution considered had reference 
to ‘‘ Production Economy in Iron and Steel Works. 
Part II.—Costs of Production.”* It was by Dr. O. 
Cromberg, and, in the absence of the author, was 
presented to the meeting by Mr. E. C. Evans. 
The author stated that the ways and means by 
which production in the iron and steel industry 
was checked during the progress of manufacture 
varied in different works. The best-known methods 
were the two used in charging up the different 
categories of costs to the departments or to the 
actual jobs by simple averaging, or by calculating 
the cost per piece. Averaging could be adopted 
when the output consisted of practically similar 
products. The total costs were collected from 
the departments in which they originated, and 
were then divided by the sum total of the products. 
Where, on the other hand, a variety of products 
were being manufactured, the cost of each individual 
piece must be calculated separately. 

The considerations put forward related essentially 
to the calculation of costs of manufacture of the 
product. The raw material costs were charged to 
a separate account, which had to take into considera- 
tion the discard of excess material and the crediting 
of scrap. The costing of a single department, 
working at full capacity, with a straight production 
with no interference and entirely self-contained, 
might be considered. The operations could be 
represented in diagrams in which the basis of 
manufacture per period covered (one month) were 
plotted on the abscissz of a double set of ordinates, 
one set being above and one set below the base 
line. The costs per hour were plotted on the upper 
set of ordinates and the tons per hour on the lower 
ordinates. Thus, the upper area (shillings per hour 
x hours per month = shillings per month) repre- 
sented the total cost of operations (U); and the 
lower area (tons per hour x hours per month = 
tons per month) represented the total production 


(G); and 4 = u cost of operations in shillings 


per ton. 
It was imposed on the department, as a duty, to 
give the outputs proved to be practically attain- 
able. This was where the intensive training of the 
men became necessary. No progress would be made 
until the training had been properly carried out 
down to the last individual worker. Workmen and 
foremen alike must be encouraged, by means of a 
remuneration in relation to output, to take an 
interest in the economic management of the under- 
taking. The recording of operations should be 
done in such a manner as to enable a daily compari- 
son to be made between the schedule and the 
actual output. Mr. Evans stated that the trans- 
lation of the paper had presented great difficulties, 
as it contained many involved units consisting of 
German expressions coined for the purpose. The 
translation had been carried out by Mr. G. C. 
Lloyd, the secretary of the Institute, and Mr. 
Turner, one of his colleagues at the National Federa- 
tion of Iron and Steel Manufacturers. In order to 
make the conclusions contained in the paper clearer, 
a glossary had been prepared by Mr. Turner, and 
was being submitted to the members. The methods 
described in the paper had not yet been adopted 
in the German iron and steel industry. 

Mr. J. Henderson confessed that he had failed 
to understand fully the contents of the paper ; 
moreover, the cost accountants at the works 
with which he was connected had also experienced 
difficulty in grasping its contents. He did not 





* For Part I see Jour. Iron and Steel Inst., vol. cexxiii, 





the cooling of the mould. This statement might 
lead to misunderstanding ; it made it appear that 


quite understand, for instance, what was meant 
by ‘following time.’ He was, therefore, glad to 
hear that the method had not yet been applied in 
the German works; it was consequently still in 
the somewhat academic stage. This fact, however, 
did not detract from its value. Costing determina- 
tions were necessary in a steel works in order that 
the efficiency of the operations carried out might 
be regulated, and also that profits and losses might 
be calculated. At the works of the United Stee] 
Companies, Limited, they were working out a 
system having both these objects in view. By 
Thursday, in each week, the costs for the previous 
week’s operations had been got out, and thus, 
matters affecting costs could be brought to the 
notice of the managers, foremen, and the workmen 
concerned, before the circumstances connected with 
the operations had faded from their minds. The 
author had stated that workmen and foremen alike 
must be encouraged, by means of a remuneration 
in relation to the output, to take an interest in the 
economic management of the undertaking. He had 
spoken of a bonus in this connection. This matter 
had been looked upon from a somewhat academic 
viewpoint, and he could not see how it could be 
applied with safety. There were, for instance, so 
many factors affecting costs which were outside 
the control of managers and foremen. 

Mr. D. J. Young said that, after reading the 
paper, he had begun to feel that we, in this country, 
had already tackled the problem, but perhaps in a 
different way. The author had said that for the 
purpose of costing it was advisable to employ 
standard fixed prices. In these days of constantly 
changing prices he felt that this procedure would 
lead to erroneous conclusions. The author had 
also stated that the raw-material costs were 
charged to a separate account, which had to take 
into consideration the discard of excess material 
and the crediting of scrap. He had not yet come 
across a paper dealing with costing which had not 
dismissed the question of scrap in three lines. 
Yet this question of scrap was one of the biggest 
problems of costing. It was sometimes considered 
in this country that we were the last nation to 
take up costing. If, however, one went back to 
a few years before the European war, it would be 
seen that we were ahead of other nations in this 
respect, and, at the present time, we were certainly 
not lagging behind them. 

Two communications from absent members were 
then read by the assistant-secretary of the Institute. 
In the first, Mr. H. T. Hildage stated that, in the 
first place, the paper contained a very clear exposi- 
tion of what we, in this country, might regard 
as the ultimate development of efficiency work 
and the application of the lessons to be learnt from 
time-studies. Secondly, there was Dr. Cromberg’s 
statement, in his conclusions, that ‘‘ a manufacturing 
industry could be conducted on well-defined lines.” 
It was inferred from that statement that this was 
the author’s opinion, based on his experience in 
Germany, and referred to the iron and steel industry. 
We had had quite sufficient experience, in this 
country, of the application of the methods and 
principles described in the papers to some industries, 
to lead us to recognise their value and to agree with 
Dr. Cromberg’s co.clusion. There were, however, 
several of our basic industries, notably the iron and 
steel industry, and also the shipbuilding industry, 
to which we had been rather slow, perhaps rightly, 
to apply the principles of scientific management, 
doubting both their applicability and their suita- 
bility, having regard to our national temperament 
and the character of our work-people. The formal 
application of efficiency methods to the iron and 
steel industry in this country, by a separate staff 
for the purpose, dated back only about two years. 
It had got far enough to enable us to see that the 
time of production must be divided into three parts, 
namely, (a) time lost from causes that would defi- 
nitely be eliminated; (b) time lost from causes 
inherent in the process or plant; and (c) time 
usefully occupied on the process, or working time. 

The first stage of the work must be to analyse. 
and then eliminate, the time avoidably lost, and 
it was surprising when reviewing the result of a 
minute-by-minute history of a shift’s or a week's 
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work, to see what a large proportion this was. The 
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second stage was to measure, analyse, and seek means 
to reduce, time lost from causes inherent in the 
process or plant. Examples of these losses on a 
rolling mill were roll and guide changes and the 
gaps between pieces, as well as lack of balance of the 
plant. The third stage was concerned with the time 
usefully employed—for instance, in the case of a 
mill, roll-contact time—and as this had, in the 
nature of things, already received considerable 
attention, the possibilities of economy were rela- 
tively much smaller. Taken altogether, benefit 
from the work was derived in two ways. First, 
considerable direct economies were made from the 
day the investigation work was summarised and 
reported upon ; and, secondly, a considerable degree 
of stimulation of thought and effort resulted on 
the part of executive staffs, quite independent of 
the work of the efficiency staff, and this was a gain 
of very considerable value. 

In his written communication, Mr. R. Dunkerley 
thought that it would be a pity if the impression were 
allowed to remain that the paper dealt with cost- 
ing in the steel industry. Costing was a speciali- 
sation of accountancy, combined with the technical 
side, and in no part of the paper did Dr. Cromberg 
attempt to touch matters of money values. The 
whole of his argument was developed on the assump- 
tion of a very close time study having taken place. 
He reduced his results to terms of units, and the 
paper he now put forward would appear to be an 
attempt to utilise these units as a guide to manage- 
ment and efficiency. The development, in this 
country, had been largely on the lines of making 
cost information the basis for expense control and 
for price fixing, as well as for the purpose of effi- 
ciency. Costs had also been used much more 
extensively than apparently Dr. Cromberg was 
aware, for the purpose of preparing trading budgets 
to guide managements in policies. In all these 
developments that of the setting up of standards 
with which to compare day-to-day performances 
had been a very prominent feature, and whilst the 
setting-up of these standards by time study of 
individual items was, no doubt, ideal, no one would 
gainsay that they were likely to take a very long 
time. The alternative was to build up the stan- 
dards from previous records studied against existing 
conditions, and this combination of time studies 
and setting-up of standards was being developed 
very rapidly by those concerned. He was not at all 
sure that the majority of works executives would 
not appreciate better their results when declared in 
terms of ‘‘ production per hour” or plain terms of 
“cost per unit,” rather than on groups compiled 
from collections of units as outlined by Dr. Cromberg. 

Sir William J. Larke was of opinion that time 
studies had been invented in this country and 
worked out twenty-five or thirty years ago. When 
electrical power was applied to the engineering 
industry, a ready means for ascertaining time studies 
was furnished. Moreover, twenty-five years ago, 
in the engineering industry, costs were prepared 
and the data covering a week’s work placed in the 
hands of the management at the end of the same 
week. The value of the paper was that it indicated 
the utility of time studies as a method of deter- 
mining, or governing, costs. Time studies could 
be used with advantage not only in the planning 
and operation of works, but in eliminating un- 
balanced factors, which were not always obvious 
‘omanufacturers. He was grateful to Dr. Cromberg 
because he had emphasised the necessity for time 
studies, and had shown how they could be used in 
reducing costs and increasing production, thus 
Mcreasing our competitive power. 


Surrace HARDENING OF STEELS BY NITROGEN. 


‘ The third paper on the agenda had reference to 
The Surface Hardening, by Nitrogen, of Special 
Aluminium-Chromium-Molybdenum Steels on a 
Production Basis,” and was by Messrs. W. H. 
Cunningham, and J. S. Ashbury. The paper was 
tead by Mr. Cunningham, who stated that its 
purpose was to explain the process of nitriding as 
carried out productively by the firm with which the 
ge were connected (Messrs. Thomas Firth and 
ohn Brown, Limited). We reproduced this con- 
tibution to the proceedings in our issue of last 
week (page 475, ante). 


Mr. B. Jones, who opened the discussion, stated 
that the authors had done more work in connec- 
tion with commercial nitriding than anyone else. 
He was glad they had used the term nitriding ; 
the word nitrating had been employed in certain 
quarters, but was obviously entirely erroneous. 
The authors had not given any analysis of the 
steels they had used, but he did not think he was 
giving any trade secrets away by stating that a 
typical nitriding steel contained 1 per cent. of 
aluminium, 1-8 per cent. of chromium, and 0-25 per 
cent. of molybdenum. The steel was previously 
quenched and tempered in order to produce a 
structure of finely-dispersed carbide. A _ plain 
carbon steel would not harden by nitriding, but 
when | per cent. of aluminium was added in solid 
solution, this extraordinary hardening was obtained. 
He would like the authors to give their opinion of 
the mechanism of nitriding. Nitrided steels were 
more resistant to abrasion and to atmospheric 
corrosion than were case-hardened steels. He 
would like to know, however, how the costs com- 
pared with those of the case-hardening process. 
On the Continent and in the United States, many 
methods had been tried with the object of shorten- 
ing the time taken in the process. High-temperature 
treatments, followed by low-temperature treat- 
ments had been tried, and the gases had also been 
agitated by means of fans. The authors, however, 
still adhered to the time-honoured exposure of 
their steels to 500 deg. C. for 80 hours. 

Mr. R. S. Brown drew attention to the fact that 
when an article of mild steel, such as wire, was 
tinned, the preceding pickling operation caused 
extreme hydrogen penetration and an undue amount 
of brittleness. They had found that unless the 
hydrogen was removed by some low-temperature 
treatment, the effect of the tinning was to fix the 
hydrogen in the steel. It might be thought that 
the heat of the tinning pot would be high enough 
to remove all the hydrogen. This was not so, 
however ; the hydrogen was not removed, but was 
fixed so long as the tin remained on the wire. 
Heating to 600 deg. C. had not removed the hydro- 
gen. If, however, the tin were removed from the 
surface of the wire, the hydrogen could be made 
to leave the steel. The hydrogen was, in fact, 
bottled up by the tin coating. He had men- 
tioned this because the authors had stated that 
they protected the surface of the parts they did 
not want to nitride by tinning. 

Mr. Cunningham, in his reply, said that he would 
not like to state what the actual theory of nitriding 
was. The most popular one was that the compound 
Fe,N was formed as the result of the action of the 
ammonia gas and nitrogen on the steel. A question 
regarding costs had been asked; this depended 
entirely on the weight of the article nitrided. The 
smallest they had treated weighed 0-0018 oz., and 
the largest 18 cwt., and, naturally, the scale of 
charges differed. The length of time the article 
had to remain in the furnace was certainly a draw- 
back. In the United States a high-temperature 
treatment followed by a low-temperature treatment, 
or vice versa, had been tried, but these gave a Vickers 
diamond hardness number of 900, and, although the 
people responsible were satisfied with this figure, 
they themselves were not satisfied. They were only 
satisfied with hardness figures of between 1,100 and 
1,200. Consequently, they preferred to adhere to 
the tried method of an 80-hour treatment at 500 
deg. C. He had not heard of the fixation of the 
hydrogen, as described by Mr. Brown. The tinning 
was simply used to prevent the hardening of 
certain portions of the article. Sometimes, pieces 
of ordinary steel found their way into the charge, 
but these could easily be picked out afterwards, 
owing to their different colour. On one occasion, 
however, a piece of ordinary steel had been found 
to nitride, but a hardness of only 200 to 400 had 
been obtained. This showed that while, in certain 
circumstances, ordinary steel did harden in nitrogen, 
it did not do so to the same extent as nitralloy steels. 


BANDED StrucTuRE IN Hot-WorKED STEEL. 

“A Critical Study of the Origin of the Banded 
Structure of a Hot-Worked Hypo-Eutectoid Steel,” 
by Professor F. C. Thompson and Mr. R. Willows, 





was the title of the last contribution presented to 


the members. Professor Thompson, who read the 
contribution in abstract, said that although the 
characteristic laminated microstructure of a hot- 
worked mild or medium-carbon steel had received a 
considerable amount of attention, the cause or 
causes to which it was due were still uncertain, 
though there was an increasing body of opinion in 
favour of the view that oxygen in the steel, in some 
form or other, was one, at all events, of the main 
factors involved. It had been established during 
the present research that slag bands in electrolytic 
iron, carburised, and heat-treated im vacuo, or in 
steels annealed as small specimens at a sufficiently 
high temperature, did not lead to the formation 
of the structure under investigation. Even when 
the electrolytic iron was phosphorised as well, the 
result was still the same. That the banding might 
be eliminated by a high-temperature annealing 
treatment in small specimens, but still persisted, 
after similar treatment, in large ones, was inexplic- 
able either in terms of the pure inclusion or of the 
phosphorus hypothesis. It was, however, to be 
expected on the basis of a theory such as that 
which ascribed the banding to oxygen, which 
demanded the removal of a gaseous product. The 
greater the relative surface area and the smaller 
the distance through which the gas must diffuse, 
the more rapidly should the banding disappear. 

That oxidation of mild steel, followed by carburisa- 
tion could result in a lamination exactly analogous 
to that observed in ordinary rolled mild steel was 
very strong evidence in support of the oxygen 
hypothesis. The non-removal of the structure by 
heating in hydrogen, which was, at first sight, 
unexpected if the oxygen hypothesis were correct, 
was explained adequately by Whiteley on the 
ground that the steam formed diffused away very 
slowly, the rate of the reversible reaction being 
correspondingly low. All the results were consistent 
with the idea that oxide, free, or associated with 
sulphide or silicate inclusions, caused preferential 
precipitation of the ferrite, and so far as the authors 
could see, the evidence could not be reconciled with 
the requirements of any other hypothesis. What 
evidence was available suggested that the original 
cause of the differential oxygen concentration lay 
in the coring of the crystals formed during solidifica- 
tion, and was not due to any mechanical influence, 
other, of course, than the distortion of the dendritic 
structure. 

Mr. A. Allison thought that the paper was of 
greater importance than its somewhat academic 
title seemed to suggest. He felt that it fell in the 
purview of the Committee on the Heterogeneity of 
Steel Ingots. Although the authors did not 
dismiss the slag and the phosphoric ferrite theories, 
they had laid great stress on the oxygen theory. 
The whole question was linked up with the casting 
of the ingot. The next speaker, Professor C. O. 
Bannister, thought that the authors had gone a 
little too far in suggesting that most of the banding 
was due to oxide. He agreed that if the phosphorus 
was low, amounting to only about 0-016 per cent., 
it was difficult to put the banding down to the 
phosphorus. In some cases, however, phosphorus 
was, indeed, the cause of the banding. It had been 
his experience that the higher the percentage of 
the phosphorus, the higher the annealing tempera- 
ture required to get rid of the bands. Mr. H. B. 
Freeman, who spoke next, said that a bar made from 
a horizontal section taken from the bottom of a 
rimmed steel ingot consisted of equiaxed crystals, 
and no banding occurred. Another bar taken from 
the middle sectionof the ingot gave rise to 50 per cent. 
banding, and a third bar, taken from the top section 
of the ingot, yielded 100 per cent. banding. The 
segregation of the phosphorus, to the middle of the 
ingot of a rimmed steel, was associated with banding, 
and it was an undoubted fact that, in examining 
micrographs of sheets, he had found pronounced 
banding nearly always associated with a high 
phosphorus content. 

Mr. R. S. Brown stated that when Professor 
Benedicks and Mr. Léfquist had recently published 
their book, Non-Metallic Inclusions in Iron and 
Steel, steel users had been seriously concerned. 
These authors had said, in effect, that it was not 
the steelmaker but the steel user who produced 





the banded structures. Professor Thompson and 
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works of Messrs. Whitehead Iron and Steel Company, 
Limited, and dispersed to their various destinations 
after a lunch given by the Whitehead Company at 
the Westgate Hotel, Newport. 


Mr. Willows, however, had refuted this contention 
entirely. If phosphorus were present in an oxidised 
steel, it must attract all, or most, of the oxygen 
present. As the phosphorus segregated, it would 
also carry the oxygen with it. The phosphorus was, 
in his opinion, the vehicle carrying the oxygen. The 
next speaker, Dr. Thomas Baker, stated that — 
theories to explain banding had been mentioned ; 
they all ions Banded one on the other. Any | By Bric.-Gmnzrat C. H. Mrrcnett, C.B., C.M.G., 
one of them alone did not explain the phenomenon | C.E., D.Eng. 
completely. It was all very well to say that oxygen (Concluded from page 460.) 
lay at the root of the trouble, but he would like to | Transportation.—Transportation is a vital prob- 
know how this could be ascertained with certainty. | lem because of the shape and geographical character 
The percentage of oxygen present in steels had | of the country. Canada’s position, situated in the 
largely to be guessed ; it was not at all as easy to | northern part of the continent and stretching across 
determine as the phosphorus. Mr. E. Escott Wood, | it, demands arterial transportation routes east and 
who spoke next, said that his experience covered | west, along the major axis, and toward the sea 
crucible steel, Bessemer steel, and open-hearth acid | coasts, with such north and south routes as are 
and basic steels, and he had seen banding in steels | necessary to provide adequate commercial connec- 
during the whole of his career. Some thirty years | tions with the United States. 
ago, in steels low in phosphorus, manganese had| Geographically, Canada has the advantage of 
been suspected as having something to do with | lying closest for sea routes to Great Britain and 
the banded structure. He would like to know if | Europe on the one side, and to Japan and China on 
steels containing relatively large amounts of oxygen | the other, all great consuming or industrial coun- 
—as, for example, basic Bessemer steels—were more | tries. To the British Empire, of which it forms 
prone to banding than the purer open-hearth steels. | such an important part, the transportation routes 
He also inclined to the belief that there was no one | through Canada are recognised as commercially 
explanation to this phenomenon, but that several | strategic in their world position and continental 
factors were at work. |location. For instance, in the export of wheat, 
Professor Thompson, in his reply, said that Stead | mostly to Europe, this advantage becomes apparent 
had shown that the percentage of phosphorus ra boomer the very large production of the Prairie 
the ferrite band of a well-laminated steel was much | Provinces is considered. At the present time, when 
higher than that of the pearlite band. Whiteley | there is some confusion in the wheat markets of the 
had shown, however, beyond any reasonable doubt ; world, not only does the low cost of transportation 
that the phosphorus went into the band after it had | become important, but the favourable location of 
formed. The variations of phosphorus, as revealed | the best qualities of wheat is also a factor. In this 
by a copper-etching reagent, were, therefore, the | regard, it is with some pride that Canadian wheat 
result of the banding and not the cause. At least | growers claim these high qualities. In the past 
three of the speakers in the discussion had said that | twenty years, in the annual contests for the Interna- 
| tional Wheat Championship, the first prize has gone, 


banding occurred in steels low in sulphur and | 
phosphorus. If bad banding occurred in a steel |on sixteen occasions, to Canada, namely, once to 


containing only, say, 0-010 per cent. of phosphorus, | Manitoba, ten times to Saskatchewan, and five 
the phosphorus theory needed a good deal of | times to Alberta. 

stretching before it could be made to fit the facts.| The sea route from Montreal to Liverpool, 
Some references had been made to questions of | normally requiring seven days for passenger vessels, 
segregation, but he would like to remind the meeting | is accomplished with not more than four and a 
that the paper was not concerned with the major | half days in the open Atlantic, while it is to be 
segregation in ingots. Stead had said that phos- | observed that the shortest route from New York to 
| Liverpool, following the great circle, passes within 
|sixty miles of Nova Scotia. In these matters 
further demonstration is being made this summer 
by the new C.P.R. vessel, ‘‘ Empress of Britain ”’, 
which is crossing on her regular voyages from Cher- 
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phorus was the cause of the banding; Le Chatelier 
had said that oxygen was the cause. Le Chatelier 
and Bogitch had taken electrolytic iron of extreme 
purity, had treated it with copper reagent, and had 
obtained uniform etching. They had then oxidised 
it in air and had again treated it with the copper 
reagent. As a result of that they had shown that 
changes in composition had taken place, which 
could only be due to the oxygen, it being unlikely 
that nitrogen was the cause. Just as one secured 
differential deposits of copper as the result of 
differences in the phosphorus content, differential 
deposits of copper were obtained as the result 
of differences in the oxygen contents. He wished 
to emphasise that the present authors claimed no 
credit for ingenuity in connection with the oxygen 
theory of banding. The determination of oxygen 
in steel was practically impossible. It was, there- 
fore, impossible to apply, in order to clinch matters 
finally, this very critical test suggested by one of 
the speakers. 

The President then thanked the authors of the 
papers, and votes of thanks to The South Wales 
Siemens Steel Association, The Welsh Plate and | 
Sheet Manufacturers’ Association, the Mayor and | 
Corporation of Swansea, the council of the Royal 
Metal Exchange for the accommodation afforded 
for the meeting, and ‘o all others who had made the 
Swansea meeting a success, and to the President, | 
terminated the proceedings. After luncheon at the 
Drill Hall at the invitation of Messrs. The Anglo- 
Persian Oil Company, Limited, and Messrs. The 
National Smelting Company, Limited, the members 
visited the National Oil Refineries at Llandarcy, 
of Messrs. The Anglo-Persian Company, and the 
Swansea Vale spelter works of the National Smelting : : suse 2 
Company. A concert was held at the Drill Hall in that its president is himself an engineer. 
the evening. The whole of Friday, October 2, was Water transportation on the Great Lakes has for 
devoted to a motor trip through Mid-Wales. A party |# century been a factor in Canadian life. It has 


Gulf and River St. Lawrence to Quebec in five 
and a half days. 

Within the country itself, however, there appeared 
in the early days two physical difficulties in trans- 
portation—the wide expanse to the north of the 
Great Lakes, which in those days was thought to 
be barren rocky waste (now rich in mining develop- 
ment), and the Rocky Mountains, five hundred 
miles across. 

It is but natural that statesmen, business men, 
and engineers alike, in recognising these as both 
difficulties and advantages of the country’s geo- 
graphical features, have attached great importance 
to the construction of transcontinental railway 
routes as a means of developing the country and 
accelerating its business. As a consequence, after 
the Canadian Pacific system had been in operation 
for about twenty years, there came a second cycle 
of railway building, which had its greatest intensity 
in the second decade of the century, just previous 
to the war. Subsequent to the war, by means of 
consolidation, through Dominion Government 
agency, of existing railways, another great system 
emerged, now known as the Canadian National 
Railways. This great present day system, with 
its 23,000 miles of lines, has already become an 
outstanding example of a government owned and 
operated railway, being a distinct success in both its 
operative and financial aspects. It is operated by 
means of a commission, and it is a significant fact 


had its cycles of activity, due largely to the history 
of canal construction along the St. Lawrence River, 
across the Niagara Peninsula to overcome the Falls, 
and through the St. Mary’s River at Sault Ste, 
Marie into Lake Superior. Fig. 7, Plate XVII, shows 
the Canadian Lock at Sault Ste. Marie, an industria] 
centre as shown by this view, in which, may be 
seen steel mills, paper mills and hydro-electric 
works. During the past decade the traffic through 
the Welland Canal in the Niagara Peninsula and 
on the St. Lawrence canals has greatly increased, 
having trebled since 1920, and reaching 8,000,000 
tons in 1928. Much of this has been due to the move- 
ment of grain from the head of the Lakes and the 
West. 

As these existing canals, built and operated by 
the Canadian Government, have outlived their 
usefulness in capacity under modern conditions and 
in meeting the progress of commerce in the country, 
the Government has embarked upon a programme of 
enlargement. It has already constructed during the 
past fifteen years, and put into operation this year, 
the new Welland Canal twenty-five miles long, the 
fourth generation in the succession of canals to 
overcome the Falls of Niagara between Lake 
Ontario and Lake Erie. It is planned to meet 
future developments on the inland lakes in greatly 
increased size of ships, having locks 860 ft. long 
and 80 ft. wide, with provision for 30 ft. depth 
of water on the sills. As a notable new work, it 
ranks in size second only to the Panama Canal. 

This new Welland Canal, of which the chief 
features are shown in Figs. 4 and 5,* will complete 
only a link in the new programme of enlargement 
to provide for large ocean ships from the sea to the 
Great Lakes and the interior of the continent. 
As the direction of progress of the new construction 
programme is, however, from the interior towards the 
sea, and as one of the main Canadian uses for water 
transportation is for moving grain seawards, this 
newly added link has only a limited use until the 
link from Lake Ontario down the St. Lawrence 
River to tidewater is similarly enlarged. The 
existing St. Lawrence Canals provide a capacity of 
only a fraction of the new Welland Canal, as they 
were originally based upon lake and river require- 
ments of forty years ago. The difficulties confront- 
ing Canada’s export of wheat due to this restriction 
of Great Lake traffic are well illustrated by the 
diagram Fig. 6, Plate XVII, for the typical crop 
of 1927, showing the diffusion of wheat movement 
eastward to the Atlantic by various routes. 





bourg and coming up to the interior through the | 


The problem of enlarging the transportation 
link down the St. Lawrence has been under con- 
| sideration by the Governments of Canada and the 
United States for the past ten or twelve years, and 
|has been the subject of much study by engineers 
| of both countries in the fields of water trans- 
| portation and hydroelectric power. With various 
reports and estimates running up into hundreds 
of millions of dollars, and with the holding recently 
of frequent conferences, it would appear that a com- 
mencement on this huge joint undertaking may 
not be far distant. Should this project be embarked 
upon, with its 115 miles of canals and river channel 
improvements, its nine locks and its miles of dams 
and embankments, and with provision for the 
ultimate development of nearly 5,000,000 h.p. 
| from the fall of 225 ft. between Lake Ontario level 
and Montreal, it will prove to be the largest work 
of the kind yet attempted. It obviously will call 
for the best that there is in the engineering profession 
with the ability, experience, and resource of civil, 
mechanical, and electrical engineers in a combined 
effort with statesmen and financiers. 

Power Production.—It is by its water power, 
however, that Canada is gaining notable ascendance. 
To it directly and indirectly can be traced not only 
marked industrial economic development, but, 1D 
a large measure, social advancement as well, for 
with cheap electric power readily available to 
every home in the city or on the farm, social life 
promptly reacts for its betterment. The total 
power for which equipment is installed in Canada 
to-day is 6,125,000 h.p., which is at the rate of 0-62 
per capita, a rate which places Canada second in 
the world, Norway being still the first. 





of members, however, proceeded to Newport in|” s Paper read before Section G of the British Associa- 
the early morning of Friday to visit the Courtybella | tion, London, on Monday, September 28, 1931. 





* Reproduced from ENGINEERING, vol. ¢xxvii, PP: 
415 & 416, (1929). 
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Fiag. 9. Paper MILL ON THE SAGUENAY RIVER. 


This total power is the culmination to date of | power, of which nearly four million would fall to 
a development not yet thirty years old, for in 1900} Canada’s share. This would be made available 
there was only a very small water power develop- | solely for Canadian industry and use, as both the 
ment in the country. The situation at the present | Government and the people have already expressed 
time is given in an Appendix which shows the | themselves as opposed to the exportation of power 
distribution by provinces of the power at present | from the country. Under plans already conceived, 
developed, based upon installation, together with | this power, obtained by dams at strategic locations 
the amounts estimated to be available throughout |in the river’s course, would be developed in five 
the country, as given by the Dominion Water Power | or six separate power stations, varying in capacity 
Service. from 500,000 h.p. to 1,000,000 h.p. each. If this 

Many notable hydroelectric power undertakings | programme is carried out. the engineering profession 
have beenconstructed and brought intooperation dur- | will be called upon to undertake not only power 
ing the past ten-year period. In the early part of the | stations of the greatest capacity, but to construct 
decade the most outstanding one was the Queenston | the largest and most difficult dams and hydraulic 
plant at Niagara Falls, of the Hydro-Electric Power | works yet attempted ; these, moreover, would be 
Commission of Ontario, with its output of 550,000| under river and climatic conditions which wouid 
h.p., the largest single plant in the world. This, | present very unusual and complex features. 
with others of its plants, brings the total of the | In connection with hydro-electric power, the 


Commission’s capacity up to its recent peak output 
of 1,250,000 h.p. Another large single develop- 
ment, of similar nature, is situated on the Saguenay 


| growing networks of transmission lines in the 
| various industrial centres of the country are all 
| important as affecting economic and social life. 


River, in Quebec, the Duke-Price plant, with over| Indeed, the widespread transmission of electric 
500,000 h.p., placed into full operation in 1928.) power from the numerous water power plants to 


Fig. 9 above shows a typical new paper mill on the | 


Saguenay River, electrically operated. The newer 


plants of the Shawinigan Water and Power Company | 


in Quebec have brought its total available power 
up to over 800,000 h.p., with a further 200,000 h.p. 
plant now being constructed. Newly-built plants 


the industries of the country has had much to do 
in stimulating many of the old, and encouraging 
the establishment of new, industries. Long high- 
tension transmission lines, the product of many 
years of invention, operation, and improvement, 
|are now connecting industrial communities 260 


on the Gatineau River, in the Ottawa Valley, have | miles distant from power sources. This is the 
an aggregate of 430,000 h.p. Recent large installa-| case in the lines of the Ontario Hydro-Electric 
tions elsewhere indicate how widely distributed | System, radiating from Niagara Falls at 110,000 
the development is throughout the Dominion. | volts, and from the Gatineau River to Toronto, 240 

Still more notable, however, will be the power | miles, at 220,000 volts. Fig. 8 Plate XVII, shows 
development of the St. Lawrence River, if that | the recently-completed Paugan Falls plant of 204,000 
undertaking is proceeded with as now appears h.p., on the Gatineau River supplying Toronto in 
imminent. In fact, one portion of its development |this way. There are also the Shawinigan Com- 
1S now actually under construction by the Beau- | pany’s lines from the Saguenay River to Quebec, 
harnois Power Company, for a half-million horse- 136 miles, at 165,000 volts. It is of interest, too, 
power, at a site about 30 miles above Montreal. | from an economic and social point of view, that the 

Plans for the St. Lawrence Waterway project,| Ontario Commission has nearly seven thousand 
as already put forward in the Report of the Joint | miles of rural] lines now in operation, supplying the 
( International) Board of Engineers, contemplate | farms of Ontario ; nearly two thousand miles of new 
the total development of nearly five million horse- llines were constructed last year. The far-reaching 





benefits of the Ontario Commission’s system may be 
visualised when it is understood that it serves nearly 
700 municipalities and rural districts. 

It is unnecessary to emphasise the important 
contribution which the engineer has made to 
Canadian life in both economic and social spheres, 
by the widespread production and distribution of 
hydro-electric power in such large quantities. 
Whole communities, large industries, shops, farms, 
and homes have benefited in town and country, 
from coast to coast. 

Future Prospects.—That this national progress has 
been possible has been due, in a great measure to 
Canada’s geographic position, its natural resources 
in raw materials, its water power, and more particu- 
larly in the combination of these, advantageously 
situated in close proximity to each other. Add to 
these advantages those also of good labour and 
social conditions, a stability of government, and a 
contented, industrious, and enterprising people 
as a whole, and there results a prosperity which is 
the due reward of any country. 

No new country, however, can grow in the rapid 
manner in which Canada has done, especially under 
the influence of modern conditions and with all the 
concentration of scientific application and invention 
which has obtained, without continually demanding 
and receiving the highest form of scientific direction 
in its development. In this regard the Universities 
and the various scientific bodies for encouraging 
study and research have played a most important 
part. It has been largely to them that the country 
has looked to provide and develop the human 
resources by which the material resources can be 
brought into use. 

In thus reviewing the increasing activities in 
Canada during the past decades, visualising their 
progress and their sequence, it is quite obvious that 
what has been produced has been largely by the 
efforts, the initiative, and the abilities of the 
engineer. These things have been accomplished in 
spite of what once appeared to be geographical and 
climatic handicaps. 

Who will say that these activities are much 
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TABLE OF AVAILABLE AND DEVELOPED WATER POWER IN CANADA. 
As estimated and reported by The Dominion Water Power Service, Ottawa, January 1, 1931. 




















Available 24-hour power, 
80 per cent. Efficiency. are | Total 
urbine 5 
; Population, Installation 
At Ordinary | At Ordinary | ~~ June 1, 1930. per Ld 
Minimum Six Months’ | | Population. 
Flow, h.p. Flow, h.p. | | 
| | 
| 
1 2. | 3 | 4 5 6. 
| } | 
| | | 
British Columbia 1,931,000 | 5,103,500 | 630,792 | 597,000 1,057 
Alberta .. i. oa ee — 90,000 | 1,049,500 | 70,532 660,000 7 
Saskatchewan .. a os =e 542,000 | 1,082,000 42,035 882,000 48 
Manitoba ae 2 sa 3,309,000 5,344,500 311,925 671,000 465 
Ontario ee nis a's ee 5,330,000 | 6,940,000 | 2,088,055 | 3,313,000 630 
Quebec .. aS vk ok a 8,459,000 | 13,064,000 2,718,130 | 2,734,600 994 
New Brunswick a die es 68,600 169,100 133,681 423,400 316 
Nova Scotia .. - a - 20,800 | 128,300 114,224 | 553,900 206 
Prince Edward Island a6 3,000 5,300 2,439 85,800 
Yukon and N.W. Territories 294,000 | 731,000 | 13,199 13,300 992 
20,347,400 33,617,200 | 6,125,012 | 9,934,500 617 
| 





more than started? It does not require much 
imagination to look into the more immediate future 
in view of the activities of the present, but the 
measure for the further future is still wanting. Were 
the extent and nature of the country’s natural 
resources known, some measure for its future might 
be contrived. But they are not known. Not much 
over half of the potential agricultural lands are as 
yet occupied. The mineral possibilities of the 
country can, as yet, only be guessed at, as the 
contents of the pre-Cambrian Shield have been 
ascertained at only a few places and much of the 
territory has not even been scientifically explored. 
Transportation by land, by water, and by air is as 
yet only partially accomplished, and the next 
decade will see many more routes opened up, 
especially northwards. With less than 15 per cent. of 
the available water power commercially developed, 
who is going to foretell when, where, and in what 
manner the remainder will be utilised ? One of 
the next results of such activity in the near future 
will very likely be the development of the enormous 
power of the St. Lawrence River, where its combina- 
tion with deep-ocean navigation will naturally form 
a very large factor in the development of Canada’s 
nearby resources. 

If, in the progress and development of Canada 
during only a half century, these results have been 
achieved by its people, what is to be the expectation 


for the next half ? If the engineers and scientific | 


men have helped so much by their contributions in 
the past, can they not be expected to continue in 
an even greater measure ? 

Modern scientific progress in the world of to-day 
has become synonymous with world progress itself. 
The world will continue to demand still more and 
more assistance from its scientific men, and when 
that assistance is capably and cheerfully given, then 
the best economical, political, and social results will 
follow. 


APPENDIX. 

The estimates of available power given in the Table 
above are based upon sites where the head is definitely 
known or well authenticated. 

All estimates of available power represent continuous 
twenty-four hour power at an efficiency of generation 
of 80 per cent. The figures in column 2 are based 
on ‘*‘ Ordinary Minimum Flow,’’ which is the average 
over all the years for which records are available of 
the mean flow for the two lowest seven-day periods in 
each year. Six-month power in column 3 is based 
on the “ Ordinary Six-month Flow,” which is the 
average over all the years for which records are 


THE BICENTENARY OF HENRY 
CAVENDISH. 


of the 18th century whose work paved the way for the 
remarkable achievements of the chemists and physicists 
of the 19th century, to which the attention of all has 
been directed by the Faraday and Maxwell celebrations 
and the meetings of the British Association, none has 
a more assured reputation than Cavendish, the bicen- 
tenary of whose birth falls on October 10 this year. 
For four or five centuries the name of Cavendish has 
been connected with English history, and two branches 
of the family have attained to dukedoms. Henry 
Cavendish, one of the great grandsons of the first duke 
of Devonshire, however, had little to do with either 
public affairs or society. Gifted with unusual talents, 
and in his later years in possession of great wealth, 
he devoted himself with an extraordinary singleness of 
purpose to the exploration of problems in physical 
science and thereby added immensely to the increase of 
natural knowledge. His life was a strangely retired 
one and his character baffles elucidation. 

Born at Nice, October 10, 1731, he went to school 
at Hackney; for four years was an undergraduate 
of Peterhouse, Cambridge, and then apparently took 
up his residence in London, his father, Lord Charles 
Cavendish, allowing him 500]. a year. It was un- 
doubtedly from his father he acquired a taste for science, 
and both of their names figure among the recipients 
of the famous Copley Medal of the Royal Society, 
of which Henry Cavendish was a fellow from 1760 
onwards. 

In his own day he was known principally for his dis- 
covery of the elementary nature of hydrogen, his 
establishment of the practical uniformity of the com- 
| position of atmospheric air, and his discovery of the 
| composition of water and of nitric acid; but the manu- 
| scripts which he left also show that he had probed 
further into the mysteries of electricity than any of his 
fellows, not excepting Coulomb, and had anticipated 
some of the work of later investigators. These manu- 
scripts had lain hidden for nearly a century, until. 
soon after the erection of the Cavendish laboratory at 
Cambridge by William Cavendish, seventh Duke of 
Devonshire, they were placed in the charge of Maxwell 
and prepared for publication. To this work Maxwell, 
indeed, devoted the greater part of his energies during 
the closing years of his life. Nearly forty years later 
another edition of Cavendish’s papers, edited by Sir 
| Joseph Larmor, Sir Edward Thorpe, and others, was 
| published. 

From the first, a man of extremely reserved habits, 
Cavendish lived the greater part of his life in the 
|seclusion of his house on Clapham Common, and 
even when a fortune came to him he still retained his 
| frugality and simplicity. He would come to London 
|to attend the meetings of the Royal Society or the 
dinners of the Royal Society Club or to borrow books 
|from his own library in Dean-street, Soho, but with 














available of the mean dow for the lowest seven | none of his fellows does he appear to have attained to 


consecutive days in the lowest of the six high months 
in each year. 


|the intimacy of ordinary friendship. Yet he was 


| regarded as the foremost British natural philosopher 


The figures in column 4 represent the rated capacities | of his age, and his election as one of the eight foreign 
of all water turbines installed throughout the Dominion. | members of the Paris Academy of Science was but one 


The actual turbine installation throughout 


the corresponding ordinary six-month figures for 


developed sites calculated as in column 3. On peered 
| 


basis, therefore, the available water power resources 
of the Dominion as at present recorded would permit | 
of a commercial turbine installation of about | 
43,000,000 h.p. 


the | of the many indications of the reputation he enjoyed on 


Dominion averages about 30 per cent. greater than | the Continent. 


He died at his house at Clapham, February 24, 1810, 
at the age of 78, the manner of his death being in 
keeping with the strange loneliness of his life. Some 
days later his remains were removed to Derby and were 
interred in the family vault in All Saints Church in that 
town. 


In the long succession of scientific investigators 


33-INCH COMBINATION TURRET 
LATHE. 


TuE production engineer, in his search for economical 
methods of manufacture, probably has considerable 
influence on the development of machine tools, particu- 
larly as regards size and capacity. A case in point 
arises in the new combination turret lathe we de- 
scribe and illustrate by Figs. 1 to 8, on pages 489, 
490 and 496, just produced by Messrs. Alfred Herbert, 
Limited, Coventry. This type of machine has long 
been recognised as being eminently suitable for 
dealing with heavy chuck work such as Diesel engine 
cylinder liners, high-pressure steam valves, locomotive 
pistons and similar parts, but, due to the increase in 
size and weight of such components, a demand has 
arisen for machines of greater power and capacity. 
To meet this demand, Messrs. Herbert decided to build 
a much larger and heavier combination turret lathe 
than they have hitherto constructed, and to incorporate 
in it all those features which their many years of design 
and use of this particular type have shown to be desir- 
able. The first of these machines, which is designated 
the Herbert No. 24 combination turret lathe, has now 
passed successfully through a series of tests extending 
over six months, and two views of it under test are 
given in Figs. 1 and 2 on page 489. 

The main dimensions of the machine are as follows :— 


In. 

Maximum swing over way covers... ae ee 

ne és > cross slide ve oes 21 

Diameter of hole in spindle... oe nas 7 
Maximum distance from flange of spindle to 

turret face... tos er ae aoc, BES 


These are, however, not the limits of the design, as 
it has proved to be so rigid in operation that Messrs. 
Herbert are prepared to build similar machines with 
raised centres so that the swing over the slide covers 
would be 40 in., and that over the cross slide 28 in. 
The cutting capacity of the machine is best indicated 
by reference to some of the tests made on it, and in this 
connection it should be noted that both power and 
stability were so considered in the design as to utilise 
to the full the remarkable cutting and endurance pro- 
perties of tungsten-carbide and other high-speed 
cutting alloys. Thus, the degree of stability is such that 
tools tipped with tungsten-carbide can be employed 
in heavy cutting at high speeds and coarse feeds on 
both cast iron and steel without the destruction of the 
cutting edge of the tool from vibration cr without 
damage to other parts from the great strains resulting 
from such cuts. 

The general method employed in the tests is shown in 
Figs. 3 and 5. A heavy cast-iron cylinder is gripped 
by the jaws of the 32-in. all-steel Coventry chuck 
and is further secured by hexagonal bolts drawing it 
up to the chuck jaws. The internal cutting is done by 
tools carried in a boring head on a long bar supported 
in the chuck body. Tests on steel were made with 
external cuts only. Results of two tests, selected from 
a large number are here given :— 


Material ... Zee Ree ... Cast-iron Steel. 
Ultimate tensile strength, tons 

per square inch me ns 15 45 
Brinell hardness numbe ee 200 207 
Surface speed of work, external, 

feet per minute nae as 200 267 
Surface speed of work, internal, 

feet per minute eas aie 140 _ 
Number of tools cutting ... 2 external, 1 

2 internal 

Depth of cut, each tool, inches 0-5 0-5 
Feed cuts, perinch ... “tc 16 20 
Material removed, cubic inches 

per minute... sae oo. 273°9 90 -72 
Material removed, cubic inches 

per horse-power per minute... 3-858 1-617 


The front of the machine is shown in Figs. 1 and 2, 
which figures illustrate very well the grouping of the 
controls, convenience of operation having being given 
careful consideration in view of the importance of this 
factor in economical production. The operator can 
change the feed of the tool without moving from the 
working position, and can start or stop the lathe 
instantly by any one of the three levers seen, one 
in front of the headstock, one on the saddle apron, 
and one on the turret slide apron, respectively. The 
design of the bed is best understood from Figs. | and 4, 
the latter showing clearly the four ways or guiding 
surfaces, three being inverted Vees, and the remaining 
one flat. The cross slide saddle is carried on the first 
and third ways, counting from the front of the machine 
and the turret slide on the second and fourth ways. 
All are completely protected in all positions of both 
saddle by the Herbert system of covers. These covers 
are scraped so that they are in actual contact with the 
sliding surfaces throughout their entire length, a method 
of construction which prevents chips, dust, or cooling 
fluid reaching the surfaces, and saves them from injury 
due to the accidental dropping of tools or work. It is 
clear also that it ensures indefinite maintenance of 
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Fie. 1. OPERATING SIDE oF LATHE. 

















alignment and accuracy. The bed itself is of excep- 
tionally rigid design, and consists of four vertical 
members connected by a large number of vertical 
transverse webs. There are, in consequence, wide 
openings between the webs through which the chips 
fall clear to the interior of the bed, a feature of great 
importance, as modern operating conditions produce 
chips at a much greater rate than formerly. 

_ The machine is shown in Fig. 1 as being driven from 
line shafting by a single pulley. An alternative 
arrangement which will, no doubt, be generally adopted 
1s a drive by self-contained motor, the motor being 
placed on a pedestal attached to the back of the lathe, 
as seen immediately behind the pulley guard in the 
figure. Transmission will be by noiseless chain running 
In an oil bath. With either form of drive, sixteen 
forward and eight reverse spindle speeds are available. 
The main spindle is mounted on long parallel bearings 
of gunmetal with white-metal linings, but the driving 


Fig. 2. 


pulley and all the transmission shafting in the head- 


stock are carried on ball and roller bearings. These 
latter are, as a matter of fact, extensively used in 
other parts of the machine, there being no less than 
120 altogether in the auxiliary mechanisms. The 
starting and stopping of the spindle is effected through 
improved multi-disc friction clutches. These are 
entirely unaffected by centrifugal force and are readily 
accessible for adjustment. An effective brake comes 
automatically into action and stops the spindle as soon 
as the starting clutch is disengaged. The whole of 
the gears in the headstock and aprons are of hardened 
chrome-nickel steel, and the sliding gears are mounted 
on splined shafts. The teeth of all the high-speed 
gears are given their finished form after hardening in 
order to ensure silent running. A conspicuous feature 
of the headstock in Figs. 1 and 2 is the heavy tool sup- 
porting bar mounted on the top of it. This is traversed 
in and out of the turret tool brackets by rack and pinion 


Latur, Looking rrom Heapstock END. 


gear. It is offset from the centre of the machine, 
sufficiently to clear the sling and hook when a crane 
is being used for chucking or removing the work. 

The cross slide is shown in detail in Fig. 6. It is 
made of forged steel and carries a square turret at 
the front and a tool post at the back, both of which are 
capable of longitudinal adjustment in Tee slots, while 
the slide itself can be clamped in any position on the 
saddle. The cross feed screw is fitted with ball thrust 
bearings, and the hand wheel is provided with a 
graduated index disc. The stop bar, with its cover 
turned back, is seen to the right of the slide. .The 
construction of the saddle and apron is well seen in 
Fig. 2, which figure also gives the best idea of the main 
turret with its saddle and apron. Both aprons are 
provided with 16 independent feeds in a longitudinal 
direction ranging from 6 to 230 cuts per inch. The 
cross slide has also 16 feeds transversely ranging from 
9 to 350 cuts per inch. The feed change levers for the 
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left of the operator. 
or internally. 
screw, 


quick withdrawing motion. 


great accuracy. 


The saddle and main turret can be traversed rapidly 
This motion is effected 
by means of multi-disc friction clutches of large capacity 
controlled by a lever which is moved in the direction 
When either the power 
traverse or the automatic feed is engaged, both the 
handwheel for the longitudinal motion of the saddle 
and the pilot wheel on the turret saddle are automati- 
A new and important 
feature of the machine lies in the unison stop adjustment 
The stop bars lie 
along the front of the machine as will be clear from 
The bars have 6 grooves along which 
stops can be locked as required for automatically 
bar which controls the 
travel of the main turret is rotated in unison with the 
turret through a train of gears carried on the end of the 
The bar which controls the 
travel of the saddle is rotated by hand using the cross 
1e 
headstock base to the right of Fig. 8. The handwheel 
itself is used for moving the stop bar bodily longitu- 
dinally in either direction, so that the whole of the 
stops may be shifted into positions to suit variations 
in the work without altering the setting of individual 
stops, i.e., they retain their original relative positions. 
The lever at the left of the figure is one of the three 
The 
spindle speed change levers are seen at the top of the 
The hexagonal turret is mounted on roller 
bearings and, as actual trial demonstrated, may be 
easily and safely rotated by hand in either direction, 
irrespective of the weight of the tools and holders or 


by power in either direction. 


in which motion is desired. 


cally thrown out of action. 
and stop-bar rotating mechanism. 
Figs. 1 and 2. 


The 


stopping the saddles. 


bed, as seen in Fig. 2. 


handle seen above the inclined handwheel on ‘‘ 


starting and stopping levers already referred to. 


figure. 


their uneven mounting. 


The lubrication system both for oil to the working 


parts and cooling fluid to the tools is well thought out. 
Automatic continuously filtered lubrication is provided 


to the headstock, to both aprons, and to the chasing 


gear box, glass indicators, through which the oil 
circulation can be observed, being fitted at the several 
points. The tool cooling fluid system is optional. 
It is, however, fitted tc the machine shown in the various 
figures and is best seen in Figs. 2 and 4. In Fig. 2 
it will be noticed that the bed stands on two cast-iron 
trays which both drain into a central tank covered 
with a grid. The pump for the cooling fluid is driven by 
gearing from the headstock, a clutch being provided 
so that it may be disconnected when not required. 
A second pump, visible to the right of Fig. 4, supplies 
the main turret. The piping to the distributor on the 
turret is carried on a long bracket attached to the turret 
saddle so that the rotation of the turret is not interfered 
with when long tools are mounted onit. The telescopic 
and swivelling pipes to allow for the motion of the saddle 
are similarly supported by a bracket on the saddle. 
Messrs. Herbert believe that the design and construc- 
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turret saddle are shown in Fig. 7, and for the chasing | 
saddle can be readily made out in Fig. 2 to the | 
Chasing mechanism of an| 
improved type is fitted to the saddle and enables | 
either parallel or taper threads to be cut externally | 
This is controlled by a single lever | 
only, which withdraws the tool from the work at the 
same time as the nut is disengaged from the leading 
The taper attachment, which is fitted to the | 
back of the saddle, enables either internal or external 
tapers to be turned or bored and taper threads to be 
chased, the tapering motion not interfering with the | 
All back-lash is eliminated, 
and tapers can thus be turned, bored, or threaded with | 





MESSRS. ALFRED HERBERT, LIMITED, 























| 





tion of this lathe provide exceptional durability and 
consequent reduced maintenance charge, basing their 
claim upon the covering of the sliding surfaces, the 
automatic lubrication, the hardened chrome nickel 
steel gears, the forged steel cross slide and the extensive 
use of ball and roller bearings. Having had the oppor- 
tunity of inspecting the machine while at work, it is 
certainly possible for us to confirm that as regards 
rigidity, capacity, ease of control, it is thoroughly 
satisfactory, while the degree of finish it exhibits pro- 
vides an example of British manufacture of which the 
makers may well be proud. 








THE EXHIBITION OF INVENTIONS. 


Tue International Exhibition of Inventions, which is 
organised by the Institute of Patentees (Incorporated), 
and was held at the Central Hall, Westminster, from 
September 30 to October 10, afforded an interesting 
illustration of the apothegm that man is a tool-using 
animal and shows that human ingenuity is still being 
exercised in a great variety of ways, some of which 
it is to be feared will not realise the hopes of their 
originators. 

As in former years the display was organised in two 
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preventing pipes bursting owing to freezing, allowed a 
certain amount of hot water to be admitted to the 
cold water cistern whenever the contents of the latter 
were drawn off. An arrangement for draining the cold 
water pipes was also fitted. 

Among the mechanical exhibits, mention may be 
made of a two-stroke engine, which is fitted with an 
auxiliary cylinder and piston. This auxiliary cylinder 
acts both as a vacuum scavenger and supercharger, the 
exhaust gas being drawn out under reduced pres- 
sure, while similarly the inlet air is admitted through 
it and forced into the main cylinder at increased 
pressure. Another engine was equipped with high- 
pressure and low-pressure exhaust manifolds through 
which the gases are exhausted by separately timed 
valves. It is claimed that this arrangement will lead to 
more complete scavenging and higher output. <A further 
exhibit consisted of a coal face jigging conveyor, the 
cycle of operations of which is designed so that the 
material can be conveyed “ up-hill.”” There were a 
number of hydraulic gears, which only differ in detail 
from those already on the market, and more than one 
attempt had been made to increase the security of 
electric terminals and the ease of manipulating the 
wires to be clamped. The demand for devices, which 





main divisions: A trade section, which included 
articles already on the market, but which contained 
comparatively little of engineering interest, probably 
because it is found more profitable to exhibit such 
products elsewhere, and a section of new inventions, 
which was sub-divided into domestic and household 
| labour-saving devices, mechanical apparatus, electrical 
and wireless, building and housing and miscellaneous. 
Some of these, such as the flue, which enables domestic 
chimneys to be swept from outside the house, are 
already in use, while others, though new, add complica- 
| tions to existing operations without invariably intro- 
|ducing compensating advantages. An apparatus, 
| which received the gold medal and is likely to obtain 
| practical application, is a hose turner. It appears 
| that during the process of manufacture of stockings | 
| it is necessary to turn the product inside out more than 
jonce. This operation, which takes some time, when 
| accomplished by hand, can be effected on this machine 
| by stretching the hose over a polished tube, which is 
|connected to a powerful suction fan, so that the 
| closed end is drawn in and the material quickly reversed. 
In the building section an arrangement, designed for 








shall render traffic control easier and prevent the 
operation of motor-car thieves, was exemplified by 
signs, anti-dazzle head lamps, brakes and locks of 
various kinds, while in another field was a low-tension 
accumulator with a loose top to facilitate the cleaning 
and renewal of the plates. 

We have followed what seems to be the practice 
of the organisers and not mentioned the names of 
individual exhibitors. 








BRITISH COMMERCE WITH NEWFOUNDLAND AND 


EASTERN CANADA.—The Department of Overseas Trade 
informs us that Mr. H. F. Gurney, H.M.Trade Commis- 
sioner in Newfoundland and the Maritime Provinces 0! 
Canada, will be available at the offices of the Departinent, 
at 35, Old Queen-street, London, W.C.2, from October 19 
to 23, to interview manufacturers and merchants 1- 
terested in the export of British goods to that portion 
of the British Empire. He will also visit a number of 
industrial centres in the provinces. Firms desiring 


interviews with Mr. Gurney in London or in the prov ae 
should communicate with the Comptroller-General o 


the Department, quoting reference No. 5930/1 /31. 
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THE MOTOR EXHIBITION AT 
OLYMPIA. 


THE severe trade depression of the past twelve | 
months has affected the motor industry rather less | 
than the majority of others, but nevertheless has | 
been sufficiently serious to result in the closing down 
of more than one works of world-wide repute. As 
might have been anticipated, there has been a 
marked falling-off in the demand for the more 
expensive cars, but this has been practically balanced 
by the increased sale of the cheaper models. The 
two leading firms who cater for the latter market 
have, in fact, both increased their home sales by 
over 25 per cent. as compared with last year. 
From the report of the Ministry of Transport 
covering the ten months ending in July last, it 
appears that 129,554 new cars were registered in 
Great Britain, representing a drop of only 4-4 per 
cent. on the total for the corresponding previous 
period. The falling-off in the sales of relatively 
high-powered models is reflected in the car imports, 
which only totalled 1,790 for the ten months under 
consideration, the figure including both complete 
private cars and chassis. The preference for smaller 
vehicles has led to the introduction of a number of 
new models in this class by both British and Con- 
tinental firms, and there can be little doubt that 
this movement, which although not initiated in this 
country, was successfully developed by British 
firms, is likely to spread all over the world as roads 
are improved. Such a dénouement could hardly 
fail to be greatly to our advantage. 

The new small models follow one of two main 
tendencies, either to give increased accommodation 
with little or no increase in price, or to simulate 
the performance of much larger cars without 
increasing the engine dimensions. The former 
tendency is illustrated by one of the new Morris 
models, which, although equipped with an engine | 
rated at only 8 h.p., is fitted with a saloon body | 
with really comfortable accommodation for four | 
persons. The wheel has thus come full circle | 
since four or five-seater cars were available with | 
engines of about the same rating, but we doubt | 
whether the modern motorist would be satisfied | 
with either the speed capabilities or the reliability 
of the prototypes. The new Wolseley Hornet 
saloon model may be taken as typical of the 
luxurious car in miniature. The engine in this 
case is rated at 12 h.p., but the performance of the 
car is quite comparable with that of much larger 
models. The car is fitted with a four-speed gear 
box having a silent-third drive, and will hold the 
road well at over 60 m.p.h. The engine has been 
brought well forward over the front axle, which 
not only gives more body space, but improves the 
riding of the car on bad roads. | 

Turning to larger cars it may be said that, in 
general, few striking departures from conventional 
design have been made since the last exhibition. 
On that occasion, we expressed the opinion that | 
the proposals then current to alter the position of | 
the engine, and to break away from conventional 
frame construction, were unlikely appreciably to 
influence design. It was pointed out in our article, 
however, that the rear position for the engine offered 
certain advantages in the case of small cars, and 
it is interesting to note that the Rover Company 
are putting a new model on the market with a 
twin-cylinder air-cooled engine in this position. ' 
The car is also quite exceptional in that it is priced 
at 85/. All four wheels are independently sprung, 
a practice which has undoubtedly much to commend 
it, and which is making slow but steady progress. 
As regards tendencies in more orthodox design, it 
may be noted that the six-cylinder engine is fully 
retaining its popularity, over 50 per cent. of the 
cars on the British market being fitted with such 
engines. Four-cylinder engines are still widely 
used in the smaller models, however, and account | 
for 20 per cent. of the total. Eight-cylinder engines | 
are fitted to a further 20 per cent. of the cars on | 
the British market, the remaining 10 per cent. | 
being divided between 2, 12 and 16-cylinder models. | 
Pump circulation of the cooling water has been | 
returning to favour in the past few years, and is 
fitted to nearly 75 per cent. of the cars at Olympia, | 
while coil ignition appears firmly established with | 











its application to 80 per cent. of the cars. Other 
popular tendencies are in the direction of four- 
speed gear boxes, open-shaft drive, and spiral-bevel 
final transmission. 

The history of the motor vehicle may be epitomised 
as the survival of the fittest, and by the gradual 
elimination of weak points in design, a very high 
degree of reliability has been attained. In addition, 
it is probably correct, as recently stated by the 
President of the Society of Motor Manufacturers 
and Traders, that there is no product, judged by 
pre-war standards, more reasonably priced than the 
motor vehicle. There is now really very little 
ground for criticism in the great majority of designs, 
although there are still one or two minor points of 
detail which appear to us still to call for attention. 


| It is still, for example, comparatively rare for a 


petrol gauge to be fitted on the lower-priced cars, 
although the provision of some form of gauge offers 
no particular difficulty and affords a ready means 
of checking excessive consumption, either due to 
incorrect carburettor setting or to leakage. Again, 
it is now many years since we first called attention 
to the needless trouble involved in screw-on radiator 
caps, and in inconveniently-placed and unduly 
small oil fillers for the engine sump. The screw-on 
radiator cap is still almost universal on private cars, 
however, and an oil filler which does not tempt 
a garage attendant to remove the gauze filter, is 
rarely met with. Two other points where trouble 
frequently occurs are the speedometer drive and the 
windscreen wiper. A second-hand car with the 
speedometer functioning properly is somewhat of a 
rarity, and the windscreen wiper, if of the vacuum- 
operated type, often works very irregularly, and if 
of the electrical type, too frequently burns outs. 
Too frequently statements made by manufac- 
turers in advertising their goods have to be accepted 
with some reserve, but we believe that Messrs. The 
Lanchester Motor Company, Limited, Sandy-lane, 
Coventry, are not exaggerating when they state 
that ‘‘ since the production of the earliest pioneer 
motor-cars by Mr. F. W. Lanchester, over 35 years 
ago, Lanchester cars have been associated continu- 
ously with all that is best and most up to date in 
automobile design.” It is on this account that the 
products of this firm are of particular interest to 
engineers, and in this respect, the new 15-18 h.p. 
model shown at Olympia will be no exception. 
In recent years, the firm have confined their activities 
to the production of large high-powered cars, and 
the new model therefore represents a departure 
from their usual policy. The car is of moderate size 
and initial cost, and particular attention has been 
given in the design to reducing running costs, 
while the attention given to ease of handling is 
illustrated by the employment of the Daimler 
fluid transmission. Full technical details of the 


| design are not at present available, but the following 


information may be given. 

The engine, of which the valve gear is illustrated 
in Fig. 1, page 492, has six cylinders, the cylinder 
bore being 69-5 mm. and the piston stroke 110 mm. 
The capacity is therefore 2,504 c.c. and the R.A.C. 
rating is 17:96 h.p. The cylinder block and upper 
half of the crankcase form a single casting, in which 


| careful attention has been given to rigidity, together 
| with the provision of ample water spaces. A girder- 
like construction fore and aft has been aimed at, 


so that the seven crankshaft bearings are carried 
as stiffly as possible. The pistons are of heat- 
treated aluminium alloy, and have split skirts to 
minimise slap. The connecting rods are of high- 
tensile steel of the usual H-section. The cylinder 
head is a detachable one-piece casting with machined 
combustion chambers, the object being to attain 
high efficiency and smooth running, even though a 
relatively low-grade fuel is employed. The cam- 
shaft, which is located in the crankcase on the near 
side of the engine, has cams of unusual contour, 
the aim of the makers being to secure silence and 
efficiency over a long period. The profile adopted 
allows a much greater tolerance in tappet adjust- 
ment than the total clearance now in common 
use, and thus avoids the necessity for constantly 
watching the clearances to prevent the rapid deve- 
lopment of noise and wear. As will be clear from 
Fig. 1, the valves are operated by the normal push 
rods and rockers. The usual provision is made for 


adjustment, and the rockers are designed to reduce 
side thrust to a minimum. The valves have 
hardened stems and guides to minimise wear. 
The bearings throughout the engine are pressure 
lubricated from an oil pump submerged in the sump, 
while the camshaft runs in an oil bath. The oil 
pump is driven by skew gearing from the camshaft, 
and the upper end of the pump spindle is utilised 
to drive the distributor for the ignition coil. The 
latter is fitted with automatic advance as well as 
manual control. A felt pack oil filter is mounted on 
the near side of the engine, where it can be readily 
dismantled for cleaning without opening up any 
other part of the engine. A pressure-operated 
diaphragm is mounted on the top of the filter, and 
is electrically connected with a green light on the 
facia board, the lamp being switched on if the 
pressure drops below a safe minimum. Another 
interesting feature is the provision of splash lubri- 
cation to all important bearings when the engine is 
started up from cold, the extra lubrication being 
maintained until the normal working temperature 
is reached. 

The water-circulating pump is mounted in line 
with the fan, the two units being driven by a common 
belt from the front end of the camshaft. The pump 
is fitted with self-sealing packing to avoid any 
danger of water leakage at this point. The vibra- 
tion damper is mounted on the forward end of the 
crankshaft, and beyond it is the dynamo, which is 
flange mounted on the engine casing and is driven at 
crankshaft speed. The camshaft is driven by roller 
chain at the rear end, and no provision is made for 
taking up slack in the chain, as it is stated that 
stretch does not occur, owing to the short distance 
between the sprockets and the moderate load on 
the chain. The correct re-timing of the camshaft, 
in the event of the chain having been removed for 
any reason, is ensured by the provision of pointed 
screws on the sprockets and housing, which register 
when the shaft is in the correct position. Adjust- 
ment of the fan belt tension can be effected by the 
removal of one or more shims fitted to the driving 
pulley on the end of the camshaft. These shims 
also enable the belt to be maintained in true align- 
ment on the two pulleys. The overhead valve gear 
is protected by the usual aluminium cover, and the 
oil filler orifice is formed in the centre of this cover. 
The induction and exhaust manifolds are separate 
castings, the former being straight with short right- 
angled passages to each inlet port. A hot spot is 
provided to facilitate rapid warming up. Other 
details which may be mentioned in connection with 
the engine are pump feed to the carburettor, the fit- 
ting of an intake silencer on the latter and the pro- 
vision of a pipe between the valve cover and the 
silencer to prevent oil fumes escaping into the body 
of the car. The radiator is a film tube block, fitted 
vertically, with a separate and easily-detachable 
sloping cowl. The appearance of the latter can be 
clearly seen in Fig. 3, page 492. 

+ Turning now to the transmission, the Daimler 
fluid flywheel was described in ENGINEERING, 
vol. exxx, page 528 (1930), and need not therefore 
be referred to in detail. As shown in Fig. 2, 
page 492, the gearbox is entirely separate from the 
engine, the connection being made by means of a 
short shaft with a universal joint at each end. The 
transmission from the gearbox to the rear axle 
is by an open propeller shaft with a metal-to-metal 
universal joint at the forward end. The final 
drive in the rear axle is of the underslung worm 
type, with which the maker’s name is particularly 
associated. Suspension is effected by long semi- 
elliptic springs fore and aft, any tendency to roll 
being overcome by the use of an exceptionally wide 
spring spacing, rendered possible by the fact that 
the brake drums are housed almost entirely within 
the plane of the wheels. The four-wheel brakes 
are operated by pedal through the Lockheed system, 
but a vacuum servo is introduced between the pedal 
and the hydraulic master cylinder, giving a powerful 
but light brake control. The emergency hand brake 
operates on internal-expanding shoes in a drum 
immediately behind the gearbox. The steering is of 
the cam and lever type. The steering wheel is of 
moderately thin section to absorb shocks, and 
above it are mounted the mixture and throttle 





levers. The supplementary ignition control is in 
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Fig. 1. OVERHEAD VALVE 


the centre of the wheel, and below it, as shown in 
Fig. 2, are the gear pre-selector lever and a bracket 
carrying the two horn buttons and the headlight 
dipper switch. As already stated, the whole chassis 
is designed to simplify upkeep. Attention to lubri- 
cation is minimised to the greatest possible extent 
by the use of roller bearings, and such bearings as 
do not lend themselves to ball races are fed by 
accessible push-on type nipples. 

In our introductory remarks, we referred to the 
new Hornet model introduced by Messrs. Wolseley 
Motors (1927), Limited, Ward End, Birmingham. 
The six-cylinder engine has a bore of 57 mm. and 
the piston stroke is 83 mm., giving a formula rating 
of just over 12 h.p. The cylinders and the upper part 
of the crankcase are cast in one piece. A detachable 
cylinder head carries the overhead valves and cam- 
shaft, and the whole of the valve mechanism is 
effectively enclosed in a detachable oil-tight cover. 
Fig. 4, page 493, gives a good impression of the 
accessibility of the valve mechanism for adjustment. 
The camshaft is carried in four bearings, and is 
driven by roller chains in two stages. A single 
roller chain with an automatic adjuster carries the 
drive from the front end of the crankshaft to a 
countershaft mounted on the front of the cylinder 
block. A double roller chain is used to transmit the 
drive from the countershaft to the camshaft. 
Adjustment of this second chain is obtained by 
means of the eccentric bearing of the countershaft. 
The bearings for the chain adjuster and the counter- 
shaft are lubricated under pressure. The exhaust 
manifold is on the near side, and discharges at the 
front, into a pipe which is carried well below the 
chassis. Below the exhaust manifold, and combined 
with it,is theinduction manifold. The carburettor is 
of the S.U. type, supplied with fuel by an Autovac 
system from a five-gallon tank at the rear of the 
frame. Close attention has been given to pre- 
venting heat and fumes entering the body. This 
is accomplished by the fitting of an air cleaner, 
incorporating a fume extractor for ventilating the 
crankcase. The fumes from the crankcase are 
drawn by the carburettor through an air filter 
formed at the base of the cylinders. The general 
arrangement is illustrated in Fig. 6, page 493, which 
shows the near side of the engine. 

A centrifugal pump, on the near side of the engine, 
delivers the cooling water into the base of the cylin- 
der jacket, as shown in Fig. 6. The pump is driven by 
skew gearing off the front end of the crankshaft. 


GEAR. 





Fie. 2. Controts AND GEAR Box. 








Fia. 3. 


GENERAL 


butor of the coil ignition system is on the off-side of 
the engine, and at a convenient angle ; it is driven 
by skew gears from the front’end of the crankshaft. 
An extension of the spindle forms the drive for the 
gear pump for the lubricating system, all bearings 
being fed under pressure. The oil is filtered by 
means of an external gauze strainer before entering 
the pump. 

The drive from the gear box is transmitted through 
an open propeller shaft, fitted with discs at each end, 
to the back axle. Means are provided at each end 
of the propeller shaft to ensure accurate centreing. 
A dry-plate clutch, fabric lined, is employed, and is 
fitted with a ball thrust-bearing. The engine and 
gear box are of unit construction, the engine bearers 
being insulated from the frame on rubber mountings. 
The starting motor is spigot-mounted in front of the 
clutch housing, and is on the’near-side. There are 
four forward gears, operated by a ball type central 
change-speed lever. The forward ratios are 17-06, 
11-1, 6-48 and 4-78 to 1, the reverse ratio being 
17-06 to 1. The constant-mesh gears, and the third 
speed gears, are of the double helical type. The gear 





The dynamo, which is located on the off-side of the 
engine, is belt driven from the front end of the crank- 
shaft, with provision for belt adjustment by moving 
the dynamo on an eccentric mounting. The distri- 


box casing is made: in three pieces, the front and 
rear ends being cast iron, and the main centre 
portion of aluminium to reduce resonance to a 








View oF CHASSIS, 


construction. Very silent running is thus secured on 
the third and fourth gears. The final reduction 
gear is of the spiral-bevel form, incorporating a two 
pinion bevel-type differential. The four wheel 
brakes are of the Lockheed hydraulic type, with 
internal double-acting shoes on each wheel. The 
pedal operates directly on the master cylinder, 
transmitting equal pressure to all four brakes. The 
automatic supply tank for the master cylinder is 
mounted on the dashboard. The hand-brake lever 
is centrally mounted, and is connected by cable to 
cams operating on the rear wheel brake shoes. Semi- 
elliptical suspension is used on both axles, the front 
end of the front pair carrying the shackles. Hy- 
draulic shock absorbers complete the suspension 
system. The steering is of the worm and worm- 
wheel type, and is mounted on the front cross 
member of the chassis frame. Brackets fixed to the 
dashboard and the body rail in the scuttle support 
the steering column, and reduce vibration on the 
steering wheel to a minimum. The chassis side 
members are upswept at the front and rear, with 
cross members at both ends, and with further 
reinforcement in the centre by two channel-section 
members, each extended to form the running board 
supports. Detachable wire wheels are fitted. The 





minimum. Fig. 5, page 493, shows the method of 


starting and lighting system operates at 12 volts. 











T 
or 
CO 
m 





12-H.P. SIX CYLINDER MOTOR-CAR AT 


CONSTRUCTED BY 


MESSRS. 


WOLSELEY MOTORS (1927), 


= 


THE OLYMPIA EXHIBITION. 


LIMITED, ENGINEERS, BIRMINGHAM. 
































Fie. 4. 


OVERHEAD VALVE GEAR. 
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Fria. 6. 


The starter engages directly on the gear ring formed 
on the forged steel flywheel. The head-lamps are 
controlled by electrically operated dip and switch 
mechanism, and an automatic stop light is included 
in the equipment. 

In the new model, as stated earlier, the radiator 
has been carried well forward over the front axle, 
the engine being shortened and carried correspond- 
ingly further forward. This feature has made 
possible the extra large body, capable of carrying 
four adults, without altering the wheel base dimen- 
sion of the 1931-type Hornet. The wheelbase is 
7 ft. 63 in., the track 3 ft. 9 in., and the overall 
length 11 ft. 7} in. The width over the wings is 
4 ft. 7 in., and the road clearance is 6} in. The 
turning circle is 38 ft., and the weight of the chassis 
is 11} ewt. 





(To be continued.) 


REGULATIONS FOR BuILpING CRANES AND Horsts.— 
In pursuance of Section 79 of the Factory and Workshop 
Act, 1901, the Home Secretary has recently issued 
Statutory Rules and Orders, 1931, No. 819, amending the 
Building Regulations, 1926 (No. 738). The new regula- 
tions refer to cranes and other hoisting and lifting 
appliances used in certain building operations, and apply 
to Scotch, guy, and tower derrick cranes. It is directed 
that these cranes should conform to the British Standard 
Specification for Derrick Cranes, No. 327-1930, and, 
in addition, certain other conditions of construction and 
working are laid down. The new regulations are to 
come into force on November 1, when Regulations 32 to 
42 and 44 of the Building Regulations, 1926, will be 
tevoked. Copies of pamphlet No. 819 may be obtained, 
Price 3d. net, from H.M. Stationery Office, Adastral 
House, Kingsway, London, W.C.2. 





NEAR-SIDE OF ENGINE. 


BOILER EXPLOSIONS. 


THE annual report by the Board of Trade upon the 
working of the Boiler Explosions Acts, 1882 and 1890, 
during 1930, contains a summary of the 55 inquiries 
held during the year, and statistics of explosions dealt 
with each year since 1882. The total number of 
inquiries for 1930 is well below the average, the number 
of persons injured is less than the average, while the 
number of persons who lost their lives (5) is the 
lowest on record. Under the Acts, the term boiler 
includes any closed vessel used for either generating 
steam or heating water or other liquid, or into which 
steam is admitted for heating, steaming, boiling, or 
other similar purposes. Thus, included in the accidents 
inquired into were explosions of digesters, pans, auto- 
claves, presses, vulcanisers, bakers’ ovens, &c., as 
well as explosions of boilers, economisers, and steam 
pipes. The five deaths in 1930 were due, respectively, 
to the explosion of a badly wasted firebox of a portable 
locomotive-type boiler, the bursting of a wasted tube 
in a Green’s economiser, the explosion of a steam 
receiver through excessive pressure, the fracture of an 
engine slide-valve chest through water-hammer action, 
and the fracture of a solid-drawn copper pipe in a 
steam ship through vibration. A considerable number 
of the inquiries showed that much steam plant is still 
uninsured against accident, and that periodical inspec- 
tions by competent persons is not arranged for. One 
noticeable feature of the report for 1930, as compared 
with that for 1929, is the absence of explosions of 
heating boilers in institutions, which is, no doubt, 
accounted for by the comparatively mild winter. 





CoMMERCIAL VEHICLE SHow, Paris. The French 
International Commercial Vehicle Show will be held at 
the Grand Palais, Paris, from November 28 to December 
6 next. 


GeaR Box witH CoveR REMOVED. 


ENGINEERING TRAINING AND 
EDUCATION. 


Lectures on Measurement of Light.—A course of five 
advanced lectures on “‘ The Measurement of Light: 
Its Basis and its Significance’ will be given, under 
the auspices of the University of London, at the 
Institution of Electrical Engineers, Victoria-embank- 
ment, London, W.C.2, by Mr. E. C. Crittenden, at 
5.30 p.m., to-day, and on October 21, 23, 26 and 28. 
The syllabus comprises: the general problem of photo- 
metry; the luminosity of radiant energy; the choice 
of a basic method of photometry ; units and standards 
of light ; the possibility of an international system of 
photometry; and measurement of the usefulness of 
light. The chair, at the first lecture, will be taken 
by Mr. C. C. Paterson, O.B.E. The lectures will be 
illustrated with lantern slides and are addressed to 
students of the University and to others interested in 
the subject. Admission is free, and no tickets are 
required. 

Constantine Technical College, Middlesbrough—A 
two-year full-time course in foundry technology, 
covering cast-iron, steel and non-ferrous metals, has 
been established at the Constantine Technical college, 
Middlesbrough. In the first year teaching is given 
in such fundamental subjects as chemistry, physics, 
mathematics, and general and physicai metallurgy, in 
addition to foundry technology, pattern making, 
drawing and experimental foundry work. The second 
year is devoted to experimental foundry work, drawing 
and pattern making, physical and analytical metal- 
lurgy, as well as to foundry technology. Further 
information may be obtained on application to the 
Principal of the College. 

Faculty of Engineering, King’s College, London.— 
The prospectus for the 1931-32 session of the Faculty 
of Engineering of University of London, King’s College, 
Strand, London, W.C.2, has recently been published. 
The Faculty provides a systematic course of study of 
university character for those intending to devote 
themselves to engineering. The course is arranged so 
as to give preparation for those wishing to take the 
B.Sc. degree in engineering at the University of London, 
and the Diploma of the College. The prospectus, 
copies of which may be obtained from the secretary 
of the College, contains full particulars regarding the 
courses of study available, the syllabus of the various 
classes, the scholarships, prizes and certificates open 
to students, and the fees payable. 

University of London, University College.—The 
calendar for the 1931-32 session of University of 
London, University College, Gower-street, London, 
W.C.1, ‘has recently been issued. As heretofore, the 
volume contains complete prospectuses, time-tables, 
lists of fees and other information concerning the 
College faculties of arts and science, engineering, 
laws and medical sciences. University regulations 
and courses of study, post-graduate courses and research 
facilities, and lists of the scholarships, exhibitions, 
prizes and medals awarded by the College authorities 
are included. The book also contains chapters dealing 
with the history of the College and lists of present and 
former professors and officers, of students, and of 
honours and appointments gained by students and 
former students. Bound in its familiar khaki-cloth 
cover, the book is obtainable on application to the 
secretary of the College, and is published by Messrs. 
Taylor and Francis, Red Lion-court, Fleet-street, 
London, E.C.4. 
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Messrs. Davey, PAXMAN AND Company, LIMITED, 
Colchester, have received from Messrs. Drake and Gor- 
ham, Limited, London, an order for five of their latest 
totally-enclosed heavy-duty six-cylinder oil engines for 
the Prudential Assurance Company, Limited, London. 
Each engine will be direct-coupled to a 200-kw. generator. 
These engines are of a type similar to the 8-cylinder 
engines the firm has on order for the Bank of England. 

Messrs. PETER BROTHERHOOD, LIMITED, Peterborough, 
have secured contracts for one 300-b.h.p., six-cylinder 
Brotherhood-Ricardo high-speed Diesel engine for oil- 
well drilling equipment in Burma ; two 100-b.h.p. two- 
cylinder engines of the same type, one with Laurence- 
Scott generator and one with Brotherhood dynamometer, 
for Russia; two 300-cub. ft. air compressors for sewage 
works in New Zealand; and one steam turbine and 
Mather and Platt centrifugal pump for Bombay Port 
Trust. 

Messrs, MeELDRUMS, LIMITED, Timperley, near Man- 
chester, have recently erected a destructor plant for the 
town of Beira, Portuguese East Africa. The installation 
consists of two separate units, each comprising a steel- 
cased destructor with vertical boiler, the boilers measuring 
12 ft. by 5 ft. 6 in. The capacity of each destructor is 
one ton per hour. During the past three months, Messrs. 
Meldrums have received orders for 50 plants, consisting 
mainly of their refuse destructors. 

Messrs. THE WESTINGHOUSE BRAKE AND SAXBY 
SIGNAL COMPANY, LIMITED, 82, York-road, London, 
N.1, have received, from Messrs. Ashington Coal Com- 
pany, Limited, Newcastle-upon-Tyne, to whom they 
supplied a complete decking plant for the Duke pit, 
with control of the loaded tubs, in 1924, an order for the 
supply of six sets of tippler rams and skotch blocks 
arranged to work fully automatic or under hand control, 
12 sets of tub retarders, and 20 point controls. The instal- 
lation of this material will give complete central control 
of the loaded tubs from two pitshafts, past the weigh- 
bridge, to the tipplers. 

Messrs. Henry Simon, Limirep, Cheadle Heath, 
near Manchester, have received an order from Messrs. 
Weaver and Company, Limited, Swansea, for a travelling 
pneumatic grain-discharging plant, to be installed on the 
quay at Swansea Docks. The plant, which will be capable 
of discharging grain at a maximum rate of 180 tons per 
hour, will be mounted on a travelling steel braced tower 
fitted with traversing gear for moving the plant along 
the quay. 

Messrs. JoHN I. THORNYCROFT AND COMPANY, 
LimiTED, Thornycroft House, Smith-square, London, 
S.W.1, are supplying 25-b.h.p. engines for the 28 motor 
lifeboats, which are to be built by Messrs. Hugh 
McLean and Sons, Limited, Govan, Glasgow, for the 
new Cunarder. 

Messrs. THERMOTANK LIMITED, Helen-street, Govan, 
Glasgow, 8.W.1. have supplied the Thermotank Punkah 
Louvre installation for the heating and ventilation of 
the public rooms, living spaces and other rooms of the 
turbo-electric ship Monarch of Bermuda and the motor- 
ship Georges Philippar. 

PERSONAL. 

Messrs, THE FAIRFIELD SHIPBUILDING AND ENGIN- 
EERING CoMPANy, LIMITED, have appointed Mr. ARTHUR 
Rosson, chief constructional engineer of Messrs. The 
Furness Shipbuilding Company, Limited, Haverton 
Hill-on-Tees, to be general manager of the Chepstow 


Wagon and Constructional works of the Fairfield 
Company, at Chepstow, Mon. 


Messrs, Epwarp G. HERBERT, LimireD, Atlas Works, 
Chapel-street, Levershulme, Manchester, have appointed 
as their sole agents in New Zealand for Rapid and 
Rapidor sawing machines, saw-sharpening machines, 
and high-speed steel sawblades, Messrs. JoHN CHAMBERS 
AND Son, Limirep, whose head office is at Fort-street, 
Auckland, and who have branches at Wellington, 
Dunedin, Christchurch, and Invercargill. 


Messrs. Dorman LONG AND Company, LrimrtreD, have 
terminated their agency with Messrs. ALEXANDER 
McBEAN AND Son, of Wolverhampton, and future sales 
of tramway rails and accessories will be conducted from 
the head oftice of the company at Zetland-road, Middles- 
brough, with the assistance of the district offices in 
London, Birmingham, Manchester, Glasgow, Newcastle, 
and Belfast. 





MANCHESTER COLLEGE OF TECHNOLOGY.—<An honorary 
associateship of the Manchester College of Technology 
has been conferred upon Mr. K. Baumann, one of the 
directors and chief mechanical engineer of Messrs. Metro- 
politan-Vickers Electric:l Company, Limited, Trafford 
Park, Manchester. 


Guass TECHNOLOGY EXHIBITION, SOUTH KENSINGTON. 

~An exhibition, the purpose of which is to illustrate 
modern research in the British glass industry, will be 
opened at the Science Museum, South Kensington, 
London, S.W.7, by Sir Richard Gregory, at 4 p.m., on 
October 21. The exhibition is being arranged by the 
Society of Glass Technology, with the support of the 
Glass Research Delegacy. Popular lectures will be 
delivered on Thursday afternoons at 4.30, and will deal 
with modern developments in optical glass, plate glass, 
electric-light bulbs,- safety glass; and artistic glassware. 
Films showing glass-making processes will also be shown 
daily at 4.15 p.m. The exhibition will remain open daily 
from 10 a,m. to 6 p.m., until December 31, 


ENGINEERING. 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Bridgework.—The supply of approximately 485 tons 
of steelwork for bridges. The South African Railways 
and Harbour Board ; October 26 (Ref. No. G.X. 10,811). 

Grain Separators.—The supply of eleven grain separa- 
tors. The Ministry of National Economy, Ankara, 
Turkey ; November 21 (Ref. No. G.X. 10,823). 


Grader Blades.—-The supply of grader blades. The 
Public Works Department, Wellington, New Zealand ; 
January 5, 1932 (Ref. No. G.X. 10,825). 

Windmill Brine Pumps.—-A local authority in East 
Africa is desirous of obtaining catalogues and details of 
operating costs of windmill pumps for brine (Ref. No. 
G.X. 10,828). 


BOOKS RECEIVED. 


Reinforced Concrete Reservoirs and Tanks. By W. 8. 
Gray. London: Concrete Publications, Limited. 
[Price 10s. net.] 

Industrial Engineering and Management. Problems and 
Policies. By RALPH M. Barnes. London: McGraw- 
Hill Publishing Company, Limited, [Price 17s. 6d. net.] 

The Civil Engineers’ Cost Book. By Cou, T, E, CotemMAN, 
Fifth edition, revised by Cu. Boucher. London: 
E. and F. N. Spon, Limited. [Price 10s. 6d. net.] 

The Association of Engineering and Shipbuilding 
Draughtsmen. Calculation of Network Short Circuits. 
By A. Garnett. London: The Draughtsman Pub- 
lishing Company, Limited. [Price 2s. net. ] 

Department of Overseas Trade. Economic Conditions in 
Newfoundland. June, 19381. Report. By H. F 
GuRNEY. London: His Majesty’s Stationery Office. 
[Price 2s. net. ] 

Arithmetic for the Practical Man. By J. E, THompson, 
London: George Routledge and Sons, Limited. 
{Price 7s. 6d. net. ] 

Algebra for the Practical Man. By J. E. THompson, 
London: George Routledge and Sons. Limited. 
[Price 7s. 6d. net.] 

Trigonometry for the Practical Man, By J. E. THompson. 
London: George Routledge and Sons, Limited. 
[Price 7s. 6d. net. } 

The Calculus for the Practical Man. By J. E. THompson. 
London: George Routledge and Sons, Limited. 
[Price 7s. 6d. net. ] 

Minutes of Proceedings of the Punjab Engineering Con- 
gress, Lahore. Vol. XIX, 1931. Lahore: Punjab 
Engineering Congress. 

Practical Railway Operating. By T. Bernarp Hare. 
London: Modern Transport Publishing Company, 
Limited. [Price 5s. net.] : 

Metallographer’s Handbook of Etching. Compiled by 
ToRKEL Bercunp. Translated from the Swedish by 
Wituram H. DeEAaRDEN. London: Sir Isaac Pitman 
and Sons, Limited. [Price 12s, 6d. net.] 

Air Ministry. Aeronautical Research Committee. Reports 
and Memoranda No. 1355. Experiments on Models of 
a Compressed-Air Wind Tunnel. By R. Jones and 
A. H. Bety. [Price ls. 3d. net.] No. 1372. Ventilation 
of 24-ft. Wind Tunnel. By B. Lockspetser. [Price 
9d. net.) No. 1394. <A Study of Slots, Rings and Jet 
Control of the Boundary Layer. By H.C. H. Townenp. 
| Price 1s. 9d. net.] No. 1395. Interference of a Stream- 
line Nacelle on a Monoplane Wing. By E. Ower and 
C.T. Hutton, | Price ls. net.] London: His Majesty’s 
Stationery Oftice. ; 

The Bridges of the Rhine, Roman, Medieval, and Modern. 
By Kart MOHRINGER. Messkirech, Baden: Poh 
Mohringer Verlag. [Price 25s. | 

Mitteilungen aus den Forschunysanstalten des G. H. H, 
Konzerns. No. 6. July, 1931. Berlin: V. D. TI, 
Verlag, G.m.b.H. | Price 3 marks. | 














Sir JouN Cass Tecunicat Instirute.—-The thirtieth 
session of the work of the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, London, E.C.3, was 
formally inaugurated on October 5 last. The Rev. 
J. F. Marr, M.A., Chairman of the Governing Body, 
who presided, made some reference to the scheme for 
enlarging and adapting the existing premises to meet 
their present and anticipated future requirements. He 
stated that the proposed extension was a matter of 
urgency and this view had been supported by a recent 
report by H.M. Inspectors on the work of the Institute. 
The Governors had been fortunate in having been able 
to acquire an adjoining site of approximately 5,000 sq. ft., 
but the present difficult conditions rendered future 
operations in connection with the scheme somewhat 
uncertain. The Rt. Hon. Lord Blanesburgh, Prime 
Warden of the Worshipful Company of Goldsmiths, who 
gave an address, said that technical education was 
never more necessary than at the present time. During 
the past 30 years great changes had taken place ; aviation 
and wireless, to mention but two branches of science, had 
revolutionised the world of three decades ago. Old 
established customs had passed away and old-established 
industries had been made obsolete. The world needed 
young minds trained to face the new situation with 
courage. He, therefore, urged the students to render 
themselves efficient and to have a healthy contempt for 
second-rate things. It was announced during the evening 
that the awards gained by students during the 1930-31 
session included five Ph.D., twelve M.Sc., and fourteen 








B,Sc,, degrees of the University of London. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The election is absorbing 
a great deal of attention, but is not checking business 
to the extent that might have been expected. Traders 
are confident that a National Government will be 
returned, and not only does quite a hopeful tone pervade 
the market, but buyers are seeking to cover forward 
needs. Sellers, however, look for a rise in values, and are 
not keen to enter into further commitments abroad, 
particularly as production cost is increasing. Most of 
the business passing is still for home consumption, but 
some little expansion of export demand is reported. 
Second hands, though still precluded from trading with 
principal home users, are doing more business than for 
a considerable time past. Makers have disposed of more 
iron to customers in Scotland, and state that recent 
sales to firms across the Tweed have been arranged at 
lower price concessions than heretofore. For home 
trade, fixed prices are: No. 1 grade, 61s. ; No. 3 g.m.b., 
58s. 6d.; No. 4 foundry, 57s. 6d.; and No. 4 forge, 57s, 


Hematite.—Buyers of East Coast hematite pig are 
as much in evidence as ever, and make is to be increased 
by the restarting of an idle furnace in the Dorman 
group. This will increase the number of hematite 
furnaces in operation in this district to five. Of the 88 
blast-furnaces on the North-East Coast, only 17 are at 
present active, six on Cleveland pig, four on hematite, 
and seven on other descriptions of iron. Merchants and 
makers are selling small quantities of hematite to over- 
seas customers, but most of the business passing is 
direct by producers to home users. Ordinary East 
Coast brands are firm at 66s. 

Stocks of Pig Iron.—Aggregate stocks of pig iron are 
heavy, but are now being steadily reduced. The bulk of 
the iron stored at makers’ yards is hematite, accumula- 
tions of Cleveland qualities being little more than 
producers consider necessary for ordinary trading. The 
bulk of the make is consumed at producers’ own foundries 
and steelworks. 

Blast-furnacemen’s Wages Reduced by One per cent. 
The average net selling price of No. 3 Cleveland pig iron 
for the three months ending September 30 last was 
53s. 0-56d. per ton, as compared with 55s. 1-93d. per 
ton for the previous three months, and the normal 
operation of the sliding scale entitles ironmasters to a 
reduction of 2 per cent. in North-East Coast blast-furnace- 
men’s wages, which would lower wages to | per cent. 
below the standard. The employers, however, have 
agreed to a 1 per cent. reduction, so that wages for the 
current quarter will be at the standard base rate. 


Manufactured Iron and Steel.—There has been con- 
siderable expansion of business in several branches of 
the manufactured iron and steel trades, and prices of 
one or two descriptions of material are firmer. Common 
iron bars are 10/.; best bars, 10/. 10s.; double best 
bars, 11l.; treble best bars, 11/. 10s. ; packing (parallel), 
8l.; packing (tapered), 102. ; steel billets (soft), 5/. 15s. ; 
steel billets (medium), 6/. 128. 6d.; steel billets (hard), 
7l. 7s. 6d.; iron and steel rivets, 111. 5s.; steel ship 
plates, 8/. 15s.; steel angles, 8/. 7s. 6d.; steel joists, 
81. 15s.; heavy sections of steel rails, 87. 10s. for parcels 
of 500 tons and over, and 9. for smaller lots; fish 
plates, 12/7. 10s.; black sheets (No. 24 gauge), 81. 10s. ; 
and galvanised corrugated sheets (No. 24 gauge), 101. 


Scrap.—Scrap is in better request, and prices are 
stiffening. 


NOTES FROM THE NORTH-WEST. 
MANCHESTER, Wednesday. 
The General Election. -In many sections of the North- 
Western iron and steel and heavy enginecring industries, 
slight signs of improvement in demand which followed 
the depreciation of the £ have been checked by thie 
General Election. At the moment buyers are displaying 
a decided reluctance to place anything but really urgent 
orders, in view of the prevailing political uncertainty, 
but leading firms state that if, as is generally expected, 
the National Government, empowered to impose tariffs, 
is returned to power, there is every reason to hope for a 
decided industrial impetus in the next few months. 
Meanwhile one branch which, even in the general un- 
certainty, is showing definite improvement is the textile- 
machinery section and, consequent upon the re-starting 
of several more mills, machinery replacements and over- 
hauls have been called for in the last week or two. 
Electrical-plant and equipment manufacturers continue 
busy and in most cases report that they have sufficient 
work on their books at the moment to ensure employment 
for present staffs till well into the New Year, with the 
hope of further important contracts before those now on 
hand are completed. 
New Contracts.——-One of the most interesting contract 
items of the week is the annnouncement that Messrs. 
Henry Simon, Limited, of Cheadle Heath, near Man- 
chester, have obtained an extensive order for the con- 
struction of grain-elevator plant to be erected at Esbjerg, 
for Messrs. The Jutland Co-operative Feeding Stufi 
Society, Limited. So far, however, the Manchester 
firm has not officially confirmed receipt of the _ordet. 
Motor manufacturers continue fairly busy, and Messrs. 
Leyland Motors, Limited, of Leyland, near Preston, 
who already have on hand extensive contracts for the 
supply of motor omnibuses to home and Dominion 
municipalities, have strengthened their order book with 
instructions to deliver a further fleet of 65 machines 
to Messrs. The Crosville Motor Services, Limited, who 
already have a large number of Leylands on the road, 

















At Gorton, Manchester, Messrs, Crossley Motors, 
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Limited, too, have on their books orders for the supply 
of single and double-deck motor omnibuses for a large 
number of local authorities, including several for oil- 
engined machines, which are finding ever-increasing 
favour in North-country road passenger-carrying circles. 
Messrs. John Booth and Sons, structural engineers 
of the Hulton Steelworks, near Bolton, are develop- 
ing a new manufacture which there is reason to hope will 
provide them with extensive orders in the comparatively 
near future. They are now manufacturing stainless 
steel tanks and piping, for a number of trades, including 
breweries, dairies, and chemical manufacturers, to 
substitute for foreign glass tanks which are used almost 
entirely at present. The firm claim that they have now 
overcome the difficulty of using rivets, by a new process 
of welding, which produces a stainless steel tank with 
the requisite smoothness for these industries. Already 
a large number of inquiries have been received. 


Barrow Hematite Trade——A general improvement is 
reported in the Barrow hematite trade with the prospect 
of a fuller run of business for some time to come. Local 
steelworks are also being restarted, and on all sides there 
is a feeling of greater optimism than has been noticed 
for a considerable time past. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel—While the General Election causes a 
certain amount of unsettlement, the local steel and 
engineering trades are bearing up well. A _ greater 
degree of confidence is to be found. Orders are coming 
to hand more frequently, and inquiries are on the increase. 
Distributors of raw and semi-finished materials do not 
anticipate any improvement until the election is over. 
Buyers are content to wait, and are now ordering only 
sutticient to cover immediate needs. Wire rods are in 
better demand, while the scrap market shows signs of 
hardening. Following the depreciation of the £, rolling 
mills have received more orders than at any time during 
the past two or three months, A smaller amount of 
Belgian material is coming to this country, and this 
district is gaining the benefit. Latest quotations are as 
follows: Siemens acid-steel billets, 91, 2s. 6d., soft 
basic billets, 62.; hard basic billets, 62. 12s. 6d. to 
81. 12s. 6d.; soft wire rods, 7/1. 10s.; crown iron bars, 
91. 15s.; iron hoops, 11/. 15s.; steel hoops, 9/. 10s. ; 
Derbyshire foundry pig iron, 638s, 6d.; Derbyshire 
forge iron, 60s. 6d. ; basic-steel scrap, 37s. 6d. to 40s. A 
brighter tone has developed in the heavy steel and engin- 
eering trades, but a tremendous amount of leeway has 
to be made up before anything like normal working can 
be restored. A train load of some of the parts of a 
6,000 tons forging press for the Stalingrad Works of the 
Russian Government has just left Sheffield for Hull. 
The parts despatched included a large base plate girder 
weighing over 60 tons, and measuring 24 ft. by 7 ft. by 
7ft., a cross-head stalk weighing 30 tons, and two main 
pressure cylinders each weighing about 26 tons. Other 
parts of the press will be despatched shortly. Railway 
rolling-stock orders are at a lowebb. Shipbuilding and 
armament requirements are also on a low level. Activity 
at works producing all kinds of electrical apparatus is still 
maintained, but the call for agricultural machinery and 
implements shows a steady decline. Mining machinery 
is not in a very healthy position, largely as a result of 
the continued depression in the coal trade generally. 
Foreign mining enterprises are fairly good customers, 
but British coal mines are ordering sparingly. The tool 
trades are spasmodically employed. Files show slight 
improvement, but saws and plantation tools are a weak 
market, 

South Yorkshire Coal Trade.—The position has under- 
gone little, if any, change. Export requirements show 
improvement, but the inland demand leaves much to be 
desired. Industrial fuel tends to expand, but sub- 
stantially increased purchases are unlikely until activity 
is more pronounced at ironworks and steelworks. The 
outlook, however, is brighter. The consumption of 
house coal is not up to the seasonal average. Supplies 
are plentiful. The coke market generally is stronger. 
Cokes for central heating purposes are in demand, while 
foundry and furnace sorts have improved on home and 
export account. Gas coke continues firm at 23s. to 
25s. per ton f.o.b. at Humber ports. Quotations: Best 
branch hand picked, 248. 6d. to 25s. 6d.; Derbyshire 
best brights, 21s. to 22s.; Derbyshire best house, 
Is, 6d. to 22s, 6d.; screened house coal, 19s. to 20s. ; 
screened house nuts, 16s. 6d. to 19s.; Yorkshire hards, 
17s. to 188. 6d. ; Derbyshire hards, 17s. to 18s. 6d. 
rough slacks, 9s. 6d. to 10s. 6d. ; nutty slacks, 7s. 6d. to 
8s. 6d.; smalls, 58. 6d. to 6s. 6d. 








NOTES FROM THE SOUTH-WEST. 


m Carpir¥, Wednesday. 

he Coal Trade.—While new business matures very 
slowly owing to the hesitancy of prospective buyers to 
‘ommit themselves in view of fluctuating exchanges and 
Political events at home and abroad, inquiries are of an 
*ncouraging character. Besides a number of small 
inquiries, the Portuguese State Railways are'in the market 
for prices for 125,000 tons of small, delivered between 
November and March, or 250,000 tons between November 
and July. Again, the Brazilian Central Railways desire 
80,000 tons of two-thirds large, and one-third small, 
before the end of this year, and, in addition, the Dutch 
“avy is inviting prices for 35,000 tons of large. Home 
requirements also promise to expand by reason of the 

Owing-in of some blast furnaces and the operation of a 
sees of tin-plate works, which have been idle for some 
me, Chartering of shipping to carry coal too, has been 





more active of late, and, in the past week, shipments foreign 
amounted to 389,000 tons, which was 51,000 tons more 
than was despatched in the preceding six days. Exports 
to bunker depots are expected to increase as shipping 
gets on the move, and though no boom is anticipated 
there is still a confident feeling that trade will improve. 
Meanwhile, dry large coals are comfortably placed for 
orders, with the best classes realising up to 19s. 6d. or 9d. 
over the schedule prices. Other classes of large, however, 
can still be purchased at minimum prices based on 
19s. 6d. per ton for best Admiralties, and in a number 
of cases collieries are glad to get business. Smalls 
continue in abundance, though the expected greater 
activity of iron and steel manufacturers and tin-plate 
works will, it is hoped, make it unnecessary to bank 
smalls, as has been the case for some months owing to the 
lack of demand. 

Boilermakers’ Strike Ended.—The stoppage of boiler- 
makers as a protest against reduced wages came to an 
end after a week’s strike, the men deciding to return 
to work on the employers’ terms, involving the loss of 
the 5s. per week bonus paid on certain work, and of 5s. 
per week, in two cuts of 2s. 6d. each, to men engaged on 
lieu work, the second cut to be made in January. Though 
the stoppage only lasted a week, it was long enough to 
lose the district work involving the payment of some 
thousands of pounds, the major portion of which would 
have gone into the men’s pockets by way of wages. 
Several jobs which were stemmed for South Wales had 
to be thrown over, and the work done on the Continent 
or other districts, while boats actually in dry-dock were 
turned out without having had repairs effected. 


Iron and Steel.—Exports of iron and steel goods last 
week totalled 8,971 tons, or 3,000 tons more than in the 
preceding week. Shipments of tin-plates and terne- 
plates were raised, from 2,239 tons to 6,697 tons, and of 
black-plates and sheets from 437 tons to 808 tons, but 
of galvanised sheets reduced, from 2,139 tons to 1,289 
tons, and of other iron and steel goods, from 1,183 tons to 
177 tons. Business in Welsh tin-plates is quiet, and most 
makers are putting production into stock in expectation 
of a revival in trade. Tin-plates are quoted at 14s. 6d. 
to 15s. per basis box. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The state of the Scottish steel 
trade has not improved since last week, and although 
a confident tone exists, business continues on very mode- 
rate lines. The demand has shown no signs of expanding, 
but there are possibilities of an increased export trade 
in the near future. At the present time, the majority 
of the works cannot secure a sufficient tonnage to enable 
plant to run the full week, and there is consequently much 
unemployment in the industry. In the black steel sheet 
trade conditions are rather better, as owing to the depres- 
sion in sterling the local quotations have placed makers 
in a very favourable position. More business has been 
secured for the home market and also from buyers over- 
seas, but there cannot be any great expansion in trading 
until world conditions take a decided turn for the better. 
The general inquiry is very good. Prices have not 
changed, although they are firm, and may advance. The 
following are the current market quotations :—Boiler 
plates 10/. 10s. per ton; ship plates, 8J. 15s. per ton ; 
sections, 8/. 7s. 6d. per ton; black steel sheets, } in., 
7l. 10s. per ton ;. and galvanised corrugated sheets (No. 
24 gauge), 111. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—No change has to be reported 
from the malleable-iron trade in the West of Scotland, 
and business is at a low ebb. Orders are badly required 
to keep plant going, but there are no indications of any 
improvement coming along at the present time. The re- 
rollers of steel bars are also encountering difficulties, as 
their raw materials have advanced in price and buyers 
are unwilling to pay more for home bars. The current 
quotations are as follow :—Crown bars, 10/. 5s. per 
ton for home delivery, and 91. 10s. per ton for export ; 
re-rolled steel bars, 6/. 10s. per ton for home delivery or 
export. 

Scottish Pig-Iron Trade.—There isstill very little business 
in the Scottish pig-iron trade and the demand is of small 
dimensions. Home consumers are quiet, while overseas 
buyers are not yet sending forward orders of any import- 
ance. The number of furnaces in blast has now been 
increased to three by the re-lighting of two at the Clyde 
Iron Works. These two are now producing hematite 
for an associated steel works. Prices are unchanged, 
and are as follows :—Hematite, 68s. 6d. per ton, deli- 
vered at the steel works; foundry iron, No. 1, 72s. per 
ton, and No. 3, 69s. 6d. per ton, both on trucks at maker’s 
yards. 

Scottish Pig-lron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 10, amounted to 129 tons. Of 
that total 92 tons went overseas and 37 tons coastwise. 
During the corresponding week of last year the figures 
were 230 tons overseas and 82 tons coastwise, making a 
total shipment of 312 tons. 

Shipbuilding.—Messrs. H. Hogarth and Sons, Glasgow, 
have just placed an order for a steamer of 6,500 tons carry- 
ing capacity, with Messrs. D. and W. Henderson and 
Company, Limited, Meadowside, Partick, Glasgow. 
This order has been given out by Messrs. Hogarth from 
patriotic motives, as they state that they have no imme- 
diate prospects of requiring the vessel, but they hope 
that by the time the vessel is ready or within measurable 
time thereafter, there will be a revival in the world’s 
trade. Messrs. D. and W. Henderson’s yard has been 
idle since February, and the news of this order has been 
well received in the Partick district. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Special General Meeting. 
Approval of Draft By-Laws. Friday, October 23, 
6 p.m., Presidential Address, by Lieutenant-Colonel E. 
Kitson Clark. 


JuNniIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, 8.W.1. ‘‘ The Characteristics 
of Commercially Pure Iron,” by Mr. C. C. Berger. Friday, 
October 23, 7.30 p.m. ‘Some Instruments used in 
Connection with Power Plant, with Special Reference to 
Water and Flue Gases,” by Mr. I. Fagelston. 


Institute or British FounpRYMEN.—Lancashire 
Branch—Junior Section : Saturday, October 17, 7 p.m., 
College of Technology, Sackville-street, Manchester. 
Presidential Address by Mr. H. O. Grundy. ‘“ The 
Reversing of Patterns,” by Mr. T. W. Markland. Hast 
Midlands Branch: Saturday, October 24, 6 p.m., 
Technical College, Derby. “Cupola Practice,” by 
Mr. J. E. Hurst. Newcastle-on-Tyne and District 
Branch : Saturday, October 24, 6.15 p.m., Neville Hah, 
Newcastle-on-Tyne. ‘‘ The Manufacture and Properties 
of Malleable Castings,’ by Mr. J. K. Smithson. Wales 
and Monmouth Branch: Saturday, October 24, 6.30 
p.m., Technical College, Newport. “Light Casting 
Problems,’’ by Mr. G. Moran. 


INSTITUTION OF SANITARY ENGINEERS.—Monday, 
October 19, 7 p.m., Caxton Hall, Westminster, S.W.1. 
“The Rural Sewerage Problem,” by Mr. W. O. Hum- 
phrey. 

BRADFORD ENGINEERING Society.—Monday, October 
19, 7.30 p.m., Technical College, Bradford. Lecture, 
‘** Michael Faraday,” by Mr. W. H. N. James. 


INSTITUTE OF TRANSPORT.—Tuesday, October 20, 
6 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Graduates and Students Lecture. 
‘Some Present Limitations in the Transport of Freight 
Traffic by Railway, with Suggestions,” by Mr. H. W. 
Payne. Scottish Section: Wednesday, October 21, 
7 p.m., Ca’doro Restaurant, Glasgow. Chairman’s 
Address, by Mr. L. Mackinnon. 

INSTITUTE OF FuEL.—Tuesday, October 20, 6 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, 
S.W.1. Presidential Address by Sir H. Hirst. ‘‘ Selected 
Problems Relative to the Coal Industry,” by Mr. B. 
Pochobradsky. Wednesday, October 21, 7.15 p.m. 
Annual Dinner, Connaught Rooms, Great Queen-street, 
W.C.2. Thursday, October 22, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, S.W.1. Joint 
Meeting with Institution of Naval Architects, Institute 
of Marine Engineers, &c. ‘Marine Reciprocating 
Steam Plants: Some Outstanding Factors of Economy,” 
by Mr. A. Bjorklund. 


ILLUMINATING ENGINEERING Society. —— Tuesday, 
October 20, 6.30 p.m., Lighting Service Bureau, 15, 
Savoy-street, Strand, W.C.2. Report on Progress in 
Illuminating Engineering. 

InstiruTION oF ELEcTRICAL ENGINEERS.—South 
Midland Students Section : Tuesday, October 20, 7 p.m., 
Grand Hotel, Birmingham. Chairman’s Address, by 
Mr. 8. C. Dinenage. North Midland Students Section : 
Tuesday, October 20, 7.30 p.m., Hotel Metropole, Leeds. 
Chairman’s Address, by Mr. H. Copping. Scottish Centre : 
Tuesday, October 20, 7.30 p.m., Engineers’ Rooms, 39, 
Elmbank-crescent, Glasgow. Chairman’s Address, by 
Professor G. W. O. Howe. London : Thursday, October 
22, 6 p.m. Victoria-embankment, W.C.2. Presidential 
Address, by Captain J. M. Donaldson. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, October 20, 7.15 p.m., Junior Institution 
of Engineers, 39, Victoria-street, S.W.1. Presidential 
Address, by Mr. G. Scott Ram. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, October 21, 7 p.m., Grand 
Hotel, Birmingham. “Control of Factory Production,” 
by Mr. T. G. Heckles. 


Betrast AssocraATION OF ENGINEERS.—Wednesday, 
October 21, 7.20 p.m., Municipal College of Technology, 
Belfast. Presidential Address. ‘‘The Harnessing of 
Water for Power Purposes,” by Mr. R. Craig. 


Soctetry or Guass TECHNOLOGY.—Wednesday, October 
21, 8 p.m., Science Museum, South Kensington, S.W.7. 
Presidential Address. ‘‘ The Future of Glass Melting,” 
by Mr. E. Meigh. Thursday, October 22, 4.45 p.m. 
Lecture, ‘‘ Modern Artistic Glass,” by Professor W. E. 8. 
Turner. 

INSTITUTION oF STRUCTURAL ENGINEERS.—Thursday, 
October 22, 6.30 p.m., 10, Upper Belgrave-street, S.W.1. 
“Modern Research on the Nature of Materials of Con- 
struction (Steel and Concrete),” by Mr. H. Jackson. 

Institute oF Metats.—Birmingham Local Section : 
Thursday, October 22, 7 p.m., The University, Edmund- 
street, Birmingham. Joint Meeting with Staffordshire 
Tron and Steel Institute, and Birmingham Metallurgical 
Society. “‘ Industrial Policy,’’ by Sir W. Larke. 








LrectuRES oN TROPICAL HyGtene.—The next series of 
eight lectures and demonstrations on tropical hygiene, 
which are intended for men and women outside the 
medical profession proceeding to the tropics, will be 
given by Lieutenant-Colonel G. E. F. Stammers, from 
October 21 to 30. The synopsis of the course, and other 

articulars, can be obtained from the secretary of 

niversity of London, London School of Hygiene and 
Tropical Medicine, Keppel-street, Gower-street, London, 
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THE SCIENTIFIC WORLD PICTURE 
OF TO-DAY. 


It was the custom of ancient cartographers to 
fill in the wide gaps in their topographical know- 
ledge with plans of mythical cities and sketches of 
the anthropopagic fauna, which might be expected 
to inhabit the regions yet remaining to be mapped. 
The resulting world-picture possessed the virtues 
of simplicity and practical utility, since the coast 
line and its adjacent hinterland, in other words, 
the parts visited by travellers, were depicted with 
fair accuracy, while if imagination was permitted 
to play over the rest, that did not matter, because 
they remained unexplored. To-day, the position 
has changed. Cartography, like so many other 
things, has become more exact, more complicated, 
and less imaginative. Atlantis and Utopia have 
had to give way to the carefully surveyed topo- 
graphical and geological features of actual countries, 
and the accurate has replaced the picturesque. We 
know more, but it may well be argued that. this 
increase in knowledge has resulted in the loss of 
something impalpable, but none the less valuable 
from the stuff of life. 

In these times of centenaries, it is not unfitting to 
point out that much the same change has occurred 
in the larger world of scientific knowledge, though, 
as is the case with every analogy, the comparison 
must not be pushed too far. In the days of Aristotle 
the scientific world-picture was of a simplicity, which 
many will not find it difficult to envy. Fire, air, 
earth and water constituted the elements, on which 
all natural changes were based. Our planet was a 
static carpet, born on the shoulders of Atlas, over 
whose edges the unwary traveller might step off 
into space. Philosophers regarded the universe 
itself as having definite frontiers, and envisaged it 
as a chain, at one end of which was a formless 
matter possessing no qualities, while at the other 








lay an unconditioned power. These existent and 
non-existent concepts were joined by a potential, 
and the world was considered to be eternal, since 
what has actually existed must always have pre- 
ceded what was still potential. External to this 
framework stood some supreme directing being, 
whose nature was not too closely defined. 

This world-picture, in all its simplicity, persisted 
for many centuries. Mankind, in the mass, was, 
perhaps, too busy with the struggle for existence 
to trouble about ideas, which had little or no relation 
to their physical well-being. Moreover, philoso- 
phical speculation was both tacitly and actively 
discouraged down to the time of Galileo, and even 
into the Victorian era. It was left for Copernicus 
and Newton, many centuries after Aristotle, 
entirely to reconstruct the theory of the Cosmos, 
and it was not until the early part of last century 
that fresh discoveries, and particularly the work 
of Dalton, led to the atomic theory and induced 
physicists to cease to confine their attention to 
things which could be seen, and to postulate such 
entities as were necessary to account for the facts 
of their observations. Thus, atoms and molecules 
came into being, and have in their turn been followed 
by electrons, protons and quanta of radiation, while 
matter itself has practically disappeared into elec- 
tricity. The universe, far from being an infinite 
structure, framed by Newton’s co-ordinates, is now 
regarded as a mathematical conception, of which 
no mechanical model can be made, and in which 
mass, gravitation and energy are no longer inde- 
pendent entities, but can most accurately be 
considered as configurations of a world, whose 
stuff is events, rather than things. Time, again, 
is not something superadded to things in their 
behaviour, but is an integral and basic part of 
their constitution. 

In the field of biology, equally profound changes 
in outlook have taken place during recent years. 
Kelvin, like Aristotle, held that life proceeds from 
life and from nothing else. And, while this 
cannot yet be proved or disproved, developments 
in the various branches of biological science have 
combined to give the most convincing testimony 
that throughout the history of the earth life has 
advanced genetically from a few simple primitive 
forms to others more numerous and more highly 
specialised. The working process in biology has, 
in fact, been the very reverse of that noticeable in 
physics, where the movement is towards a disinte- 
gration of the more complex structures, accom- 
panied by a dissipation of energy. This upward 
movement in one branch of science, combined 
with a downward progress in the other, leads not 
unnaturally to the speculation whether some 
connection or crossing place cannot be found 
between the two. 

As pointed out by General J. C. Smuts in his 
Presidential Address to the British Association, 
this connection may, perhaps, be discovered by 
recalling Planck’s discovery that exchanges of 
energy between radiation and matter occur, whose 
behaviour is curiously analogous to that of life 
itself. The world, as viewed in the light of space- 
time, is a continuum, but the quantum, whose 
existence it is as well to remember, has been 
inferred from well-established observations and 
calculations, behaves like a particle out of space 
and time, and can be most easily symbolised as a 
wave or combination of waves, having a definite 
periodicity. 

It is possible to go a step further. For recent 
discoveries have shown that physics possess certain 
fundamental features in common with the organic 
world, and that the two can now be regarded as 
simpler and more advanced forms of the same 
fundamental pattern in the world structure. Even 
in physics organisation is becoming more important 
than the nebulous entities which enter into matter, 
and interaction is being more and more recognised 
to be not so much mechanical as organic, so that, 
as in the living being, the parts are attributes of 
the individual, and are not independent units com- 
posing it. 

Yet a further question may be asked. If physical 
and organic nature can be linked, is it possible to 
connect the latter with the conscious mind and 
thus complete the chain? Aristotle maintained 
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that the two were separate, while centuries later, 
Descartes also demarcated science and philosophy 
into two separate provinces. The result was not 
unnaturally an increasing divergence between the 
two. 

But if matter is fundamentally an organisation 
of space-time, and life is a principle of organisation 
whereby the space-time patterns are arranged into 
organic unities, mind is a_ differentiating, dis- 
criminating and selecting principle, and is free to 
create because the world consists not of material 
stuff, but of patterns and organisations, whose 
evolution does not involve the production of some- 
thing from nothing. This creative process, as 
General Smuts points out, is seen at its highest in 
the realm of values, among which science ranks 
with art and religion. At present these are still 
separate, but this may not always be the case. 
Indeed, one of the greatest tasks of the human 
race will be to link them up, and thus to overcome 
the serious lag which has appeared between our 
rapid scientific advance and our decidedly slower 
ethical development. If science can assist in this 
task it will have rendered the most priceless human 
service. 

In the picture which emerges from this survey, 
we therefore find a microscopic world of atoms, 
electrons, protons and radiations, very different in 
character from the macroscopic world of matter, 
space and time. But this macroscopic world 
crystallises out from the microscopic and, as its 
entities emerge, so do its space-time fields and 
natural laws. As we pass from one level to another, 
from physics through biology to the conscious mind, 
the laws, though different, are all genetically related 
and form an evolutionary series. In fact, under- 
lying the differences there is a fundamental unity 
of plan which binds them together as members 
of an evolving universe. Commonsense, it is true, 
regards this macroscopic world as being composed 
of matter, life and mind, whose properties are so 
different as to render their relation an insoluble 
puzzle. The space-time-relativity concept of the 
world has, however, overcome that difficulty by 
making matter a configuration of space-time, and 
therefore fundamentally not unlike organism, or 
life, and mind. Matter, life and mind can be 
therefore translated into organisation, organism and 
organiser, and the unintelligible trinity of common- 
sense thus transformed into a new monism. In 
this way, the iron determination of the older science 
has been materially recast. Nature is no longer 
a closed physical circle, but includes a door, open 
to the emergence of life and mind and the develop- 
ment of human personality. So far have we 
progressed since the days of the Greeks and to 
such an extent has our knowledge increased. 

This increase, however, is not without its dis- 
advantages to the philosopher. It is true that the 
deadly struggle between the cosmic and the moral 
law in the heart of Nature, envisaged by Huxley, 
has disappeared. On the other hand, it must now 
be assumed that conditions such as those which 
exist on this earth, are rare. Life is apparently an 
exception in the universe, and this view is strength- 
ened by recent astronomical theory. Our origin, 
says General Smuts, is accidental and our fate is 
sealed, since the solar system is inevitably running 
down. 

Life and mind, as we know them, instead of being 
the flowerings of the universe, are thus reduced to 
a casual and inferior status in the cosmic order. If 
this is a fair statement of the position there need 
not, however, be any cause for tears, nor any regret 
that all the wonderful manifestations of the mind 
and of the supreme being itseif, as exhibited on this 
globe, should be doomed to fade. For if, with 
General Smuts, we accept the view that life and 
mind are constituents of an organised universe, 
and that a mysterious creative emergence of the 
higher from the lower is taking place which will 
give an organic universe where the decline of the 
earlier physical patterns will result in something 
more advanced, then mankind, and all that. it 
implies, has not existed in vain. The work will 
go On, even if the worker disappears. For the 
universe consists ot of electrons and tadiations 
only, but of souls and aspirations, for all of which 
a place must be found in an adequate world-picture, 





And, if in the light of present knowledge, we are 
forced to abandon partially the Teufelsdréckhian 
view that Nature is but the reflex of our own 
inward force, we may still remember those great 
manifestations of mind and beauty, which are the 
work of man, and, remembering them, be encouraged 
to play our part in using the rich gifts which science 
has placed in our hands, careless of what the future 
may have in store for the human race. 








RELIABILITY. 


IN a multitude of counsellors there may be wis- 
dom, and indeed, in view of the adage, so many 
men so many minds, it would be curious if wisdom 
were not to be found somewhere in the multiplicity 
of advice. The difficulty, however, has always been 
to distinguish the gold from dross, often polished 
up to a semblance of true metal. Safety first is 
one admonition with which the ears of the rising 
generation are persistently assailed, whilst live 
dangerously is the maxim tendered to it on other 
occasions. That too faithful an adherence to the 
first motto commonly spells futility was one of the 
texts discussed last Friday by Mr. C. E. Stromeyer, 
in his presidential address to the Manchester Associa- 
tion of Engineers. The United States, for example, 
had, at one time, to chose between no railways and 
cheap railways, and very wisely adopted the second 
alternative. For one life endangered or lost by the 
cheapness, at least a thousand were enabled to 
be lived. Again, the original partners of Sir Charles 
Parsons, adopting the maxim of safety first, refused 
to continue the steam turbine adventure, and corres- 
pondingly, not a few firms of marine engine builders 
considered that the policy of safety first prevented 
them from risking expenditure in the experimental 
investigation of the possibilities of the internal- 
combustion engine, or some other alternative to 
their standard product. In other cases, the aversion 
to adventure has led to the purchase, too often 
unintelligent, of manufacturing rights in foreign 
patents of little intrinsic importance. 

Mr. Stromeyer rightly condemned the precept 
of safety first as fatal to progress in engineering. 
What is required of structures and machines is, he 
declared, reliability. There is no a priori high road 
by which this can be attained. Experience consti- 
tutes the only effective teacher. In the early days 
of the railway companies there was trouble with 
broken locomotive axles, which were at first 
attributed to overloading, and warnings were issued 
to guards that too many horse boxes should not 
be attached to trains. As experience accumulated, 
however, these warnings disappeared and were 
replaced by careful records of the mileage run, 
leading ultimately to the practice of replacing all 
axles after a definite running life, even although 
a meticulous visual inspection could detect in them 
no sign of incipient failure. In many cases it is quite 
impossible to make any assured estimate of the actual 
loads to be provided for in a structure or machine 
since static stresses may be enormously increased 
by shocks, the intensity of which defies computation, 
so that dimensions can be fixed be experience only, 
which implies that in the pioneering stages accidents 
must be expected. That a novel machine or struc- 
ture is free from breakdown, tells us little. The actual 
factor of safety may be 20 in some parts and on 
the verge of danger elsewhere, but until failure 
occurs, this precarious condition may escape dis- 
covery. 

Mr. Stromeyer drew attention to the tentative 
fashion in which the art of shipbuilding had been 
developed. As was probably unavoidable at the 
outset. practice in iron shipbuilding tended to fol- 
low precedents established when wood was the 
material used. Some of these precedents proved 
strangely persistent. Thus, Mr. Stromeyer notes 
that under-water seams having single butt straps 
were the rule right up to 1887, when a paper 
of his on strains and stresses in bridges and ships 
caused a complete revolution in practice. In this 
paper he pointed out that owing to leakage at these 
seams underwriters were subject to continual claims 
for incidental damages. Lap joints then replaced 
the older:method and the cals on~ underwriters 
diminished. 

The possible size of wooden vessels was, Mr. Stro- 





meyer pointed out, limited by the very nature of 
the material used. The limit to the size of iron or 
steel vessels is fixed practically wholly by the 
docking accommodation available. The growth in 
size was, however, slow. It is true that the Great 
Eastern, launched in 1858, had a length of 680 ft.. 
a displacement of 32,160 tons, and a gross tonnave 
of 18,915. Nevertheless, it was not until 1875 that 
a displacement of 10,000 tons was exceeded by 
any other vessel, whilst a displacement of over 
20,000 tons was not reached until the launching 
of the Campania in 1893. The Celtic, built at 
Belfast in 1901, was the first ship to havea greater 
displacement than the Great Eastern. whilst the 
length of the latter was not exceeded till the launch 
of the Oceanic in 1899. The record is held by 
the Majestic, built in 1914, with a length of 
915 ft. 

Serious difficulties were, Mr. Stromeyer recalled, 
met with in the attempt to replace iron with steel. 
This, he states, was first adopted for two naval 
cruisers, but the plates failed before the ships were 
launched. The material was Bessemer steel, and 
similar disastrous experiences were found at a later 
date with basic Bessemer steel. Open-hearth steel 
proved more satisfactory, and it was considered that 
scantlings might be reduced by 20 per cent., as 
compared with what was found necessary with 
iron. Serious troubles arose, nevertheless, and further 
regulations were imposed, which proved satisfactory 
so far as ordinary cargo vessels were concerned. 
When, however, the same rules were adopted for 
large passenger steamers, there were, Mr. Stromeyer 
states, serious structural troubles, which led to 
further modifications of the rules, which now seem 
satisfactory. 

The importance of fatigue tests was another 
matter emphasised by Mr. Stromeyer. The diffi- 
culty with these has been the time required for 
their execution. Possibly this may be reduced if 
a satisfactory correlation can be established between 
the endurance limit and the rate of increase of heat 
generated during a fatigue test. One drawback to 
such tests is that in general, service conditions are 
not accurately reproduced, and Mr. Stromeyer 
suggests accordingly that the method should be 
extended to models. In concluding his address, 
Mr. Stromeyer had the satisfaction of being able to 
refer to some important contributions of his own 
to the progress of engineering. One of the more 
striking of these was his discovery, in 1886, of the 
danger of working steel at a blue heat. 








THE TRADE OF CHILE. 


THE great natural resources of the South American 
republics have for long proved attractive to the 
British investor as affording scope for profitable 
development. Similarly, the markets in this vast 
territory have appealed to the manufacturers and 
exporters of the United Kingdom. British capital 
has been invested freely and trading relations estab- 
lished, which are based on sound principles of 
the greatest mutual benefit. With the expansion 
of business came the envy and keener competition of 
traders in other countries. The contest for ascen- 
dancy in the trading returns gradually became keener, 
and necessitated the close attention of the partici- 
pants to the changing requirements of the markets. 
There were times when only the best was good 
enough, but those days have gone, and the British 
traders have now to meet a demand based more 
than ever on low prices, inevitably associated with 
somewhat inferior grades of goods. There need be 
no fear that the valuable position held hitherto by 
British merchants in South American trade returns 
is to be lost, for the manufacturers have shown 
marked interest in the markets in order to discover 
exact requirements, and have demonstrated their 
abilities to meet them by the display at the British 
Empire Exhibition at Buenos Aires. The visit 
of the Prince of Wales and Prince George to the 
Exhibition, and to many of the important centres 
of trade in the South American republics, has done 
much to awaken a new interest in the products of 
British factories, and to create the goodwill and 
mutual understanding that are essential to the 
strengthening of the best business relationships. 

In the course of his tour the Prince of Wales visited 
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Chile, as also did the Sheffield Industrial Mission, 


under the Master Cutler, Mr. A. K. Wilson. Much 
information was acquired in this way regarding 
the markets, and when the existing political troubles 
have cleared and the quieter times of normal activity 
are reached, British traders will undoubtedly use 
the means at their disposal to ensure the continuance 
of trade, and will endeavour to increase the share 
they now have. 

Chile is a country of considerable size. In area 
it compares with the combination of Germany, 
Belgium, Denmark, Holland and Switzerland. 
Its principal exports are nitrate and copper ingots. 
Adverse conditions have been encountered in both 
of these markets, while little interest has been shown 
in the grain production of the country, owing to the 
existing stocks available throughout the world. 
The Chilean Government, with a view to the improve- 
ment of trade, passed, some time ago, an act to 
enable the majority of the existing nitrate producing 
undertakings to be merged in a single company, 
with a capital the equivalent of 75,000,000/. In a 
report prepared by Mr. E. Murray Harvey for the 
Department of Overseas Trade, on Economic 
Conditions in Chile (H.M. Stationery Office. 3s. 
net), it is stated that the Government will participate 
in this by contributing to the resources of this con- 
cern, Compania Salitrera de Chile, the reserves of 
the nitrate deposits. It is hoped that, by rationalis- 
ing the entire industry, the competition of natural | 
nitrate with synthetic and by-product nitrogenous 
fertilisers will be made easier. An important factor 
in the scheme is the withdrawal of the export tax, 





the only revenue to the Government being its share 
of the profits. 

The record year for the trade of Chile was 1929, 
. when the country’s foreign trade amounted to 
almost 98,000,000/., the exports being 17,000,000/. 
over the imports. Naturally no such results could 
be maintained through 1930, owing to world-wide 
depression, and the returns showed a drop of 
32,000,000/., with an adverse balance of 1,740,000/., 
a condition not experienced for many years. In- 
creases of customs duties on imported articles were 
resorted to in order to enable Chilean manufacturers 
to produce such goods as their resources made 
possible, and sell them in competition with the 
goods obtained from overseas, so as to reduce the 
import returns. Amongst the items selected for 
protection were many that were previously obtained 
from Great Britain, and thus, not only has the 
depression caused a diminution in the demand for | 





the cutlery market was unsatisfactory. . Germany 
provided one-half, the United States one-third, and 
Great Britain only one-seventh. The sources of 
origin of electrical equipment used in Chile are of 
some interest. The United Kingdom won its 
greatest success with silk insulated wire, telegraph 
and telephone apparatus and heavy cable for power 
transmission. The United States mainly met the 
needs of the territory in motors, generators and other 
heavy plant, batteries, cables and fittings, while 
German ascendancy was shown in the market for 
lamps, but that country also had a large share of 
the trade in heavy electrical machinery, in cables, 
and in fittings. Generally speaking, American 
agricultural machinery was favoured, but there was 
a sale for British-made portable steam engines and 
chaff cutters. Canada did good business in reapers, 
binders, rakes and seed drills, while Germany 
participated by competing with the United States 
in ploughs and harrows. The order of precedence 
as regards supplies of railway and tramway equip- 
ment was: the United States, with one-half of 
the trade; Germany, one-quarter; and Great 
Britain, one-ninth. In 1929 the only country 
which supplied passenger coaches for the railways 
was Germany, who sent them to the value of 
625,0001. 








NOTES. 
StatuE TO HENRY Moissan. 

TurouGH the efforts of the Société de Chemie 
Industrielle a statue of Henry Moissan, the eminent 
French chemist, has been erected at Meaux, the 
unveiling of which has been arranged to take place 
in connection with the eleventh Congress of Indus- 
trial Chemistry. Moissan was born in Paris, Sep- 
tember 28, 1852, and died there on February 20, 
1907, after an operation for appendicitis. All his 
life he was connected with various scientific institu- 
tions in Paris, and for many years was a prominent 
member of the Paris Academy of Sciences. First 
a student under Fremy at the Museum d’ Histoire 
Naturelle, he became an assistant in the laboratory 
of the botanist Decaisne in the same institution, 
and in 1879 was appointed a demonstrator in 
chemistry in the Ecole Supérieure de Pharmacie. 
His first scientific paper had been concerned with 
a study of the absorption of the oxygen and the 
emission of CO, by plants, but at the Ecole Supéri- 
eure de Pharmacie in 1886 he made his memorable 
isolation of the element fluorine. Appointed next 
year to the chair of toxicology, he turned to the 


silent tribute to James Watt, only two other toasts 
figure in the programme arranged for the evening. 
Of these, the more important is Scottish Trade 
and Industry ; the other toast is that of the Chair- 
man, on this occasion Mr. Archibald Gilchrist, 
O.B.E. The former toast was proposed by the 
Solicitor General for Scotland, Captain J. C. 
Watson, K.C., who said that while it was usual to 
assert that each election had been the greatest 
crisis in our history, we were to-day undoubtedly 
faced by a crisis of unparalleled gravity. The people 
were tired of propaganda and slogans, and conse- 
quently, with the calmness of a great tradition, as 
it faced the situation in 1914, it was now meeting 
the crisis of 1931. The pound sterling was our 
international word of honour, and was now lightly 
gauged on the exchanges of the world, and most 
lightly by those countries who were our debtors. 
There was far too much talk about the benefits 
of a depreciated pound. It was no time for 
academic discussions; neither could we muddle 
through on this occasion. We must think our 
way through. We had been told before the war 
that the international complications of finance 
made a great war impossible. That had been 
proved completely wrong, and to-day the most 
unexpected things might happen. They were told 
that economies were necessary. In one social 
service, however, they should admit of no cuts. 
Scottish trade and industry constituted in itself 
the greatest social service of their country, and 
the contribution of Scottish industrialists to our pre- 
sent situation would be a ready instrument of trade 
and business to suit the new conditions. The reply 
to this toast was made by Sir James Lithgow, 
Bart., who said that we had learnt that the revolu- 
tion of the machine was not in itself sufficient to play 
the whole part in the improvement of social service. 
People were, however, apt to forget the benefits it 
had brought, and to harp upon the inequalities and 
squalor that existed. The balance was undoubtedly 
in the favour of industry. At the present time, it 
was important to consider whether any of the social 
services provided were blunting the desire to give 
or to get work. For common labour, at the present 
time, based upon prices which could be obtained 
for products in the open market, it was possible to 
pay no more than 2. per week. Yet the civic 
authorities managed to pay exactly similar labour 
at the rate of 55s. per week. If the one figure 
represented the market price of such labour, it 
seemed clear to him that, in the other, the extra 
15s. was being paid out of people’s savings; in 
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other words, their capital, and such spending of 
capital could not continue without trouble arising. 
They should put first things first, and arrange affairs 
so that it was possible for industry to be carried on. 
If that could not be done there was little hope. 
The question before the country was whether 
industry was to get a chance or not. He was glad 
to say that, in his opinion, there was no doubt of 
the verdict which would be given. 





THE CENTENARY MEETING OF 
THE BRITISH ASSOCIATION. 


(Continued from page 471.) 
SECTION G.—ENGINEERING. 


IMPROVING THE KaTA CONDITIONS IN MINES. 





THE next paper was one by Mr. A. L. Egan, 
entitled ‘“‘ Methods of Improving the Kata Condi- 
tions of Atmospheric Air in Deep-Level Mines.” 
This was reprinted on page 448, of our issue of 
October 2. Parts of it were read by the author, 
and, at the conclusion, the Chairman described it 
asa very valuable contribution from the thermo- 
dynamic point of view, but expressed regret that 
time did not permit a general discussion. He 
invited Mr. Bernard Price, however, to make a few 
remarks. Mr. Price then explained that many of 
the mining groups in South Africa were approach- 
ing the limiting conditions of work under ground, 
although the limit of paying ore was by no means 
reached. .A solution to the problem was thus of 
It had been 
shown-‘that the engineering difficulties could be 


fovercome, but’ :the economic question of whether 





‘this could be done at a suitable cost had to be 
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investigated. Other possible methods of improving 
the conditions were by the use of ice and by com- 
pressed air, and in connection with the latter it 
should be remembered that there was in existence 
a large organisation for the production and supply 
of compressed air, and that plant might enable ice 
or compressed air to be employed at a reasonably 
low cost. 


PIONEERING IN ELECTRICAL ENGINEERING. 


Professor Elihu Thomson then read a paper 
entitled ‘‘ Pioneering in Electrical Engineering Half 
a Century Ago,” which will be reprinted in a future 
issue of ENGINEERING. At its conclusion, the Chair- 
man called on Professor G. W. O. Howe to open the 
discussion. Professor Howe first said he felt he 
was expressing the feelings of all present when he 
said how greatly he appreciated the honour of having 
Professor Thomson present in the Engineering 
Section. Professor Thomson was one of the great 
pioneers of the electrical engineering industry, and 
his presence in London was especially fitting in 
connection with the Faraday Centenary. No one 
had done more in the United States than Professor 
Thomson had in applying Faraday’s discoveries to 
industry. It had been said that the development of 
the dynamo had been a comparatively simple 
matter after Faraday’s work, but he proceeded to 
read an extract from one of Lord Kelvin’s letters, 
in which that great philosopher, writing thirty-two 
years after Faraday’s discovery, described the 
commutator as a “ frightful thing ” and said he was 
of the opinion that a large voltaic battery would be 
more economical than any dynamo-electric machine. 
This statement was taken from Silvanus Thomp- 
son’s Life of Kelvin, vol. i, pages 426 and 427. It 
showed, Professor Howe concluded, how the keenest 
intellects of the time had no conception of the great 
revolution the dynamo was going to make, and made 
one appreciate all the more the pioneer work done 
by Professor Elihu Thomson in developing it. 

Professor A. E. Kennelly, the next speaker, said 
it had been a great pleasure to hear what the author 
had done fifty years ago, but if he had made it a 
little less than fifty years, he would have been able 
to add much more. The author had been the first 
to produce an industrial form of transmission, and 
had also produced a two-phase and three-phase 
alternator, although he had only actually used direct 
current. He had also seen the importance of inject- 
ing un-ionised air between the brush-and the com- 
mutator. The speaker had been interested to see 
that the unit of current employed had been the 
“weber,” and added that the ampere had been 
introduced in 1881. Webers’ name, he remarked, 
had been applied to two or three different units, none 
of which had ever come into use. He concluded by 
remarking that the gap between Faraday’s hand 
dynamo and the author’s large machine was a very 
wide one. 

Professor F. G. Baily, the next speaker, said Pro- 
fessor Thomson had made no mention of his meter 
and other inventions, but doubtless to include them 
would have made the paper too long; and Professor 
W. Cramp, who continued the discussion, said that 
the author might be interested to know that one of 
his machines had stood for many years in the 
electrical-engineering laboratory adjoining the lec- 
ture room. He regretted that he had always told his 
students, when dealing with this machine, that the 
air blast on the commutator acted in the way in 
which Professor Thomson said it did not. In con- 
clusion, he inquired why Professor Thomson had 
adopted the spherical armature, and also how he had 
arrived at the outputs of his machines. 

Professor C. L. Fortescue said the machine 
referred to by Professor Cramp had been sent to the 
Science Museum. He had been interested to hear 
that the steps taken by Professor Thomson to 
prevent a flash-over on the commutator were similar 
in principle to those now in use on rotary converters, 
and wished to associate himself with another speaker 
who had said that he would have liked to have 
heard something about the author’s later work. 

In Professor Thomson’s reply, which was then 
delivered, he said he had been obliged to confine his 
paper to work done fifty years ago, but he had con- 
tinued since then and had, in fact, taken out over 700 
patents, many of which were in use. With regard to 








the meter question, he explained that Edison had 
produced an electrolytic meter, but George Westing- 
house, when visiting him, Professor Thomson, in 
connection with his welding work in 1886, had 
called attention to the need for a meter which could 
easily be read. He had then in mind a meter which 
he developed and sent to the Paris Exhibition in 
1889 where it divided the prize with the Aron meter. 
In the 1893 Exhibition in Chicago, where Professor 
Ayrton was one of the members of the jury, the 
speaker’s meter had been used as a standard in 
testing the other meter exhibits. With regard to 
the question of proportioning machines raised by 
Professor Cramp, that was a long story. He had 
taken all available data and he knew what the 
characteristics must be, and using such information 
with a certain amount of judgment it was possible 
to arrive at the required proportions. The reason 
he had employed a spherical armature was that the 
cylindrical armature and the ring armature were 
covered by certain patents, and the spherical 
armature was the only form remaining. 

The Chairman then remarked that a mystery of 
fifty years’ standing was thus solved, and he con- 
cluded by expressing the gratification he felt at being 
able to welcome the author. Professor Thomson 
then briefly responded and the meeting was 
adjourned. 


THe New Gas Inbustry. 


At the meeting held on the morning of Tuesday, 
September 29, the chair was occupied by Sir Thomas 
Hudson Beare, and the first paper taken was that 
by Sir David Milne-Watson, entitled ‘“‘ The New Gas 
Industry.”” We shall reprint this paper in a later 
issue of ENGINEERING, but may now explain that 
it dealt with the development of the industry, 
referring to the work of Faraday, and discussing 
the effects of the change of requirements of the 
consumers from light to heat. The development 
of gas-making processes was considered together 
with the production and disposal of by-products, 
while the conditions of the gas industries in other 
countries were touched on. The situation with 
regard to low-temperature carbonisation, in con- 
nection with smokeless fuel and home-produced 
oil, was reviewed, and the suggestion was made 
that various hydrogenation processes may render 
oils from high-temperature carbonisation suitable 
substitutes for imported oils, and that improved 
smokeless solid fuels may result from coal blending 
and pre-treatment. It was concluded that the 
gas industry of to-day was virile, scientific and 
progressive. 

Invited by the Chairman to open the discussicn, 
Dr. C. H. Lander said his first connection with the 
gas industry was as a member of the Committee 
of Inquiry into the question of gas standards. As 
a result of the work of this Committee, the gas indus- 
try had a scientific and workable method of charging. 
The history of the industry was one of progress 
against statutory handicaps, which still prevented 
it from getting the best possible value out of a ton 
of coal. One of the latest developments was the 
utilisation of coke-oven gas in gas works by means 
of a grid, which was now being tried out on a 
small scale in Sheffield. The Government had been 
repeatedly urged, without success, to modify legis- 
lature with regard to charges, but the small con- 
sumer had still to be supplied with gas at the same 
price as the large consumer, a restriction which was 
not imposed on any other industry. In conclusion, 
Dr. Lander criticised some of the advertising methods 
of the gas industry. 

Wing-Commander Cave-Brown-Cave inquired if 
it were possible to employ town refuse in gas works, 
and Mr. A. E. L. Chorlton asked why the grid 
system was not extended in the gas industry. 
He suggested that high-pressure spherical gas 
holders might be used in a grid system, to deal 
with peak loads. Professor C. L. Fortescue appealed 
for more co-operation between the gas and electrical 
industries, which, he said, were complementary to 
each other. For heating, he thought gas should 
be employed, except in certain cases where its use 
might be inconvenient, but for interior lighting he 
did not think gas could compete with electricity. 
For power production also, electricity was far more 
flexible, and had many other advantages over gas, 





The matter of the electrical grid had led to a great 
deal of recrimination, but there had been a demand 
for it, as a supply of electricity was needed. If the 
gas industry considered a grid system desirable, he 
asked, why was it not instituted, adding that he 
had always understood that there were difficulties 
in the way. In conclusion, he remarked that there 
was room for both the gas and the electrical 
industries, and he hoped the day was not far distant 
when they would work more hand in hand. 

Sir Ernest Moir, the only other speaker on this 
paper, said he wished that some provision had been 
made by Parliament in connection with the electri- 
cal-supply companies, whether limited companies 
or corporations, for the purpose of linking the 
dividends paid to the stockholders with the charges 
made to the consumers. In the gas industry, an 
increase in the dividends on the capital could only 
be made with a simultaneous reduction in the price 
of gas. He thought there was no such provision in 
connection with electrical undertakings, but whoever 
had introduced the legislation in the case of gas- 
supplying corporations was a financial genius and a 
public benefactor, since the system made for 
efficiency and economy for all concerned. 

The Chairman then remarked that, as an ordinary 
citizen, he found use for solid fuel, gas and electricity. 
For rooms which had to be heated all day he thought 
the solid-fuel fire was most convenient, cheapest and 
best, but in rooms requiring heat for an hour or 
so only he had gas fires installed, while where heat 
was only needed temporarily, for a few minutes at 
a time, the electric radiator was ideal. Each 
method of heating had its own special applications, 
and there need be no conflict between them. There 
was a great future for the gas industry, as well as 
for the electrical industry. 

Sir David Milne-Watson then replied. He agreed 
with what Dr. Lander had said with regard to the 
handicap of legislation. What was appropriate in 
1847 and 1881 was completely out of date to-day, 
and the necessary legislation had been recommended 
over and over again. The need was for facilities 
for joint working and a proper system of charging. 
The development of a gas grid was not as simple as 
it appeared. The electrical grid had to supply one 
thing only, viz., electrical energy, whereas the gas 
industry had to supply gas, coke and by-products. 
It was as necessary to consider the market for by- 
products as that for the gas. The coke had to be 
disposed of, and it had to be taken where it was 
required. It had been said that the gas required 
for London might be produced in the Kent coalfield, 
but enormous mains would then be required to 
convey the gas to London, and the coke would still 
have to be brought there by rail. He had no doubt 
that the grid system would extend in certain 
suitable areas, but the question was entirely 
different from that of the electrical grid. He re- 
gretted that there had been no attempt in this 
country for the gas and electrical industries to 
work together, though they did so in America. 
It had not been done here in the early days, and it 
was not easy to commence now. There did, 
however, appear to be a chance of co-operation, 
and he hoped it would be taken advantage of. 
In any case there should be no conflict between 
them, as he had always advocated. 


Force Fits anp SHRINKAGE Firs. 


Professor E. G. Coker then delivered a contribu- 
tion on the above subject. This dealt with exper!- 
mental observations on transparent models of crank 
webs, railway wagon and locomotive wheels, &c.. 
in which the components had been connected by 
force fits or shrinking, in order to determine the 
stress distribution in the material by photo-elastic 
means. [Illustrations of the results obtained in the 
case of railway wagon wheels will be found on page 
708 of our last volume. In the course of his paper, 
Professor Coker showed the stress distribution in 
a crank web due to pressing in the crankpin and 
shaft, and also illustrated the effect of reducing the 
distance between the pin and shaft. He also showed 
the stress distribution in a locomotive driving wheel 
due to shrinking on the tyre and pressing !n the 
crankpin and axle. The application of the measured 
stress distribution in practice was also discussed for 
a number of cases. 
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The discussion was opened by Sir Henry Fowler, 
who said that those who had visited the Acton 
works of the Underground Railways had seen the 
practice of securing tyres by riveting them at the 
end of each spoke, and Professor Coker had shown 
that this point corresponded to the point of minimum 
stress. ‘They had also seen a straight axle with a 
crack near the middle, which was an unusual position 
for a crack to occur. As a rule, failures of axles 
occurred within the wheel centre, and he asked if the 
author could determine the stress at that point. 
With regard to push fits, he stated that the practice 
in this country was to use a pressure equal to 10 tons 
perinch ofdiameter, while in America the correspond- 
ing pressure was 15 tons, and in one case on the Con- 
tin ent the pressure employed was 25 tons per inch. 
He thought such high pressures might cause cracks 
to occur in the hub. Some years ago he had carried 
out experiments and had found that the pressure 
required depended considerably on the state of the 
surfaces and whether they were dry or lubricated. 
He would be interested to know what was the effect 
on the stress distribution of lubricating the axle 
before pressing it into the wheel centre. 

Mr. J. S. Wilson congratulated the author on the 
beauty of his experiments and on the results 
obtained. What it was necessary to know, however, 
was how these peculiar stress distributions affected 
the life of the article to which they related. He 
had carried out some fatigue tests, some years ago, 
on flat plates in which a small hole had been drilled 
near the centre. In this case, the stress variation 
was extreme, but in the case of mild steel it did not 
appear to have any considerable effect upon the 
fatigue failure. Professor Coker’s experiments 
were sometimes a little alarming, showing the exist- 
ence of stresses which exceeded the elastic capa- 
bilities of the material, but his own experiments had 
reinforced the feeling of confidence in those who had 
to employ such materials under conditions in which 
they were required to endure. With regard to 
force fits he inquired how turning the axle to a 
corrugated form would affect the results, and added 
that he thought the presence of a lubricant would 
make a considerable difference in the distribution 
of stress, 

Professor E. Wilson said that, in some cases, 
light aluminium and magnesium alloys had been 
used for the centres of tramway wheels, and he 
asked if this method of construction had been 
employed in railway practice. The steel tyres 
were shrunk on to the centres, and he inquired if 
the stresses produced would be the same as in the 
cases shown by the author. Sir Ernest Moir asked 
if the author had carried out any experiments 
dealing with the shrinkage. stresses in castings, 
and another speaker inquired if any data were 
available as to the effect of keyways on stress distri- 
bution. 

Professor Coker then replied. As Sir Henry Fowler 
and he were aware, he said, there was much more 
to be done in investigating the stresses in railway 
Wheels. He had made some experiments with 
wheels on rails, but there was not much information 
available at present, and he could not deal with the 
stress distribution on wheels in service until more 
data had been obtained. He would be interested 
to know why American engineers were increasing 
the pressure employed for force fits, and until he 
had heard their views he could not say what the 
motive was; it seemed to him to be a little dan- 
gerous. He had not yet tried the effect on the 
stress distribution of oiling the plug, but would 
take an opportunity of doing so. Mr. Wilson had 
referred to the fact that the hole in a tension member 
had little effect on its resistance to repeated stress. 
He thought, however, that this was to be expected 
a material like wrought iron, in which the break- 
down occurred by plastic stress, which was distri- 
buted fairly uniformly over the body when the 
breakdown occurred. In the case of a hard alloy 
steel, in which elastic breakdown occurred practically 
at the rupture point, he thought the results would 

© very different. The present tendency, he added, 
Pe to employ alloy steels, which had less ductility 
ener materials, and the question of stress 
“stribution was then of greater importance. He 
“greed with Mr. Wilson that the effect would not 
be great in the case of plastic materials, to which 


his experiments did not apply. With regard 
to the question of corrugation mentioned by Mr. 
Wilson, he thought locomotive engineers endea- 
voured to avoid these and to give a good finish to 
the parts to be pressed together. In answer to 
the question raised by Professor Wilson, he said 
he had no information as to the effects of shrinking 
together different materials, but the conditions 
could be imitated in transparent materials, although 
he had not actually done this. With regard to the 
initial stresses in castings referred to by Sir Ernest 
Moir, he said he always endeavoured to get his 
material free from initial stresses, and it was easy to 
see whether it was so or not. With steel one could 
never be certain that such stresses were absent. 
It would be possible to apply initial stresses in the 
wheel models, but whether the initial stresses in a 
casting could be imitated he did not know. To 
the speaker who had referred to the effect of key- 
ways on stress distribution, Professor Coker said 
he had examined this, and had prepared some slides 
showing it to be of a very complex character, but 
the slides were not then available. 


EARTH PRESSURES. 


The Committee on Earth Pressures issued a sixth 
interim report, dated July, 1931, stating that 
since its previous report the Committee had had 
another meeting at the Building Research Station, 
Watford, to see the research work being carried 
out there by Professor C. F. Jenkin, F.R.S. This 
work was summarised in a short report by Professor 
Jenkin attached to the Committee’s report, which 
stated that it seemed likely that the work would 
lead to results which would be both interesting and 
of practical value to engineers. They recommended 
that Professor Jenkin’s work and their own should 
be carried on for a further period. 

In Professor Jenkin’s report he stated that since 
his previous report, dated July, 1930 (see Enat- 
NEERING, vol. cxxx, page 409), the apparatus for 
measuring earth pressures against a retaining wall 
had been completed and a very large number of 
experiments made with it. The mathematical 
investigation of the two-dimensional model had also 
been completed. Both the measuring apparatus 
and the model had been described in a paper read 
before the Royal Society entitled “The Pressure 
Exerted by Granular Material ; an Application of 
the Principles of Dilatancy”’ (Proceedings of The 
Royal Society, A, vol. cxxxi, 1931). A series of mea- 
surements of pressures on walls with positive and 
negative batter from 40 deg. to — 35 deg., and 
with surcharges from 0 deg. to 30 deg., had been 
completed, and the results would be published 
shortly. Stepped walls had also been tested ; one 
representing to scale an L-shaped reinforced- 
concrete wall and one the 73-ft. dock wall at 
Southampton had been completed, and tests on a 
series of walls all having a total batter of 20 deg. 
but divided into different numbers of steps were 
in hand. At the request of the Committee, new 
measuring apparatus was being constructed to 
measure the pressure of sand under water. During 
the course of the experiments several interesting 
phenomena had been observed, and special experi- 
ments had been made to investigate their meaning. 
A paper, illustrated by experiments and models, 
would be read before Section G of the Association, 
describing the behaviour of sand behind a retaining 
wall. 

This paper occupied the remainder of the meeting 
on Tuesday, September 29, and in it Professor 
Jenkin first explained that the work of the Com- 
mittee had been divided into four parts, dealing, 
respectively, with sand pressure and clay pressure, 
on walls and under foundations. He had been 
successful with the first part, viz., sand pressure 
on walls, but was not able to give the full results ; 
he hoped, however, that they would be published 
shortly. The explanation, he said, was very simple, 
but if it were correct, it proved the usual earth- 
pressure theory to be wrong. Sand, he said, was a 
collection of grains, and its movements involved the 
principle of dilatancy. To illustrate its movement 
he had prepared a slide in which a gross of }-in. steel 
balls were enclosed between two glass plates, and with 
this he showed the formation of a plane of rupture 





by moving a strip of material at one vertical edge 


corresponding to the wall. He also moved a plug 
from the bottom edge to show that only a small 
triangle of balls fell down, the remainder being kept 
in position by arching. Horizontal arching, he said, 
also occurred, and it was evident that the effect 
must be avoided if accurate pressure measurements 
were to be obtained with sand. This could be done 
by using a wide plug with shallow sand, and, in the 
case of a vertical wall, by making the length of the 
wall great in comparison with the depth. He had 
made apparatus combining these two character- 
istics and had employed this for his experimental 
investigations. 

He had also devised apparatus for measuring the 
angle of repose of sand, and had found that readings 
could be obtained ranging from 304 deg. to 35} deg. 
There was, in fact, no one angle of repose. The 
reason for this was that when the sand was stationary 
the grains were all interlocked, but when it moved 
the grains began to roll over each other. It took a 
certain amount of time to get the maximum number 
of grains running over their neighbours, and when 
this occurred the friction was least. With a model 
having a vertical front wall containing a glass 
window, Professor Jenkin showed that, when the 
wall was moved forward, the sand slipped vertically 
downwards, which, he pointed out, showed that the 
Rankine theory of earth pressure was wrong. The 
results, however, could be explained by the old 
wedge theory, but the difficulty was to determine 
the angle of rupture. By taking different angles of 
rupture it was possible to calculate the force on the 
wall within limits, and measurements obtained with 
the model above referred to all fell within these 
limits. The direction of the force was always 
inclined to the wall by the angle of friction. By 
means of three equations it was possible to obtain 
the complete solution of the forces on a retaining 
wall, but the equations did not give the height of the 
centre of pressure, and he did not know how this 
could be obtained. In the tests made it seemed to 


vary very widely, from about : to nearly S , and 


appeared to depend upon the shape of the grains, 
so that it could not be calculated. In conclusion, 
he said the wedge theory was correct, although the 
old methods of applying it were not quite accurate. 
The Rankine theory was definitely wrong, as also 
were attempts to treat sand as a solid. The only 
reliable guide to the design of retaining: walls was 
the direct experimental measurement now possible 
with the apparatus he had devised. The apparatus, 
however, only dealt with sand pressure on retaining 
walls. The other three parts of the work mentioned 
at the outset were still under investigation. 

On the completion of Professor Jenkin’s lecture, 
Mr. J. S. Wilson read a letter from Mr. C. E. Went- 
worth-Shields explaining the origin of the Earth 
Pressure Committee at the Southampton meeting 
of the Association in 1925, and expressing apprecia- 
tion of Professor Jenkin’s work. The first speaker 
in the discussion, Professor R. W. Chapman, said he 
had done a considerable amount of work on similar 
lines to the lecturer. The difficulty of the subject 
was well illustrated by the fact that a few years 
ago two papers on sand pressure had been presented 
to the Institution of Civil Engineers, one of which 
concluded that the Rankine theory was right, and 
the other that it was wrong. Professor Jenkin’s 
experiments had thrown a good deal of light on the 
subject, and the speaker’s own experiments were in 
general agreement with them. The plane of rupture, 
he said, might be studied by means of a bin with a 
glass side, and the movements of the sand could be 
made easily visible by arranging it in layers with a 
strip of whiting between them. By moving a door 
out gradually it was possible to obtain a line of rup- 
ture from the top to the bottom. With dry sand 
he had found, as Professor Jenkin had, that the 
plane of rupture varied somewhat. He had used a 
door hinged at three points, and had made experi- 
ments with this arrangement to determine the 
horizontal and vertical pressures and the direction 
of the resultant pressure. The results agreed with 
those of Professor Jenkin, but with three isolated 
experiments the centre of pressure might come 
anywhere. He was very interested in Professor 
Jenkin’s experiments and congratulated him on 





the results obtained so far. 
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The next speaker, Mr. Pye, said it appeared from 
Professor Jenkin’s work that we would have to 
rely on model experiments for the design of retaining 
walls, as we already did in the case of aeroplanes 
and ships. He would be interested to know, how- 
ever, whether, in the former, there would be anything 
corresponding to scale effect in aerodynamics. He 
presumed that the material used in the model 
experiments would have the same grain size as that 
actually behind a wall, and he inquired whether 
that was likely to affect the correlation between 
model and full size. 

Dr. J. S. Owens, referring to the variation in the 
angle of repose, said he thought this would not 
greatly affect the effective pressure on the wall. 
Professor Jenkin had said the variations were due 
to a rolling effect, and, in this connection, he stated 
that sand which was completely water-logged and 
under water had the same angle of repose as dry 
sand, which would be expected if it were a rolling 
effect. He suggested that the angle of rupture had 
nothing to do with the angle of repose. It was not 
a simple frictional sliding of one thing on another 
but a breaking of cohesive ties, and involved surface 
tension, some slipping and rolling, and some lifting 
due to dilatancy. All the variations, however, 
were not of vital importance from the engineer’s 
point of view, as what he required was a knowledge 
of the worst conditions. 

The Chairman in closing the discussion, con- 
gratulated Professor Jenkin on his experimental 
demonstrations, and referred to some experiments 
made by Sir Benjamin Baker on the stability of re- 
taining walls. Calculated on the Rankine theory, 
an experimental wall built of piled up blocks should 
have collapsed, but, assuming that the centre of 
pressure was at one third of the height, had a factor 
of safety of two. If the centre of pressure was 
higher, as Professor Jenkin suggested, the factor of 
safety, would, of course, have been lower. The 
material used in the experiments, however, might 
not have been sand, He assumed that Professor 
Jenkin’s sand was carefully graded. 

Professor Jenkin then replied to the points raised 
in the discussion. He noted that Professor Chap- 
man had used a hinged door with success. With 
his own apparatus, however, it was possible to 
make some 50 experiments, one after the other, in 
two hours, without re-loading it with sand. Many 
investigators had used a glass side in the apparatus 
containing the sand, but he did not think that was 
very reliable. It was necessary to know what 
was happening in the middle, and not at the sides. 
The question of scale effect raised by Mr. Pye had 
given him some anxiety, but he thought it was 
generally negligible. It might, however, come in 
in one case, and he was looking into that. Dr. 
Owens had spoken of wet sand, and he hoped to 
make some experiments with this. It was true 
that the final result was independent of variations 
in the angle of repose, and, in practice, it would 
suffice to apply the wedge theory with the minimum 
angle of repose. With regard to the question of 
stability raised by the Chairman, that depended 
upon the point about which the turning moment 
acted, and without a knowledge of this it was not 
possible to make comparisons. 

(T'0 be continued.) 
THE LATE GENERAL SIR JOHN 
MONASH. 

GENERAL SIR JoHN Monasn, who died in Mel- 
bourne on Thursday, October 8, at the age of 67, 
was one of the greatest of Australia’s citizens. 
After a successful career as a civil engineer, he 
achieved considerable, and in some ways unique, 
distinction during the Great War as a military 
commander, and for the past eleven years had 
presided with success over the operations of the 
State Electricity Commission of Victoria. 

John Monash was born in Melbourne on June 27, 
1864, and was educated at the Scotch College and 
the University of that city. He graduated in 
science, engineering and arts, and became an 
Argus scholar with honours in engineering. In 
1884, during the later portion of his time at the 
University, he was appointed assistant to Mr. George 
Higgins, M.Inst.C.E., and was engaged under him 





on the construction of New Falls Railway Bridge, 
the Queen’s Bridge, Melbourne, and other similar 
work. From 1888 to 1891, he acted as engineer-in- 
charge for a portion of the Outer Circle railway 
system in Melbourne, while subsequently he was 
for a time on the staff of the Melbourne Harbour 
Trust, where he was responsible for the design of a 
number of swing bridges, transit sheds, and wharves. 

In 1894, he set up in practice as a consulting 
engineer in partnership with Mr. J. T. N. Anderson, 
and during the next seven years was responsible 
for the construction of over 200 miles of railway 
in Queensland and West Australia, while he also 
supervised the building of the Koondroor Bridge 
over the River Murray and of a bridge over the 
River Tambo. In addition, he developed a con- 
siderable reputation both as an expert witness and 
arbitrator, and acquired an experience in organisa- 
tion and administration, which doubtless stood him 
in good stead during the war years. Among the 
Parliamentary Select Committees and Royal Com- 
missions upon large engineering schemes with which 
he was connected at this time, mention may be 
made of the Burrinjuck Conservation, the Mildura 
Irrigation, and the Northern Suburbs Railway in 
Victoria. For a time he acted as the engineering 
member of the Commission upon the affairs of the 
Melbourne and Metropolitan Board of Works. 

On Mr. Anderson being appointed chief engineer 
of Dunedin in 1901, General Monash continued 
practice on his own account, his activities, as before, 
being mainly concerned with railway, road, bridge 
and water-supply construction, while during the 
same period he developed the employment of 
reinforced concrete in Victoria, designing and 
carrying out a number of structures in that material. 
Perhaps his most important work during this period 
was, however, the improvement of the navigation 
of and the carrying out of a locking scheme on the 
Lower Murrumbidgee. 

All these activities, however, suffered an abrupt 
re-orientation with the outbreak of war in 1914. 
For many years Monash had held a commission in 
the Australian Citizen Forces, and by that time 
had reached the rank of colonel. After a period 
as Chief Censor he was given the command of a 
brigade, serving with great success in this capacity 
during the Gallipoli campaign. Subsequently he 
was for a period responsible for the training of 
the Australian Division on Salisbury Plain, and 
led the same unit at the battles of Messines and 
“ Third Ypres’ in 1917. In all these positions he 
showed himself a capable and scientific commander, 
but by far his most successful operation was in 
August, 1918, after he had succeeded to the com- 
mand of the Australian Corps, when he played a 
great part in breaking through the German line. 
On the completion of hostilities he was appointed 
Director-General of Demobilisation of the Australian 
Forces, and in 1920 became chairman of the State 
Electricity Commission of Victoria. This body 
is in many ways analogous to our own Electricity 
Commission. In addition, however, to administra- 
ting the statutes relating to electricity supply, 
it is also responsible for the generation of electrical 
energy, and owns the large station at Yallourn, 
from which Melbourne derives a considerable portion 
of its power. 

In the course of his career, General Monash was 
the recipient of many military honours, both British 
and foreign. In addition, he was president of the 
Australian Association for the Advancement of 
Science from 1924 to 1926, and had been vice- 
chancellor of Melbourne University since 1923. 
He was elected a member of the Institution of Civil 
Engineers in 1906, and had served on the council 
of that body. He was the holder of honorary 
degrees from Oxford, Cambridge, and Melbourne 
Universities. 


THE LATE MR. T. L. AVELING. 


Mr. THomas LakE AVELING, J.P., of Pettings Court, 
Wrotham, Kent, who, we regret to state, died suddenly 
on October 5, after speaking at a meeting of the local 
nursing association, was for upwards of 20 years 
managing director of Messrs. Aveling and Porter, 
Limited, the well-known road-roller manufacturers, of 
Rochester. The son of the late Mr. Thomas Aveling, 
he was born at Ruckinge, Ashford, Kent, on August 25, 
1856, and received his general education at Canterbury. 








| from their obvious application in thin seams, they 


In 1873, he entered upon a pupilage of four years, 
under his father, at the works of Messrs. Aveling and 
Porter at Rochester, and afterwards spent the years 
from 1877 to 1879 in engineering study at Cirencester 
College. Returning to the Rochester works as assistant 
manager to his father, he designed and supervised the 
construction of a variety of steam and other machinery, 
including traction engines, agricultural locomotives, 
ploughing engines, steam rollers, machinery for cement 
works, dredging and pumping machinery, and boilers, 
Upon the death of his father, in 1881, he became 
managing partner of the works, which then employed 
from 1,200 to 1,500 men. Subsequently, he designed 
and carried out an extensive scheme for the remodelling 
and extension of the Rochester works. This included 
reclamation of land from the river, piling, and the 
foundation works of heavy machine shops, the erection 
of travelling cranes and the installation of electric 
lighting and power transmission for the shafting and 
machinery. 

When Messrs. Aveling and Porter became a limited 
liability company in 1905, Mr. Aveling was made 
managing director, which position he continued to hold 
until his retirement in 1928. Moreover, on the death 
of Mr. Porter, in 1912, he became chairman of the 
company. Mr. Aveling was also one of the original 
directors of Messrs. Agricultural and General Engineers, 
Limited, a company with which, as is well known, 
Messrs. Aveling and Porter are associated. He became 
a member of the Institution of Mechanical Engineers in 
1882, and an associate member of the Institution of 
Civil Engineers on May 23 of the same year; on 
April 27, 1915, he was elected to full membership of 
the latter body, but retired in 1929. 

Mr. Aveling was for many years on the Council of 
the Smithfield Club, and became President in 1929; 
he was also, for a long time, on the Council of the 
Royal Agricultural Society of England. He always 
took a prominent part in local public affairs, and for 
a long period was chairman of the Medway Conservancy 
Board, and a Warden of Rochester Bridge. Since 
relinquishing his business activities, he had lived in 
quiet retirement at his residence at Wrotham. 








COAL-FACE MACHINERY  EXHIBI- 
TION, SHEFFIELD. 


THE mining industry, in common with, or possibly 
even more than, other industries, is faced with the 
necessity for reducing the costs of production. It is 
not surprising, then, that this should lead to increasing 
interest in the application of mechanical methods. 
The exhibition of coal-face machinery at Sheftield, 
from October 2 to October 10, though limited to the 
equipment supplied by the members of the Coal Face 
Machinery Exhibitors’ Association and not open to the 
general public, provided a good survey of the various 
appliances which can now be obtained. _ It also showed 
the high standard of design and manufacture which is 
to-day recognised as essential if operating and mainten- 
ance costs are to be kept at a minimum. 

When it is remembered that there were reasonably 
efficient coal-cutting machines available some 60 
years ago, it might have been expected that they would 
have been more generally employed in the interim, but 
this comparatively slow extension of application has 
been due to causes which are well recognised. The 
recent exhibition illustrated the preponderance of 
the chain coal-cutter, only one bar cutter being 
exhibited while there was not a single example of the 
disc machine. The design of the first named has 
become largely standardised in its main features, and 
consists essentially of three units. The centre one 1s 
the driving motor, most makers providing both elec- 
trical and compressed-air units which are interchange- 
able. At one end of this the gear-head with cutter 
jib is attached, while at the other end is the haulage 
gear with arrangements for providing suitable speeds 
for both cutting and flitting. Generally speaking. 
the machines are fitted with ball and roller bearings. 
with grease-gun lubrication, while the gears are made 
of heat-treated steels, carefully machined. Although 
there are these points in common, there are consider- 
able differences in detail, a large number of refine- 
ments, many of them patented, having been introduced 
within recent years. These have been in the direction 
of simplification, easier control and smoother running. 
The number of low-type machines may be commented 
on, some of these being of distinctly substantial con- 
struction and provided with powerful motors. — 
being adopted with advantage in thick seams. The 
coal-cutters shown were mainly of the long-wall o° 
arc-wall types, but one special arc-wall machine 0 
the universal type was included in the display. 

The transportation of materials usually 
the greatest opportunities for increasing outputs “— 
reducing costs. This subject also has been careful y 
studied in regard to conditions at the coal face Phe 
conveyors exhibited showed the advances which have 
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been made as the result of attention to details in the | 
light of experience underground. Improvements have | 
been effected both in the driving motors for shaker | 
conveyors and in the methods of jointing the troughs. 

The use of belt conveyors at the face has increased to | 
a large extent, in spite of the poor conditions under | 
which these have to work. Here again, such details 
as the protection of the return belt, to prevent coal 
from getting between it and the drums, have increased 
reliability and life, the cost of belts being given as 
less than 3d. per ton of coal won. A number of 
scraper conveyors and gate-end loaders were included 
in the exhibits. 

Dealing with individual exhibits, mention may be | 
made of the display of Messrs. Mavor and Coulson, 
Limited, 47, Broad-street, Mile End, Glasgow, who 
showed both their Samson (H model) and low-seam 
Samson long-wall coal-cutters, the former with a com- 
pressed-air turbine motor and the latter with an 
alternating-current motor. In addition to the complete | 
machines, the motors, cutting and haulage gears were 
shown in skeleton arrangement, enabling the construc- 
tion and small number of parts to be clearly observed. 
The low-seam machine is only 12 in. high and makes 
a cut or kerf of 4 in, or a thick kerf of 7 in. high. In 
both machines the jib is automatically locked and can 
be unlocked under load. The Mavor and Coulson 
are-waller is fitted with duplex picks to allow cutting in 
either direction, as may be most convenient. There was, 
also, to be seen, for the first time in this country, the 
Joy loader, which will be manufactured by Messrs. 
Mavor and Coulson. Two gathering arms are provided 
which feed the coal on to the elevator end of the con- 
veyor, and the rear end can be swung through an 
angle of 45 degrees to either side to suit the position 
of the conveyor or tubs to which delivery is made. 
This loader is fitted with two-speed chain-track 
travelling gear. Other exhibits included belt convey- 
ors and a belt gate-end loader,'electric and compressed- 
air shaker conveyor drives, circuit breakers and dis- 
tribution boards of the flame-proof type, and a bar 
coal cutter. 

Two long-wall coal-cutters were also shown by 
Messrs. Anderson, Boyes and Company, Limited, | 
Flemington Electrical Works, Motherwell. The * AB | 
Twelve,” having a 30-h.p. squirrel-cage motor, is of | 
the low type, being 12 in. high. The jib is fitted with | 
an automatic locking device. The larger machine | 
has a 50-h.p. motor, with correspondingly more powerful | 
gearing, the overall dimensions being 7 ft. 7 in. long, 
2 ft. 2 in. wide and 15 in. high. A variable cutting 
speed and a fast flitting speed are provided, both 
drives being transmitted through a multiplate friction 
clutch. The firm also showed an arc-wall coal-cutter 
and a universal heading machine. The latter was | 
the only example of this type of machine in the | 
exhibition. The gear-head can be rotated by power, | 
allowing the jib to be set to cut at the floor level or at | 
any intermediate height up to 4 ft. 6 in. It can also 
shear in any position within the same range, and the 
cut can be made at any angle. All the controls are 
grouped at the driver’s end of the machine, and the | 
speed and ease with which the position of the jib can | 
be adjusted justify the description of universal. There | 
was also shown a unit type gate-end distribution board | 
and remote control gate-end circuit breaker, as well as | 
driving gears for a shaker conveyor and for a scraper 
loader. 

Messrs. British Jeffrey-Diamond, Limited, Stennard | 
Works, Wakefield, exhibited two long-wall chain coal- | 
cutters as well as other appliances. The coal-cutters | 
can be arranged for either electric or compressed-air | 
drive, an undercut machine being shown with s| 
30-h.p. electric motor, and an over-cutter with a | 
40-h.p. compressed-air turbine. The control for | 
variation of the haulage speed when cutting has been | 
improved from earlier models. The variation is | 
obtained by changing the number of teeth engaged | 
by the ratchet. A link motion, positively operated | 
and with definite locating positions, is now provided. 
An improved scraper-chain conveyor with a new form 
of chain was exhibited by this firm, the return chain 
being totally enclosed for the whole length of the 
conveyor. The framework of the scraper-chain gate- 
end loader is built up in sections to facilitate handling | 
underground. The scraper chain itself is composed of | 
channel-section scraper bars 2 ft. apart, with a hardened- | 





steel chain at each side running in the main framework | Office Material Manufacturers’ and Dealers’ Associa- 
of the loader. A 12-h.p. electric shaker-conveyor | tion has been called to a letter in your issue of ENat- 
driving gear having an overall height of 14} in. was | NEERING, written by Mr.T. H. Webster, A.M.Inst.C.E., 
also shown, as well as a compressed-air engine for simi- | on the subject of tracing papers, and I have been asked, 
lar service and a four-unit distribution switchboard | as a member of the Association and managing director 
of one of the oldest firms of tracing-paper manufac- 
_Long-wall chain coal-cutters also formed the prin- | turers in this country, to answer one or two of the points 
cipal exhibit of Messrs. Cowlishaw, Walker and Com- | he raises. 


mounted on a combined ’bus-bar chamber and sledge. 


pany, Railway Works, Etruria, Stoke-on-Trent. These 
Machines are of all-steel construction, the ‘‘ Senior ” 





| first-motion gear for flitting and the second-motion 
| gear for jibbing in and cutting. 


| designed to deal with the liability of the belt leaving 


| House, London Wall, London, E.C.2, included their 


and much appreciate the writer’s very evident desire 
having a height of 1 ft. 84 in., taking undercuts up| to purchase tracing papers of British manufacture. 
to 8 ft. deep, and from 5 in. to 74 in. in thickness.|1 hope he will forgive me for saying that he is in 
The gear-head is fitted with a special slewing device, | error in assuming that oiled or prepared tracing papers, 
the jib being swung round under the coal by totally | whether glazed (shiny) or matt surface, must, of 


enclosed gears and stopping automatically on reaching 
the cutting position. The ‘‘ Junior” machine takes 
undercuts up to 6 ft. deep, the height being 12} in. 
and the cut 44-in. thick. Both machines are provided 
with variable cutting speeds. A compressed-air shaker- 
conveyor drive and an electrical driving gear were also 
shown. The latter weighs 35 cwt. and is capable of 
driving a conveyor up to 160 yards long. 

Messrs. Hardypick, Limited, Heeley, Sheffield, 
exhibited the ‘* Hurd” long-wall chain coal-cutter. 
In this the haulage gear has two trains of gears, the 


A variable-speed gear 
gives any speed from zero to full speed on either first 
or second motion. This gear consists of a three- 
throw crank with link gear, by means of which variable 
angular movement is given to a ratchet strap. The 
strap drives a ratchet wheel and drum through which 
the motion is transmitted to the haulage drum. This 
arrangement provides a continuous feed without notice- 
able jerk or shock. The diameter of the haulage 
drum is the full width of the machine, and the 
turntable and jib are supported on this full width. 
Another feature of this machine is the cutter box, 
which is of entirely new design. The cutters are simply 
driven into and out of the taper slots in the boxes, 
a hand hammer and special tool being employed. 
Among the remaining exhibits on this stand were the 
‘** Hardiax ” coal-cutter, essentially a long-stroke air 
drill, and the * Hardy” electrical heading machine, 
which cuts the coal by rotary action. 
Shaker-conveyor drives and troughing, a gate-end 
loader, and belt conveyors were shown by Messrs. The 
Mining Engineering Company, Limited, Meco Works, 
Bromyard-road, Worcester. In connection with con- 
veyors, the firm exhibited a mangle-roller drive, 


the driving drum in starting up, due to stretch of the 
top section. Mounted at the end of a shaker conveyor 
was a single-jet pneumatic gob-stowing machine, capable 
of either vertical or horizontal adjustment. The exhibit 
of Messrs. Sullivan Machinery Company, 819, Salisbury 


12-in. electric long-wall coal-cutter with a motor rated 
at 30 h.p., and a number of haulage gears, both 
electric and compressed air. The jib of the coal-cutter 
is easily detachable, although rigidly attached to the 
machine and having a bottom-plate bearing. This firm 
also showed a complete compressed-air slusher outfit, 
comprising a compressed-air double-drum haulage, 
mounted on a portable loading slide, as used for the 
clearing of hard-rock headings, and a 36-in. box 
scraper. A gate-end loader having a 24-in. belt, 
fitted with spring-steel crossbars to prevent the coal 
from rolling back was displayed by Messrs. Richard 
Sutcliffe, Universal Works, Horbury, near Wakefield, 
and also a new design of face-conveyor driving head, 
the belt being taken over an auxiliary idler drum 
which projects beyond the main driving head. This 
gives a cleaner delivery of coal. Special attention is 
given to the protection of the belt and to the prevention 
of spilling of coal. 

An electric chain coal-cutter with 5-ft. jib, arranged 
for cutting at the floor level, was shown by Messrs. 
The Uskide Engineering Company, Limited, Newport, 
Monmouthshire, as well as compressed-air and electric 
drives for shaker conveyors. The coal-cutter is provided 
with variable haulage speeds, viz., from 6 ia. to 28 in. 
per minute for cutting and 25 ft. per minute for flitting. 
Messrs. Hugh Wood and Company, Limited, Sun Build- 
ings, Collingwood-street, Newcastle-on-Tyne, showed 
an example of the ** Huwood” patent belt conveyor, 
the framework of which is composed of troughs fitted 
with dowel-pin flexible joints. These are integral 
with the troughs, there being no loose parts, and ensure 
correct alignment of the conveyor so that the belt 
always runs true while allowing the frame to accom- 
modate itself to an uneven or undulating floor. 


LETTERS TO THE EDITOR. 


TRACING PAPERS. 
To tHE Epiror or ENGINEERING. 
Str,—The attention of the Committee of the Drawing 


I have read Mr. Webster’s letter with great interest 











necessity, become brittle and deteriorate rapidly. 
That they do so as a general rule is unfortunately a 
fact, not, however, on account of their method of 
manufacture, but because, owing to the continual 
ery for cheapness, particularly to compete with foreign 
papers, the British manufacturer has been compelled 
to use a base paper made of wood pulp, a material 
that has no lasting qualities. In the old days, when 
cheapness was not the only desideratum, tracing papers 
were manufactured on good British rag paper that 
would keep its strength and transparency for many 
years, and these papers can still be obtained, but are 
naturally, owing to the better material, more expensive. 

With regard to the natural tracing papers to which 
the writer refers, there is no doubt that the English 
mills can more than hold their own with the foreign 
papers, certainly as regards strength. They are, how- 
ever, unfortunately, handicapped at present as regards 
the question of transparency. Experiments are now 
being made by which it is hoped that a paper may be 
produced at home, superior in strength and satisfactory 
in transparency, and much less brittle than the foreign 
transparent paper. 

It may interest your correspondent to know that the 
Drawing Office Material Manufacturers’ and Dealers’ 
Association have lately instituted a Technical Com- 
mittee especially to deal with these subjects, and the 
question of natural or unprepared tracing papers is 
one of the subjects to which they are devoting special 
attention at the present time. Further, it is owing to 
their activities that every member of the Association 
is obliged to mark the goods he factors with labels 
stating whether they are of British or foreign manufac- 
ture, a fact that has evidently enabled your corre- 
spondent to locate the country of origin of his tracing 
papers and write a letter that will certainly encourage 
us to further efforts. 

I am, Sir, 
Yours faithfully, 
S. A. Harpina. 
For S. C. and P. Harpina, 
LIMITED. 


Denmark Hill, S.K.5. 
September 23, 1931. 


DIESEL-ELECTRIC TRACTION. 
To THE Epiror oF ENGINEERING. 

Str,—One of the many fine qualities displayed by 
Faraday was his extreme care to express his thoughts in 
simple and unambiguous language. Engineers, who were 
described tong ago as “‘ men of precision,’ may claim 
to have pursued this ideal with as much assiduity as 
the purely scientific men who stand in the direct 
Faraday tradition. It is only rarely that one encoun- 
ters a statement by a responsible engineer that is serious- 
ly lacking in clearness and accuracy. Where there 
is any fault to find it is usually due to the speaker 
assuming that his audience will, from their own tech- 
nical knowledge, make qualifications which are not 
explicit in his remarks. The danger then arises that 
the public will, in the absence of technical knowledge, 
draw conclusions which the speaker did not intend 
to convey. 
An illustration may be drawn from the speech made 
at a demonstration of a Diesel-electric locomotive 
during the run of the Shipping, Engineering and 
Machinery Exhibition, by Lieut.-Colonel Hitchins. 
According to the Press reports, he stated that ‘* Diesel- 
electric locomotives possessed all the advantages of 
the electric locomotive and operated in precisely the 
same way except that the motive power was generated 
on board the locomotive.” This statement, as it 
stands, suggests that it is a matter of complete indiffer- 
ence, from the point of view of performance, whether 
an electric train is propelled by a self-contained loco- 
motive or from a central source of power. Any non- 
technical reader might be forgiven if he concluded that 
in acceleration and all other operating characteristics 
a Diesel-electric equipment could absolutely equal 
the electric. He cannot be expected to know that the 
carrying of the source of power on the locomotive 
involves disabilities from which electrification proper 
is the only means of escape. The implications of over- 
load capacity, load factor, and diversity factor are a 
mystery to him. Therefore he is bound to acquire 
an erroneous impression of the relative spheres of the 
two systems of traction. 
On any ordinary subject such confusion of thought 
would be regrettable, but not perhaps serious. Railway 
electrificatién, however, is anything but an ordinary 
subject. It is a project of the first magnitude upon 
which the general public will be called upon to express, 
in and through Parliament, a decisive opinion. In 
such circumstances, engineers should adopt special 
precautions to make explicit for the true guidance of the 
Jayman the qualifications which may be left implicit 
when addressing members of their own profession. 
Yours faithfully, 

ApAM Gowans WuyTE. 


69, Lincoln’s Inn Fields, W.C.2. 





September 26, 1931. 
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LABOUR NOTES. 


TuE October issue of the Amalgamated Engineering 
Union’s Monthly Journal gives for the information 
of members, a circular headed “‘ Wages Dispute in 
the Electricity Supply Industry.” The circular 
states that the employers’ side of the National Joint 
Industrial Council for the Electricity Supply Industry 
has requested the employers’ sides of the 13 District 
Joint Industrial Councils to instruct their individual 
undertakings to post notices for a reduction of jd. 
an hour on the present rates of wages, to operate as 
from October 15 or the nearest convenient date thereto. 
‘* This instruction,” the document proceeds, “ is under- 
taken solely on the responsibility of the employers’ 
side of the National Council, and in spite of the opposi- 
tion of the workmen’s representatives on the Council, 
who have refused to accept any reduction of wages, 
not only on account of the abounding prosperity of the 
industry but for other reasons which we shall show. 
If you will refer to Clause 7 of the constitution of the 
National Council you will see that any such proposal 
requires to be approved by a majority of each side 
of the Council separately, and a reference to Clause 11 (a) 
of the same constitution will show you that any cause 
of difference such as the present must be referred to the 
District Joint Councils. We have to point out that 
the National Sliding Scale Agreement never did, in 
fact, interfere with District Council rights of negotiation 
on wages and conditions until the Stabilisation Agree- 
ment of December, 1930, and it was solely because of 
the ruling of the chairman of the National Council that 
the Stabilisation Agreement ruled out local negotiations 
during its existence, that the National Workmen’s 
side was compelled to arrange for the termination of 
the Sliding Scale Agreement in order to restore the 
right of the Areas to such local negotiations. The 
claim of the National Workmen’s Side now is that 
whatever may be agreed to follow the terminated 
Sliding Scale Agreement must be the business of the 
District Joint Councils to negotiate, and that only on 
their failure to come to agreement should the question 
be referred to the National Council for its consideration.” 





” 


‘ Briefly, we assert,’ the circular goes on to say, 
‘*(1) that the employers’ instructions to post notices 
to reduce wages are entirely ultra vires owing to there 
having been no joint agreement to such reduction as 

uired by the National Council constitution; and 
(2) that the financial reasons given as representing the 
industry's need for a reduction are totally inadequate 

. apart from the fact that the cost of living figure 
. . . has been known for years to be some 30 points 
against the wage earner, owing primarily to the opera- 
tion of de-controlled rents. Therefore, the National 
Workmen’s Side finally states in all seriousness that any 
undertaking . . . which proceeds to the posting of 
notices for the reduction of wages before receiving 
authority to do so from the District Joint Council 
concerned (or from the National Joint Council in the 
event of any District Council failing to agree) is acting 
in contravention of the Whitley Council principles 
which have guided the electricity supply industry so 
successfully since the inception of the Council twelve 
years ago.” The circular is signed ‘‘ On behalf of the 
Workmen’s Side of the National Joint Industrial Council 
for the Electricity Supply Industry,” by James Rowan 
(chairman) and Geo. P. Dean (secretary). 


The circular is also reproduced in the Electrical 
Trades Journal, the organ of the Electrical Trades 
Union. Commenting upon its contents ‘ J. R.”’ says: 
‘** From information received, it would appear that there 
is no desire on the part of quite a number of under- 
takings to post notices as recommended. In fact, 
quite a number of them have indicated that they will 
not post notices.” 





The Shipowners’ representatives on the National 
Maritime Board recently presented to the Engineer 
Officers’ Panel a revised scale of pay for engineers on 
motor vessels. The higher rates of pay for engineers 
on motor vessels, as compared with those on steam 
vessels, which were instituted in 1925 to meet the 
difficulty of supplying the rapidly increasing demand 
for engineers capable of running Diesel ships, could 
not now, they said, be justified. Moreover, the position 
had naturally been accentuated by the intense depres- 
sion in the shipping trade, which showed no signs of 
abatement. The reductions proposed would, it was 
added, modify to some extent the disparity between the 
rates paid to the two classes. The engineer officers’ 
representatives stated that they were not prepared to 
assent to the scale submitted by the shipowners, but 
after three conferences a new scale was agreed to, and 
this now supersedes page 16 of the 1931 edition of 
the National Maritime Board Year Book. The last 
paragraph on page 22 relating to transfers is conse- 
quently also cancelled. 





In September, the home branch membership of the 
Amalgamated Engineering Union decreased from 
188,734 to 187,489, and the Colonial branch membership 
from 24,873 to 24,685. The number of members in 
receipt of sick benefit decreased from 3,933 to 2,901, 
the number in receipt of superannuation benefit 
increased from 11,853 to 11,970, and the number in 
receipt of donation benefit decreased from 30,035 to 
13,367. The total number of unemployed members 
increased from 48,166 to 49,567. 





The writer of the editorial notes in the October issue 
of the A.E.U. Monthly Journal claims that the recent 
exhibition at Olympia demonstrated the British engi- 
neer to be still the best in the world. Design, crafts- 
manship, techaique, adaptability and use of material 
with skill and ingenuity were outstanding features, 
he says, of the British exhibits. The perfect balance of 
all the qualities that make for perfect mechanics, that 
give power and durability to a machine, were all very 
noticeable in the British article when compared with 
its foreign competitors, although there was much to 
learn from the latter. It was regrettable, the writer 
thinks, that British machine tool manufacturers did 
not take full advantage of the opportunity to show that 
we still lead the world in design, and the rapid strides 
we have made in this direction even in the last few 
years. Continental manufacturers did not miss the 
opportunity. The exhibition showed, this critic 
goes on to say, that we are spending much more than 
hitherto on experimental and research work. That is, 
in his opinion, all to the good, for the results mean a 
better and still better product in accordance with 
our trade traditions. It also means that the operative 
engineer still requires great skill, but less strain, 
sometimes called labour saving, and that is what the 
operative must watch, and be ever vigilant about. 
The benefits of labour-saving tools and devices, the 
fruits of invention and research, it is declared, must not 
all go in one direction, but be shared by all who contri- 
bute to the industry and its welfare, workers and 
employers alike. 





Writing in the October issue of the Electrical Trades 
Union’s official organ, ‘J. R.” says :—‘‘ There is 
little of a cheerful nature to report in the state of trade, 
although one or two districts have reduced their 
unemployed list; but this may be termed mainly 
seasonal. It would require a very large amount of 
optimism to forecast any early date for a revival, and 
until a large improvement takes place in the large) 
manufacturing industries, I am afraid we shall continue | 
to show an abnormal unemployment list.” 





| 
| 
It is officially stated that considerable progress be 
been made in the endeavour to bring about an agree- 
ment between the Miners’ Federation of Great Britain 
and the other trade unions which have members 
employed in and about mines. ‘* It can be said at once,” 
writes “J. R.” ‘that the old attitude of the Miners’ 
Federation, that every man employed in and about 
a mine must be a member of one of the unions compris- 
ing the Miners’ Federation, will be modified. As a 
result of two joint meetings, a formula has been estab- 
lished, and recommended to the T.U.C. General Council, 
setting up machinery to deal with questions affecting 
those workers who, although employed in and about 
mines are not in the strict sense of the word mine 
workers. To explain this further, take the case of the 
electricians whose wages, it is rightly claimed, should 
be governed by the wages of electricians in other 
employment—a perfectly legitimate claim, but one 
hitherto opposed by the M.F.G.B.” 





Hope is expressed that the present proposals will 
lead to a reversal of the policy that has hitherto 
prevailed. ‘‘ At the last meeting,” “J. R.” says, 
*‘ headway was made with a proposal that an advisory | 
council should be formed consisting of five members— 
two from the M.F.G.B., one representing the colliery | 
enginemen and boilermen, one representing the general 
workers, and one representing craft unions. The latter | 
is the one the E.T.U. is interested in, and, at a meeting 
of the craft unions, it was decided that Mr. J. Kaylor, 
of the A.E.U., should be the representative, and that his 
substitute member should be Mr. J. Rowan, of the 
E.T.U. It was further agreed that any affiliated | 
organisation not directly represented on the National 
Council would be free to submit any difficulties to the | 
General Council of the T.U.C., so as to prevent as far as | 
possible, any friction in the future. It remains to be | 
seen what effect this will have on the power of the trade | 





| 


associations.” 


unions of direct approach to the various seeped 


meeting of representatives of the General Federation 
of Colliery Firemen’s Examiners and Deputies’ Asso- 
ciations in the Miners’ Federation, and that if the 
General Federation desire representation on the 
Advisory Council, a recommendation to that effect 
should be made. The procedure of the Advisory 
Council will be in accordance with the four principles 
recommended to the Congress held at Hull in 1924 for 
the guidance of unions in their organising work. It is 
hoped that agreement will be secured from each union 
that, in districts where it has no membership, it will not 
begin organising work. It is proposed that the Council 
shall consider the possibility of drawing lines of demar- 
cation in the light of experience in the various districts, 
and having regard to the position of the unions con- 
cerned. If possible, the Council will arrange joint 
action in organising work under the auspices of the 
General Council. It will also deal with questions 
regarding the mutual recognition of cards, it being 
understood that, so far as the Miners’ Federation is 
concerned, union cards of men temporarily engaged in 
the mining industry would be recognised by the 
Federation. 





A Decree issued by the Provisional Government of the 
Spanish Republic lays down the principle that the hours 
of work of any person employed on account of another 
in a public or private undertaking must be eight in the 
day. In special cases and by agreement, hours of 
work may be calculated on a weekly basis, on condition 
that the daily hours do not exceed nine. These pro- 
visions do not apply to persons performing adminis- 
trative or similar duties, whose work for that reason 
cannot be subjected to strict limitation, or to domestic 
servants, hall porters, rural guards or shepherds. 
Overtime is permitted up to a maximum of 50 hours 
a month and 120 a year; in special cases 240 hours 
may be worked in a year. Overtime must be paid for 
at 25 per cent. above normal rates; if worked after the 
tenth hour of the day’s work or during the night or on 
Sundays it must be paid for at least 40 per cent. above 
normal rates. For women, hours of work may not in 
any event exceed a maximum of 10 in the day; over- 
time worked by women must be paid for at 50 per cent. 
above normal rates. All overtime is prohibited for 
young persons under 16. Hours of work lost through 
keeping traditional holidays, other than Sundays, or 
through unavoidable circumstances, may be made up 
on certain conditions and within certain limitations. 
Penalties are provided for contravention. For a first 
offence fines varying from 25 to 250 pesetas are pro- 
vided, and the fine is doubled for each subsequent 
offence. 





On October 5, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
2,108,511 wholly unemployed, 567,472 temporarily 
stopped, and 115,537 normally in casual employment, 
making a total of 2,791,520. This was 33,252 less 
than a week before, but 615,329 more than a year 
before. On September 28, the number of wholly 
unemployed persons was 2,080,659. Of the total 
number on October 5, 2,058,634 were men, 74,894 
boys, 599,743 women, and 58,249 girls. 





The Times’ correspondent at Geneva states that at 
a meeting on Tuesday of the Governing Body of the 
International Labour Office, M. Oersted (Denmark), 
on behalf of the employers’ group, asked that in view 
of the seriousness of the economic situation in all 
countries, no new items should be put on the agenda 
of the International Labour Conference which would 
be likely to impose new burdens on industry. The 
employers’ group, he said, would continue to support 
the International Labour Organisation, but it considered 
that the Organisation should seek to render more 
secure the results already obtained, rather than to 
undertake new ones. M. Jouhaux (France), on behali 
of the workers’ group, protested that the employers 
suggestion, if adopted, would stop the work of the 
International Labour Organisation just when, owing 


| to the serious crisis from which the world was suffering, 


it was especially required to prevent extremely grave 


| social troubles. The proposal was rejected by 14 votes 


to six. 





Propvuction oF Leap aT Mount Isa, QUEENSLAND.— 
The importance of the Mount Isa mine as a producer of 


| lead appears to be fully established, according to informa- 


tion recently received from Australia. The mine 1s the 
property of Messrs. Mount Isa Mines, Limited, and 1s 
situated in North Queensland, about 60 miles west ot 
Cloncurry. It is stated that the crushing mills of the 
plant are dealing with 1,200 tons of ore a day, and that 
this total will shortly be increased to 1,500 tons. The 
smelting plant is gradually increasing its output, and 
the lead produced is stated to contain few impurities. 


| The crude lead is despatched to the port of Townsville, 


According to the weekly official organ of the Trades | , distance of about 550 miles, and is shipped to Loudon, 


Union Congress General Council, the suggestion +“ 


been made that the General Council should call a 


where it is finally refined in the Company's own refinery 
at Tilbury Docks. 
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THE OZALID DEVELOPING 
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THE OZALID DEVELOPING 
MACHINE. 


In modern works practice, it is usual for copies of 
each drawing to be sent to a number of different 
departments, and in one system, the drawing in effect 
constitutes the job sheet. A relatively large number 
of prints from each drawing are, therefore, com- 
monly required, and although much ingenuity has 
been devoted to printing processes, economy in print- 
ing time is sometimes largely offset by time lost 
in developing, washing, and drying. A dry system 
of printing is probably the nearest approach to the 
ideal, and in the Ozalid-Fuke machine developed by 
Messrs. the Ozalid Company, Limited, 1, Central- 
buildings, S.W.1, and illustrated in Figs. 1 to 4 on this 
page, the operation has been made exceedingly simple. 
All that is necessary is to feed the undeveloped prints 
through a slot into the machine, from which they are 
discharged a few seconds later as developed, fixed and 
dry prints, ready for immediate use. A special paper 
is used, which is printed in a similar manner to Ferro- 
Prussiate or Ferro-Gallic papers, either by natural or 
artificial light. The exposure required is about half 
that for Ferro-Gallic paper. 

The developing process consists essentially of expos- 
ing the surface of the undeveloped prints to a warm 
humid atmosphere charged with a small quantity of 
ammonia gas, and the details of the operation of the 
machine will be understood by reference to Figs. 1 to 
3. The prints are placed on the shelf shown at the 
front in Fig. 2 and fed through the slot. They are 
automatically picked up by travelling endless fabric 
belts, shown in Figs. 2 and 3, and carried round between 
the belts and the periphery of a fabric-covered drum, 
after which they are discharged into the aired delivery 
chamber at the base of the developer. The rotating 
parts are driven by a }-h.p. totally-enclosed electric 
motor, shown in Figs. 2 and 3, through suitable reduc- 
tion gearing, and the same motor is used to drive a fan, 
the function of which is to exhaust the air from the 
delivery chamber, and thus free the surface of the 
developed print from all ammonia fumes. The motor 
is of the universal type, and a governor is fitted to 
limit its maximum speed to prevent overspeeding and 
consequent faulty development. The ammonia-gas 
generating plant is accommodated in a separate com- 
partment, shown in Fig. 1, at one end of the machine. 
The main unit of this equipment is a compact electri- 
cally-heated vaporiser, of a type manufactured by 
A. Reyrolle and Company, Limited, Hebburn-on-Tyne, 
who also make the complete machine. This vaporiser, 
which is illustrated in Fig. 4, consists of an outer 
steel casing or jacket with a water-inlet pipe near the 
bottom, and a steam-outlet pipe at the top. Into this 
Jacket is fitted an immersion-heater, so constructed 
that it can be withdrawn from the casing without 
draining off the liquid. A 3-pin inlet socket is con- 
nected directly to the heater element, and the wiring 
's such that a choice of three heats is available merely 
by inserting the inlet plug in one of its three possible 
Positions, the contact-pins being symmetrically dis- 
Posed 120 deg. apart. Thus three different rates of 
Yaporisation are available, and the plug and socket 
are suitably marked to indicate the positions corre- 
‘ponding to the different heats. 
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the reservoir tank, shown in Fig. 1, in the top part of 
the machine, and feeds by gravity to the vaporiser 
through a float-chamber, the function of which is to 
maintain the liquid in the vaporiser automatically at 
constant level. Visual indication of this level is ob- 
tained from a water-gauge glass, and the rate of flow 
to the vaporiser can be regulated or cut off altogether 
by means of a hand-adjusted needle-valve fixed to the 
base of the vaporiser, and projecting through the front 
of the machine casing. The valve is of rustless steel, 
to ensure reliability by preventing corrosion. The 
evaporated liquid leaves the vaporiser by the outlet 
pipe at the top, and passes into a jet-tube, which is 
fixed lengthwise in the machine close to the endless 
belts. This tube is fitted with a series of suitably- 
graded jets, which direct the vapour oa to each of the 
belts in the correct proportion, but not on the surface 
that comes into contact with the prints. The develop- 
ing process is thus quite dry, and true-to-scale undis- 
torted prints are always obtained. 

To bring the machine into action, the vaporiser 
is switched on to the high heat, and this produces 
evaporation in ten minutes, after which time the 
machine is ready to receive prints. The drum and 
endless fabric belts are set in motion by starting the 
motor, and the vaporiser is adjusted to medium or low 
heat according to the amount of developing to be 
done. The running costs are stated to be extremely 
low, a machine working at full load, and capable of 
coping readily with the requirements of the average 
drawing office, requiring only 0-7 to 0-9 B.O.T. units 
per hour, with a water consumption of 300 c.c. per hour 
and a similar ammonia consumption. The actual 
capacity of the developer when running at fuil load is 
over 3,500 ft. of 40-in. wide paper per day of seven 
hours. It can, therefore, comfortably take the output 
of two photo-printing machines, and one of the original 
developers has been doing this since its installation 
nearly two years ago. On the other hand, the require- 
ments of printing-rooms with a much smaller output, 
or with a fluctuating output, are adequately met by 
the appropriate use of the 3-heat control, and by 
adjusting the motor speed to a suitable value, for 
which purpose a regulator is incorporated in the 
machine. 

In addition to giving dry positive prints, the process 








A weak solution of liquid ammonia is contained in 


enables drawings to be reproduced direct on tracing 
cloth, or on cellophane. Additional negatives can 
thus be made quickly when required, and in some 
circumstances it is possible to eliminate the operation 
of tracing, with its need for checking against possible 
errors. The all-steel construction of the developer 
proper makes the apparatus robust and compact, and 
ensures alignment of the various parts under all 
climatic conditions; and a polished hardwood casing 
gives a pleasing exterior in conformity with other 
equipment of the printing-room. 








LECTURES ON RESEARCH INTO INDUSTRIAL ACCIDENTS. 
—Under the auspices of the National Institute of 
Industrial Psychology, a course of three public lectures 
on ‘ Recent Research into the Causes of Industrial 
Accidents ”’ will be delivered by Mr. Eric Farmer on 
Mondays, November 2, 9, and 16, at 6 p.m., at the 
Royal Society of Arts, John-street, Adelphi, London, 
W.C.2. Admission to the course, which has been 
arranged under the Heath Clark Bequest, is free, and 
no tickets are required. 







MACHINE FOR PHOTOGRAPHIC PRINTS. 

















Fig. 4. 


THE ACOUSTICAL PROBLEMS OF 
BROADCASTING STUDIOS.* 


By Nort Asupringe, B.Se., A.M.Inst.C.E. 


Tue regular broadcasting of music by the medium 
of wireless transmission began in this country in 
1922, although, for some years previously, there 
had been experimental transmissions from various 
research stations. Naturally, the quality of reproduc- 
tion at that time was vastly inferior to the standard 
which is acceptable to-day. Probably the two most 
outstanding causes of distortion at that time were 
the microphone and the loudspeaker, but the other 
components which made up the complete chain from 
the studio to the listener also introduced successive 
distortion, but, generally speaking, to a less extent. 
Thus, the microphone in general use in this country 
during the early days was originally designed for 
commercial speech, and was based on the familiar 
instruments still used for ordinary commercial tele- 
phony. Reception was by means of telephone ear- 
pieces, also originally designed for commercial telephony 
and telegraphy, although there were in existence 
certain early forms of “trumpet” loudspeaker, 
capable of a similar limited response to musical 
frequencies. It was not usual then, as it is to-day, 
to make precise measurements of acoustical perform- 
ance, but it may be said that, in general, little or no 
reproduction took place at frequencies below 250 cycles 
per second, or above, say, 3,000 cycles per second. 





Moreover, these early microphones were always used 
very close to the source of sound ; in fact, in the case 
of singers and speakers, only a matter of 2 or 3 in. 
away from the performer. This arose partly from the 
fact that high magnification distortionless audio- 
frequency amplifiers had not been fully developed, 
but it also minimised the effect of bad studio acoustics. 

For these reasons, the careful study of studio condi- 
tions was not, at first, undertaken. Quite naturally, 
attention was paid to the more serious sources of 
distortion, such as microphones, transmitters and 
associated apparatus. Very soon it became obvious 
that, when music was played in a fairly large room 
where the walls and ceiling had surfaces consisting 
largely of hard plaster, the reproduction sounded too 
resonant. This meant, of course, that the reverbera- 
tion period of the room was too great in relation to its 
size. 





* Paper read before Section G of the British Associa- 
tion, London, on Friday, September 25, 1931. 
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It is, perhaps, desirable at this stage to explain 
exactly what is meant by the term reverberation 
period. If a constant source of sound, such as a 
musical instrument playing a steady note, begins to 
operate, the intensity of the sound experienced by the 
ear does not reach its maximum value instantaneously, 
but builds up gradually, reaching a steady value a 
second or two later, depending on the characteristics 
of the room. This steady value is, of course, main- 
tained as long as the instrument continues to play. 
If the sound is suddenly interrupted, the sound energy 
in the room dies away gradually, in a similar way, 
and continues to be heard for a short time after the 
source of sound is cut off. The time taken for a fairly 
loud sound, such as that produced by a large loud- 
speaker, to die away to inaudibility, is known as the 
reverberation time or period, and is a constant at any 
particular frequency for the particular room concerned. 
The sound intensity dies away according to a logarith- 
mic law, and the reverberation time is defined as the 
time taken for the average sound intensity in the room 
to decrease by 60 decibels; that is to say, a ratio of 
a million to one in energy. 

The next step was to treat the walls, ceiling and floor 
of studios with sound-absorbing material, to such an 
extent as to give an almost entirely ‘‘ dead”’ effect. 
For example, the first studio to be constructed at the 
present B.B.C Headquarters, Savoy-hill, was treated 
in the following way. The dimensions were 40 ft. long 
by 19 ft. wide by 114 ft. high. The walls were covered 
with five thicknesses of hessian mounted on battens, 
the walls behind consisting of lathe and plaster. Over 





of the studios, which in those days were mainly some- 
what small. This question is, in fact, a highly import- 
ant one, and it still presents some difficulty in connec- 
tion with modern studios designed to have the correct 
reverberation period. The question is considered more 
fully in a later section of this paper. 

During the period when most studios in use were 
heavily damped, Messrs. H. J. Round and A. G. D. 
West developed a method of increasing the apparent 
reverberation period of studios of any size, to a degree 
which was readily adjustable, by using a method of 
super-imposing artificial reverberation by a combina- 
tion of electrical and acoustical means. The method, 
in the form in which it was most generally used, is 
readily followed by reference to the diagram, Fig. 1. 
Studios are equipped with a single microphone M,, the 
output of which is passed through an ordinary micro- 
phone amplifier A,, which is arranged for a double 
output, asshown. One output from A, passes through 
M.U. direct to A,, a variable-gain amplifier, which is 
used to regulate the level of the input to the lines to 
the transmitting station. The second output passes to 
a loudspeaker amplifier A;, which is connected to a 
loudspeaker in the reverberation room. In the latter 
there is a microphone M,, which may be mounted 
to face in any direction, usually determined by trial. 
The output from the second microphone is amplified 
by A,, and then passed to the mixing unit MU, which is 
a device for adjusting the ratio of the two components 
which form the input to the amplifier A,. The rever- 
beration room should be at Jeast as large as the studio 
itself for the best conditions, although this is often 
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the hessian there were curtains of a soft gauze material | 
hanging in loose folds. The ceiling was also covered 
with five thicknesses of loose draping of hessian. The 
floor was covered with one thickness of felt and a heavy 
pile carpet. The mean reverberation period of a 
studio of this description is of the order of 0-1 to 0-2 
sec. In practice, this means that there is little or no 
reflection from the various surfaces, and an effect is ob- 
tained similar to that given were the music performed in 
a clear space in the open air. The result was complete 
absence of resonant quality in the reproduction, which 
was certainly not pleasing to the ear. Moreover, the 
absence of reverberation of this description is very 
noticeable to the performer, even when speaking, and 
in the case of music, particularly in singing, consider- 
able difficulties are imposed on the artists. 

Following on this, studios were constructed with less 
sound-absorbing material on the wall surfaces, and for 
some time it became common practice to drape the 
walls and ceiling with curtains only, consisting of 
casement cloth, or similar material, hanging in loose 
folds, and to cover the floor with several thicknesses of 
felt and a heavy carpet. A certain amount of improve- 
ment was obtained by omitting some of the damping 
in this way, but the results were not entirely satis- 
factory from two points of view. In the first place, | 
when scientific measurements of the reverberation | 





bass end, a state of affairs | 


was much greater than at the | 


which gives rise to a ‘‘ boomy” effect, which is the 
more noticeable the better the receiving apparatus. | 
In addition, the reverberation periods of the larger | 
studios which were treated in this way were still too | 
short. Variation of the amount of the wall surface | 
covered by making the draping adjustable in extent | 
was not found satisfactory. 

However, the fact that such studios were excessively | 
damped had some compensation, because it reduced the | 
undesirable effects due to the presence of too large 
a number of performers in relation to the dimensions | 


difficult to realise in practice, owing to considerations 
of economy. The walls, ceiling and floor of this room 
should be absolutely rigid, consisting of brick walls, 
several bricks thick, which are rendered with hard 
plaster having a smooth finish. By this means, the 
room should add reverberation to approximately the 
same degree over all audio frequencies. In practice, 
it has frequently been necessary to use rooms smaller 
than the studio, and good results have been obtained, 
on a basis of trial and error, by using long narrow 
rooms resembling passages. As already mentioned, the 
advantage of such an arrangement is that the effect 
is readily adjustable, and when used in conjunction 
with a highly damped studio the effects of too great 
a volume of sound in the studio are obviated or lessened. 

It is a somewhat remarkable fact that the quality, 
as judged aurally, is satisfying to a considerable extent, 
and the results given are definitely an improvement 
as compared with those with a very highly damped 
studio by itself. It is possible even to imitate the 
acoustics of a church or a large empty hall by using a 
large amount of artificial reverberation, a possibility 
which is often made use of in connection with dramatic 
productions. 

However, the results from the musical point of view 
are definitely inferior to those given by a studio of the 


P € r correct size and reverberation characteristics, which is | 
period were made, it was found that the absorption at | only what might be expected. For this reason, the | 
the higher end of the scale of musical frequencies present practice adopted by the B.B.C. is to dispense | 


with artificial reverberation wherever possible, and to 
design studios which themselves shall have the correct 
acoustical qualities. Nevertheless, the artificial device 
has in the past been extremely useful, and is still likely 


to remain in use where an unusually long reverberation | studio, and, incidentally, Cape OE: 
|in connection with the control of the ventilation itse!. 


period is required to produce some special effect. 

The more outstanding conditions which must be 
satisfied in the design of a broadcasting studio are the 
following :— 


(1) The type of construction of the building as a 


whole must be suitable. 











(2) The ratio of dimensions of the studio must 
conform to certain somewhat broad limits. 

(3) The mean reverberation period must be correct 
in relation to the volume of the studio. 

(4) The curve of the reverberation period, plotted 
against frequency, must be sensibly linear within 
the range of musical frequencies. 

(5) The volume of the studio must be suitable for the 
volume of sound which it is proposed to produce, 
or, broadly speaking, the number of instruments 
which will be included in the orchestra for which 
the studio is intended to be used. 


Before passing on to consider in detail each condition 
which has to be satisfied, it is, perhaps, desirable to 
point out that economic and practical considerations 
frequently prevent the adoption of an ideal specifica- 
tion. Nevertheless, the following remarks will serve 
to indicate the lines on which the problem is approached 
by the B.B.C. The first consideration is to ensure 
that no spurious sound shall reach the studio at an 
audible level. It is usually considered satisfactory if 
such sounds can be kept down to a level corresponding 
to 50-60 decibels below the music level. It is not 
proposed to describe at great length all the precautions 
which are taken to attain this end, since these are, in 
part, more or less well-known architectural practice. 
There are, however, certain special precautions which 
arise in connection with broadcasting studios. Most 
modern buildings of considerable size are built on the 
steel-frame principle, and, in these circumstances, the 
danger of transmission of sound from one part of the 
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building to another is greatly increased. It is con- 
sidered doubtful whether it would be satisfactory to 
operate a number of studios simultaneously in a build- 
ing of this type, assuming, of course, that one or more 
of the studios contained combinations of several 
performers. It would seem necessary, therefore, that 
in a new building intended to house several studios, 
continuous steel-frame construction should be avoided. 
Thus in the new B.B.C. building at Langham-place, 
the studios are contained in the central portion of the 
building, the walls of which are constructed mainly of 
brick, steel girders being used only in the lower portion, 
and not in such a way as to cause transmission of 
sound from one studio to another. It should also be 
pointed out that, even in buildings where only one 
studio is in operation at a time, the noise of machinery, 
which may be housed some distance from the studio, 
may be transmitted by the steel girders. : 
While dealing with the subject of the transmission 
of spurious noise from one studio to another, it 1s 
desirable to mention the possibility of this arising in 
connection with ventilating plant. When studios 
are situated in large cities, it is usually necessary to 
insulate them entirely from the outside atmosphere, 
in order to exclude traffic and similar noises. This 
involves the installation of a complete system of air- 
conditioning plant, blowers, ducts, &c. If an attempt 
is made to feed a number of studios from the same plant. 
there is a strong probability that sound will travel 
from one studio to another by way of the air ducts. In 
actual fact, this difficulty was experienced in the 
early days of the B.B.C. at Savoy-hill. The difficulty 
can be remedied by supplying separate plant for each 
this simplifies other problems 


Even so, precautions must still be taken to prevent 
noise from the blowers reaching the studios by the 
air ducts. This is effected by reducing the noise made 
by the blowers themselves to a minimum, and by 
lining the ducts with sound-absorbing material -— 
dividing up the cross section of the duct by longitudina 
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baffles, also constructed of sound-absorbing material. | 
Apart from the question of sound insulation, it is of 
the utmost importance to ensure that the walls, floor 
and ceiling of a studio should be absolutely rigid, and 
exhibit no tendency to act as a flexible diaphragm 
under the influence of sound waves. It is very fre- 
quently possible to predict that an existing wall or 
partition will behave in this way merely by striking it 
a sharp blow with the fist, when, in bad cases, the 
wall or partition will emit a sound which by its nature 
will indicate roughly the frequency at which the 
diaphragm effect will be resonant. Measurements have 
been carried out in a number of cases where this 
diaphragm action was known to exist, and from the 
results it would appear that when a wall acts as a 
resonant diaphragm the effect on the reverberation- 
frequency curve is to increase the period at the reson- 
ant frequency, if the mechanical damping of the 
partition is small. Statements are sometimes made 
which imply that a resonant partition increases the 
sound energy in the room. This is clearly impossible 
unless there is some direct mechanical connection be- 
tween the source of sound and the partition, enabling 
the latter to increase the radiation efficiency of the 
source at the resonant frequency. In the normal 
case, when no such connection exists, a resonant 
partition can only act as an absorber of energy, to 
an extent depending on the degree of mechanical 
damping. It does, however, act as a reservoir of 
energy, which it continues to radiate after the true 
source has ceased, thus increasing the apparent 
reverberation period. If the damping is small, the 
effect will be a considerable increase of apparent re- 
verberation time, accompanied by a slight decrease of 
the original intensity, compared with conditions which 
would occur if the resonant partition were made rigid, 


The only criterion as to whether a studio or concert 
hall is satisfactory or not from a musical reproduction 
point of view, is the opinion of a number of people 
competent to judge musical quality, and the only 
way in which such an opinion can be formed is, in the 
first instance, by aural tests. The problem, therefore, 
is not an entirely definite one, and differences of opinion 


bound to cause some complication. Nevertheless, 
it has been found that the physical property that almost 
entirely determines the value of the reproduction a 
studio is capable of giving is the reverberation period, 
as already defined. Moreover, it has been found that, 
for a given size of hall, the reverberation period should 
always be the same. Strictly speaking, from this it 
follows that a given orchestral combination should 
always play in a hall of a given size, and this hall 
should always possess a definite reverberation period. 

It is, perhaps, desirable to digress somewhat at this 
point, in order to describe how this quantity is measured 
in practice. The method used in connection with 
B.B.C. work is similar to that used by several other 
workers on this subject, but the following brief descrip- 
tion may be of interest to those who are not familiar 
with this type of work. The general lay-out of the 
apparatus is shown in the schematic diagram, Fig. 2. 
A loudspeaker provided with pure tone is used as the 
source of sound of the required frequency, and, in order 
to minimise standing-wave effects, which always render 
acoustic measurements more difficult, a “‘ howling” 
tone is employed, that is to say the frequency of the 
tone is varied over a range of about 10 per cent. of its 
mean value about ten times per second. A condenser 
microphone is used to investigate the sound intensity 
set up in the room, and is provided with a microphone 
amplifier of normal characteristics. This amplifier 
is provided with a low-impedance output, which is 





assuming that absorption elsewhere in the room is the 
same in both cases. If the damping is greater, the 
partition becomes an efficient absorber of energy, and 
the reverberation period may even be reduced at the 
resonant frequency as well as the intensity of sound, 
though not so much as if the same amount of absorp- 
tion had been introduced by means not involving 
resonance. In any case, an undesirable state of affairs 
is set up, and partition resonance is to be avoided at 
all costs, if possible. This difficulty, when it occurs 
in an existing building, is unquestionably a very real 
one, and there is no simple solution, unless the extreme 
step is taken of rebuilding the unsatisfactory portion of 
the structure. The course which would appear to be 
safe is to build studio walls with several thicknesses 
of brick. There are, however, several special methods 
of forming partitions and ceilings which may be 
entirely satisfactory, and usually less costly. It is, 
however, almost essential to consider every case on its 
individual merits. 

It is not considered that any definite ratio of the 
dimensions of the studio need be adhered to rigidly, 
but in music studios the length would normally be 
made from 25 to 75 per cent. greater than the breadth, 
whilst considerable height is considered to be a very 
definite advantage. It has to be borne in mind that 
economic considerations are bound to carry consider- 
able weight in laying out a new building which is to 
stand on a site of fixed dimensions, while in adapting 
an existing building the practical difficulties are usually 
even greater. It is for this reason that considerable 
advantage is obtained when studios can be built in non- 
congested areas, so that the building may be planned to 
fit its precise requirements. This is very seldom 
possible, since it is usually necessary to locate studios 
in or near the centres of cities, but it is interesting to 
note that it has been done, to some extent, in Berlin. 

In the case of larger studios, such as those’ ntended 
for orchestras exceeding, say, 20 players, the layout 
of the instruments in relation to the conductor and the 
microphone has to be taken into account when fixing 
the dimensions, apart from acoustical effects. It is 
obvious, for instance, that every performer must have 
a clear view of the conductor without being obliged 
to turn his head, while the microphone must be suffi- 
ciently far from the nearest instrument to prevent over- 
loading; at the same time, the more distant instru- 
ments must not be too far away. The difficulty, 
however, only becomes acute in connection with very 
large orchestras of 80 players and upwards. This 
question of arranging the performers so that the correct 
“balance” is maintained is extremely complicated, 
since the best positions will not be the same in two 
different studios of approximately the same size, yet 
possessing different acoustical properties. At the 
Same time, there are several factors connected with 
musical technique which complicate the problem. The 
question is referred to again in later sections of this 
paper, particularly in connection with the correct 
volume of the studio for a particular purpose. It is 
interesting to note that Mr. O. B. Hanson, of the 
National Broadcasting Corporation of America, advo- 
cates a ratio of 2:3: 5, for height, width and length, 


connected to the input of a second amplifier of known 
| gain, which may be termed the standard amplifier. 
This amplifier has also a low-impedance output, which 
is connected to a suitable load resistance. 

| In order to obtain a measure of the sound intensity, 
a device known as the ‘‘ reverberation meter” is used. 
| This consists of a third amplifier, provided with a 
high-resistance input, and embodies two stages of 
|resistance-coupled amplification operating a diode 
| rectifier, and giving a reading on a direct-current 
|milliammeter approximately proportional to the 
alternating current voltage applied to the input. 
This rectifier is followed by a stage of battery-coupled 
amplification operating a relay which can be set to 
break contact at any selected value of the reading 
| on the direct-current milliammeter. For convenience, 
this value is usually selected as 1 milliampere. 

| The procedure adopted in making a measurement 
|is to operate the loudspeaker and to adjust the gain 
| of the microphone amplifier until the standard reading 
of 1 milliampere is obtained on the reverberation 
| meter, the input of the latter being connected in parallel 
with the input of the standard amplifier. The rever- 
beration meter is then connected to the output of the 
standard amplifier, which is provided with limiters 
to prevent excessive output under these conditions. 
The tone from the loudspeaker is now interrupted by 
means of a suitable operating key, and when the sound 
intensity in the room has fallen to that fraction of the 
initial intensity represented by the gain of the standard 
amplifier, the reverberation meter relay breaks contact. 
This relay contact is connected in series with a second 
pair of contacts on the loudspeaker-operating key, 
arranged to “make” at the instant of interrupting 
the loudspeaker tone, and the circuit so formed is 
applied in series with a suitable battery to a form of 
chronograph. A record is thus obtained of the time 
interval elapsing between the cessation of the tone 
from the loudspeaker and the decay of the sound inten- 
sity to a known fraction of the initial value. It is 
known that the sound decays according to a logarithmic 
law, and hence the result can be extrapolated from 
35 decibels, the gain of the standard amplifier, to 60 
decibels, as required by the definition of reverberation 
period. In B.B.C. practice, a Duddell oscillograph 
with a film moving at about 6 in. per second is used 
as the chronograph, the time scale being provided 
by a device operated by a 50-cycle tuning fork and 
graduating the record in fiftieths of a second. It is 
customary to make measurements with the micro- 
phone in at least five different positions in the room 
under test, to compensate for variations in the initial 
intensity pattern. In these circumstances, the mean 
result can be reproduced to within a few per cent. 

If we can determine first of all the optimum rever- 
beration period for a concert hall when used for direct 
listening, we can afterwards consider what modification 
is necessary for broadcasting studios. Several autho- 
rities have investigated the problem, as applied to 
direct listening, by plotting curves showing the existing 
reverberation period in relation to the volume for a 
number of different concert halls the musical perfor- 
mance of which was known. It was found that the 











in @ paper printed in the Proc. J.R.E., 1931, vol. xix, 
page 17, 


values of reverberation period for those halls which 


amongst the musical experts themselves are always | 


were considered satisfactory by musicians, lay on a 
smooth curve, whereas those for halls giving poor 
acoustical quality lay either above or below the smooth 
curve. Fig. 3 shows two curves of optimum values 
plotted against volume, according to Mr. F. R. Watson. 
Curve A is only for music, and curve B is for halls 
intended both for music and speech. 

Since the existence of reverberation involves an 
intermingling of any one particular sound with the 
sound immediately following it, it follows that if the 
value is excessive there is bound to be some blurring, 
and this effect is much more obvious in the case of speech 
than in music. Thus, if a hall is required for speech 
in addition to music, the reverberation period is usually 
fixed at a lower figure than might be considered the 
optimum for music only, as indicated by the two curves 
in Fig. 3. It will be noticed that the difference between 
the two curves is slight, but obviously curve B is in the 
nature of a compromise. 

As already stated, the basis for these curves is mainly 
practical experience, and since the whole aim of the 
designer should be to satisfy musical taste, it is consi- 
dered that this basis is a sound one. However, a 
paper by Mr. W. A. MacNair, entitled ‘‘ Optimum 
Reverberation Time for Auditoriums,’ was recently 
published in the Bell System Technical Journal. This 
paper treats the matter from the more theoretical 
standard, and although there is some agreement with 
the empirical curve, it is doubtful whether, at the 
present state of development, it is possible to rely 
only on theoretical curves. There are, however, 
various other considerations to take into account before 
| we can decide to what extent the curves intended for 
| concert halls can be adopted for studios used only, 
|or mainly, for indirect listening. These factors are 
dealt with in a subsequent section of this paper. It 
will be realised, however, that if we adopt the curves 





|as shown in Fig. 3 or a variation of them, the rever- 
| beration time is fixed when once the size of the studio 
|is fixed, and this will be irrespective of the different 
| types of musical performance for which it may be 
used. If we can do this, all that remains is to provide 
the correct amount of such sound-absorbing material 
as will satisfy conditions. 

When the reverberation period is measured, for 
instance, by the method already described, it is obvious 
that any audio frequency may be chosen for the source 
of sound, but it does not follow that the same result 
will be obtained at other frequencies. In many cases, 
it appears to be the practice to make these measure- 
ments only at the frequency corresponding with one 
octave above middle C on the piano—that is to say, 
512 cycles per second. It is considered highly desirable, 
however, for broadcasting studios, that all frequencies 
between, say, 40 and 10,000 cycles per second should 
be considered, and that the curve should be level 
over this range within a fairly wide tolerance—say of 
the order of 20 percent. In practice, nevertheless, one 
has usually to be content with making measurements 
over the range of frequencies between about 100 and 
6,000 cycles per second, owing partly to the difficulty 
of obtaining sufficient sound energy from loud-speakers 
outside these limits, and partly to the fact that compli- 
cations occur at frequencies above about 5,000 cycles, 
probably due to appreciable attenuation of sound 
waves in the air itself at these higher frequencies. 

It would seem that a slight slope downwards towards 
the high frequencies may be of some advantage for 
broadcasting, although a marked increase at the bass 
end, such as has been suggested by McNair in the 
paper already referred to on theoretical grounds, will 
give rise to what is usually termed “ bass blasting,” 
which, as already stated, gives a kind of ‘‘ booming” 
effect. On the other hand, an excessively long period 
at the high frequencies gives a harsh effect to the 
stringed instruments, which is even more unpleasant 
to listen to. 

The above remarks apply chiefly to broadcasting 
studios intended mainly for general purposes. There 
are, however, several cases which require special 
treatment; for example, studios intended for the 
production of dramatic effects. In this case, it is 
desirable to have a reverberation period which can 
be varied over very wide limits, and, for this reason, 
it is desirable to treat the studio itself with sufficient 
sound-absorbing material to remove practically all 
reverberation. The required amount can then be 
added by the artificial method already described, 
and because the latter is adjustable, great advantage 
is gained by its use. The fact that artificial reverbera- 
tion does not produce the same musical quality as a 
correctly balanced studio is not serious for this purpose. 


(To be continued). 











THe MANUFACTURE OF Motor Cark Parts IN AUs- 
TRALIA.—It is stated that an agreement has been reached 
whereby stocks of motor car parts and accessories will 
be manufactured for Messrs. General Motors (Holdens), 
Limited, at the Commonwealth Ordnance Factory at 
Maribyrnong, Melbourne, including new parts and 





replacements, 
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DOUBLE-SEATED STOP VALVE. 

THE increasing use of high steam pressures has not 
been unaccompanied by trouble with stop valves, as a 
slight leakage past the valve is much more deleterious 
to the seating than when low pressures are employed. 
The repair of such valves usually involves their removal 
from the pipe line, a lengthy and troublesome process, 
to say nothing of the often considerable interruption 
of the steam flow. With these facts in mind, Messrs. 
Gummers, Limited, Effingham Iron Works, Rotherham, 
have designed a stop valve, of the globe type, all the 
working parts of which can be readily removed without 
interfering with the valve chest or even the cover. 
This valve, which they have named the Twintite 
plunger stop valve, is illustrated in the accompanying 
Figs. 1 and 2. As may be inferred from the name, 
steam tightness is obtained on two faces, one formed 
by the insertion of a plunger into a ring of elastic 
material, the other by a mushroom valve seating on 
to a flat renewable ring. 

The valve is shown open in Fig. 1. The chest and 
covers are of cast steel, and call for no other comment 
than that the top cover has a projecting cylinder in 
which the balancing piston of the valve works. This 
piston is of gunmetal. The joint of the bottom cover 
is not made on the flange, but by a spigot, and it also 
serves to keep the renewable seat ring in place. The 
valve disc is screwed on to the balancing piston and 
secured by a stainless steel locking washer of the spring 
type. The lower part of the valve spindle is of stainless 
steel and is coupled to the bronze screwed upper part 
by a connecting bush and pin, the removal of which 
permits the valve, piston and spindle to be withdrawn 
through the opening in the bottom of the chest for 
examination or repair. The valve disc and seat are 
of a copper-nickel alloy. The seat is a shallow ring 
with a narrow face for the valve disc, and is therefore 
inexpensive torenew. It is held in place by the pressure 
of the bottom cover acting through a stainless steel 
cage and two rings of special asbestos. 

The upper asbestos ring has two functions. It 
provides a cushion for the metal seat, which auto- 
matically corrects any distortion or misalignment, 
thus permitting complete contact with the shoulder 
of the valve disc. Secondly, it makes another closing 
surface by pressing against the plug shaped portion 
of the valve disc. On screwing the disc down, the 
plunger portion, which has a taper end, passes into 
the asbestos ring with which it makes a steam-tight 
joint. Further movement of the handwheel brings 
the shoulder of the disc on to the seat, an operation 
which has also the effect of increasing the pressure of 
the asbestos on the plug. As the flow of steam is cut 
off by the plug before the shoulder is seated, it is claimed 
that the seating surface of the shoulder is not subject 
to scoring, while it is well out of the way and protected 
by the plug when the valve is fully open. The taper 
given to the inside of the seating ring, further, deflects 
the steam away from the actual jointing surface of the 
seat. For these reasons, it is claimed that the valve 
can be operated without risk of damage when the 
steam is being wiredrawn, as when starting or swinging 
turbines or warming up. At the same time, to avoid 
the inconvenience of manipulating the large valve for 
these operations, a by-pass valve, also of the Twintite 
type can be fitted. Such an auxiliary will be clearly 
seen in Fig. 2 also being shown in Fig. 1. : 

The upper asbestos ring, being held on three sides, is 
not displaced by the flow of steam, and, should any 
leakage occur past it, due to the bottom cover not 
having been screwed up sufficiently tightly, this leakage 
is prevented from becoming destructive from the fact 
that there is no way past the shoulder and its seat. 
Any such leakage may, of course, be stopped by tighten- 
ing the nuts on the bottom cover. The same closure 
of the valve by the shoulder, also prevents any damage 
to the asbestos by the accumulation of condensate 
when the valve is closed. The bore through the seat 
is proportionately greater than the nominal bore of 
the valve, in order to reduce pressure drop, which is 
stated to be less than that found in the average type 
of globe valve. The valve illustrated is of 5 in. bore, 
but we understand that the type has been tried out 
with success on 8 in. valves in a large steel works. 


SLIDE RULE FOR SHEET-METAL WoRKERS.—We have 
received from Messrs. F. J. Edwards, Limited, 406, 
Euston-road, London, N.W.1, who are manufacturers of 
machines and tools for sheet-metal work, a slide rule for 
rapidly calculating the weights of sheet plates, sheets 
and bars. The slide rule, which is of about the same 
size and shape as an ordinary 10-in. slide rule, is provided 
with four scales, two on the fixed portion and two on 
the slide. By setting the latter so that the width coin- 
cides with the length, the weight can be read off opposite 
the known thickness. The range covered is from 3 in. 
to 50 ft. in length, Lin. to 10 ft. in width, and 30 S.W.G. 
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THE FAILURE OF A HIGH- 
STRENGTH BRASS.* 


By J. E. Newson, M.Met., and A. Wraaa, B.Sc. 


Durtne the last few years three cases of failure of an 
extruded high-strength brass have been investigated 
by the authors. In the first two instances it was not 
possible to reach any satisfactory conclusion, but in the 
most recent case certain additional evidence which 
became available presented the problem in a new light, 
and led to what is believed to be a correct interpreta- 
tion of the facts of the three cases. Confirmation has 
been sought by a short series of experiments, and still 
further proof has been forthcoming from the behaviour 
of a large number of articles made from _ similar 


for the last 25-30 years, and, according to the available 
records, prior to the cases above cited no previous diffi- 
culty was encountered. It is a high-strength brass of 
the following percentage composition :—Copper, 58-5; 
iron, 1; aluminium, 3; manganese, 1-50; zine (by 
difference), 34; tin, lead and nickel nil. It meets the 
specification: Yield-point, 20 tons per square inch ; 
maximum stress, 40 tons per square inch; elongation, 
18 per cent. on 2 in. 


machining operations only from the reeled extruded 
bars of about 1} in. in diameter when put into service 
very quickly cracked, and fractured. In the most recent 
case, the parts were stems and heads for high-pressure 
air service valves (Fig. 1, on page 509). The cracks 
were at the root of the wings of the valve and on the 
head of the stems, in each case where there had been 
a good deal of machining. The fractures were bright 
and yellow, and appeared to be intercrystalline, and 
this was confirmed by micro-examination (Fig. 3). 

It was realised that this type of cracking can be 
attributed to one of the following causes :—(a) Hot 
fracture ; (6) fatigue failure; (c) Impurities or traces 
of the y constituent at the grain boundaries due to 
errors of composition ; (d) Season-cracking or residual 
stress cracking following cold-work, such as deep-draw- 
ing, spinning or wire drawing. It was thought at first 





to 6 in. in thickness. The rule is made of tinplate, and 
is supplied gratis by the firm to those who are likely to 
find it useful. 


that cause (a) applied. The cracks occurred where 





* Paper read before the Institute of Metals, at Zurich, 
on Monday, September 14, 1931. Abridged. 





material. The alloy in question has been used regularly | 


Complaints were received that articles, made by | 
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there had been the maximum amount of machining, 
and unless suitable tools and cutting speeds are 
employed, severe local heat may be generated by 
machining in the absence of lead. The brittle range of 
these alloys is lower than in a straight copper-zinc brass, 
and heavy pressure on the point of the tool, applied 
when the local temperature came within the brittle 
range, might initiate cracks which would later grow in 
service. This explanation was not acceptable, as every 
precaution was taken during machining to maintain 
correct conditions. Although a period of 12 months 
| elapsed between the delivery of the bars and the receipt 
of the complaint, it was established that the valves had 
been made about three months, but used for trials only 
when the failures were discovered, so that cause ()) 
was eliminated. 

A fracture made intentionally within 1 in. of the 
failures in every case showed a perfectly normal intra- 
crystalline break, grey in colour and uniform in texture. 
Microscopic examination also confirmed the absence of 
intercrystalline films, and abnormal grain size (see 
Fig. 3, page 509), and chemical analysis indicated that 
the intended composition had been obtained. Cause 
(c) was then ruled out, leaving only the possibility of 
season-cracking. But the bars had not been subjected 
to any of the cold-working operations enumerated under 
cause (d). After extruding, the only mechanical work 
applied was to straighten the bars by passing them 
through a two-roll reeling machine, and no thermal 
treatment was given. 

This machine is used to straighten round bars, either 
in the ‘as extruded” or the ‘“ drawn” condition. 
It consists of two rolls, one slightly concave and the 
other slightly convex, the axes of which lie on parallel 
vertical planes, but are inclined slightly to the horizontal 
plane in opposite directions. The rolls, electrically 
driven, both revolve in a contra-clockwise direction, 
and they are simultaneously adjustable to suit the 
different diameters of bar to be reeled, from } in. to 
4in., by means of a single hand-wheel and steel adjusting 
screws and worm-gears. The bar is fed in at one end, 
supported on a guide-block, and the rolls are adjusted 
until the bar is engaged between them, the rolls revoly- 
ing at a speed of 115 r.p.m. The bar begins to rotate 
rapidly, and travels forward, being forced to follow the 
| path defined by the curvature of the rolls, in the mean- 
| time being freely lubricated. The passage through the 
| rolls involves a definite bending about the longitudinal 
| axis of the bar coupled with its rotation. The result is 
| that any bends or kinks are eliminated, and, since the 
| angle of inclination of the longitudinal axis of the bar 
| to the last bearing surface of the rolls is constant. the 

bar must be straight. It is a well-known fact that a 

bar increases slightly in diameter on reeling and 
| decreases in length, and that the ends of a reeled 
bar are slightly concave. 
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Before proceeding to manufacture replacements 
from the bars in stock, these were subjected to a close 
scrutiny, and it was then discovered that some of them 
had cracked spontaneously. The striking feature of 
these cracks was that they originated at the centre of 
the cross-section and radiated outwards, and in most 
cases did not reach the circumference. Longitudinal 
sections of bars through the axis showed a network of 
fine intercrystalline cracks. This finally disposed of the 
possibility of causes (a), (6), and (c) operating, and 
confirmed residual stress cracking, the mechanism of 
which was at first obscure. In all cases in the authors’ 
experience, cracking has originated at the circum- 
ference of the bar and spread progressively inwards. 
The skin of a cold-drawn bar is in tension and the centre 
in compression. In a reeled bar the distribution of the 
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UNMACHINED REELED Bar Not 


Fig. 6. 


ANNEALED AFTER MERCUROUS NITRATE 


Test. X 4. 


stresses is the reverse, the centre being in tension. If 
the applied stress exceeds the elastic limit of the alloy 
(and this is essential to straighten the bar), permanent 
deformation results, and the bar increases in diameter 
after reeling. In soft 60:40 brass this increase may 
amount to 0-008 in. on a 2 in. diameter bar. With a 
high-tensile brass the increase is of the order of 0-0005- 
in. It must also be borne in mind that considerably 
more energy is required to bend a high tensile brass 
through the path between the rolls, and it may there- 
fore be assumed that the stresses at the centre of the 
bar reach a high order. The stresses in the bar after 
reeling must be in equilibrium, but it by no means 
follows that they are regularly disposed. 

It will be obvious now that any agency which tends 
to unbalance these stresses may cause such a local 
concentration of stress that the material will fail. The 
machining away of the initially compressively stressed 
outer layer will liberate the tensional stresses at the 
centre, whilst the further removal of the supporting 
material adjacent to the valve wings must produce 
very serious local stresses, which can be dissipated 
only by rupture of the metal. It does not follow that 
cracking will occur at once. In fact, the evidence of 
observed facts is to the contrary, as the valves were 
carefully inspected before assembly. The cracking 
of the unmachined bars is not quite so readily under- 
stood at first, and would appear to be a case of true 





residual stress cracking. 
There was no indication of corrosive attack at the 
exposed ends of the bars, and there was certainly no 


possibility of any corrosive attack to account for the 
discontinuous network of fine cracks exposed on the 
longitudinal section, and which did not reach the cir- 
cumference. There is one possibility with regard to 
these fine cracks which must not be overlooked, and 
that is, that although they were observed as soon as 
the section was polished, there was no evidence to 
indicate whether they were actually present before the 
bar was cut or whether they developed as the result of 
the sectioning with the accompanying disturbance of 
the stress balance. 

It was considered desirable to confirm the above 
deductions by a short series of experiments. The alloy 
used contained 3 per cent. of aluminium, and is really 
a special high-duty alloy. In the time available, other 
brasses have been examined, and their behaviour when 
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Fic. 9. Outer ANNULUS OF REELED 

Bar Borep OvT, SHOWING CRACKS 

CoMMENCING INSIDE AND RADIATING 

OUTWARDS AFTER IMMERSION IN MER- 
curY SOLUTION. X #. 


subjected to the reeling process was noted. It was 
suggested to the authors by Professor C. H. Desch, 
F.R.S., that there may be some connection between 
the liability to crack and the relatively high aluminium 
content of the alloy. A high-strength brass free from 
aluminium was therefore included in some of the 
experiments. 

The scheme of experiments was as follows :— 

1. To determine the suitability of the standard* mer- 
curous nitrate test for indicating residual stress cracking 
in this 8 brasst containing aluminium by observing 
the behaviour of the low-temperature annealed stress- 
free material under this test. 

2. To carry out compression tests on pieces initially 
freed from stress by low-temperature annealing to 
determine the load required to cause cracking in the 
mercurous nitrate solution. 

3. To confirm that reeling set up stresses which were 
of such an order as to cause cracking in the mercurous 
nitrate solution when tested as—({a) unmachined bar; 
(6) bar in which stresses were unbalanced by removing 





* Test specified by Director of Army Contracts : 2 hours’ 
immersion. 22 hours’ standing with deposited mercury 
on. Solution employed, H,O 800 c.c.; HgNO, 5 grm. ; 
HNO, 200 c.e. 


the outer annulus by turning ; (c) bar in which stresses 
were unbalanced by removing the core by ‘boring and 
if possible to indicate the nature of these stresses. 

4. To repeat experiment (3) in part to include an 
aluminium-free high-strength brass, a low-aluminium 
high-strength brass, and a straight 60 : 40 brass. 

5. To determine whether low-temperature annealing 
after reeling reduced the stresses to a safe limit as 
indicated by the mercurous nitrate test. 

Experiment 1.—Some 50 different specimens were 
tested in mercurous nitrate after annealing at 275 deg. 
C. for 30 minutes, and none was found to be cracked 
after seven days. 

Experiment 2.—Test-pieces of 0-5 sq. in. area 
(0-798 in. in diameter) and 0-798 in. high were tested 
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+ Desch., J. Inst. Metals, vol. xxii, page 247 (1919). 


in compression, and it was only after 31 tons per square 
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inch was reached, and the specimen removed from the 
machine, that cracking occurred when placed in the 
mercury solution. The yield point in compression of 
this material was 16 tons per square inch, and the 
tonnage at which season-cracking occurred (31 tons 
per square inch), coincides with the point at which grain 
movement was just apparent to the eye, on the side of 
the polished test pieces. 

Experiment 3.—For this experiment a bar was taken 
in the “as extruded ”’ condition and low-temperature 
annealed at 275 deg. C. for 30 minutes to ensure that 
it was free from stress. It was then divided into two 
portions, ‘“‘ E,” and ‘“‘ R,” the ‘‘ E” portion being left 
in the annealed condition, and the “ R ” portion being 
reeled. Two adjacent portions were then cut off bar 
‘*E” and lettered “‘ 1 E” and “‘ 2 E ” and two off bar 
‘*R,” and lettered ‘‘1R” and “2 R,” “1 E” and 
‘“1R” having been adjacent portions before the bar 
was divided. 

Mercury Solution Tests on the Reeled Portion “‘ R.”— 
The unmachined specimen showed circumferential 
cracks #,-in. from the circumference of the bar. as well 
as radial cracks at the centre, as shown in Fig. 6. 
The bar with outer annulus removed showed cracks 
radiating outwards. (Fig. 7). The bar with core 
removed showed radial cracks originating at the 
bore, extending outwards and along the bore. (Fig. 9). 

Mercury Solution Tests on the Unreeled Portion “* E.” 
—The unmachined specimen, the bar with outer 
annulus removed and the bar with core removed were 
all uncracked after the mercury treatment. 

Experiment 4.—Bars of alloys designated N.F. 51, 
N.F. 39, and N.F. 79, particulars of which are given in 
Table I were reeled. The microstructure in each case 
consisted of a and 8. Sections were tested in the mer- 
cury solution at the full diameter, and on portions 
reduced to half the original area by turning for two 
thirds of the length. No cracks were observed. 

Experiment 5.—Some 50 different specimens 
machined from reeled bar in the 3 per cent. aluminium 
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high-strength brass were annealed at 275 deg. C. for 
30 minutes, and when tested in the mercury solution 
showed no indication of cracking after seven days. 
In endeavouring to find a working analysis of the 
stresses set up by reeling, the authors were struck 
by the analogy of the case in question and the con- 
ditions in thick cylinders as very fully examined by 
Macrae*. In both cases there was an increase of 
diameter and also a decrease of length, and the con- 
ditions on reeling appeared to be analogous to the 
internal pressure as applied by Macrae. He showed 
alsof that the stresses at any point on radius R varied 


TABLE I. 


| 


Characteristic or Property of 
Alloy. N.F. 39. | N.F. 79. 





= 
[x. 51. 














| 
Copper, per cent. .. 57°50 | 58-0 59-5 
Tin a -. 1-50 | 1-0 0-25 
Zine & te ae --| 39°25 | 38-20 38-75 
Lead ‘ ie oe a he | 1-00 1-50 
Iron a ra < - 1-0 | 1-00 Nil 
Aluminium ,, ne ee | Ba 0-30 Nil 
_Manganese ,, < de se 0-75 | 0-50 Nil 
Yield-point, tons per square inch . | 20 l 26 10 
Breaking strength, tons per square | | 
inch <% ne - --| 384 | 380 | 20 
Elongation on 2 in. per cent. ar 20 | 2 30 
Diameter before reeling, in. 1-750 | 1-753 | 1-504 
after reeling, in... 


1-751 | 1-757 1-512 


inversely as the square of the diameter, so that, if this 
analogy holds, the stresses in a bar (actually during 
reeling) may be represented graphically as in Fig. 10, 
the actual intensity of tangential stress at different 
points along the radius being plotted as ordinates. 

The authors suggest that the observed changes in 
dimension may be explained as follows. At any given 
instant, whilst a bar is passing through the rolls, 
pressure is being applied at two opposite points, which 
tends to make the bar momentarily assume an elliptical 
shape. This sets up tensional stress from the centre, 
along the major axis of the ellipse, and when this stress 
exceeds the yield-point of the metal, the stress is some- 
what accommodated by increase along this diameter. 
As the cycle is being repeated progressively along the 
length of the bar, the final result is an increase in 
diameter and a corresponding decrease in length. In 
alloys having a high yield point where very little defor- 
mation ensues, the applied energy remains in the bar as 
strain’energy, and the change in dimensions is slight. 
Bars which are comparatively straight before reeling 
must be deformed in passing through the rolls, but 
bars which are badly bent must of necessity be irregu- 
larly stressed by reeling. 

The authors have brought to notice an unusual 
type of internal residual stress cracking, liable to occur 
in high-strength brass, with a 8 microstructure, con- 
taining aluminium, extruded and straightened by the 
reeling process, and have indicated its possible method 
of origin and development. A conclusive answer to 
the suggestion of Professor Desch has not been reached, 
but it must be noted that none of the three additional 
alloys consisted of an all £ structure like the original 
alloy under discussion, but were a+ 8. Residual 
stress cracking of the usual type by the mercury solution 
has been obtained in the “‘ N.F. 51” alloy by severely 
cold-drawing a bar. 








ELECTRICALLY - OPERATED 
MORTISING MACHINE. 


Tus mortising machine illustrated in the accompany- 
ing figures is designed for use with either a chain cutter, 
as shown in Fig. 1, or a hollow chisel, as shown in 
Fig. 2. It is electrically operated, the motor being 
mounted on the headstock and the control box on 
the side of the column, with contactors operated by 
push buttons. It is, therefore, self-contained as 
regards its drive, while a chain cutter grinder mounted 
on a bracket on the side of the column makes it self- 
contained in this respect also. The machine is an 
example of the continuous improvement effected by 
the makers, Messrs, Wadkin and Company, Green-lane 
Works, Leicester, on each succeeding design, as it 
embodies a number of refinements over the earlier 
patterns. It will take timber up to 11 in. by 8 in. 
and, when using the chain cutter, is capable of making 
mortises up to 1 in. by 24 in. in cross-section, and 
6 in. deep. With the hollow chisel attachment, holes 
up to }-in. square can be cut in hard wood and up to 
1 in. square in soft wood. When used for boring the 
maximum size of hole is 1} in. in diameter by 8 in. 
deep. The main frame is a single casting with a 
U-shaped top accommodating the headstock, and a 
projecting portion carrying the table. The latter has 
a surface of 27 in. by 8 in., the top being 27 in. from 











* Macrae, Overstrain of Metals, pages 134 and 142. 
t Lec. cit., page 201. 
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Fig. 1. 


the floor. It has a longitudinal motion of 24 in., and 
a cross traverse of 3} in., both motions being effected 
by handwheels. An arrangement of automatic stops can, 
however, be fitted, which dispenses with marking off. 
The work clamp is arranged with its axis inclined so 
that a downwards pressure is exerted on the timber, 
as well as the sideways gripping action. 

The headstock moves in double slides and is balanced 
by weights in the base of the column. It is operated 
through a rack and sector by a long lever provided 
with a toothed clutch on the spindle, so that it can 
be set at a convenient angle when different thicknesses 
of wood are being dealt with. The motor, of 4 h.p., 
is built into the headstock and mounted directly on 
the spindle of the chain cutter. A thrust screw above 
the chain guide bar regulates the length of the chain 
cutter, as well as takes the thrust. The chain guard 
is hinged, and has an extending portion which rests on 
the work. Behind the guard is a blower fan, mounted 
on the motor spindle, with an outlet directed to the 
cutting point, so as to keep the marked surface free 
from chips. On the side opposite to the blower duct 
is a weighted chip breaker designed to prevent any 
breakage of the top edge of the mortise. The travel 
of the headstock is determined by stops, and the depth 
of the mortise can be regulated when either the chain 
or chisel is being used. 

The hollow chisel attachment is shown in Fig. 2. 
The change over from one form of cutter to the other 
can be made in under two minutes, a spiral bevel wheel 


Fig. 2. 


| lectro-Medical Apparatus.—Two new catalogues are 
| to hand from Messrs. Watson and Sons (Electro-Medieal), 
| Limited, Parker-street, Kingsway, London, W.C.2, 
| one dealing with apparatus for X-ray therapy and the 

other with a complete range of medical and surgical 
| diathermy apparatus. 

Electric Lighting.—Messrs. The Benjamin Electric, 
Limited, Tariff-road, Tottenham, London, N.17, have 
| issued a new catalogue of fittings for decorative lighting 
| illustrating examples of the lighting methods classed as 
shadowless, cornice, diffused and lay-lighting, suitable 
for large rooms and public halls. 

Refrigerating and Ice-making Machinery.—The cata- 
logue issued by Messrs. J. and E. Hall, Limited, Dart- 
ford, Kent, includes illustrations of the machines, 
chambers, fittings, &c., for the manufacturing, storage 
and transport industries in which mechanical cooling 
or freezing processes are employed. 

Oil Pumps.—A further catalogue received from Messrs. 
G. and J. Weir, Limited, Cathe rt, Glasgow, deals 
exclusively with pumps for handling oil. The catalogue 
contains tables of data of the properties of the various 
fuel oils and technical notes and diagrams for calculating 
| the loss * head due to the pipe friction. 
ioe umping Plant.—A very good review of current practice 
|in heavy pumping machinery is afforded by a catalogue 
| recently issued by Messrs. Hathorn, Davey and Company, 
| Limited, Leeds. Pumping plant is shown for water 
works, mnines, sewage works, land drainage and irrigation, 
| vils and viscous fluids, and also hydraulic presses and 
accumulators. 

Electrical Machinery—A catalogue of some eighty 
pages issued by Messrs. Metropolitan-Vickers Electrical 











being mounted on the motor spindle to gear with a|Company, Limited, Trafford Park, Manchester, deals 
similar wheel on the chisel spindle. The housing of | with gear for the automatic control of installations such 
this attachment is secured to the headstock by one! as sub-stations and hydro-electric generating stations, 
bolt only. The chain cutter grinder has a wheel 4 in. | and also with automatic voltage regulation, condensers, 


in diameter, and is belt-driven from the motor, the | °it¢uit-breakers, &c. 


Valves.—A catalogue of parallel-slide valves to hand 





belt being put on for the grinding operation only. | 


The chain is carried on a sprocket mounted on a hub, 
which is automatically traversed forwards and back- 


| from Messrs. Hopkinsons, Limited, Huddersfield, gives 
| particulars of a range of valves from 2 in. to 24 in. 
| bore and of over 20 sizes within these limits. The bodies 


wards under the wheel. Sprockets are provided to| and cover are made of cast-iron or steel, to suit the 
enable chains of 0-54 in., 0-62 in. or 0-89 in. pitch | working pressure, and by-passes and electrical controls 
to be ground, as required. The chain is moved forward | are fitted if required. 

one pitch at a time by hand, accurate positioning being | Bearings.—An abridged catalogue of the most generally 
secured by a ratchet device. | used types of ball and roller bearings has been issue 


ete | by Messrs. Ransome and Marles oo Seagal 
| Limited, Newark-on-Trent, giving dimensions 4 

CATALOGUES. 
Vacuum Brakes.—Messrs. Davies and 


| prices for an extensive range of journal and thrust 
Metcalfe, | bearings, with some useful notes and tables on limits 

Limited, Romiley, nr. Manchester, have issued a new | of accuracy and tolerances. 
descriptive catalogue of their steam ejector for yacuum| Welded Work.—Messrs. Robert Jenkins and Company, 
brakes. | Limited, Rotherham, have sent us a pamphlet “— 
Battery Charging.—A new pamphlet describing their | circulars illustrating many examples of welded Pry 
metal rectifier for battery charging is to hand from | executed by them, including roof frames, steam-}ac ir eet 
Messrs. The Westinghouse Brake and Saxby Signal pans, storage tanks, transformer tanks, road and railway 








Company, Limited, 82, York-road, King’s Cross, London, | wagon tanks, chemical and other vessels, hot-water 
' boilers, gilled radiator tubes, &c. 
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THE CLARENCE DOCK POWER 

STATION OF THE LIVERPOOL 

CORPORATION. 

(Continued from page 428.) 

Eacu of the two main generating sets, which 
were constructed by Messrs. Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, 


Manchester, comprises a 51,250-kw. two-cylinder 


turbine, which will be supplied with steam at a 
pressure of 400 lb. per square inch and a temperature 
of 725 deg. F. The operating conditions therefore 
mark a distinct advance on those employed at Lister 
Drive No. 3, where the steam pressure and tempera- 
ture are 275 lb. per square inch and 675 deg. F., 
respectively, while owing to the use of river waver 
at 58 deg. F., instead of > cooling tower giving 


water at 83 deg. F., it will be possible to. increase 
the vacuum from 27:6 in. to 29 in. of mercury. 
Each turbine, which runs at 1,500 r.p.m., is coupled 
to a three-phase alternator, which has an output of 
71,500 kv.-a. at a pressure of 7,250 volts and a 
frequency of 50 cycles, while on the same shaft is 
a1,562-5 kv.-a. auxiliary alternator, which generates 
three-phase current at 400 volts, a double exciter, 
which serves both alternators, and, finally, a per- 
manent-magnet exciter. The layout of one of these 
sets together with its auxiliary equipment, -details 
of which have already been given, will be clear 
from Figs. 96 to 99, Plate XVIII, while views in 
the turbine room showing the first set completed 
and the second in course of erection appear in 
Figs. 100 and 101, on this page and on page 512. 
The high-pressure cylinder of the turbine is 
made of steel throughout, the stages, of which 
there are 25, being of the simple impulse type, The 
moving blades are of steel alloy suitable for the 
high temperature employed and the diaphragms 
are of the built-up steel-plate type. The nozzles 


are each separately machined and are rigidly 
assembled on the diaphragm centres. The low- 
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| pressure cylinder contains 18 stages, and the 
| casing is in two parts bolted together, the high- 
pressure end being of steel and the exhaust end 
| of cast-iron. The moving blades in this cylinder 
| are similar to those in the high-pressure portion, 
; except in the final stages, where they are of stain- 
less steel; while the diaphragms are of cast-iron 
with cast-in blades of stainless-steel plate. The 
last stage is of the well-known Baumann multi- 
exhaust type, a feature of which is that the final 
expansion is distributed over two rows of moving 
blades, thus virtually increasing the effective 
| blade length without using long blades and pro- 
| portionally increasing the stresses at the roots. 
| The result is that nearly 14 times the normal exhaust 
area is provided and the leaving losses are much 
reduced. 








Fig. 100. INTERIOR OF TURBINE House. 


The shaft glands at the high-pressure end of the 
set are of the Metropolitan-Vickers radial-clearance 
type and comprise 13 segments, which are arranged 
in two main groups. The glands at the low-pressure 
end of the high-pressure cylinder and at the inlet 
end of the low-pressure cylinder are of similar design, 
while at the exhaust end a water-seal gland, supple- 
mented by a simple labyrinth-gland segment, is 
used, so that leakage at this point is effectively 
prevented. This water seal is fed from the extrac- 
tion pump discharge through a tank installed in 
theannexe. The shafts of the high- and low-pressure 
rotors are registered axially by Michell thrust 
bearings, the thrust: collars of which are formed on 
a separate sleeve secured to the shaft. The two 
shafts are joined by a Bibby flexible coupling, while 
the rotor of the auxiliary alternator is connected 
to the main alternator shaft by a coupling of the 
semi-flexible type. The coupling, which is a steel 
shell of corrugated section, is bolted to the shaft 
ends and is flexible in alignment, though it is rigid 
in torsion. 

The governor is of the horizontal. type, and is 
equipped with the usual oil-relay mechanism. It 
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is also provided with an arrangement for by- 
passing the first group of high-pressure stages, so 
that overloads are taken up automatically. A 
further group of. high-pressure stages can be 
by-passed by a second valve, which enables over- 
loads to be met with the reduced steam conditions 
of 340 lb. per square inch and 675 deg. F. The 
stop valves were manufactured by Messrs. Hopkin- 
son, Limited, Huddersfield, and Messrs. J. Blake- 
borough and Sons, Limited, Brighouse. They are 
12 in. in diameter with a 4-in. by-pass, and those on 
the second unit are electrically controlled. The 
instruments for indicating the turbine pressures 
are mounted on a board on the wall between the 
turbine room and the annexe, and are tilted forward 
slightly to prevent any reflection from the roof 
lights making reading difficult. These instruments 


= . 7 
oS 


are provided with black dials and white pointers, 
the scales being coloured red for the ‘steam, blue 
for the water, and white for the Oi] pressures, respec- 
tively. Temperature and pressure recorders of 
the Budenberg type are also provided, while a 
Brady and Martin Kenometer, and Negretti and 
Zambra temperature indicators allow the tem- 
peratures at the principal points in the various 
ranges to be ascertained. The temperatures at 
the other points are indicated by a Cambridge 
multi-point indicator. It may also be noted that 
the total load on the station is shown on a watt- 
meter placed adjacent to this board and that the 
driver can, in case of emergency, trip the main 
oil switch from this position by means of a push 
button. 

The main alternators are stated to be of larger 
capacity than any which have yet been placed in 
operation in this country. Except for the inter- 
position of isolating switches, they are solidly 
connected to a pair of step-up transformers, and 
it was therefore possible to design them to generate 
at 7,250 volts, a pressure which corresponds with 
the most favourable number of series conductors in 
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the stator winding. Notwithstanding its large 
dimensions and heavy weight, the first machine was 
assembled and subjected to running tests in the 
makers’ works, and both the stator and rotor were 
transported by rail to their destination, the former, 
which weighed 86 tons, providing, we are informed, 
one of the largest and heaviest loads that have ever 
been carried in this way in the British Isles. It is 
interesting to note that the weight of the stators of 
the 25,000-kw. machines at Lister Drive is 90 tons. 

In accordance with recent practice, the stator 
frame, illustrated in Fig. 103, on the opposite page, 
is of welded-steel construction, thus enabling a 
saving in weight of about 16 tons to be obtained, as 
compared with a cast frame. The core laminations 
are of the best low-loss transformer iron, containing 
4 per cent. silicon, the reduced losses which result 
from the use of this material being an important 
factor in obtaining the high efficiency of 98 per 
cent. reached by the machine on test. In order to 
eliminate eddy currents, the stator conductors 
are built up of a number of parallel straps, which 
are separated from each other by asbestos, while 
the individual groups were treated by a bakelising 
process giving a hard, smooth bar, to which the 
final mica wrap was applied. This bar is capable 
of sliding freely within the mica wrap, a point of 
importance when the effects of thermal expansion 
and contraction in so large a machine are considered. 
This arrangement, combined with the fact that all 
the winding joints are silver-soldered, probably 
accounts to a large extent for the reliability that 
characterises stators constructed in this way. 

The rotor is of three-piece construction, and 
consists of a hollow central cylinder, to which two 
shaft-end pieces are secured. These three parts are 
spigoted together and secured by long, high-tensile 
steel links, which are shrunk in position, as will be 
clear from Fig. 102. The makers claim that the 
use of links, instead of bolts, forthis purpose has the 
advantage that the stresses, and thus the forces 
holding the parts together, can be accurately checked 
by length measurements, both before and after 
shrinkage has taken place. In these particular 
rotors, the links are about 30 in. long, and when 
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cooled down they hold the parts together with an 
axial tension of about 2,000 tons, thus giving great 
rigidity. The rotor also incorporates a brass cylin- 
der of special construction, which is placed over and 
grips the end winding, so that the two slide together 
within the retaining ring when the winding expands 
owing to a rise in temperature. In this way, free 
relative axial expansion is provided between 
these two parts, without risk of damage to the 
insulation. 

The auxiliary alternator, of which mention has 
already been made, is of standard design, and the 
only noteworthy feature about the main exciter is 
that it is equipped with two armatures. These are 
mounted on a common shaft in a single frame, and 
provide exciting current for the main and auxiliary 
alternators, respectively. The small permanent- 
magnet exciter, which is carried on a further shaft 
extension and supplies field current for the main 
exciter, is, however, of novel construction. Its 
field system comprises a permanent cobalt-steel 
magnet, the only coil being a small magnetising 
winding. This winding was used to provide the 
initial magnetisation during manufacture, and has 
been retained, so that it can be employed for 
re-magnetising, should that ever become necessary. 
Normally, however, it will not be in circuit. It is 
claimed for this type of exciter that it gives a high 
degree of stability. A stand-by exciter for the two 
sets, which consists of a 200-kw. generator driven 
by a 300-h.p. 400-volt alternating-current motor, is 
installed in the basement. 

The main and auxiliary alternators and the main 
exciter are ventilated on the Metropolitan-Vickers 
closed-circuit system, the air circulation being 
effected partly by a fan, which is mounted on the 
rotor shaft of each of the three machines, and 
partly by two separate fans which supplement 
the supply to the main alternator. This system 
has been adopted to secure flexibility and economy, 
since on reduced load one or both of the separate 
fans can be shut down. The advantage of this 
may be indicated by stating that some 115,000 
cub. ft. of air per minute are necessary to cool the 
main alternator at full load, and that this requires 
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the expenditure of 390 kw., 150 kw. of which are 
supplied by the separate fans. It will therefore 
be seen that a considerable saving in power under 
light load conditions is possible by shutting the 
latter down. Normally, the cooling air is con- 
tinuously circulated through the machines and 
through the filters and coolers in the basement. 
The latter are supplied with water from the cir- 
culating-water system, but dampers are provided, 
so that the air can be drawn from and discharged 
into the atmosphere. 


(To be continued.) 
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Resistance of Ships and Models, being New Methods for 
Estimating the Effective Horse Power of Ships Hulls. 
By N. W. Aximorr. Rome: Liberia di Scienze e 
Lettere. 

THE methods of estimating the power required to 

drive a ship at a given speed are legion. Sometimes 

improved basic factors are introduced, but the 
expert of long standing finds it difficult to adopt 
them because they differ from the principles he 
has followed for years, and, the change over would 

only lead to confusion. Some years ago Dr. E. V. 

Telfer put forward a clever and spirited argument in 

favour of unification in practice for the plotting of 

experimental tank results, but his views have not 
been adopted by any of the experts, presumably 
because of the complications which would arise. 

Mr. James Semple, replying to the discussion on his 

paper read before the Institution of Naval Architects 

in 1919, stated that had it not been for the advanced 
state of the data at Clydebank, they might have 
adopted Mr. Baker’s (P) value, but the work entailed 
was so enormous that its possible adoption was out 
of the question. Those who do not possess a tank 
are in much the same position ; they build up data 
on a certain basis (often after fairly extensive trial 
of other systems) and the inconvenience of changing 
their line of thought and their data deters them from 
adopting a new system. The main object in view. 
always is simplicity of application, but the expert 
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feels that reasonable accuracy cannot be obtained | 


unless he analyses the components which go towards 
making up the final power required. This is only 


logical, since, in addition to the problems in screw | 


propulsion, he must also know what is required 


for paddle steamers, stern wheelers, ships with bow | 


propellers, &c. 

The technical expert engaged in commercial 
enterprise is often called upon to deal with problems 
at very short notice and, for fixing the horse-power 
necessary, the old established Admiralty constant is 
probably still the most favoured method for such 
cases. ‘This system can be arranged to yield very 
accurate results, in capable hands, for the ordinary 
mercantile problems. When out of the ordinary 
problems arise, analytical methods are followed, 
= they are usually built up on the Froude basis, 
riz. :— 

E.H.P. x (1 — w) 
Propeller efficiency” 
(or paddle) x (1 — 4) 
The effective horse-power is obtained from model 
tank experiments, as are the values w and ¢ for 
wake and thrust deduction fractions, the propeller 
efficiency is that obtained for a screw working in 








S.H.P, = 


measured wake (or wakes) pressure. A factor K 
is usually introduced to represent the difference 
between model and ship results and, generally, it is 
not very difficult to assess a value for it. The 


need for special tank experiments during proposal 
stages is usually unnecessary to-day, for, thanks to | 
|men such as Froude, Taylor, Luke, Baker and 
others, it is now possible, from the methodical | 
|reference to the author’s attitude to past and 


manner in which their results have been presented 
to calculate the minimum power required, the figure 
for effective horse-power being dependent upon 
mass, fineness, proportions and form. 

Mr. Akimoff suggests that all this reasoned pro- 
cedure should be set aside, and he attacks the tank 
experts, and others who follow their dictates, in 
no measured terms, for having “barked up the 
wrong tree” and for “ doctoring”’ results for the 


| past three generations. He is almost vicious on the 


| flow of water at the after end of the vessel is equal 
| to that of the vessel and, finally, he declares that 
| thrust deduction is only the experts’ term for 
| something they cannot account for in their analyses, 
|and that the thrust loss in a single-screw vessel is 
only about one-third of that found from models, 
| while in twin screws thrust losses are almost non- 
existent. From all the analyses he has made he 
concludes that the effective horse-power obtained 
from the experimental tank is usually, to a large 
extent, underestimated. He argues that the 
effective horse-power must be equal to the thrust 
| horse-power delivered by the propelling agents, and, 
if this were accepted, N°’ would be the basis of all 
|comparisons, and, that skin friction correction, 
wake and thrust deduction could be ignored. 

Mr. Akimoff then puts forward a new formula for 
(estimating effective horse-power which he has 
| based on the Buckingham-Riabouchinski theorem, 
| viz.— 

E.H.P. = (5) x midship area, 


| and appends tables showing its application to 
| 186 models and vessels. It is important to note 
|that the formula does not contain any factor for 
/mass (and, commenting upon this, he states that 
| as it is the midship area which causes the resistance, 
'no other factor is necessary). The term A is gener- 
|ally in the region of 10 for English measure and, 
| according to Mr. Akimoff’s researches, should not 
| appreciably exceed 11-23 (a figure which has been 
| deduced from a circular body with ellipsoid ends). 
| A is, of course, influenced by the ratio of length to 
{beam and it decreases slightly with increase of 
| speed ; it will be seen that it expresses power in 
|terms of displacement. We have applied this 
| formula to a number of vessels and have been struck 
| by the constancy of the values for A at the orthodox 
| economical speeds, over a large range of dimensions 
| and speed, and have formed the opinion that it is a 
| simple and useful basis for data, whether for thrust 
horse-power or the effective horse-power as supplied 
by the tank and, as Mr. Akimoff states, results 
can be got by two settings of a polyphase slide rule. 
We should not forget, however, that power by the 
| Admiralty constant system can be obtained with 
| equal facility. 
| So far as the tabular statement showing the 
| application of this law is concerned, Mr. Akimoff is 
|rather apologetic, for he states that he has been 
collecting the data for this work for 20 years and is 
}now unable to identify some of the cases he has 
given. This is unfortunate, as otherwise some of the 
results might have been seriously challenged. For 
, instance, in a number of cases, at a speed of 0°75 VL, 
| the A value for vessels of about 0-80 block coefficient 
| was as good as others of about 0-65 coefficient, 
whereas tank tests would show a difference of about 
| 30 per cent. for such forms. It may be that in some 
| instances the proportions of the vessels are different 
although this is not so in all cases, and if this is the 
| explanation of the discrepancy, it shows that the 
| length-breadth factor must be closely kept in view. 
| Apart from the foregoing, which is the main 
| objective of the volume, Mr. Akimoff makes in- 
| teresting study of the theory of propeller suction, 
' declaring that such does not exist as it is at present 
understood, and supports his opinion by two illus- 
trations of General Crocco’s spectres; he also 
appends a number of interesting photographic 
reproductions of “‘ wake ”’ at bridge piers. 
A review of this work would be incomplete without 


| present experts on and students of ship resistance. 
| The main theme throughout (and it is often repeated) 
|is condemnation of the men to which the ship- 
| building world owes so much; and the terms of 
| reference are in practically no case complimentary. 
' It may be that Mr. Akimoff has found a better basis 
'on which to work—time will tell; but it does not 
| seem right to cudgel others for not having foreseen 
his system long before he announced it. It is also 


subjects of skin friction and wake and thrust! to be noted that, when discussing his analysis of 


fractions. 


| regarding wake, viz. :—that there is no resemblance 


between that measured in the ship and the model, 
the latter being much greater, but he also condemns 
the present procedure regarding skin friction for 
varying lengths of ships, stating that the speed of 


He states what is an accepted fact | published results on propulsive efficiency, registered 


thrust horse-power, &c., when these differ from the 


| figures he obtains from his “selected” A value, 
| doubt is at once thrown on the other investigator’s 


work, but never on hisown. The experts have always 
been free to admit deficiencies between ship and 
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their effect beforehand, and we venture to think that 
when Akimoff’s A value is used, similar discrepancies 
will be found, even if his views on skin friction, wake 
and thrust deduction are taken into consideration. 
After all, the author’s is no more than a theory, 
like those of all his predecessors. Our experi- 
menters must continue, as they are doing, to 
employ the methods now adopted, for, otherwise, it 
would not be possible to locate a number of the 
losses from actual thrust deduction of twin screw 
ships, owing to faulty bossing, or to improving the 
propulsive performance of shallow draft twin-screw 
vessels to the extent of 25 per cent. by altering the 
hull form in order to reduce thrust deduction. 
Mr. Akimoff suggests that he has not often heard 


of instances in which the tank experts predicted the | 
He will be | 


results afterwards obtained on trials. 


interested to know of three tests which were made | 
The | 


by Dr. Kempf within the past three years. 
vessels were radically different and each had 


unusual fittings on their hulls; the actual results | 


on trial were within 2 per cent. of the power 
previously predicted. 





By R. H. 


Theory and Electrical Drive of the Loom. 
Pitman and 


Witmot, M.Se. London: Sir Isaac 
Sons, Limited. [Price, 8s. 6d. net.]} 


THE book is an extension and completion of three 


papers published in the Journal of the Tectile | 


Institute in 1928 and 1929. It is written from the 
point of view of the electrical engineer, and hence 
will not entirely satisfy those whose standpoint is 
that of designers and manufacturers of looms. The 
claim which the author makes, to have developed 


a general mathematical theory of the loom, seems | 


to be exaggerated ; shedding and letting off, two 


important loom actions, are not considered. Only | 


those motions which are chiefly responsible for the 
consumption of power are included. 

The first chapter contains a brief description of 
the mechanism of the plain cotton Joom, and a 
discussion of the torque required to overcome the 
friction of the loom. In Chapter II, the sley motion 
is analysed mathematically, expressions being 
obtained for the velocity and acceleration of the 
sley, and the power required. The motion of 
the shuttle is dealt with similarly in the next, while 
the following three deal with the power required 
to drive the loom as a whole, Chapter IV dealing 
with the effect of loom speed, and ball and roller 
bearings, upon the power required; Chapter V 
with the acceleration of the loom ; and Chapter VI 
with calculations of loom speed for various crank 
positions. The last chapter dealing with different 
types of motors, and the method of power trans- 
mission from motor to loom, will appeal most 
strongly to the student of textiles. 
merits of group and individual drives are considered 
along with belt, rope, chain and gear drives trom 
the motor or line shaft to the loom. 

The mathematical treatment is advanced and | 
though it will be beyond the scope of many textile | 
students, yet, since it is well done, the book should 
be useful to designers of looms and loom motors. | 
| 
The History of the Great War, based on Official Documents. | 

Naval Operaiions. Vol. V 1917 to the Armistice, 

Text and Maps. By Sir Henry NEWBOLT. 

Longmans, Green and Company, Limited. 

6d. net. ] 

Tuts volume is the fifth and last of the series | 
dealing with the naval operations during the Great | 
War. Based on official documents, and prepared by 
direction of the Committee of Imperial Defence, the | 


first three volumes were written by Sir Julian Cor- | 


London : | 
[Price 31s. | 
| 

| 


bett, while the fourth and fifth are the work of Sir | 
Henry Newbolt. ‘Whe first volume ended with the 
Battle of the Faiklands, December, 1914, the | 


. | 
second carried the story down to the entry of Italy 


into the War in May, 1915, the third dealt with the | 
operations in the Dardanelles and Mesopotamia, | 
and other events including the Battle of Jutland, | 
the fourth covered the period June, 1916, to April, | 
1917, and the present volume contains the narra- | 
tive of operations at sea between April, 1917, and | 
the Armistice and includes accounts of the convoy | 
system, the institution of an intensive patrol in the | 
Dover Straits and the blocking expeditions against 
Zeebrugge and Ostend. 





| three months, we have the following table :— 


| begins, was one of very great anxiety. The un- 
| restricted campaign begun by the Germans two 
|months previously was having a most disastrous 
| effect on. shipping and trade, and to those in posses- 
| sion of the full facts the outlook was indeed a gloomy 
|one. With over 70 submarines at sea, in the month 
| of April, the Germans destroyed about three quarters 
of a million tons of shipping belonging to the Allies 
and Neutral Powers and our losses were far beyond 
|our capacity for replacement. Moreover the rate of 
destruction of U-boats was very small; new sub- 
marines were being placed in commission, and in 
spite of much effort no effective way had been 
found of dealing with the menace. The situation, 
therefore, was one of extreme gravity. Yet looking 
back, it can now be seen that April, 1917, proved 
to be the turning point. During the next twelve 
|months there were many anxious moments, but 
from April onwards, we slowly but surely gained the 
| upper hand, and the time came when the submarine 
ceased to be the deciding factor. 

It is with this story of how the submarine menace 
was met and mastered that this last volume of 
naval history is mainly concerned. Only a com- 
paratively small portion of the book is devoted 
|to the great battlefleets of either the Allies or the 
|Germans, and Sir Henry Newbolt had no great 
|general action to describe. Yet in the perusal of 
this interesting account of the offensive and defen- 
sive measures taken to deal with the submarine, it 
must not be forgotten that it was the presence of 
‘the Grand Fleet in the North Sea which denied the 
| High Seas Fleet access to the open seas, and thus 
}enabled the Allies to meet the threat of the sub- 
marine. Had the German High Seas Fleet gained 
command of the sea, all would have been lost. 
Thus, while the story Sir Henry Newbolt has to 
tell, is largely concerned with the defence of shipping, 
| in the background is the other record of the unceas- 
|ing activity of the Grand Fleet, on which all de- 
| pended. The climax, indeed, is only reached with 
'the sailing of the Grand Fleet from the Firth of 
Forth on November 21, 1918, to meet the surren- 
| dered German squadrons, an event which, in the 
official documents, is treated almost as a mere 
matter of administration, but which has few 
parallels in history. 

Just as the narrative of the last eighteen months 
of the war at sea centres around the campaign 
against the submarine, and not around the actions 
of battleships and cruisers, so the outstanding 
ifeature of that campaign was the astonishing 
| success of the convoy system. At first believed in 
by few officers of either the Navy or the Mercantile 
Marine, in the end the scheme of sailing ships in 
convoy with escorts proved the country’s salvation. 


mn Ee ° . 
The relative | The system caused the submarines to alter their 


tactics, it rendered their mission an extremely 
hazardous one, and gradually reduced them to 
comparative impotence. 

The introduction of the convoy system may be 
said to date from April, 1917, and its success is 
illustrated by the figures given in Appendix E, 
headed Submarine Warfare in Home Waters, 
including the Atlantic, Arctic Sea, and the Bay of 
Biscay. Extracting the figures for intervals of 





| British and 


Sub- “ne ’ Submarines 
ee, Foreign Gross : = 
ag pee ng Merchant Tonnage. oe 
“~~ | Ships Sunk. sata 
—_——— - 
April, 1917 75 335 | 621,645 2 
July et 65 201 421,672 6 
Oct. -5,.| 59 118 297,730 Z 
Jan. 1918) 58 96 183,766 7 
April ot 58 80 189,512 6 
July a 69 81 198,089 6 
Oct. 7 | 48 42 80,899 8 
' 


In view of the far-reaching nature of the results 
of the convoy system, some particulars of it may 
be of interest. The plan of sailing ships in groups, 
of course, was a very old one. In earlier wars, 
convoys of as many as 200 or 300 ships would sail 
under the protection of frigates or other armed 
vessels. If an enemy ship was sighted, the war 
vessels did their best to beat her off while the 
convoy proceeded on its way. The attack of 


unseen enemy was a very different matter from 
anything that had been experienced before, and 
many thought that safety was best secured by each 
ship looking after herself and trusting to her speed, 
and, if need be, to her gun. The objections to 
ships sailing in groups came from many quarters, 
Captains of ships were almost unanimously against 
it. They declared they would be unable to keep 
formation, especially in fog or at night, when lights 
were not permitted, and they said that the training 
of their watchkeepers was insufficient, while their 
means of communication with the engine room was 
inadequate. It was also thought that a group of 
ships would only provide the enemy with a larger 
target. From the point of view of the naval 
officer, any system of escorting meant the with- 
drawal of ships from other duties, while it was 
quite problematical whether any benefit would 
accrue. 

These were more or less the general views held 
at the beginning of 1917, when the unrestricted 
submarine campaign began, and the authorities 
were forced to seek for some means of countering 
it. As early as February, 1917, some success was 
achieved with a modified form of convoy of the 
colliers between England and France, and after 
much deliberation, it was decided to place the 
Scandinavian trade under convoy. Just at this 
critical time, the United States declared war 
against Germany, and Admiral Sims arrived in 
England to represent the United States Navy. 
Having been accorded every facility for learning 
the true state of things, on April 19, a fortnight 
after his arrival, Admiral Sims sent a report to the 
Secretary of the United States Navy in which he 
stated that “the submarine campaign against 
merchant shipping of all nations has resolved itself 
into the real issue of the war, and stated briefly the 
Allied Governments have not been able to, and are 
not now, effectively meeting the situation pre- 
sented.”” This report is given in full in his 
book, The Victory at Sea, and in it he remarked, 
“It is insistently asked (was asked by myself), 
why shipping is not directed to, and concentrated 
at, various rendezvous, and from these conveyed 
through the dangerous areas.” He appears to have 
seen clearly that it was in this direction the remedy 
lay; he materially assisted in the important 
experiments of ocean convoys, and Sir Henry 
Newbolt pays him the high tribute of crediting 
him with being the first naval expert in high position 
who had the insight to realise the value of the 
convoy system. 

It having been decided to place the ships crossing 
between Scotland and Norway under convoy, 
arrangements were also made to try the system 
on the Atlantic. On May 16, sixteen ships left 
Gibraltar for England, in company and under armed 
escort, and on May 24 an experimental convoy left 
Hampton Roads, U.S.A., escorted by H.M.. 
Roxburgh. These were the beginnings which 
eventually led to the movement of every ship 
being controlled from a room in the Admiralty. 
Ships were grouped according to speed ; they left 
according to a definite time-table; they were 
escorted across the ocean by battleships or cruisers ; 
on arrival in the danger zones they were met by 
destroyers, sloops or patrol boats, and when sufficient 
craft became available they were shepherded into their 
respective ports. After a time, the convoy system 
also covered the whole traffic in the Mediterranean 
with most beneficient results. In the Atlantic, be- 
tween May, 1917, and November, 1918, no fewer 
than 1,147 convoys left or arrived, including 17,082 
vessels, of which only 167 were lost. 

It was this unexpected success of the convoy 
system which contributed largely to what Sir 
Henry Newbolt calls the “‘ dateless victory at sea. 
which is not mentioned in the despatches of a naval 
commander, but which is recorded “in a few 
columns of statistics kept in an office in the centre 
of London.” Towards that victory contributed the 
whole navies of the Allies, for in the North Sea, 
in the Atlantic, and in the Mediterranean, &” 
unceasing attack was made on the German sub- 
marines with every suitable weapon. Neither must 
the splendid attempts to block the entrances to 
Zeebrugge and Ostend be forgotten. If it cannot 
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fleet, the campaign they were conducting was 
certainly mastered. 

By March, 1918, shipping replacements began 
to exceed shipping losses, and the rest of the story 
is bound up with those few columns of statistics 
the historical importance of which ‘is equal to 
that of Collingwood’s despatch after Trafalgar, or 
Joffre’s Order of the Day before the Marne.” 





Planung und Ausfiihrung, 
By Dr.-Ine, 
[Price 


Handbuch der Ziehtechnik. 
Werkstoffe, Werkzeuge und Maschinen. 
WatterR SELLIN. Berlin: Julius Springer. 
32 marks. } 

TuIs is a treatise on the technique of sheet-metal 
press-work. The subject isa somewhat complicated 
one, because of the variety of tools and methods 
which must be described if all kinds of work are 
to receive their share of attention. Dr. Seliin, 
however, has achieved a difficult task in compressing 
into less than 400 pages a large amount of infor- 
mation in regard to the operation of press-tools and 
the problems of tool design. 

The book deals mainly with drawing processes, 
but also includes the preparation of material for 
drawing. The sequence ot chapters follows closely 
that of the manufacturing operations. After describ- 
ing the drawing of metal and the deformations to 
which the material is subjected, the author considers 
the properties of metals in regard to their suitability 
for this kind of work. Various methods of testing 
are given, and the importance of annealing in order 
to counteract the effects of work-hardening is pointed 
out. A second section deals with the calculation 
of shapes and sizes of blanks. It gives arithmetical 
and graphical methods for finding the area of metal 
required, with allowance for the stretching which 
takes place during drawing, and shows how the 
shape of the blank may be determined in cases of 
rectangular and other non-circular work. 

Machines and tools for cutting blanks from the 
sheet are next described. Shearing, roll-cutting 
and punching machines are dealt with, and the 
question of arranging the cutting so as to produce 
the minimum of scrap metal is very fully discussed. 
There is also a short discussion on the cost of blank- 
cutting, and the comparative costs of different 
methods. 

The section on the actual pressing of the blank 
occupies roughly half the book. Its contents 
are too diverse to be easily summarised. The 
problems of the design of tools for different operation 
are thoroughly investigated, and numerous types 
of machinery and tools for single and multiple 
working are described, together with the production 
and heat-treatment of tools, and many other 
matters. Engineers who have to do with the opera- 
tion of press-tools will find the book a reliable and 
extremely valuable guide to all matters connected 
with this branch of engineering. 





Elements of Engineering Geology. By H. Ries and 
THomas L. Watson. Second Edition. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 18s. 6d. net.] 

A KNOWLEDGE of geology is generally recognised as 

essential in the curriculum of the civil engineer. 

The majority of geological text-books, however, 

treat the subject in an academical manner, which 

to the average engineer is liable to appear not only 
uninteresting and difficult to digest, but also to Jack 
practical application. Messrs. Ries and Watson’s 

Elements of Engineering Geology, of which the second 

edition appeared recently, has been written specially 

to cater for the needs of engineers and students 

Tequiring a volume of smaller compass than the 

Previous similar work, Engineering Geology, by the 

Same authors. The new edition contains two new 

chapters, which add considerably to the value of 

the book. One of these is entitled ‘ Historic 

Geology,” and provides, briefly, the fundamental 

facts of stratigraphical geology, and is illustrated 

With fossils characteristic of each of the geological 

Systems. 

The collapse of certain large dam _ structures 
and reservoirs during recent years has had the 
effect of drawing world-wide attention to the disas- 
trous consequences liable to occur when geological 
‘onditions are ignored or are studied too super- 


|of column length), and K, the yield stress of the 


to this important subject is therefore more than 
justified. Drill-holes provide a means of obtaining 
useful information, but instead of placing these in 
straight rows, the structure of the rocks should be 
taken into consideration in locating them. In 
exploring the conditions of bed-rock the use of 
shot drills is recommended, since large cores are 
obtained at low cost, and this type of drill is said to 
be very sensitive to the presence of joints or 
fissures. 

By way of a useful introduction to the subject, 
the first chapter deals with the physical properties 
of the rock-forming minerals. The fundamental 
importance to the engineer of a knowledge of the 
composition, properties, formation, and mode of 
occurrence of the more important and commonly 
occurring types of rocks is emphasised in the intro- 
|duction of Chapter II, which is entitled ‘“‘ Rocks 
and their Relation to Engineering Work.” Rocks 
differ markedly in their value for different purposes, 
}such as road-making or building stone; their 
weathering qualities ; their hardness affecting rate 
of drilling, and hence the cost of operations ; 
and in their variations in structure, which is 
an important factor in quarrying or tunnelling, 
stability of cuttings, dam and reservoir founda- 
tions, &c. 

Other chapters in this excellent book deal with 
such subjects as development work and control of 
rivers ; underground water; landslides; relation 
of wave action and shore currents to coasts and 
harbours ; origin and relation of Jakes and swamps 
to engineering work ; glacial] deposits ; road foun- 
dations and materials ; and, finally, there is a brief 
but very useful chapter on ore deposits. The work 
is excellently printed and profusely illustrated, and 
although the examples given are mostly of American 
origin, it will not, we think, be found any the less 
useful or instructive on this account to the student 
in this country. ~- 


REINFORCED-CONCRETE 
COLUMNS. 


THE efforts being made to secure a more extended, 
and at the same time more economical, use of steel 
in the construction of buildings have directed atten- 
tion to the necessity for the revision of existing 
building regulations in this country. Investigation, 
however, has shown that, while these regulations 
are undoubtedly out of date, there is a great lack 
of fundamental knowledge on which to base new 
rules. Much experience is available, both at home 
and abroad, but large-scale experimental research 
has recently been undertaken, under the auspices 
of the Department of Scientific and Industrial 
Research, with the object of clearing up points on 
which there is still uncertainty and differences of 
opinion. In view of this position in connection 
with steelwork, it need not occasion much surprise 
that the regulations relating to reinforced concrete 
also require revision, and that there is a similar 
necessity for basic research. A useful contribution 
in this direction is contained in the Third Report of 
the Sub-Committee on Columns recently published 
in vol. xii of the Mitteilungen iber Versuche of 
the Austrian Ferro-Concrete Committee. The ex- 
perimental programme is based on that originally 
drawn up by the Committee on its formation 
25 years ago. 

The first report, which was published in vol. iii, 
dealt with the experiments carried out in 1910, 
which included cast-iron and steel columns embedded 
in concrete with spiral reinforcement. The second 
report, published in vol. xi, in 1927, dealt specially 
with spiral reinforcement, the effect of which was 
found to vary from P, = Fy-K, to P, = 3 F,:K,, 
where P,, is the additional load at failure carried 
due to the spiral reinforcement, F', the equivalent 
sectional area of this reinforcement (7.e., in English 
units the cubic inches of reinforcement per inch 











steel employed. It was the intention that the 
present series of experiments should deal with 
columns under eccentric loads, but preliminary 
tests indicated the necessity for first concentrating 
on two important points. These two questions, 
without a clear understanding of which it is impos- 
sible to draw proper conclusions from tests with 


strength of the column by the shell outside the 
lateral reinforcement and by the longitudinal rein- 
forcement. 

The report is presented by Dr. F. Emperger, the 
Chairman of the Sub-Committee, the tests having 
been carried out in Professor Rinagl’s laboratory 
at the Vienna Technical College. They form part 
of an_ international series of tests which are in 
progress in different countries on the suggestion of 
Dr. Emperger. The tests at Vienna were made on 
40 concrete columns with varying amounts of rein- 
forcement, and on two plain steel columns. The 
age of the concrete columns at the time of the test 
is not given definitely. It is stated that they were 
concreted between July 14 and 19, 1930. and that the 
tests were made between July 22 and 29, but it is also 
stated that the concrete test blocks were made at 
the same time as the columns. These test blocks are 
shown as having been made at various dates from 
July 1 to 19. 

It is also, we think, rather surprising to note, 
especially in view of the standard regulations for 
testing concrete included in the same volume, that 
the crushing tests were made at ages varying from 
13 to 21 days, instead of the specified 28 days. Since 
rapid-hardening cement was used the discrepancy 
is probably not serious, but in view of the use made 
of Kw, the crushing strength of the concrete, and of 
Ky, the effective crushing strength in plain columns 
= 0-8 Ky, in various calculations and formule, it 
would have been better that there should be no 
uncertainty as to what these really signify. Apart 
from this criticism with regard to the age both of 
the columns and of the test blocks, very full infor- 
mation is given regarding the materials used, the 
conditions of testing and the results obtained. The 
average crushing strength of the concrete blocks 
was 226 kg. per square centimetre, equal to 3,215 lb. 
per square inch. 

All the columns were 1-5 m. long, mostly 
24 cm. square in section, giving a gross area of 
576 sq. cm. with either a square or round core with 
an area of 400 sq. cm., the area of the shell being 
thus 176 sq. cm., or 44 per cent. of that of the core. 
A number of columns had no reinforcement, while 
others had no concrete outside the core or lateral 
reinforcement. The concrete columns were divided 
into four groups, according to the amount of longi- 
tudinal reinforcement, as shown in the Table given 
herewith. 








Area of Reinforcement as percentage 
| of Core Area. 





Group. | _—___—_—___—— 
vitudi Lateral (or 

Longitudinal. Spiral). 

_— ice Teper eens An ae wane es 
A 0-2 0 —2-0 
B 25-28 | 0-05 
Cc 57 —6-2 | O—0-5 
D 9 0-5 — 2-0 


In addition to varying the amounts of reinforce- 
ment, the tests included variations in the quality 
of steel used. Round bars of steels St. 37 (tensile 
strength, 40 kg. per square millimetre, yield point 
24 kg. per square millimetre), and St. 55 (tensile 
strength 56-4 kg. per square millimetre, yield point 
33-3 kg. per square millimetre), and angle irons of 
the same steels were used for the longitudinal rein- 
forcement, that for the above Group D consisting 
of four 60 x 60 x 8 mm. angles, having a total area 
of 35-84 sq. cm. Three qualities of steel were 
used for the spiral reinforcement, having ultimate 
tensile strengths of 85-4, 97-8 and 129 kg. per 
square millimetre, respectively. 

The method of test adopted was to load the 
columns in successive stages to failure, each load 
being usually maintained constant for 5 to 10 
minutes. The loading was in the following sequence : 
10, 20; 10, 20, 30; 10, 30,40; 7.e., with unloading 
until the permissible working load was passed, 
thereafter 50, 60, 75, 100, 125, 150, 175, 200 tons, 
and so on until failure. The loads were plotted 
against the resultant compression, this being the 
average of four measurements made at the ends 
of two diameters at right angles. The point of zero 
compression was obtained by extending backwards 
the curve of the compression under load. Special pre- 








ficially. The addition of a special chapter devoted 


eccentric loads, are the contributions made to the 
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of the load over the whole section and to pre- 
vent it from being carried by projecting ends of the 
longitudinal reinforcement. The load carried by 
the concrete was obtained by deducting from the 
total load that carried by the steel calculated from 
the known stress-strain curve for the latter. The 
effect of the shell outside the reinforcement was 
similarly obtained by comparing tests of columns 
with and without a shell. In this connection, it is 
necessary to draw a distinction between the outer | 
shell of columns or struts used in bridge and similar | 





construction, and those in buildings in which there | of 3,300 kg. per square centimetre (21 tons per 


is risk of damage from fire. | 


The first point to which attention was directed |is often used. The equivalent percentages of this Ze 


was the limit of compressibility of concrete. Earlier | 


tests had shown that this was about 0-1 per cent.,| The tests with 0-5 per cent. spiral reinforcement 
although values of 0-15 and 0-2 per cent. are fre- 8#V@ compressions varying from 0-14 to 0-192) 


quently given in text books. The present tests | Pet cent., i.c., an average of 0-165 percent. + 15-5 
The increased compression enables steel 


included seven columns without reinforcement, in 
which failure occurred with compression ranging 


The concrete, in spite of the high stress of 1,700 lb. 
per square inch, is far removed from the compression 
at which cracks appear, and is consequently quite 
safe. 

The effect of spiral reinforcement in increasing 
the limit of compression of the concrete was investi- 
gated under two conditions, with 0-5 per cent. 
and 2 per cent. equivalent reinforcement, respec- 
tively. It should be noted that owing to the high 
strength of the wire used, these percentages are 
somewhat misleading if compared with hoop iron 


square inch) tensile strength, which, it is stated, 


material are given as 1-45 and 5-2, respectively. 


per cent. 
St. 37 to be fully utilised and steel St. 55 to be 


concrete; (2) that due to the longitudinal rein. 
forcement ; and (3) that due to the spiral reinforce- 
ment. The usual formula was given as 
P = (Fe + 15 Fe + 45 Fy) X 0-8Kw. . (1) 

while that proposed in the previous report in 
| vol. xi was 

P= Fx X 0°8 Kw + FeKe + yFuKy . . (2) 
where F,K, = Py, is the additional load at failure 
due to the spiral reinforcement. In these formule 


Y total load at failure. 

Fr, Fe and Fy the areas of the core, the longi- 
tudinal and the spiral reinforce- 
ments, respectively. 

the block crushing strength of the 
concrete. 

the yield stresses of the longitudinal 
and the spiral reinforcements, 
respectively. 


The relationship between compression and com- 
pressive stress in the different series of tests is shown 


I yj 


I 


Ke and Ky 





from 0-085 to 0-117 per cent., a variation of + 17°5 stressed to 2,900 kg. per square centimetre (18-4| by the average curves reproduced in the accom- 


per cent. from the mean value of 0-102 per cent. tOnS per square inch) before the concrete fails. 


In these tests, the mean compressive stress for the 
columns varied from 0-6 to 0-85 times that given 
by the block tests. Tests on columns in which 
links placed 20 cm. apart were used as lateral 
reinforcement gave much more uniform results, 
the compression (set) ranging from 0-1 to 0-107 per 
cent. (t.e., 0-103 per cent. + 3-5 per cent.), while 
the compressive stress varied only by + 5 per cent. 
from the mean value of 0-79 (say 0-8) times the 
concrete block strength. This limitation of the 
compressive strain means that, in hooped columns 
with wide spacing, longitudinal reinforcement is 
only stressed to some 2,100 kg. per square centimetre 
(13-3 tons per square inch). Under such conditions, 
it is consequently of no advantage to use high- 
tensile material, neither is it economical to use more 
than, say, 3 per cent. of longitudinal reinforcement. | 
A noteworthy point found from consideration of | 
these tests along with the preliminary ones, in which | 
very wide variations in the quality of the concrete | 
were made, was that the amount of compression | 
at failure was independent of the strength of the | 
concrete. The effect of spiral reinforcement in| 
increasing the compression limit of concrete will | 
be referred to later. | 
The tests on the load carried by the shell showed | 
that, with lightly-hooped columns, the shell was) 
equally as effective as the core. This was only to | 
be expected, since the light hooping, as mentioned | 
above, did not raise the compression limit of plain 
concrete (viz., 0-1 per cent.), but merely gave | 
greater uniformity. ‘The columns with spiral] rein- | 
forcement equivalent to 0-5 per cent. of the core-| 
showed that the shell carried its proportionate | 
amount of load up to a compression of 0-16 per cent., | 
at which the strength of steel St. 37 was fully | 
utilised, while its effect was not lost until the com- | 
pression reached at least 0-2 per cent. With a| 
comparatively light spiral, or heavy hoop, rein- 
forcement it is possible to count on the full section 
of the column, including the shell, up to 0-2 per 
cent. compression. This does not, of course, apply 
to the thick shells used for fire protection. It is 
to be noted thet in these tests, as in the earlier 
ones carried out by Dr. Emperger, the first cracks 
appeared in the columns near the breaking load, 
and in any case considerably above the working 
load. The importance of this in regard to the factor 
of safety is shown by a consideration of the actual 
stresses in a reinforced concrete column. Taking 
the steel St. 37, with a yield point of 2,400 kg. per 
square centimetre (15-2 tons per square inch), 
and concrete with a crushing strength of 200 kg. 
per square centimetre (2,850 Ib. per square inch), 
the ratio being 12:1, the permissible stresses are 
given as 1,600 kg. per square centimetre (10-2 tons 
per square inch) and 45 kg. per square centimetre 
(640 lb. per square inch), respectively, a ratio of 
35°5:1. Actually, at the working load on a 
column with 10 per cent. reinforcement, the ratio 
of the stress in the steel to that in the concrete is 
only 7: 1, these stresses being, respectively, 840 kg. 
per square centimetre (5-3 tons per square inch) 
and 120 kg. per square centimetre (1,700 Ib. per 
square inch). The stress in the steel is thus only 
about half of that taken as permissible, corresponding 
to a compression of the column of 0-04 per cent. 
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Average Compression Curves for Reinforced-Concrete Columns. 
M,-, End Points of the Compression Curves for Concrete in the Columns of Groups 1 to 7. 
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Longitudinal Reinforcement. 


Lateral Reinforcement. 





1 Unreinforced concrete columns 








2 Mj,» 0-15 to 0-6 per cent. round bars of | Hoops at 20 cm. apart. 


St. 37 or St. 55 




















3 | Ms | 0-15 to 0-6 per cent. round bars of | Spiral reinforcement, 0°5 per cent. 
| St. 37 or St. 55 St. 95. 
“< 7 — | 9 per cent. angle irons St. 37 P| 5 ‘a 
| Ms | 9 per cent. angle irons, St. 55 i 
6 My 0-15 per cent. round bars, St. 37 fs Spiral reinforcement, 2 per cent. 
7 My 9 per cent. angle irons, St. 55 ae wees = ‘~ 


The composite columns with 9 per cent. longitudinal 
steel (Group D) and 0:5 per cent. spiral reinforce- 
ment gave still higher values, the compression 


increasing to 0-225 per cent. with angles of St. 37, | 


and to no less than 0-42 per cent. with angles of 
St. 55, the breaking loads in the two cases being 
184 and 239 tons. These values represented in- 
creases of 110 and 105 per cent., respectively, over 
the breaking loads of the plain steel columns without 
concrete. Two composite columns with longitu- 


dinal angles of St. 55 (9 per cent.) and 2 per cent. | 
spiral reinforcement gave a mean breaking load | 


of 313 tons, an increase of 74 tons over the load 
with 0-5 per cent. spiral reinforcement. The 
compression in this case reached 2-4 per cent., or 
24 times that of plain concrete. It will thus be 
clear that the usual assumption that a definite 
amount of spiral reinforcement corresponds to a 
definite increase in the breaking load does not 
apply to columns with considerable longitudinal 
reinforcement. The function of the lateral rein- 
forcement ‘is not so much to increase the strength 
of the concrete as to raise its limit of compression. 

The load carried by a column can be regarded 
as made up of three parts: (1) that due to the 





| the end points of these series lie on a regular curve. 
Particulars of the reinforcement used are given in 
| the Table. 
It is obvious that if it is desired to use formula 
| (2), the value of » has to be varied according to the 
type of longitudinal reinforcement, the following 
being suggested :— 
(a) With round bars and light 


sections of different quali- 
ties of steel... y = 1 Groups 3, 6. 


(b) With heavy angles of St. 37 y = 1-5 Group 4. 

(c) With heavy angles of St. 55 y = 2 Groups 5, 7. 
In spite of this variation in the value of y there 
were considerable discrepancies between the cal- 
'culated and observed loads. The actual value 
| of » found for group 5 was 3-2. 

The working loads for a number of the columns 
were calculated in accordance with the usual 
formula, on the lines of (1) above, allowing a nominal 
working stress in the concrete of 45 kg. per square 

centimetre (640 Ib. per square inch), and also from 
|the proposed formula (2) using the same nominal 
stress in the concrete and nominal stresses in the 
longitudinal reinforcement of 1,600 kg. per square 
centimetre (10-2 tons per square inch) for St. 37 





— a a a ee ee a ee a —~ a nr er ey 


~~ --n. e el 








ve. 


la 
he 
ng 


al- 


ue 


ns 
ial 
al 


m 
al 
he 
re 


ENGINEERING. 


517 





OcT. 23, 1931.] 





and 2,400 kg. per square centimetre (15-2 tons 
per square inch) for St. 55. The latter gave higher 
values for the loads, but the factors of safety, 
calculated from the actual loads at which the columns 
failed were considered to be ample. 





THE CENTENARY MEETING OF 
THE BRITISH ASSOCIATION. 


(Continued from page 502.) 
SECTION G.—ENGINEERING. 


MERCURY-JET COMMUTATION. 

Ar the final meeting of the session of Section G, 
on the morning of Wednesday, September 30, the 
chair was taken by Sir J. A. Ewing. The first item 
on the programme was a paper by Professor Julius 
Hartmann, entitled ‘‘ Spark-Neglecting Commuta- 
tion: A New Principle in Large-Power Direct-Current 
Production.” We shall reprint this paper in an early 
issue of ENGINEERING. The author explained that 
the jet-wave rectifier described by him at the Leeds 
Meeting of the Association in 1927, (see ENGINEER- 
ING, vol. cxxiv, pages 338 and 377), introduced a 
new principle into electrotechnics which he had called 
“ spark-neglecting commutation.”” He hoped this 
term would not be too offensive to his audience. His 
present paper was a plea for the adoption of this 
principle which was thought to be well adapted to 
all forms of direct-current production, as well as for 
other purposes. In the first part of the paper, the 
new principle was compared with valve-commutation 
obtained with the mercury-vapour rectifier, and the 
results of recent investigations with regard to the 
load and voltage that could be dealt with by a simple 
jet-wave commutator were given. The various 
possible forms of ‘ spark-neglecting ’”? commutators 
were discussed and a brief review of the results 
obtained were given in the second part of the paper, 
in which three new types of commutator, known, 
respectively, as the jet-chain commutator, the spiral- 
wave commutator, and the plate-jet commutator, 
were described. In the third part of the paper, the 
scheme for a future transmission of electrical energy 
in the form of high-tension direct current was ex- 
plained. It was pointed out that the principle 
of “spark-neglecting ’”’ commutation permitted the 
production of rectifiers for practically all loads and 
voltages, and, moreover, since a spark-neglecting 
rectifier plant formed a reversible system, an inverter 
for converting a continuous voltage into an alter- 
nating voltage could be made on this principle. Thus 
a step-up and step-down direct-current transformer 
could be made by a combination of an inverter and 
a rectifier. 

The first speaker in the discussion on the paper 
was Professor Miles Walker, who after congratulat- 
ing the author on the progress made, said the 
attractive feature of the principle was the ability 
to convert direct-current into alternating current. 
For converting alternating current into direct- 
current he did not think it would be possible to 
beat the mercury-vapour rectifier. The advantages 
of high-tension direct-current transmission were 
such that the difficulties attending its development 
would have to be overcome. There were, however, 
other methods of producing high-tension direct 
current than that mentioned by the author. The 
transverter, for instance, had not been a failure, 
although it had apparently failed to convince the 
practical engineer of its merits. In a paper before 
the World Power Conference, also, the use of a mer- 
cury-vapour rectifier as a spark eliminator in con- 
Junction with moving machinery had been referred 
to, and by this means it was possible to operate a 
motor on 100,000 volts without sparking. He 
thought that in future high-tension direct-current 
transmission systems, the conversion would be 
effected by moving machinery and the sparking 
prevented by the mercury-vapour rectifier. 

Professor W. Cramp, the next speaker, referred 
to the use of hydrogen for preventing sparking, and 
pointed out that it had been used in the old mercury- 
jet interrupter, and that the Poulsen are employed 
hydrogen or coal gas. The use of hydrogen was 
therefore not new, but he thought the author's 
explanation of its action was. It certainly explained 
& phenomenon that occurred in the Poulsen arc, 
with which deposits were found on the sides of the 


>’ 





enclosing vessel on parts which were some distance 
from the arc itself and were, therefore, comparatively 
cool. When the grid system had been proposed, he 
had pointed out that high-tension direct-current 
transmission would probably supersede alternating- 
current transmission, and had shown that the 
Poulsen arc could be used for changing direct 
current into alternating current with a mercury- 
vapour rectifier for converting alternating current 
to direct current. He had, in fact, shown a small 
motor operated in that way. He had never con- 
sidered the transverter likely to be successful, 
owing to its great weight and cost, and to the space 
required. With the mercury-arc rectifier, the only 
limit to the voltage which could be handled was the 
distance between the electrodes. It could be used 
commercially for rectification up to 10,000 volts 
and, under laboratory conditions, up to 100,000 
volts. He asked if this property also applied to 
mercury-jet rectifiers, although, in any case, he 
thought it would be possible to use a number of 
them in series. 

The Chairman, in calling on the author to reply, 
inquired, in connection with the transference of the 
energy from the are to the walls of the vessel, how 
this was affected by the pressure of the hydrogen 
atmosphere, and whether any experiments had been 
made at high pressures. He also asked if it were 
advisable to cool the vessel artificially. In the 
course of his reply, Professor Hartmann said, with 
regard to Professor Miles Walker’s remarks, that the 
mercury-are commutator could be used in con- 
junction with the jet-wave commutator; he had, 
in fact, done this some time ago in Denmark. He 
thought the use of the former would be advan- 
tageous in large plants, but not in small ones. In 
answer to Professor Cramp’s query as to the voltage 
range of the jet-wave commutator, he could not say 
definitely what the actual limit was, but he thought 
it would be from 2,000 volts to 3,000 volts in the 
case of a single jet. He could, however see no limit 
to the voltage which could be handled by a number 
of jets in series. He was sorry if he had given the 
impression that the explanation he had given of the 
transference of energy in hydrogen by the dissocia- 
tion of the molecules was his own. Actually it had 
been used in a paper on the subject of atomic- 
hydrogen welding published some time ago, and he 
had taken the explanation from that. In answer 
to the Chairman, he said he had tried experiments 
on commutation in hydrogen at pressures up to 
20 atmospheres, but had not then been able to 
measure the actual spark losses. He had, however, 
measured the intensity of the light emitted by the 
spark and found this to depend upon the pressure, 
as would be expected. The effect of increasing 
the pressure, he thought, would be to cause the spark 
to be quenched earlier. No artificial cooling of the 
chamber had been found necessary, since the flow 
of the mercury through the pipes effectively dissi- 
pated the heat produced. 


ELEcTRICAL UNITS AND DEFINITIONS. 


The next item taken was an interim report of the 
Committee on Electrical Terms and Definitions, 
which was read by Professor G. W. O. Howe. This 
stated that the difficulties and differences of opinion 
with which the Committee was concerned were being 
considered and debated in many other countries 
and by an International Electrotechnical Commis- 
sion. All these bodies were finding great difficulties 
in arriving at an agreed system of definition, the 
difficulties being largely due to the different methods 
by which the subject was approached and treated by 
physicists and electrical engineers. A committee, 
under the chairmanship of Sir Richard Glazebrook, 
had recently been appointed by the International 
Union of Physics to consider the subject from the 
physicists’ point of view. So far, the discussion had 
been mainly confined to those engaged in the 
teaching and practice of electrical engineering. An 
attempt to obtain agreement immediately disclosed 
differences of conception and opinion of a fundamen- 
tal nature, and it was very important that an effort 
should be made to obtain agreement between 
physicists and electrical engineers on those funda- 
mental points. The Committee therefore thought 
it inadvisable to issue a scientific report at the 
present juncture, but they recommended that the 





Committee be reappointed and that Sir Richard 
Glazebrook, Dr. W. E. Sumpner, and Dr. D. W. 
Dye should be added to their number. 

Sir James Henderson, speaking on the report, 
said the difficulties it disclosed were not of recent 
date, having existed for at least 30 years. In 
the course of his remarks, Sir James stated that the 
fundamental omission lay in writing down the 
results of Coulomb’s experiments in arbitrary units, 
adding that if Coulomb had had a knowledge of 
modern dimensional physics he would have included 
a constant to render his equation independent 
of the units employed. Professor A. E. Kennelly 
said that all were in agreement that the matter 
was of great importance to teachers, students and 
engineers, and it was desirable that it should be 
cleared up by the joint efforts of physicists and 
engineers. He mentioned, in the course of his 
remarks, that uo, the permeability of a vacuum, 
had dimensions and was not a mere number, which’ 
was an important fundamental point, and then gave 
a brief résumé of what had been done to secure 
uniformity in units and definitions throughout the 
world. 

The next speaker, Professor Fortescue, said he 
was one of the minority to whom the introduction 
of 4) was distasteful. The time was not appropriate 
to go into details, but by no experiment or process 
available to us was it possible to distinguish between 
Bor H in air and in a vacuum, and he asked if it were 
permissible to say that things were different if it 
were not possible to distinguish between them. 
Professor Cramp, however, disagreed with the pre- 
vious speaker and said that, if the historical point 
of view had been adopted, we should not be in diffi- 
culties to-day. When the question of units first 
arose in connection with Faraday’s work on electro- 
chemical equivalents, Faraday had said that the 
one thing he could define and measure was the 
quantity of electricity. Having defined quantity, 
the definition of current followed as the quantity 
per unit time. The force between two current- 
carrying conductors had been definitely laid down 
by Ampére, but if the conductors were placed in any 
other medium than a vacuum the force between 
them would be different. Since the medium had 
some effect we could not confuse B and H; H 
definitely depended on the current, while B depended 
upon something else. 

This concluded the discussion on the report and 
the last item on the programme, viz., the report 
of the Committee on Stresses in Overstrained 
Materials was then dealt with. 


STRESSES IN OVERSTRAINED MATERIALS. 


The report of this Committee took the form of 
five separate papers, all of which have already 
appeared in our columns. Two of these, on ‘‘ The 
Hardness of a Steel Tube Along Certain Liiders or 
Piobert Lines,” and on ‘Indentation Hardness 
of Test Pieces Resulting from Plastic Flow,” were 
by Sir Henry Fowler, who briefly explained their 
subject matter. These papers will be found on 
pages 299 and 420 ante, respectively. Professor 
Gilbert Cook then dealt similarly with his paper on 
“The Upper and Lower Yield Points in Steel 
Exposed to Non-Uniform Distributions of Stress,” 
which was printed on page 343 ante. The next 
paper, by Dr. B. P. Haigh and Mr. T. S. Robertson, 
on “ Plastic Strain in Relation to Fatigue in Mild 
Steel,” was dealt with by Dr. Haigh, and will be 
found on page 389 ante. Finally, the paper by 
Messrs. J. G. Docherty and F. W. Thorne on “ The 
Phenomena of Tensile Yield in Mild Steel and Iron” 
was briefly outlined by the first mentioned author, 
a few remarks being added by Mr. Thorne. This 
paper was printed on page 295, ante. 

Mr. J. S. Wilson, who opened the discussion on the 
papers, said they were of great importance to the 
designing engineer. Anyone who had spent some 
time in a bridge yard must realise, however, that 
superposed upon the working stresses were the 
stresses due to manufacture. In erecting a big 
bridge, parts were bent and shaped cold, and trough 
floors which were formerly heated and pressed to 
shape were now pressed cold, even when of consider- 
able thickness. The stresses were carefully calcu- 
lated, but the plastic stresses due to cold working 
were superposed upon them. Engineers, however, 
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had confidence in the materials they employed, 
although the elasticians tried to alarm them. 
Referring to Messrs. Docherty and Thorne’s 
paper, Professor Gilbert Cook said that Mr. Thorne 
had stated that the boundary of the Liiders lines 
was indefinite and irregular, which would be true 


with uniform stress, but in his case the stress was | 


steeply varying and the points quite distinct and 
definite. Mr. Thorne here agreed with Professor 
Cook. Mr. W. Lowe Brown, referring to the time 
effect in tests of materials, said that repeated stress 


tests were always carried out at high speeds, and | 


asked if anything had been done to compare such 
tests with the stresses applied under practical con- 
ditions. In the latter, the repetitions were much 
slower and there were frequently rests between 
them. Sir James Henderson congratulated the 
Section on the valuable group of papers presented, 
and remarked that they contained too much 
information to be dealt with by discussion. He 
especially congratulated Messrs. Docherty and 
Thorne for their long-continued efforts to find a 
rational explanation for the phenomena they had 
been dealing with. 

The Chairman, after expressing his agreement 
with the remarks made on the value of the papers, 
referred to Muir’s work on boiling specimens to 
remove the effects of strain. Before this had been 
done, he said, he had observed that strained iron 
wires recovered after a lapse of time, both when the | 
load was left on or taken off, although the rate et 
recovery was different in the two cases. During 
the first hour, the rate of recovery was rapid, but 
it afterwards became slower. This phenomenon, 
he continued, still needed investigation. Probably, 
the recovery was a function of the temperature, 
and Muir’s method of producing recovery effected 
in a few minutes what would otherwise require 
some days. The time that elapsed, he thought, was 
a vital point. Sir William Bragg and his son had 
developed a superb method of investigating the 
structure of crystals, and he would like to see the 
structure watched by this means during the process 
of recovery. In conclusion, he thanked the authors 
of the papers presented, the authorities of the 
Imperial College of Science and Technology for 
the accommodation provided for the Section in the 
buildings of the City and Guilds Engineering 
College, and others whose efforts had contributed 
to the success of the meeting. 

Sir James Henderson proposed the vote of | 
thanks to the Chairman, and Mr. J. S. Wilson added 
some appreciative remarks. In acknowledging 
these, the Chairman said he felt that he ought to 
apologise for his absence from the meeting on the 
previous day. The reason for this was that as he 
had been invited to fill a more exalted office next 
year (Sir James was here referring to the fact that 
he has been elected President of the Association for | 
the York Meeting in 1932) he had thought it 
necessary to acquire some knowledge of science, 
and had therefore attended the discussion on the 
evolution of the universe in Section A. He had, 
however, been sorry to miss the work of Section G 
on that occasion. 

This concluded the business of the Section and 
the members then dispersed. 





Visits, Excursions, &c. 

A number of interesting visits and excursions 
were arranged for the members of the Engineering 
Section during the course of the meeting. On the 
afternoon of Friday, September 25, the members 
visited the Shipping and Engineering Exhibition 
at Olympia and were entertained to tea by the 
exhibition authorities. On the following day, two 
visits were arranged. One of these was to the new 
works of the Ford Motor Company, Limited, now 
approaching completion at Dagenham. These 
works have been built on a site of 500 acres on the 
banks of the Thames, and will be, we understand, 
the largest motor-car works in Europe. When in 
full operation they will employ upwards of 15,000 
workers and will be capable of producing some 
260,000 cars, commerical vehicles, &c., per annum. 
The principal features of the works are three main 
buildings for the foundry, manufacturing shop and 
assembly shop, respectively. The first mentioned 
is 1,250 ft. in length and other two 1,000 ft. in| 


‘in Horseferry-road, the 


| the latter being in conjunction with the members 





length. The width, in all cases, is 300 ft., and 
between each is a covered loading and unloading 
bay, 80 ft. wide. A  reinforced-concrete jetty 
1,800 ft. in length, at which ships of 10,000 tons 
can berth, has been constructed on the river front. 
Two travelling transporters, each capable of 
handling 600 tons per hour, have been erected on 
| the jetty for dealing with ore, coal, &c., which will 
be handled on one-third of the total length of the 
jetty, while of the remaining two-thirds, one will 
be devoted to the shipment of the products of the 
factory, and the other will handle refuse brought 
;down from London for use as fuel in the works 
| power station. A noteworthy feature of the works 
is a blast furnace capable of producing 500 tons 
of pig iron a day, and for supplying fuel for the 
furnace a coke oven and by-product recovery plant 
is now in course of erection. A number of machine 
tools, some of which have been transferred from 
the company’s works at Manchester, are now in 
operation, and the production of certain parts 
has already commenced on a comparatively small 
scale. 

| The other visit on Saturday was made to the 
Fulham Gas Works of Messrs. The Gas Light and 
Coke Company, in conjunction with members of 
Section B, Chemistry. The party consisted of 
about 200 members who were first shown over the 
works, their attention being directed more to the 
experimental plant of various types than to routine 
methods of gas production. A description of some 
of this plant was given in ENGINEERING, vol. 
cxxvii, page 260 (1929). The new plant, however, 
for the commercial production of coke for open fires 





| and domestic hot-water boilers attracted much 


attention and, in this connection, there was an 
interesting comparative display illustrating the 
burning qualities of the older, present-day and 
developing types of coke. The party then spent a 
considerable time in the new research laboratories, 
in which the hydrogenation plant and that for 
studying by-products in relation to carbonising, 
amongst many other pieces of research apparatus, 
aroused great interest. This laboratory was the 
subject of an article in ENGINEEsING, vol. cxxvi, 
page 142 (1928) on the occasion of i is formal opening. 
After the inspection, the party was entertained to 
luncheon by the Gas Company at its head offices 
Governor, Sir David 
Milne-Watson presiding. Entertaining and _in- 
teresting speeches were delivered during the course 


|of the luncheon by Sir. J. A. Ewing, President of 


the Engineering Section of the British Association, 
Sir Richard Threlfall, Chairman of the Fuel Research 
Board, and Brigadier-General Sir Harold  B. 
Hartley, President of the Chemical Section of the 
British Association. 

On Monday, September 28, the members of 
the Engineering Section, in conjunction with the 
members of Section F, Economics, visited the 
Chiswick repair works of the London General Omni- 
bus Company, and the Acton Works of the Under- 


STEAM RESEARCH IN EUROPE AND 
IN AMERICA.* 


By Professor Dr.-Ing. Max Jaxkos. 


LECTURE II. 
C.—CALORIMETRIC MEASUREMENTS. 


In the first lecture I dealt with the general aims 
of steam research and the first part of the experimental 
work in this field, that is, the mechanical and ther- 
mometric measurements of pressure, volume, and 
temperature. In this lecture I come to the second 
part of the activity in the different countries, viz., 
to calorimetric methods and observations. I may 
begin again with a synopsis of the different investiga- 
tions, as given in Table IV, which indicates the native 
countries of the different research workers. This table, 
| as far as temperatures up to 100 deg. C. are concerned, 
| gives only a selection of the best-known experiments. 

The total heat i of superheated steam is composed 
of the liquid heat 7’, the latent heat r, and the energy 


e 





of superheat | cpdt. I will deal with the calorimetric 
J's 
experiments in this order. 

1. Liquid heat i’.—Among the earlier measurements 
on the specific heat of water, I should like to mention 
the painstaking investigation of Barnes,j which was 
carried out at the suggestion of Professor Callendar, 
and published in 1902. Barnes used a steady-flow 
calorimeter constructed of glass, protected against heat 
losses by a jacket through which water of the same 
temperature flowed. 


TABLE LV.—Calorimetric Measurements. 


Barnes (British). 
Callendar (British). 
Dieterici (German). 
Jaeger and v. Steinwehr 
(German). 
Osborne, Stimson and Fiock 
(American). 
Henning (German). 
Jakob (German). 
Jakob and Fritz (German). 
Osborne, Stimson and Fiock 
(American). 
Knoblauch and Jakob 
(German). 
Knoblauch and Hilde Mollier 


1. Liquid heat, 7’ 


2. Latent heat, r 


oe 


(German). 

3. Specific heat of | Knoblauch and pg eae 
steam, Cp Knoblauch and Raisch 

(German). 


Knoblauch and Koch 
(German). 





| Koch (German). 
4. Total heat, 
t Callendar (British). ; 
t=t’+r+] cpdt Havlicek (Czechoslovakian. ) 
ts 





| With this calorimeter he investigated the field between 
| 0 and 100 deg. C. The discrepancies between his values 
and those of more recent experiments may be caused 
| principally by the fact that the thermometric scale and 
| the electrical units have been slightly changed. 

| In Germany, the best of the more recent experiments 
| are considered to be the measurements of Jaeger and 
|v. Steinwehr,{ referring to temperatures from 5 deg. 
to 50 deg. C., which were published in 1915 and 1921. 
|The heat unit used hitherto in Germany, is based on 


a ae : = = ing | * . * 
ground Railways, where the overhaul of rolling | tjese measurements, which were carried out in the 


stock is carried out. Both these works have been 


fully described in ENGINEERING, the former on page 


145 of vol. cxiii (1922), and the latter on page 645 | 
of vol. cxxv (1928). On the same day a visit to the 
Tube railway extension works, Southgate, was 
arranged for the Engineering Section. The South- 
gate extension is the prolongation of the existing 
Piccadilly Tube in a northerly direction from Fins- 
bury Park to Cockfosters. The first four miles are 
being constructed in tunnel and will include four 
stations equipped with escalators. Although only 


| Reichsanstalt. Fig. 7 shows the simple apparatus used, 
which consists of a water-container with electrical 
heater and counter-current stirrer, as well as a jacket 
enveloping the vessel; the water in the jacket can be 
| kept at the same temperature as the inner vessel by 
means of coils, through which water also flows. Fig. 8 
is a reproduction of a photograph of the heater and 
the stirrer. For the purpose of ensuring high accu- 
racy, the investigators worked with a large quantity 
| of water (50 litres), but with a small interval of tem- 
peratures (1-4 deg. C.). The resistances of the platinum 
'thermometers had therefore to be measured with a 


commenced a year ago, this portion of the line is | relative accuracy of one-half millionth, if the accuracy 


about 80 per cent. completed, the rate of progress 
having been quite unprecedented. The remaining 
3} miles of the line, work on which was commenced 
in May last, are mainly in the open, part being 
carried on a brick viaduct. It includes, however, a 
tunnel 3 of a mile in length and one tube station, in 
addition to three open-air stations. 

The remaining visits, on Tuesday, September 
29, were to the Brookman’s Park transmitting | 
station of the British Broadcasting Corporation, 
and to the docks of the Port of London Authority, 


of Section E, Geography, and Section F, Economics. 
(To be continued). 








of 0-0001 deg. C., aimed at was to be reached. The 
accuracy of the results of these measurements (4° 1842 
watt-seconds per gram per degree Centigrade for the 
15-deg. calorie) is estimated by the investigators to be 
within a few ten-thousandths. Compared with the 
values of Barnes, those of Jaeger and v. Steinwehr for 
50 deg. C. are higher by about 14-thousandths. 

After Regnault, the heat content of water above 
100 deg. C. was first determined in 1905 by Dieteric1,s 











* Second of a course of four lectures delivered in 
May, 1931, before the University of London. The first 
lecture will be found on page 143, ante. re 

+ H. T. Barnes, Phil. Trans. (A), 199 (1902), page 149. 

+ W. Jaegar and H. v. Steinwehr, Ann. d. Phys» 
vol. 64 (1921), page 305. ae 
§ C. Dieterici, Ann. d. Phys. vol. xvi (1905), page 593. 
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who worked up to 303 deg. C. He introduced small 
quartz tubes at known temperatures, first empty and 
then containing known masses of water, into a Bunsen 
ice calorimeter, and noted the contraction in volume, 
due to the melting of ice, by filling this now empty part 
of the volume with mercury. From such a double test 
he obtained by subtraction the mean specific heat, in 
which a small correction had to be applied for the 
change of energy originated by the small quantity of 
vapour inevitably existing in the tube. Fiock,* in an 
interesting paper, with the aid of the new results of the 
Bureau of Standards, has recently corrected the values 
of Dieterici, by accepting as correct the American figures 
for the total heat of saturated water and then correcting 
the Dieterici values by means of a conversion factor. 
The most important of the recent investigations 
was carried out by Osborne, Stimson and Fiockt 
in the Bureau of Standards, and refers to temperatures 
up to 270 deg. C. Osborne uses a universal calori- 
meter, shown in Fig. 9, by which he can obtain nearly 
all thermodynamical properties of water and steam in 
the saturated state. It consists of an inner vessel a, 
holding about half a litre, insulated by an evacuated 
envelope, and containing an electrical heater p and a 





stirrer m; steam can be withdrawn from the top at h, 
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whilst at the bottom water can be taken off at 7. 
According to whether, after a certain supply of heat, 
nothing, water or steam is withdrawn, these are ob- 
tained by a thermodynamical calculation three values, 
a, 8 or y, which can be derived in a simple manner, 
as shown in Table V. 

TABLE V. 


j v! vi 
Sketch of Volumes :— | 
vil Vz 
B g 
= nis ee wee ! ee oe 
Withdrawn : | 1 kg. water | 1 kg. steam 
| (Specific volume v’):| (Specific volume v”) 
Evaporated ; 
afterwards : 


mg kg. water. my kg. water, 


Volume of the with- 





drawn substance .. Vv’ =10’ Vv" =10" 
Volume of the evapora- 
ted wate 'g=m,v y= m0 
ed water ve V’'g =m3;0 | v’y mt | 
Vv’ , v’ 
Proportion of volumes ar a ee Vv" 4 * : id | 
We ey v TYVy v | 
From this follows m3 = : (2) m,=—* (3) 
‘ vw” —v’ vw” —v 





By drawing off 1 kg. of water from the calorimeter | 
(volume V’= 1.0’), mg kg. of its water content | 
(volume Ve= mg v’) must afterwards evaporate, if the 
pressure and temperature in the interior of the vessel 
are to remain unaltered. Now, since the mass mg 
changes from the volume V’, in the liquid state to the | 
volume V,’+ V’ in the state of vapour, we have 

h if , | 
wy a os and equation (2) follows from the | 

pt V v | 
three volume relations. By analogy, when 1 kg. of | 
steam is withdrawn from the calorimeter, the water | 
quantity m, evaporates afterwards, as given by | 
equation (3). } 

*E. F. Fiock, A.S.M.E. Transactions, September- | 
Seabee edition of the Fuelsand Steam Power Section, 

0. 

+ N. S. Osborne, H. F. Stimson and E. F. Fiock, | 
A.S.M.E. Transactions, September—December edition | 
of the Fuels and Steam Power Section, 1930. | 








The expressions for mg and my, (equations (2) and 
(3)) are very important; we shall continually refer 
to them. 

Regarding the three operations just mentioned, with 
the calorimeter one obtains the equations 


Supply of heat energy without changing the content :— 
—" [ 2 | s [ 2 | 
Pe See ab. =f (4) 
v” v’ 1 My — Ma 


Isothermal supply of heat energy and withdrawing of 


water: 
2 
B oe v’ sf [- 8 | 


vo"7' "MM, 


(5) 


Isothermal supply of heat energy and withdrawing 


of steam :— 
2 
- Es] 
v 1 


Ps ee ‘ 
tj a= 





In these equations the suffixes 1 and 2 refer to the 
state at the beginning and end, respectively, and 


of ice, it is usual to put 7’ = 0 at 0 deg. C. A slight 


v e oe 
amount, ---——, r, would then remain, and this is also 
v 


= ea 
taken as zero by Osborne, though really it would be 
)-0 ; s 
oe 600 = 0-003 kilocalories per 
kilogram at 0 deg. C. Of course, this amount is neg- 
ligible in practical working regions, and only significant 
in the vicinity of the melting point. 

From « and £ we obtain further in a purely thermo- 
dynamical manner the entropies s and the specific 
heats c by means of the equations :— 


[vJ-[ Ee]. 


equal to about 








suffixes a and 6 refer to different experiments. M is the 


____Sigheek 


total mass of water and steam existing in the calori- 
meter at the state in question. 

Now it follows directly that the equation for « 
originates from the fact that the total heat of each 
kilogram of water must be diminished by the amount 
of heat which is required for the evaporation of 


mp = = = kg. of water, whereby the difference 
(« = = ao r) remains, and that 8 is the amount 
, 
for the additional evaporation of m3; = peer kg. 
—v 
of water, y that for the additional evaporation of 
v” 
vw” - 


My ~ kg. of water. 


Now, from the heat quantities a, 8, and y the 
following relations result :— 


“eo =a+t+ B . . . . . . (7) 
r y- B = : é . ‘ « (8) 
. 

re 
i” #+r=aty . ‘ , . (10) 


In this connection, one point should be mentioned. 
Whilst, for a certain state, 8 and y follow directly 
from the equations (5) and (6), we obtain for a only 
the difference between two states. Therefore, in the 
equation for i’ the value of « for state 1 must be 








put equal to zero. Starting from the melting point 








3 2 
[e]i-[ +(e - on 
7 = 2k P : . (18) 
ett TA(#) - 09 
-HtAG). - on 





(2678.x,) “RNGINEERING™ 
. eG DP. 
and finally, if it is known, 
C 
ee * « «»« 6 
reP 
dT 
” 7 
v = — . . - (17) 
pip 
d 


Therefore, if in a certain region we have determined, 
by experiment, «, 8 and + as functions of the tempera- 
ture, we can calculate from these all the thermodynamic 
properties relating to the saturation region of water 
and steam with the exception of v’ and v”, for which 
: z along the 
saturation line, as can be seen from the two last 
equations above. 

Of course, even Osborne's universal calorimeter is 
not absolutely free from the weakness which is peculiar 
to every universal instrument, compared with special 
instruments, namely, that all properties cannot be 
measured with the same accuracy. In the present 
case 8 is only a small fraction of « and y, and therefore 
relatively less exact. It is for this reason, I think, that 
the American authors in their final publication omitted 


we require to know the value of 


the calculation, originally aimed at, of < =”. Neither 


have they communicated values for the specific heats 
c’, ce’, and the specific volumes v’ and »”. The latter 
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is apparently omitted because the saturation line has 
not been determined in the Bureau of Standards. On 
the other hand, Osborne and his co-workers have 
determined i’, r, i” = i’ +r, 8’, and s” in the region 
up to 270 deg. C. (56-1 kg. per square centimetre). 
They were prevented from proceeding farther by the 
failure of a vital part of the calorimeter. 

I shall return in detail to their results in the next 
lecture. In this, I have still to mention two further 
points regarding the heat content of water :— 

(1) At 15 deg. C., ceteris paribus, they obtained a 
value of the total heat of water about 0-1 per cent. 
lower than Jaeger and v. Steinwehr, each of the two 
groups of investigators maintaining that their measure- 
ments were accurate to within a few ten-thousandths. 

(2) The values found by Dieterici seem to be too 
high by 0-5 per cent., at most, below 200 deg. C., 
and too low by 0-8 per cent. in the region above 
200 deg. C. Fiock, in the paper already mentioned, 
has corrected the values of Dieterici, and reduced them 
to the Bureau of Standards values. By this, above 
200 deg. C. the agreement is as near as 0-2 per cent. 

The discrepancy in the values of the electrical 
equivalent of the heat unit, based on the measure- 


Fig. 11. 


still 41 per cent. of the total heat, being nearly as 
much as the liquid heat. 

The method is, in principle, the same as that which we 
have just described as the method y, when referring to 
Osborne’s system of calorimetry, but our arrangement 
differs very considerably from the American apparatus. 
The three stages of the development of our apparatus 
are shown in Figs. 10, 11 and 12. Fig. 10 shows 
Henning’s apparatus, designed and used originally 
only up to 180 deg. C. (10 kg. per sq. cm.). It con- 
sists of a bronze boiler vessel A with the electrical 
heater E in a brass shell, the two platinum-resistance 
thermometers T, for water and for steam, the take-off 
tube R, the reversing cock H and the two condenser 
vessels K. A test is begun by heating the water, which 
nearly fills the boiler, to the required boiling tempera- 
ture; then, the electrical heating energy being kept con- 
stant, water is evaporated in a steady manner, and the 
steam condensed in the vessel on the left. If a steady 
state is reached, by means of the cock H, the flow is 
turned from the left to the right, and during a certain 
space of time, observed by means of a chronometer, the 
steam is condensed in the right-hand condenser until, at 
a fixed moment, the cock is reversed to the left. 





Fig. 12. 
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ments of the Bureau of Standards and of the Reichs- 
anstalt, and the different definitions for these units, 
will be referred to ir the next lecture, when I deal with 
international co-operation in the field in question. 
The observations of Professor Callendar in connec- 
tion with conditions near the critical point will be 
discussed in connection with the total heat of steam. 
2. Latent Heat.—Direct measurements of the latent 
heat of steam at higher pressures have, up till the present, 
not been carried out anywhere in so wide a range as in 
the Reichsanstalt : first, up to 180 deg. C. (10 kg. per 
sq. em.) by Henning; then, twenty years later, on the 
same method but with entirely different apparatus, 
by myself up to 210 deg. (20 kg. per sq. cm.), and, 
finally, in co-operation with my assistant W. Fritz, up 
to 310 deg. (101 kg. per sg. cm.). Weare now work- 
ing in the region between 101 and 200 kg. per sq. cm. 
The principal reason why the latent heat is dealt with 
so thoroughly is that in the most technically impor- 
tant region this heat quantity signifies the greatest 
part of the total heat of steam. At 10 kg. per sq. cm. 
and 450 deg. C., for instance, the liquid heat is 180, and 
the energy of superheat 140 kilocalories per kilogram, 
whereas the latent heat is 480 kilocalories per kilo- 
gram, that is, 60 per cent. of the total heat. Even at 
100 kg. per sq. cm, and 450 deg. C., the latent heat is 
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observations of the voltage and current, by means of 
a potentiometer, the heating energy is determined ; 
further, by weighing the condensate, the quantity of 
water evaporated is found, and ultimately the time of 


evaporation and the temperature are determined. | 


From these values, the latent heat could be calculated 
directly, if no heat losses existed. To restrict these 
losses as far as possible, Henning enveloped the boiler 
by an oil container, heated electrically to the same 
temperature. The small remaining heat loss was 


eliminated by variation of the rate of evaporation, | 


From | 


a special bronze. The oil bath with heating strips and 
stirrer is also shown in the figure. 

The third stage of the design, shown in Fig. 12, 
resulted in a considerably modified apparatus, by which 
we attained 101 kg. per square centimetre and hope 
to proceed further, after having completed some 
little changes which are now in progress. The boiler 
now consists of a specially tough chrome-nickel steel 
from the Krupp works, the tensile strength of this 
being 115 kg. per square millimetre at 20 deg.C. The 
platinum-resistance thermometer, by which we deter- 
mined the steam temperature, is fixed immediately 
below the lid, in a horizontal curved tube of stainless 
steel, while the thermometer, which serves for the 
| measurement of the water temperature is arranged 
vertically, as before. Instead of the oil thermostat, 
we arranged a large hollow aluminium cylinder, pro- 
vided with electrical coils and protected against heat 
losses by air layers, at the top, bottom, and on the 
cylindrical surface. These air layers are separated by 
asbestos sheets, faced with aluminium foil. By this 
division of the air space, the convection losses are 
very greatly reduced, and the aluminium | sur- 
faces form an effective protection against radiation 
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losses. The insulation is excellent. It should be men- 
tioned, that the insulation at the top and bottom is 
formed by parts which can be drawn out from above 
or from below, for inspection or repair of the boiler. 

The equal distribution of the temperature 0, in the 
aluminium cylinder, is shown in Fig. 13. Over the whole 
length of the calorimeter, @, is absolutely constant as 
shown by the curve on the right. The water tempera- 
ture 0, was, in this test, kept intentionally lower by 
1 deg. C. Therefore, in drawing out the thermometer 
on the right from the aluminium cylinder, the tempera- 
ture increases by | deg. C. to that of the flange. 

The most obvious difference between our calorimeter 
and that of Osborne is in the dimensions. Whereas 
the latter is designed for a water content of } kg., our 
calorimeter has a capacity ten times as great. Notwith- 
standing its smaller form, the American calorimeter was 
only suitable up to 50 atm., whereas with ours the experi- 
ments could be carried out up to more than 100 atm. 
without difficulty, and the slight alterations already 
mentioned will enable it to be emyloyed up to 200 atm. 
The total height of our apparatus is about 14 m. 

Fig. 14 shows the general lay-out of the apparatus. 
The condenser vessels, made from a_ nickel alloy 
having a tensile strength of 65 kg. per square millimetre, 
are shown below the calorimeter. Between the 
calorimeter and the condensers there are not less than 
8 valves, serving various purposes. For instance, with 
the aid of them, drops of water remaining in the 
rather narrow tubes can be blown off into the con- 
densers by compressed air. In the experiments it is 
of the utmost importance that the valve closing the 





passage to the condenser not in use, should be 
absolutely tight. This was controlled in every test 


namely, by working in subsequent tests with different | by opening the valve leading from the tube in 


amounts of heat energy, thereby condensing different | question to the surrounding air of the room. 
Finally, | valve being opened, every trace of escaping steam 


quantities of steam in the same space of time. 


it should be mentioned that evaporation and condensa- | can be noticed by means of soapy water. 


On this 


The dead 


tion took place under the same pressure. For this| weight gauge, which serves to determine that the 
purpose the cold condenser vessels were connected with | pressure is constant, and, the saturation curve being 


a vessel containing compressed air. 


| known, to check the temperature of the steam and 


Whilst soft soldering of the heating body and an | the water, is shown in the centre of the figure. ‘The 


ordinary three-way cock, &c. were sufficient 


in | 


two steel vessels on the left, which are connected 


Henning’s tests, the next stage of experiments on| with the condensers, are not filled with air at the 


which I entered made considerable changes in design | 
Firstly, I had | 


necessary, as will be seen from Fig. 11. 


high pressures, but with pure nitrogen, in order to 
avoid corrosion in the apparatus. Before beginning 


to surround the electrical heater by a silver-soldered | a test, a stream of nitrogen is passed through the 
shell to withstand high pressure; further, the cock | calorimeter to remove the remaining air, and only 


was superseded by a system of two valves, made of | then is it filled from the top with distilled water, made 
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air-free by boiling in a vacuum. After the water enters 
the vessel, it does not come into contact with air, and 
therefore contains only a slight amount of nitrogen, but 
no oxygen. By this we avoided corrosion of the steel 
vessel. For still higher pressures and temperatures, 
we have now plated it with chromium by a special 
process. 
The fundamental equation of our method is :— 





and determine then from every two equations of the 
form 


N”’ = mr + Ve - (19) 
the two unknowns, r and V,, or we may take 
N’ = N — Vp — Va, 
and determine, from every three equations of the type 
N’ = mr + a (Ow = 06) + Ve . (20) 


the values of r, a, and Ve. 

We used both methods of calculation, but instead 
of starting from only two or three tests, each giving 
an equation referring to another mass m, we always 
treated all experiments belonging to a certain tempe- 
rature together, by the method of least squares. 

A further correction is caused by the fact that the 
volume made available by drawing off a part of the 
steam must be replaced by additional evaporation of 
water. This I have dealt with already in discussing 
Osborne’s method. 

Referring to the experiments themselves, it has 
still to be mentioned that, the calorimeter being filled 





N mrtvV mr-+V@q Vo + Ve + Va (18) 
in which :— 
N is the heat energy, supplied per hour by the 
electrical heater ; 
m the mass of water, evaporated by this energy ; 
r the latent heat ; 
¥ the heat losses, composed of the four types of 
loss Va, Vo, Ve and Vq. 
Va = a (@w — 4%) 
Vo = 6b Ate 
t 
== 
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Fig. 15.HEAT OF EVAPORATION OF WATER. 
600 


580 
560 






g 


keal-kg a 
Ss 


460 
440 










420 
6 
400 
100 160 200 260 

stiad Temperature, Deg. C a 

Ve = const. 
dr 

Va = m — (Ow — 8). 

d ao (ow ) 

Va exists if the temperature @w of the water 
is a little higher than the temperature @9 
of the aluminium cylinder. The constant 
a was determined by special tests, in which 
we intentionally kept @w and @9 not quite 
equal, everything else remaining unchanged. 

Vo exists, if in the time ¢ the temperature of the 
water rises by w- The constant 6b can 
be calculated from the heat capacity of the 
calorimeter. 

Ve is the remaining constant loss, caused by the 
spaces between the insulation enveloping 
the calorimeter. 

Vd finally is, actually, not a loss, but a reduc- 


tion factor by which all tests with tem- 
peratures 6, differing somewhat from the 
standard temperature @, are reduced to this 
temperature. 


From this we can calculate the latent heat r in two 
different ways. 
Either we can calculate, 


=. Fie He Ve 
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with water, a series of experiments carried out in a 
day generally included four single tests with steam 
quantities of about 0-1 kg. to 1 kg. per hour, corre- 
sponding to heat energies of 40 kilocalories to 400 kilo- 
calories per hour. The heat losses Vz and Vg were not 
more than 0-25 kilocalories per hour, on an average. 
The loss V, in the earlier experiments (at 180 deg. to 
230 deg. C.) was 7 kilocalories to 10 kilocalories per hour, 
and in the later experiments (at 250 deg. to 310 deg. 
C.) only 1 kilocalorie to 4 kilocalories per hour. This 
shows a decrease of losses, notwithstanding the rise 
of temperature, and shows the success of the continued 
improvements in the insulation of the apparatus. 

The communication of the results of our experiments 
will be deferred to the third lecture, when they will 
be compared with the values determined indirectly 
by other investigators. As a preliminary, I may, how- 
ever, show a graph (Fig. 15) ranging to 250 deg. C. 
and 40-5 kg. per square centimetre, by which it will be 
seen how closely the different series of our experiments 
connect with one another. The sloping crosses refer 
to Henning’s values, the upright crosses to my own, 





and the circles to my measurements in co-operation | 


with W. Fritz. Further, I should like to mention, in 


advance, that up to 56 kg. per square centimetre, | 
a pressure which Osborne and his co-workers also | 


reached, the difference between his and our values is | 
always less than 0-2 per cent. 


(To be continued). 








Nortu-East Coast INstrruTIoN oF ENGINEERS AND | 
SHIPBUILDERS.—The secretary of the North-East Coast | 
Institution of Engineers and Shipbuilders has informed 
us that the Institution Scholarship for 1931-32, which | 
has a value of 100/., and is tenable for a period not | 
exceeding three years, has been awarded to Mr. E. J. C. | 
Statham, an apprentice at Wallsend, who will study at | 
Armstrong College, Newcastle-upon-Tyne. In addition, | 
a grant of 50/., to assist him in continuing his studies at | 
Armstrong College, has been made to Mr. T. W. Wilson, 
of Hartlepool, who was also a candidate for the 1931-32 | 
Scholarship. A year ago, he received the D. B. Morison 
Scholarship, which enabled him to attend Armstrong 
College for one year. Mr. W. Pratt, the 1929 scholar, 
and Mr. K. Fairbairn, the 1930 scholar, are also to receive 
1001. each to enable them to continue their studies during 
the next 12 months. Furthermore, the George Mitchell 
Harroway Scholarship, which is also administered by the 
Institution, has been renewed. 


TRADE AND DEVELOPMENT OF 
SYRIA. 


A MODERN characteristic of many hitherto purely 
agricultural countries, is to-day found in a marked 
degree in Syria, namely, the attempt to build up local 
industries. Modifications of customs tariffs have been 
made with the definite intention of fostering this growth. 
and the effect is clearly shown by comparisons of the 
trade returns for articles favoured in this way. A 
typical example in Syria is the leather-tanning industry. 
Owing to the effect of duties, the importation of tanned 
leather fell from 1,178,000 kg. in 1926, to 581,400 kg. 
in 1930, while between the same periods the imports 
of untanned leather increased from 803,600 kg. to 
1,198,300 kg. Every year has witnessed an increase 
in the amount of leather tanned locally. Even the 
results quoted have not satisfied the growing industrial 
aspirations, and recently it was decided to remove all 
duties upon the entry of untreated skins and on tanning 
materials, an action naturally calculated to accelerate 
the changes so definitely made in the leather trade 
of the country. 

From information available, and a ‘‘ Report on the 
Trade of Syria,” prepared by H.M. Consul General at 
Beirut, for the Department of Overseas Trade, recently 
published, it is not possible to say that any exporting 
country, excepting perhaps the United States of 
America, has lost more severely than others in the 
1930 slump. Great Britain appears to have held her 
own as well as any of her competitors. Apart from 
textiles, in the cheaper grades of which Japanese 
competition has been strong, British interests have 
been largely centred in the supply of machinery of all 
types. In almost every phase of this business Great 
Britain has maintained her position; in some cases 
the returns show distinct improvement. The United 
States position is very different, for her exports to 
Syria declined from the 1929 standard by about 
26 per cent. Spare parts for mechanical equipment 
were in such demand during the year that supplies 
from British sources were more than doubled. It is 
anticipated that the returns will continue to show a 
large demand of this kind, for certain firms, who are 
particularly interested, have factories in both England 
and America, and their dealings with Syria are now 
conducted from London, instead of from New York. 
The British motor-car trade with Syria is almost 
negligible. Only seven British cars were imported into 
the country in 1930, but even that small number is an 
improvement on previous years. The market in coal 
and coke is controlled by Great Britain, and imports 
rose to a satisfactory extent in 1930. Early in the 
year there were anticipations of keen German competi- 
tion, but they failed to materialise. 

During the year British shipping maintained first 
place in respect of the number of ships entering the 
ports, but France, with half the figure for entries, had 
a materially greater tonnage. No new construction 
was undertaken at the port of Beirut, and that at 
Tripoli was mainly concerned with the accommodation 
of aircraft. Storage accommodation for light fuel oils 
was greatly increased at Beirut last year. One British 
company has now an elaborate depot, with provision 
for the storage of kerosene and benzine, in four 
tanks each capable of holding 2,500 tons, a tank of 
1,000 tons capacity for aviation spirit, and three tanks 
of an aggregate capacity of 6,000 tons for heavier 
fueloils. Increased storage plant, to a smaller extent, 
had been made at an American-owned depot, 
and two smaller foreign concerns also increased the 
volume of their equipment. Similarly increased capa- 
city was reported from Alexandretta, where an Ameri- 
can firm has erected three tanks, two being of 3,000 
tons, and the third of 5,000 tons capacity. 

Electrical developments are in progress. Tripoli 
is supplied by a native undertaking known as the 
Kadisha Company, and the total capacity of their two 
plants will shortly be 10,000 h.p. Near Beirut, it is 
hoped to obtain some 200 h.p. from the Nahr Ibrahim. 


‘The construction work on this will be finished next 


year. There are also smaller hydro-electric installa- 
tions at Zahleh and on the Dog River, near Beirut. 


AERIAL ROPEWAY WITH MOVABLE 
DUMPING FRAME. 


Tue disposal of spoil from collieries and other works 
by the formation of dumps introduces some interesting 
problems in the handling of materials. It is customary 
to convey the material to the selected site for the 
dump by means of ropeways, and while this is un- 
doubtedly the most economical method of transport, 
it introduces difficulties in the disposal of the material 
as the dump increases in size. The simplest solution 
of the problem is to carry the ropeway for some 
distance on tall standards, so as to provide a large 
tipping area of moderate depth, and while this method 
will meet all requirements in many instances, it becomes 
impracticable in the case of large dumps rising to 200 ft. 
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AERIAL ROPEWAY WITH MOVABLE DUMPING FRAME. 


CONSTRUCTED BY MESSRS. R. WHITE AND SONS, ENGINEERS, WIDNES. 
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or more in height. Where such dumps are necessary, 
either owing to the limited space available, or the 
amount of material to be disposed of, it is customary 
to employ a dumping frame. The latter consists 
essentially of a steel frame extension carrying the 
ropeway up the side of the dump, usually at an angle 
of about 1 in 2}, with the return pulley at its extremity. 
The automatic tipping of the ropeway buckets com- 
mences at a relatively low position, and as dumping | eit 
proceeds, the frame is successively extended, and may Bx3*Iadngles a 
ultimately reach a very considerable height. It has —ff 7..6°s 
been usual in the past to extend the frame by adding j 
girders as required, and afterwards remounting the . SAT 6365 
waee ee ai] Gx52%F8 
return pulley, with its associated gear, but an ingenious i | 7 Hi 
improvement on this method has been introduced by ' | ne 
Messrs. R. White and Sons, of Widnes. ee ue | A«<- ; 
The new method of frame extension is illustrated | (444; 10.0 over 6.3 Channel Legs-—--—--» SSS o.3956 al . 
in Figs. 1 to 12, on this and the opposite pages, and oma 
on page 526, the actual installation illustrated being ; 
at the works of Messrs. The Raisby Hill Limestone Fig. 3. Joint PLAN AT RUN RAIL LEVEL. 


Company, Limited, for the disposal of refuse and marl. 
Details of the return terminal, together with the return 
gear, are given in Figs. 1 to 3. This terminal is provided 
with an extension, some 6 ft. in length, which is mounted 
at the required angle (in this case, | in 2$) and con- 
stitutes the first length of the dumping frame, to which 
further lengths are added from time to time as required. 
The section of the return frame, carrying the semi- 
circular rail, guides, tripping gear, and head pulley, 
constitutes a separate structure pivoted on two blocks 
mounted in sliding ways. In the lowest position of 
the return frame, the semicircular rail is in alignment 
with the ends of the frame rails, as shown in Fig. 1, 
and, in this position, the buckets are tipped in the 
usual way until the increasing height of the dump 
necessitates an extension of the dumping frame, as 
illustrated in Fig. 4. The return frame is then swung 
clear of the end of the frame, as indicated in Fig. 5, 
ready for an extension piece to be added on. This 
return frame is raised by means of the hand winch 
shown in this figure, and rests against the buffer bar 
shown in Fig. 1. When the extension piece has been 
bolted into position, it overhangs the dump as indi- 
cated in Fig. 5. The blocks on which the return frame 
is pivoted are then moved forward along ways provided 
on the extension piece, until the position shown in 
Fig. 6 is reached, and the frame is finally swung back 
into position over the extension piece, as will be 
understood on reference to Fig. 7. 
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The actual installation at Raisby Hill is shown in 
Figs. 8 to 12. From the first of these figures, it will 
be seen that the ropeway between the loading terminal 
and the dumping site is about 1,500 ft. long, and that 
it is carried on standards from 25 ft. to 30 ft. high. 
It is designed for a carrying capacity of 40 tons per 
hour, the net load in each bucket being 8 cwt. The 
ropeway is operated on the bi-cable system, and the 
hauling rope is driven by a 24-brake horse-power electric 
motor. The loading terminal is illustrated in Figs. 9 
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hauling rope, and the electric motor and reduction 
gear at the top of the framing. The structure of the 
intermediate standards can be seen in Fig. 11, which 
shows the ropeway passing through a cutting in the 
rock. The return terminal, with the extension for 
mounting the dumping frame, is illustrated in Fig. 12, 
the photograph having been taken before the dump 
had reached any considerable size, and before any 
actual extensions had been added. The whole instal- 
lation incorporates Messrs. White’s automatic loading 





and 10, the latter showing the tension weight for the 


and discharging system. The buckets, when loaded 
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AERIAL ROPEWAY WITH MOVABLE DUMPING FRAME. 


CONSTRUCTED BY MESSRS. R. WHITE AND SONS, ENGINEERS, WIDNES. 


Fig.4. 
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from the storage bunker, are automatically connected 
to the hauling rope and discharge automatically as 
they pass round the return terminal, while each empty 
bucket, on its return to the loading station, is auto- 
matically disconnected from the hauling rope, and then 
runs by gravity to a buffer stop. This stop locates 
the bucket under the hopper chute, and, after loading, 
the buffer stop is raised by a hand lever, allowing the 
bucket to pass down a gradient in the loading rail, 
where it is again automatically coupled to the hauling 
rope. We understand that this ropeway has now 
been working for some time with entire satisfaction 
to the owners, who have just ordered an extension 
girder-piece some 18 ft. long, to be added on to the 
original structure. 








LETTERS TO THE EDITOR. 
DIESEL-ELECTRIC TRACTION. 


To THE Eprror oF ENGINEERING. 

Sir,—The propaganda advocating the use of Diesel- 
electric trains for our home railways as an alternative 
to the scheme of main line electrification set out in the 
Weir Report is now entering upon an extremely active 
phase. May I appeal to all electrical engineers to 
resist to the utmost the further employment of the 
reciprocating piston engine for railway working in 
place of the simple rotary traction motor which they 
have brought to the highest stage of commercial and 
mechanical efficiency. 

I was trained in electric-light works (as we used to 
call them) in the days of the reciprocating steam engine, 
and in company with my fellow shift engineers learned 
to hate the piston engine and all its “‘ works.” With 
the development of the steam turbine we bade farewell 
for ever to reciprocating prime movers for driving 
electric generators in large power houses. To-day, 
through the efforts of cheaply distributed electric 
power, the wheels of industry are turned by the highly 
efficient rotary electric motor, and even mechanical 
engineers must admit that the use of reciprocating 
motion to produce rotary motion must ultimately 
pass into the limbo of forgotten things. 

Quite apart from the poor torque characteristics 
of the Diesel motor, and its inability to sustain heavy 
overloads, it is surely a desirable thing that where 
electricity with its simple rotary motor can be employed, 
the reciprocating engine should definitely be excluded. 
The world to-day is filled with the clangour of recipro- 
cating engines on our roads and in our streets, and vast 
Sums in money and the immense amount of research 
which have been put into the development of the 
internal-combustion engine encourage the belief that 
this type of prime mover has a permanent place in 
engineering. 

Although automobile engineers as a class will resent 
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the suggestion, there is no gainsaying that an impulse 
engine of the reciprocating type is a hybrid, and for 
that reason can have no future. Actually this form of 
prime mover is a stop gap, much in the same way as 
the reciprocating steam engine was until the coming 
of the steam turbine. Meantime, it is now seriously 
suggested that thousands of these engines should be 
installed on our home railways at the expense of our 
‘‘ grid system ”’ of electricity supply, under operating 
conditions to the efficiency of which not the internal- 
combustion engine, but its electrical gearing in the 
form of generators and motors, is the chief contributary. 

By all means let the Diesel-electric train function on 
railways to which it can advantageously be employed, 
but for the sake of the work which electrical engineers 
have done to provide the world with pressure, as 
distinguished from impulse, prime movers of the 
rotary type, and power agents such as the rotary 
electric motor with torque characteristics which are 
an improvement even oa those of the steam locomotive 
itself, let us keep Diesel-electric traction off the main 
lines of Great Britian. 

Yours faithfully, 
W. E. Warritow. 
Amber Way, Nancy Down, 
Oxhey, Herts. 
October 5, 1931. 


To THE Epiror or ENGINEERING. 

Srr,—Your correspondent, who draws attention in 
your issue of the 16th inst. to certain technical differ- 
ences between Diesel-electric traction and long-distance 
transmission, certainly touches on important points 
which would probably have escaped the notice of 
many readers. The fundamental differences, however, 
still remain, namely the difference between the appalling 
cost and wastefulness of long-distance transmission, 
as compared with the small cost of Diesel-electric 
units, and the reliability of the latter in contrast to 
the risks of whole sections of line being put out of action 
in an instant by electrical breakdown or accidental 
damage. 

What the wastage of electricity in transmission 
amounts to can probably be appreciated from the 
results of the recent inquiry as to the new power 
station at Fulham, when the suggestion to place it 
only a few miles away at Barking had to be given up 
on account of the huge capital costs of the transmission 
system. Unfortunately, electricity remains, what it 
always has been, a semi-luxury, convenient in special 
cases and fairly cheap if utilised on the spot where 
it is produced, but uneconomical, wasteful and dan- 
gerous if it has to be conveyed to a distance. 

Yours faithfully. 
43, Oxberry-avenue, J. G. RoBeErts. 
Fulham, 8.W.6. 
October 17, 1931. 
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ELECTRICITY SUPPLY AT 
STOCKPORT. 


Pustic electricity supply in Stockport dates from 
1898, when a station containing three 52-kw. Willans- 
McClure sets was opened in Millgate under the control 
of the Corporation Gas Department, the system em- 
ployed being three-wire direct-current with a pressure 
of 460 volts across the outers. Three years later, three 
200-kw. Parsons turbines were installed for supplying 
energy at 550 volts to the tramways, while in 1905 
a separate electricity department was established. 
Between that date and 1913, six 500-kw. Belliss and 
Morcom sets were added, while in the latter year the 
system was changed over to three-phase alternating 
at 6,600 volts, and a frequency of 50 cycles, generation 
being effected by two mixed-pressure turbines. During 
the last eighteen years, the whole of this plant has 
been replaced by turbo-alternator units, the last of 
which, a 20,000-kw. set, was formally inaugurated by 
the Mayor (Councillor James Penny) on Thursday, 
October 1. The present capacity of the station is 55,500 
kw., and comprises, in addition to the new unit, one 
15,000 kw., one 5,500 kw. and three 5,000-kw. sets. 

The steam-raising plant consists of 11 boilers, with a 
total output of 470,000 lb. per hour, four of which have 
been installed to meet the requirements of the new 
extension. These units are of the Babcock and Wilcox 
water-tube type and are equipped with interdeck super- 
heaters, vertical tubular air heaters, Green’s high- 
pressure economisers, and mechanical stokers, steam 
being generated at a pressure of 375 lb. per square 
inch, and a temperature of 730 deg. F. Three of 
the boilers are fitted with traversing chutes, which 
enable the coal to be evenly spread and graded through- 
out the width of the stoker hoppers. The balanced- 
draught system is used and the gases, after passing 
through the induced-draught fans, are led through 
Davidson grit arresters. A complete range of indicating 
and recording instruments is installed at a central 
position. 

The boilers are supplied by four Allen feed pumps 
with an output of 450 gallons per minute against a 
pressure of 360 lb. per square inch. Two of these are 
driven by 186-b.h.p. General Electric slip-ring motors 
running at 2,900 r.p.m., and two by 160-b.h.p. turbines 
running at from 2,940 r.p.m.to 4,400 r.p.m. The feed- 
water piping consists of solid-drawn mild-steel tubing 
with screwed and expanded mild-steel flanges, and was 
manufactured by Messrs. Bolton’s Superheater and Pipe 
Works, Limited, Stockport, while the valves were 
supplied by Messrs. Victory Valves, Limited. The 
steam piping was made by Messrs. Aiton and Company, 
Limited, Derby, and is fitted with Corwell joints and 
corrugated expansion bends. The mountings on the 
boilers, superheaters, and economisers were manu- 
factured by Messrs. Hopkinson, Limited, Huddersfield. 

The generating unit consists of an Escher-Wyss 
two-cylinder turbine of the Zoelly impulse type, which 
is coupled to a Brown-Boveri alternator, the normal 
output being 16,000 kw., though a continuous overload 
of 20,000 kw. can be sustained. The set runs at 3,000 
r.p.m. and generates three-phase current at a pressure 
of 6,600 volts and a frequency of 50 cycles, exciting cur- 
rent being furnished at 230 volts by an 85-kw. auxiliary 
machine on the same shaft. The alternator is cooled 
by fans placed at each end of its shaft, the air being 
passed through a cooler on the closed-circuit system, 
and is fitted with a damper winding as a protection 
against unsymmetrical loadings and short-circuits. 
The damper winding consists of copper strips placed 
under the slot keys and short-circuited by a copper 
ring under each end cap. 
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The steam from the turbine passes to two Escher- 
Wyss condensers, each of which has a cooling surface of 
10,760 sq. ft., and is designed to give a vacuum of 
28-5 in. when dealing with 79,000 lb. of steam per hour, 
the cooling water temperature at the inlet being 65 deg. 
F. The condensate is extracted by two Escher-Wyss 
extraction pumps and delivered to two Mirrlees air 
extractors and feed heaters. The air is extracted by 
two ejectors. The steam used in this part of the plant is 
employed for heating the condensate in the first-stage 
feed-water heater, the condensate itself being further 
heated to a temperature of 180 deg. in a second-stage 
heater, which is supplied with steam extracted from the 
last stage of the high-pressure turbine. The condensed 
steam from the first-stage heater flows back to the con- 
densers, and that from the second stage is added to 
the main condensate. The circulating water is drawn 
from the River Goyt, through six Ledward and Beckett 
rotary screens, by two Mirrlees centrifugal pumps, each 
of which has a capacity of 12,500 gallons per minute 
against a head of 30ft. These pumps are of the vertical- 
spindle type and are driven by 165-h.p. Metropolitan- 
Vickers motors running at 575 r.p.m. 

The new switchgear consists of an 11-panel metal 
board of the duplicate ’bus-bar pattern, manufactured 
by Messrs. The General Electric Company, Limited, 
London. This controls the two latest alternators, four 
5,000 kv.-a. outgoing feeders, and two 15,000 kv.-a. 
interconnectors to the existing stonework cubicle 
switchgear. The rupturing capacity of the circuit- 
breakers is 750,000 kv.-a., and they are remote con- 
trolled from a board on the floor above by solenoids. 
In addition, a low-tension switchboard for controlling 
the 400-volt supply has been supplied by the same firm. 
The transforming equipment consists of two 10,000 
kv.-a. Metropolitan-Vickers transformers, through 
which connection is made to 33,000-volt transmis- 
sion lines and three 1,250 kv.-a. 6,600/400 volt trans- 
formers for the low-tension supply. 

The extensions just described were carried out to the 
requirements of Mr. R. Lee, who has been Borough 
Electrical Engineer since 1929. 








ENGINEERING TRAINING AND 
EDUCATION. 


Institution of Heating and Ventilating Engineers.— 
Examinations for admission as graduates and associate 
members of the Institution of Heating and Ventilating 
Engineers are held at suitable centres in January, 
May and September in each year. Intending candi- 
dates should apply to the secretary of the Institution, 
12, Russell-square, London, W.C.1, from whom full 
particulars are obtainable. Branches of the Institution 
are in existence in London and Manchester, and are 
being formed in other centres. 

The Borough Polytechnic.—The educational facilities 
provided at the Borough Polytechnic, Borough-road, 
London, 8.E.1, include full time day technical and trade 
courses for boys and girls, part-time day courses for 
men in the engineering and chemical trades, and evening 
technical courses in both mechanical and electrical 
engineering, building, mathematics, chemistry, paint 
technology, and other subjects. Students are prepared 
for the Institute Diploma examination and for examina- 
tions for National Certificates in mechanical and electri- 
cal engineering and in building. Students are also 
instructed in the subjects required for the London 
Matriculation Examination, and for the examinations 
for admission to the various professional institutions. 
Detailed particulars regarding all the courses available 
are contained in the prospectus of the Polytechnic, 
for 1931-32, which may be obtained on application to 
the principal at the address given above. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number giver. being quoted in each case. 

Chemicals,—The supply of 2 metric tons of carbon 
tetrachloride and 35 metric tons of stabilised chloride of 
lime. The Egyptian Department of Public Health, 
Cairo; December 26 (Ref. No. F.X. 1300 in the case of 
the carbon tetrachloride, and No. F.X. 1301 in that of 
the stabilised chloride of lime). 


Motor-Omnibus Routes.—The exploitation of four 
motor-omnibus routes in the city of Alexandria, (Ref. 
No. G.X. 10,841.) 


Bridgework.—The supply of mild-steel sections and 
plates for bridge construction. La Compagnie des 
Chemins de Fer Portugais; October 29. (Ref. No. 
G.X. 10,848.) 

Surgical Instruments.—The supply of surgical and 
medical instruments and apparatus. The Egyptian 
Prisons Administrations, Cairo ; December 22 (Ref. No. 
B.X. 7,167.) 
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CONTRACTS. 


Messrs. Srmon-Carves, Limirep, Cheadle Heath, 
Stockport, have received an order from The Cawnpore 
Electric Supply Corporation for the complete boiler 
plant and all auxiliaries required in connection with an 
extension to the Cawnpore power station. The new 
plant will include a Simon-Carves pulverised-fuel fired 
multiple-drum boiler, having an evaporative capacity of 
from 65,000 to 85,000 lb. of steam per hour, with a 
steam pressure of 200 lb. per square inch, at a tempera- 
ture of 600 deg. to 650 deg. F. 

Messrs. Hopxrinsons, Limited, Britannia Works, 
Huddersfield, have, through their agent Mr. Soren Hogh, 
of Copenhagen, received the complete order for boiler 
mountings, including their new high-lift safety valves, 
for eight Stirling boilers for the Copenhagen Municipal 
Lighting Department. 

Messrs. BAsTIAN AND ALLEN, LIMITED, 26, Cross- 
street, London, N.1, are supplying the whole of the 


electrical equipment, including the electrode boilers, | 


for the new municipal swimming and washing baths 
and establishment laundry at Watford, which are to be 
electrically heated throughout. 


PERSONAL. 

Messrs. AGRICULTURAL AND GENERAL ENGINEERS, 
LimiteD, Aldwych House, Aldwych, London, W.C.2, in 
further continuance of their policy of co-ordinating the 
activities of their subsidiary companies, announce that, 
as from January 1, the manufacture of the products 
of Messrs. E. H. Bentall and Company, Limited, will 
be transferred to other subsidiary companies. The 
Bentall food-preparing machinery will be manufactured 
by Messrs. Blackstone and Company, Limited, Stamford ; 
the Bentall coffee machinery by Messrs. Richard Garrett 
and Sons, Limited, Leiston; the Bentall valves by 
Messrs. E. R. and F. Turner, Limited, Ipswich; and 
the Bentall ploughs and other implements, by Messrs. 
James and Fredk. Howard, Limited, Bedford. 

Mr. W. T. Tucker, after being for twenty years 
superintendent, in this country, for Messrs. The Union 
Steam Ship Company of New Zealand, Limited, is 
shortly to retire from that position. In all probability 
he will take up consulting work. 

Mr. J. W. Suitian, 24, Harrison-street, London, 
W.C.1, has been appointed sole concessionaire in the 
British Isles for Climax light-weight, two-stroke Diesel 
engines. 

Mr. JoHN A. SMEETON, of Messrs. John A. Smeeton, 
Limited, 15, Victoria-street, London, S.W.1, who for 
many years was the sole British agent of Messrs. Demag, 
Duisburg, Germany, has accepted a similar position 
for England and Ireland with Messrs. Maschinenfabrik 
Sack, of Diisseldorf, manufacturers of light and heavy 
rolling mills and auxiliary machinery. 

Mr. Frep. W. Davies informs us that his son Mr. 
Ronatp K, Davies has joined him in partnership and 
that the business has been removed from Colne-road, 
Huddersfield, to larger premises. The new name and 
address of the firm is Messrs. Fred. W. Davies and Son, 
Electrical Maintenance Works, Longroyd-bridge, Hud- 
dersfield. 








The Students’ Test Book of Reinforced Concrete. Theory | 


and Practice. By R. P. Mears. Bombay: Concrete 
Association of India. [Price 5 rupees. ] 

Jahrbuch, 1931. Der Deutschen Versuchsanstalt fiir Luft- 
fahrt E. V. Berlin-Adlershof. Edited by Dr.-Inc. 
Witx. Horr. Munich: R. Oldenbourg. [Price 62 
marks, } 

Hydro-und Aeromechanik nach Vorlesungen von L, Prandtl. 
Vol. Il. Bewegung reibender Fliissigkeiten und tech- 
nische Anwendungen. By Dr. Putt. O. TIETJENS. 
Berlin: Julius Springer. [Price 23 marks. } 

The Balancing of Machinery. By C. NoRMAN FLETCHER. 
London: Emmott and Company, Limited. [Price 
10s, net. | 

Four-Figure Mathematical Tables. Arranged by JOHN 
DovuGaLL, London: Blackie and Son, Limited. 
[Price ls. net. ] 

Direct-Current Machine Design. By A. W. Hirst. 
London: Blackie and Son, Limited. [Price 10s. net.]} 

Electricity for Coal-Mining Students. General Principles 
and Application. By J. STEVENSON and W. MILLER. 
London: Crosby Lockwood and Son. [Price 7s. 6d. 
net. } 

Memoirs of the College of Engineering. Kyushu Imperial 


University. Vol. VI, No. III. On the Loss of Energy | 
at Impact of Two Confined Streams of Water. By I. | 


Nakamoto and T. Kasat. Fukuoka, Japan: College 
of Engineering, Kyushu Imperial University. 

The Story of the Road. By J. W. GreGory. London : 
Alexander MacLehose and Company. [Price 12s. 6d. 
net. } 

The New Conceptions of Matter. By C. G. Darwin, 
London: G. Bell and Sons, Limited. [Price 10s. 6d. 
net. ] 

Bogenbriicken. No. XI, Part 5. Fourth edition. By 
ProFressor Dr. J. MELAN and Dr.-InG,. TH. GESTESCHI. 
Berlin: Wilhelm Ernst und Sohn. [Price 6 -60 marks. ] 

The Crisis. What it is, How it arose, What to do. By 
Ernest Bevin and G. D. H. Cote. London: The 
New Statesman and Nation. [Price 6d. net.] 

Department of Scientific and Industrial Research. Summary 
of Progress of the Geological Survey of Great Britain and 
the Museum of Practical Geology for the Year 1930.— 
Part III. London: His Majesty’s Stationery Oftice. 
| Price 2s, net. ] 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business is hardly so brisk 
as of late, but a lull in demand was to be expected after 
the recent substantial buying. Demand is still quite 
good, and inroads into stocks to meet increased needs are 
considerable. Ironmasters are understood to be now 
carrying little more stock than is necessary for ordinary 
trading. Sales are still chiefly direct from makers to 
home consumers. Export demand is better, but is still 
light. Second hands have put through a few sales to 
Continental buyers, who have been absent from this 
market for a lengthy period. Further sales by producers 
to firms in Scotland are reported to have been made on 
terms equal to the following fixed minimum rates for 
home trade: No. 1 grade of Cleveland, 61s.; No. 3 
g.m.b., 58s, 6d.; No. 4 foundry, 57s. 6d.; and No. 4 
| forge, 57s. 

Hematite.—For some time the statistical state of the 
East Coast hematite trade has been unsatisfactory and 
embarrassing, but the recent buying movement has put 
a welcome different complexion on the position. Output 
is at a very low ebb, and the enlargement of demand has 
had to be met by withdrawals from makers’ stocks, 
which, while still rather heavy, have been substantially 
reduced. Two idle furnaces may be rekindled in the 
near future. Continental hematite consumers who have 
been using foreign iron are at length resuming negotia- 
tions for supplies from this area. Ordinary East Coast 
brands are 66s,, and No. 1 is at a premium of 6d. 

Foreign Ore.—Sellers of foreign ore have advanced 
prices fully 3s., but consumers are still well placed as 
regards supplies, and are not, as yet, re-entering the 
market. The quotation for best rubio is in the neigh- 
bourhood of 17s. 6d., ¢.i.f. Tees. 

Ironstone Miners’ Wages.—Under sliding-scale arrange- 
ments, Cleveland Ironstone Mineowners were entitled 
to a reduction of 2-60 per cent. in the men’s wages for 
the last quarter of the year, but the owners, at a con- 
ference with the miners’ representatives this week, agreed 
to forego their claim for the present quarter. The owners 
pointed out, however, that the men must clearly under- 
stand that, in the event of the sliding scale moving in their 
favour next quarter, they must not expect any benefit 
from it. Regard must be had for the concession which 
the owners were now making, and of that made in the 
previous quarter. 

Blast-Furnace Coke.—Good medium qualities of Durham 
blast-furnace coke are now quite 17s., delivered to works 
in this area, and up to 17s. 6d. is asked, but transactions 
are few. 

Manufactured Iron and Steel.—Most branches of 
finished iron and steel are more fully employed than for 
a considerable time past, but in one or two departments 
orders are still much needed. Prices keep steady and 
firm. Common iron bars are, 10/; best bars, 10/. 10s. ; 
double best bars, 11/.; treble best bars, 11/. 10s. ; pack- 
ing (parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 5. 15s. ; steel billets (medium), 6/. 12s. 6d. ; steel 
billets (hard), 77. 7s. 6d.; iron and steel rivets, 111. ds. ; 
steel strip plates, 8/. 15s.; steel angles, 8/. 7s. 6d .; steel 
joists, 81. 15s.; heavy sections of steel rails, 8/. 10s. for 
parcels of 500 tons and over, and 91. for smaller lots ; 
fish plates, 12/. 10s. ; black sheets (No. 24 gauge), 81. 5s. ; 
and galvanised corrugated sheets (No. 24 gauge), 101. 











NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—Though the general election campaign 
is retarding progress in some directions, a better tone 
prevails in other sections of the local steel and engineering 
trades. The depreciation of the pound has resulted in 
a certain amount of business coming to this area that 
formerly went to the Continent. The raw and semi- 
finished steel trades continue to occupy a very dis- 
appointing position. Signs of an improvement are 
manifest, but the majority of users are content to with- 
hold their requirements until the general position has 
become more stable. The scrap market, which fora long 
time has been in a moribund condition, shows slight signs 
of revival. Prices have hardened somewhat. As com- 
pared with a few weeks ago, basic steel scrap is realising 
about 39s. per ton, a rise of 6s. Latest quotations are 
as follows :—Siemens acid steel billets, 97. 2s. 6d. ; soft 
basic billets, 6/.; hard basic billets, 6/. 12s. 6d. to 
81. 128. 6d.; soft wire rods, 7/. 10s.; basic steel scrap, 
39s. (approximately); Derbyshire foundry pig iron, 
| 63s. 6d.; Derbyshire forge iron, 60s. 6d.; crown iron 
| bars, 9/. 15s.; iron hoops, 11l, 15s.; and steel hoops, 
91. 10s. More inquiries are circulating for heavy eng!- 
|neering products. Iron and steel works machinery 's 
|in severely restricted demand, and the prospects 0! 
improvement are none too bright. The weakness which 
| has recently developed in the demand for railway rolling- 
|stock requirements has been maintained. There 1s; 
| however, a moderate call for ship steel, marine forgings 
and castings. The extended use of electricity, coupled 
with development schemes in this country and abroad, 1s 
responsible for a growing call for steel used in the manu- 
facture of generators, motors, switchgear, cables, and 
other electrical apparatus. The unsettled condition o! 
the coal trade generally, is reflected in the unsatisiactor) 
demand for haulage gear, coal-cutting machinery, and 
coal-mining implements. The tool trades are in & 
stationary condition, though one or two lines tend to 
improve. Files and saws are on the up-grade, while 
twist drills and hacksaws and blades have maintained 
their recent standard of activity. Garden tools and 
plantation implements are among the depressed lines. 
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The improved tone in the steel-producing trade has been 
responsible for refractory materials, used in steel produc- 
tion, being in better demand than for some time past. 


South Yorkshire Coal Trade.—The coal position locally 
has undergone a change for the better. Export trade 
shows signs of opening out, while the home demand 
generally is more encouraging. Business in industrial 
fuel, however, is irregular, but a better buying movement 
is expected to develop when the iron and steel trades 
assume a more active condition. The house coal market 
is not very attractive. Current sales are below average 
dimensions, but improvement is probable in the near 
future. Stocks at pits and depots are ample to meet 
any sudden spurt in the demand. Foundry and furnace 
coke are in steady request both on home and export 
account. Gas coke is firm, with quotations unchanged 
at 23s. to 25s. per ton f.o.b. Latest quotations :—Best 
branch hand-picked, 24s. 6d. to 25s. 6d.; Derbyshire 
best brights, 21s, to 22s. ; Derbyshire best house, 21s. 6d. 
to 22s. 6d.; screened house coal, 19s. to 20s. ; screened 
house nuts, 19s. to 20s. ; Yorkshire hards, 17s. to 18s. 6d. ; 
Derbyshire hards, 17s. to 18s. 6d.; rough slacks, 9s. 6d. 
to 10s. 6d.; nutty slacks, 7s. 6d. to 8s. 6d.; smalls, 
5s. 6d. to 6s. 6d. 


NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

Textile Machinists’ Capital Written Down.—Following 
the recent merging of the interests of six leading Lanca- 
shire textile machinery manufacturing companies under 
the title of Messrs. Textile Machinery Makers, Limited, 
important information with reference to the finances 
of the new combine has been disclosed in a circular issued 
to shareholders by Messrs. Platt Brothers and Company, 
Limited, of Oldham, one of the participating firms. This 
states that the present total capital of the six companies, 
amounting to 7,282,634/., is being written down to 
3,403,0007. in the merger company, and that, on this, 
it is bélieved there will be distributable profits. It is 
explained that Sir Gilbert Garnsey, who prepared the 
scheme, insisted that the assets acquired from the 
six companies should be taken over at such low figures 
as to make profit by each company possible. The writing 
down also ensures that all six firms commence without 
any burden of debt. Sir Walter Preston, who was 
recently appointed chairman of Messrs, Platt Brothers 
has now been elected chairman of the combine. 

The General Outlook.—Now that the possibility of the 
National Government being returned to power with a 
working majority is becoming daily more probable, 
North Western iron and steel and heavy engineering 
trades are taking a more optimistic outlook for the 
future. The demand for foundry iron, in which there has 
recently been a marked improvement, is continued, and 
several other sections report brisker inquiry. Few really 
extensive contracts are being secured locally at the 
moment, but structural engineers, and machine-tool 
manufacturers, in particular, continue to book small 
orders which are very acceptable. In the last three 
months, Messrs. Meldrums, Limited, of Timperley, near 
Manchester, have obtained 56 orders for plant of sub- 
stantial size, consisting of refuse destructors, mechanical 
stokers and forced draught furnaces, together with a few 
contracts for chemical works plant. A similar encouraging 
statement comes from Wigan, where Messrs. John Wood 
and Sons, Limited, have recently been entrusted by 
overseas clients with sufficient work to enable their works 
to be kept going at full capacity for at least six months. 
A steel wire rope seven miles in length and weighing 
563 tons, which is claimed to be the longest in the world, 
has just been completed and despatched for use on the 
Glasgow Subway Railway, from a leading Warrington 
works. The ratification by the Polish Government is 
announced, of an order placed with Messrs. The Telephone 
and General Trust, Limited, of Liverpool, for the con- 
struction of an automatic telephone system in that coun- 
try. The cost of the scheme is in the vicinity of 300,000. 


The North-West Iron Trade.—Following the relighting 
of two blast furnaces and the restarting of steelworks 
plant in the Barrow district, the outlook in this section 
is now better than it has been for a considerable time 
past, and hope is entertained that conditions will improve 
steadily in the next few months. 














NOTES FROM THE SOUTH-WEST, 


CARDIFF, Wednesday. 

The Coal Trade.—With financial conditions abroad 
so unsettled, new business remains very difficult. In- 
quiries are, however, of an encouraging character, and 
despite the handicaps, a number of orders for small 
quantities, which, in the aggregate, make a substantial 
total, have been placed. Loading conditions at the docks 
have been more active, while inland deliveries, too, are 
going forward more readily, an expansion which, to some 
extent, is seasonal, and with more blast furnaces in 
commission, hopes are entertained of a further increase 
in consumption. Shipments abroad in the past week 
showed a further gain of 12,000 tons to 401,000 tons, a 
total which is, however, considerably below the quantity 
handled a year ago. Most classes of coal are still available 
at schedule prices, but dry large is in a strong position 
and commands from 3d. to 9d. above the minimum prices, 


While dry nuts, too, are scarce, and able to secure a 

Premium, Smalls of all varieties continue in abundant 

thee” but as more works get going it is believed that 
ede 


nand will be sufficient to absorb current production 
and possibly enable a diminution to be made in stocks. 
The Brazilian Central Railways have placed a contract 
tor 80,000 tons of Welsh coal for delivery this year. 
Coal, Iron and Steel Shares.—Confidence in the future 
and expectations of a trade revival with resultant activity 


in works which have been idle for so long, has led to 
keen interest being shown in Welsh coal, iron and steel 
shares, which, before the departure from the gold stan- 
dard, were at exceedingly low levels on the Cardiff 
Stock Exchange. Investors, viewing the future with 
hope, have supported their optimism with the result 
that there has been a marked revival in business and a 
general advance in the market values of the leading 
issues. The appreciation in prices represents advances 
in market values running into millions of pounds, but 
even so, most of the shares still stand considerably below 
par. Amalgamated Anthracite ordinary which a month 
ago, before the destandardisation of gold, could be bought 
at 2s. 6d., have risen to 5s. 14d.; Baldwin’s ordinary, 
from 2s. 10$d. to 3s. 6d.; Ebbw Vale ordinary from 
6d. to 1s. 6d.; Guest, Keen and Nettlefolds ordinary, 
from 15s. 9d. to 21s. 3d.; Ocean-Wilsons ordinary, 
from 6s, 6d. to 12s. ; Powell, Duffryn ordinary, from 5s. 
to 9s. 14d.; Richard Thomas ordinary, from 1s. 74d. to 
3s.: Tredegar A, from 5s. 9d. to 9s. 6d. ; United National 
ordinary, from 2s. 6d. to 6s. 9d.; and Whitehead Iron 
and Steel ordinary, from 17s. to 21s. 6d. This change has 
been brought about by the better position in which this 
country has been placed to secure orders abroad and 
by the hopes of a revival in inland activities, consequent 
on the imposition of tariffs to stop foreign dumping. 

Iron and Steel.—Exports of iron and steel goods last 
week amounted to 10,634 tons, or 3,000 tons more than 
in the preceding six days. Shipments of tin-plates and 
terne-plates were raised from 6,697 tons to 10,634 tons, 
of black-plates from 808 tons to 2,373 tons, of galvanised 
sheets from 1,289 tons to 3,801 tons, and of other iron 
and steel goods from 177 tons to 1,969 tons. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—The past week has not brought 
forth much fresh business, and the steel trade of Scotland 
is still rather depressed. The general inquiry is better, 
however, and makers are hopeful that dealing will im- 
prove after the Parliamentary election is over and the 
questions at issue have been decided. Meantime, there 
is a large percentage of plant standing idle with little 
prospect of its being put into operation at present. In 
the black steel-sheet trade conditions have considerably 
improved since the value of the pound sterling has 
depreciated, and makers are much busier. Continental 
sheets are not arriving here so freely now, and the home 
makers are also receiving a better share of the overseas 
business. Good inquiries have come into this market 
from buyers abroad and it is considered highly probable 
that both India and Japan will shortly place orders 
here for large tonnages. Prices are nominally unchanged, 
and are as follows :—Boiler plates, 91. per ton; ship 
plates, 8/7. 15s. per ton; sections, 8J. 7s. 6d. per ton; 
black steel sheets, }-in., 7/. 10s. per ton; and galvanised 
corrugated sheets (No. 24 gauge), 11/. per ton, all delivered 
at Glasgow stations. 

Malleable-Iron Trade.—A quiet tone continues to 
prevail in the malleable-iron trade of the West of Scotland, 
and the outlook is no better. Dealings are of the hand-to- 
mouth order, and there is little life in the industry at 
present. The re-rollers of steel bars are also experiencing 
difficult times, largely on account of the high cost of raw 
materials. The following are to-day’s market prices :— 
Crown bars, 10/. 5s. per ton for home delivery, and 
91. 10s. per ton for export; and re-rolled steel bars, 
6l. 10s. per ton for home delivery and export. 

Scottish Pig-Iron Trade.—There has not been much 
change in the demand for Scottish pig-iron since last 
week, but the inquiry from overseas is rather better. 
Home consumption continues small and shows no signs 
of expanding. Prices are unchanged and are as follows :— 
Hematite, 68s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 72s. per ton, and No. 3, 69s. 6 
per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 17, amounted to 126 tons. Of 
the total, 110 tons went overseas and 16 tons coastwise. 
During the corresponding week of last year the figures 
were 255 tons overseas and 28 tons coastwise, making a 
total shipment of 283 tons. 

Reduction of Wages in Scottish Pig-Iron Trade.—Messrs. 
Kerr, MacLeod and Macfarlan, chartered accountants, 
Glasgow, have made the following intimation to Messrs. 
Thomas Petrie and John Brown, joint secretaries of the 
Board of Conciliation for the Regulation of Wages in the 
Pig-Iron Trade of Scotland :—‘‘ In terms of the remit, 
we have examined the employers’ books for July, August 
and September, 1931, and certified that the average net 
selling price is 3/. 10s. 8d.” This means that there will 
be a reduction of | per cent. in the wages of the workmen 
on basis rates. 








ProGRESS OF MERCANTILE AIR TRANSPORT.—Seven 
years ago, when Messrs. Imperial Airways, Limited, came 
into being as the result of the merging of the four then 
existing air-transport organisations, the aeroplanes taken 
over comprised 15 machines with engines developing a 
total of 7,570 h.p. Of these machines, 11 were of the 
single-engined type, the remaining four each being driven 
by two engines. At the present time, Messrs. Imperial 
Airways have in operation on Continental and Empire 
routes, or in course of construction, 41 air liners and 
flying boats, all except one of which are of the multi- 
engined type. The total horse-power developed by 
these machines is now 58,000. The-total seating capa- 
city of the original fleet, in 1924, was not more than 
120, but the present fleet can accommodate more than 700 








passengers, besides many tons of mails and urgent freight. 





NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Presidential Address by 
Lieut.-Col. E. Kitson Clark. Hast Midland Branch : 
Friday, October 30, 6.30 p.m., University College, 
Nottingham. Chairman’s Address. ‘The Importance 
of Metallurgy to the Engineer,” by Professor C. H. 
Bulleid. 

JunNiIoR InstituTION oF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1, ‘*Some Instruments 
Used in Connection with Power Plant, with Special 
Reference to Water and Flue Gases,”’ by Mr. I. Fagelston. 
Friday, October 30, 7.30 p.m. ‘‘ Automatic Combustion 
Control,” by Mr. S. J. Clifton. 

INSTITUTE OF BRITISH FoUNDRYMEN.—Last Midlands 
Branch : Saturday, October 24, 6 p.m. Technical College, 
Derby, ‘‘ Cupola Practice,’ by Mr. J. E. Hurst. New- 
castle-on-Tyne and District Branch: Saturday, Octo- 
ber 24, 6.15 p.m., Neville Hall, Newcastle-on-Tyne. ‘‘The 
Manufacture and Properties of Malleable Castings,’ by 
Mr. J. K. Smithson. Wales and Monmouth Branch : 
Saturday, October 24, 6.30 p.m., University College, 
Cardiff, ‘‘ Light Casting Problems,’”’ by Mr. G. Moran. 


InstItTuTION oF ELEcTRICAL ENGINEERS.—Monday, 


October 26, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion on “Is the Engineer 


Given his Due Share in Management,” by Mr. J. M. 


Donaldson. North-Eastern Centre : Monday, October 26, 
7 p.m. Armstrong College, Newcastle-on-Tyne. Chair- 


man’s Address, by Mr. A. G. Shearer. North Midland 
Centre : Tuesday, October 27, 7 p.m., Hotel Metropole, 
Leeds, Chairman’s Address, by Mr. R. G. Ward. London 
Students’ Section : Friday, October 30, 6.15 p.m., Victoria- 
embankment, W.C.2, ‘‘The Business of Electrical 
Apparatus Manufacture,” by Mr. G. J. Shaw and Mr. 
G. A. M. Hyde. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, October 27, 7.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘ Time Study in Engineering,” 
by Mr. S. Mavor. 

INSTITUTION OF CIvIL ENGINEERS.—Manchester and 
District Association : Wednesday, October 28, 6.45 p.m., 
Manchester Literary and Philosophical Society, 36, 
George-street, Manchester. ‘“‘ Ferro-Concrete Bridges of 
Large Spans,” by Mr. T. J. Gueritte. Yorkshire Asso- 
ciation : Thursday, October 29, 7.30 p.m., Hotel Metro- 
pole, Leeds. Chairman’s Address. ‘The Training and 
Status of an Engineer,” by Mr. R. A. Thwaites. 

INSTITUTION OF LOCOMOTIVE ENGINEERS,—Thursday , 
October 29, 6 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1l. ‘The Behaviour of Railway 
Material in the Argentine Republic,” by Mr. C. W. 
Ridge. 

RoyaL AERONAUTICAL SocreTy.—Thursday, Octo- 
ber 29, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘Accidents in Civil Aviation,” by 
Captain A. G. Lamplugh. 

Royau Sanitary InstiTuTeE,—Friday, October 30, 
5 p.m., Town Hall, Wolverhampton. ‘The Flow of 
Sewage through a Sewage Works,” by Mr. W. Clifford. 
‘Experiments in Reconditioning of Houses,” by Miss 
M. R. Baskett and Dr. H. Paul. 

Nortu-East Coast InstiTuTION OF ENGINEERS AND 
SHrIpBuILDERS.—Friday, October 30, 6 p.m., Mining 
Institute, Newcastle-on-Tyne. ‘“‘ The Effect of Immer- 
sion on Propellers,” by Mrs. E, M. Smith-Keary. 


ILLUMINATING ENGINEERING Socrety.—Friday, 
October 30, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘Some Impressions of the LIC. 


Floodlighting,” by Mr. P. Good. 

INSTITUTE OF TRANSPORT.—Manchester, Liverpool and 
District Section: Friday, October 30, 6.30 p.m., Adelphi 
Hotel, Liverpool. ‘‘ The Horse—Its Place in the Scheme 
of Transport,” by Mr. T. E. Jones. 

Hutt AssociaTION OF ENGINEERS.—Saturday, Octo- 
ber 31, 7.15 p.m., Municipal Technical College, Hull. 
‘* Combustion and Boiler-House Efficiency,’ by Mr. J. N. 
Waite. 








Tue Late Mr, T. A. ReEED.—We regret to note the 
death, on October 14, at Newquay, Cornwall, of Mr. 
Thomas Alfred Reed, for many years consulting marine 
engineer and naval architect at Cardiff. The son of the 
late Mr. Thomas Fenwick Reed, of the County of 
Northumberland, Mr. T. A. Reed was born in 1856 and 
served his apprenticeship in the engine works department 
of Messrs. Palmer’s Shipbuilding and Iron Company, 
Limited, Jarrow-on-Tyne, from 1876 to 1881. For 
the succeeding three years he was engaged first as 
draughtsman and then as chargeman for this firm, 
during which time he superintended the fitting of the 
machinery on board several large steamers. From 1884 
to the end of 1886, he was assistant superintendent 
engineer of the Inman Line of steamers, but, in 1887, 
he opened a practice as consulting engineer, naval 
architect and surveyor at Bute Docks, Cardiff, and 
during the years which followed, a large number of 
steamers were built under his supervision. The firm 
of which he was the head, Messrs. Thos. A. Reed, Limited, 
have their office at Atlas Chambers, West Bute-street, 
Cardiff. Mr. Reed became a member of the Institution 
of Naval Architects in 1890, of the Institution of Mech- 
anical Engineers in 1891, of the South Wales Institute 
of Engineers in 1903, of the Institution of Engineers and 
Shipbuilders in Scotland, in February, 1914, and of the 
North-East Coast Institution of Engineers and Ship- 
builders in February, 1915. He was also for many 
years a member of the Institute of Marine Engineers. 
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TRAFFIC AND THE GROWTH OF 
CITIES. 

Ir has been pointed out so frequently, that the 
reiteration is already beginning to have a numbing 
effect, that one of the most striking features of our 
present existence is the increase in the size of our 
large cities. Some hold that this is a development 
which admits of no solution, and that the best 
that can be done is to use such methods as we 
possess to mitigate its effects as much as possible. 
Others are of the opinion that with the wider distri- 
bution of those facilities, which form the main 
attraction of urban life, it should be possible to 
persuade both employers of labour and the labourers 
themselves to establish self-contained, partly rural 
and partly urban communities in what for the 
momentis virgin territory. Except for the difficulty 
of deciding how a position, which in some ways is 
rapidly becoming chaotic, is to be dealt with, the 
former class possess every advantage. It is the 
countryside rather than the town which is stagnat- 
ing, and, if population is any criterion, the larger the 
city the more prosperous is it likely to become. It 
seems, in fact, that if the aggregation which has 
been a marked characteristic of all ages is to con- 
tinue, the result before very long will be not a series 
of moderately sized cities, but a few very large ones. 
This may be not inaptly illustrated by referring 
to Greater London itself, that is to the area which 
lies roughly within 15 miles of Charing Cross. 
Between 1921 and 1931, the population of this area 
increased by roughly 723,000, a figure which itself 
exceeds the population of all but about 40 cities 


argued that in addition at least as many people are 
residing or working just outside its borders and are 
dependent for sustenance to a greater or less extent 
on the wealth which it represents. It is not our 
purpose to discuss the reasons for this. Like the 
song sung by the sirens or the name assumed by 
Achilles when he hid himself among the women they 
are doubtless not beyond human conjecture, but 
the search for them would hardly be more profit- 
able than the excursion into mythology, which 
the two former investigations would entail. It 
is rather our object to point out that this great 
accretion of population presents an intensely 
practical problem, which, unless tackled without 
delay, may have consequences as serious as they 
will be unpleasant. 

The outstanding fact about these enormous 
congeries of population is that they depend for their 
very existence on transport. To keep a city like 
London or New York going requires the movement 
of some 40,000,000 tons of goods and minerals 
across its boundaries annually. To enable its 
inhabitants to travel between their homes and their 
businesses, to conduct those businesses, to partici- 
pate in the public and private amenities of the 
metropolitan area, and, indeed, to live at all, postu- 
lates the existence of passenger-carrying facilities, 
and, if these are not provided, the city itself will be 
imperilled. Transport, in fact, both creates the 
city and is necessary for its continued maintenance. 
As we have said, this state of affairs, which is 
common to existence in all civilised and some un- 
civilised countries, is not regarded with equanimity 
by one school of sociologists. There are indivi- 
duals who would prefer a rural to an urban life if 
only because the latter is more expensive. It would, 
however, be thought, since transport is the basis 
of large cities, that among the supporters of the 
latter would certainly be found those responsible 
for the conduct of the various passenger-carrying 
undertakings, and that whoever else might suffer 
from the centripetal movement, to which we have 
drawn attention, it would not be those particular 
bodies. Support is lent to this view by the state- 
ments that each inhabitant of London travels on an 
average 518 times per annum in a public service 
vehicle, while the corresponding figure in New York 
is 575, and in Paris and Berlin 379; and that the 
number of movements represented by these statistics 
is intreasing as rapidly as, or even more rapidly 
than, further facilities for travel are developed. 
Strangely enough, however, the local passenger 
transport undertakings of the five cities in the world 
whose populations exceed two millions are not dis- 
tinguished for their prosperity. In fact, as pointed 
out by Mr. Frank Pick. in the presidential address, 
which he delivered to the Institute of Transport 
on Monday, October 12, in none of these cities are 
these concerns fully self-supporting in the sense 
that existing facilities can earn an adequate re- 
venue to meet working costs, depreciation and 
renewal charges in full, and, in addition, to secure 
a reasonable return upon capital with a margin 
necessary for the pursuit of a forward policy. 
In New York and Paris, for instance, the munici- 
pality has invested large sums in works, such as 
tunnels and stations, on which they have ceased 
to expect a commercial return. In Berlin, not long 
ago, the municipality acquired all local means of 
transport and consolidated them into one under- 
taking, which they hoped would be self-supporting. 
The scheme failed, however, in spite of the fact that 
much of the capital invested had been wiped out 
by inflation. In Chicago a similar consolidation 
has taken place, but the new underground lines, 
which are urgently required, are not to be built at 
the cost of the new organisation, but are to be 
financed by special assessments upon property, the 
value of which will be enhanced by their construc- 
tion. London, in fact, is the only metropolitan city 
in which public transport needs are largely met by 
successful private enterprise, and where it is possible, 
in Mr. Pick’s opinion, that a unified system, such as 
that envisaged by the London Passenger Transport 
Bill, could be made self-supporting and provide 
for progressive development. 

Transport undertakings operating in large cities 
are therefore very much in the position of Franken- 








ewe Company, 13%, Varick-street. For advertisements, 
Eric Pusinelli and Company, 67, West 44th Street. ‘ 


in the world. It may also, probably correctly, be 





stein. They are, on Mr. Pick’s own showing, 







































































































528 


largely responsible for the concentration of popula- 
tion, but the difficulty of handling it satisfactorily, 
especially that part of it which is occasioned by the 
industrial demand and the consequent morning and 
evening peak loads, largely explains their lack of 
financial success. In fact, the stage has been 
reached when the question may be asked whether 
this centralisation is either necessary or beneficial, 
and whether it would not be better to link transport 
development to housing, to industrial development 
and to other phases of town planning, so that the 
present urban problems shall be solved not by the 
multiplication of transport facilities, but by the 
co-ordination of factory and housing construction, 
and the worker thus allowed to enjoy amenities 
at home without having to proceed far afield for 
his daily work. 

This, of course, is the solution, which has for many 
years been unsuccessfully advocated by protago- 
nists of garden cities and other schools of town 
planners. We may feel that it comes a little 
strangely from the managing director of the London 
Underground Railways. Mr. Pick feels this himself. 
But, as he rightly points out, there is no fear in a 
growing metropolis that transport facilities will 
not be fully used, since there must continue to be a 
certain centralisation of activities. Such develop- 
ment could, however, take place without a great 
deal of the useless and wasted movement which is 
now noticeable, a movement which is not only 
a drain on the passengers’ resources in time and 
money, but on the resources and capacity of the 
transport undertaking itself. Those engaged in 
transport should therefore encourage the tendency 
to make the growth of cities a matter of design 
rather than of haphazard effort, and should them- 
selves formulate a policy which will take into con- 
sideration the many sides of a city’s growth. 

But even when this has been done the question 
must be asked whether any check can be imposed 
on the continuous growth of cities. As far as 
transport is concerned, Mr. Pick thinks that one 
check will be provided by the increasing congestion 
in the central streets, and another by the fact that 
there is a limit to the time, which can be afforded 
for the daily journey between the home and the 
place of work. On the other hand, it may be pointed 
out that of the five world cities mentioned above, 
in only two is rapid transit a dominant element in 
local transport, so that it seems impossible to draw 
any general conclusion of that kind. The same is 
true of the problem as a whole. Transport creates 
cities, and in turn depends on the cities it has 
created. Again, it is certainly a controlling factor 
in their growth, and while it is an essential part of 
their make-up, plays little or no role outside them. 
The complications are therefore considerable and 
deserve the closest consideration in order that 
development may take place on the right lines. 
For this consideration Mr. Pick’s address should 
form a useful starting point. 





PERCOLATION UNDER MASONRY 
APRONS. 

Wuevy, in 1910, Bligh put forward the method 
which has since become almost general, of designing 
the length of masonry aprons, for such works as 
weirs, he definitely ruled out the possibility of useful 
small-scale experiments, but did not give any 
reasoned objection for this, and it can only be in- 
ferred that his method was based on practical 
instinct rather than on a well-founded theory. If 
Lis the developed length of the structure in contact 
with the permeable bed, and H is the head of water 
to be maintained by the structure, then the value 


of C, the ratio of 


be of the order of 12 to 18, depending upon the 
material. Mr. 8. Leliavsky, chief of the Designing 
Office of the Egyptian Public Works Department, 
points out in a pamphlet On Percolation Under 
Aprons of Irrigation Works, that experimenters even 
earlier than this date, such as Beresford, Russel and 
Parker, to mention only a few, had found values for 
Cranging between | and 3 in vertical pipes, and had 
also found that time played a part in the matter. It 
was not until the appearance, in 1925, of Terzaghi’s 
Erdbaumechanik that any really rational analy- 
sis was, put forward, having any claims to practical 


= should, according to Bligh, 
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utility, and this, as might be expected under the 
circumstances, gave results in close agreement with 
that author’s experiments, carried out in a vertical 
short pipe, some 2 ft. in diameter, containing about 
8 in. of sand or other material supported on a grating 
through which water was admitted, with a velocity 
which was gradually increased until the sand began 
to “boil”? and was thus not in equilibrium. 

Given a material of specific gravity y, (water 
being y), and with a proportion of voids ¢, it can 
be shown that the effective downward force of unit 
volume, when saturated, is w= (1 — e€)(¥ —- y), 
and it can be equally simply shown that if the water 
in the mass is flowing, then the force along a stream 
line, on unit volume is z= s¥, where s is the 
hydraulic gradient of the stream-line. The resultant 
of these two forces obviously determines the 
equilibrium of the unit volume. In the vertical 
short pipe, z is directed upwards and when z = w, 
the sand “ boils”’ and S¢eritical becomes equal to 
(l—«) 2 =, or say 1-65 (1 — e) for the usual 


materials. 

Terzaghi’s experiments showed the calculated 
Scritical to vary from the observed value by rarely 
more than + 5 per cent., and he claimed therefore 
that his equations were general in character and 
gave a value for Bligh’s C of round about unity 
(multiplied of course by a factor of safety). 

The next step, the tracing of the direction of flow, 
and consequently of z has been studied experimen- 
tally by Rehbock, by J. P. Jervey and by J. B. T. 
Coleman, and analytically by Pavlovski and Forch- 
heimer, the latter after studying the possibilities of 
a network of confocal ellipses and hyperbolas, 
having evolved a simple (almost free-hand) method 
of drawing the stream-and-equipotential-line net- 
work, whose accuracy is at least equal to that with 
which the data are known. All agree that the 
hydraulic gradient line cannot be a straight line, as 
is assumed by Bligh, but must be an ~ shaped 
curve, thus giving a smaller upthrust than Bligh 
assumes, on the upstream half of the apron, but a 
greater upthrust on the downstream half. They 
further disagree from him that the effective length 
of a sheet-piling or other cut-off wall is twice its 
actual vertical length, but, due to the high con- 
centration of flow at the corners, is more likely to 
be about four times this length. 

Mr. S. Leliavsky, who has devoted a great deal of 
study to this problem draws attention to the fact 
that this last detail indicates that Bligh’s proposal 
that the value of C should be obtained from study of 
an existing work, so far from being the safeguard 
which was intended, may actually be a source of 
danger. For, suppose the existing structure, main- 
taining a head of H ft., to have a base of / ft. plus 
two cutoff walls, each d ft. deep, then the effective 
length L is given by his method as L=/-+ 4d, 
whence C = = eS ae 
Ys ic 
of C is H 
a new work which shall omit the cut-off walls 
the length of base should be / + 8d, not 1 +- 4d, if 
the existing factor of safety is to be retained. 

The Beresford filter, of rather over twenty years 
ago, which was devised to prevent piping beneath 
weirs built across sandy river beds, practically fell 
out of use because its functioning could not be 
explained by Bligh’s theory, but now that the 
experimenters whose names we have quoted have so 
firmly established a rational method which com- 
pletely substantiates Beresford’s claims it may 
quite possibly be revived; for the huge safety 
allowances which were economic in 19]0 cannot now 
be afforded in a world which the engineer has barely 
rescued from chaos. Safety is essential, economy 
also, but the two can only be combined in any design 
when the theory upon which such design is based is 
complete and completely understood. 


> whereas the true value 


; so that if it is proposed to build 
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MarInE ENGINES. 

Some highly interesting data and conclusions 
were embodied in the presidential address, delivered 
on Tuesday, October 13, to the Institution of Engi- 
neers and Shipbuilders in Scotland, by Mr. A. 
Gilchrist, O0.B.E. Reliable figures as to the mechani- 
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cal efficiencies actually attained in marine machinery 
of different types are hard to come by, and this 
increases the interest of those collected in this 
address. He credits the ordinary steam marine 
engine with a mechanical efficiency of about 88 per 
cent. when designed for an output of about 
1,000 h.p. With increase of size there is an increase 
of efficiency which, when 6,000 h.p. are developed, 
may be, he considers, 92 to 93 per cent. He notes 
that the 20,000-h.p. engines of the Kaiser Wilhelm I] 
had a mechanical efficiency of 94 per cent. Coming 
to the various types of internal-combustion engines, 
the highest place is given to the opposed piston 
engine with scavenger pump and airless injection. 
When the output is about 1,000 h.p., the mechanical 
efficiency is estimated at about 83 per cent., whilst 
at six times the output a figure of 88 per cent. may 
be expected. It is to be noted that in one case 
an engine of this type was credited with a mechanical 
efficiency of 90-5 per cent., the designed output 
being 5,000 h.p. The ordinary four-stroke Diesel 
engine with its air compressor is credited with a 
mechanical efficiency of 73 per cent. in sizes of about 
1,000 h.p. This increases to about 77 per cent. 
in larger sizes, though Mr. Gilchrist notes that a 
figure of 82-5 per cent. is claimed for the Asturias 
and of 79-5 per cent. for the Chichibu Maru. The 
two-stroke Diesel engine with its scavenging pump 
and air compressor is less efficient. This type is 
only credited with a mechanical efficiency of about 
73 per cent., when the output is 1,000 h.p., and 
with 77 per cent. when 7,000 h.p. are developed. 
The best figure quoted is 79 per cent. for an M.A.N. 
engine developing 11,700 h.p. In the course of his 
address, Mr. Gilchrist called attention to the small 
ratio of the energy actually expended in ship 
propulsion to the energy in the fuel. Even in the 
case of a Bauer-Wach installation, the percentage 
was only 10-67. In this case the ship was fitted 
with Scotch boilers having an efficiency of 80 per 
cent. More energy, in fact, went up the funnel with 
the waste gases than was usefully employed in 
propulsion. In the concluding section of his address, 
Mr. Gilchrist drew attention to some remarkable 
differences in the economical operation of steam 
reciprocating engines, turbines and internal-combus- 
tion engines. From data collected during the war, 
in which vessels in convoy had often to run at speeds 
much below what they were designed for, he found 
that the fuel expenditure per 1,000 miles run of 
the plant in question was a maximum at 6,000 
indicated horse-power. At any higher or lower 
output the coal consumption per voyage was less. 
At a greater output the higher fuel rate per day was 
offset by the reduction in the total time spent on 
the voyage, whilst at the lower outputs the reduction 
in the fuel burnt per day was so large that it more 
than compensated for the additional time spent on 
the run. No corresponding maximum of fuel 
expenditure per trip was found in the case of a 
geared turbine installation. In this case the fuel 
burnt per 1,000 miles run steadily diminished as 
the output of power increased from half to full. 
This peculiarity is attributed to the fact that ship- 
owners commonly call for higher powers than they 
intend to use, and it was suggested that they 
would do well to adopt the Admiralty practice of 
having their engines designed for maximum efficiency 
at cruising speeds. In that case, Mr. Gilchrist 
showed that the consumption per 1,000 miles run 
would rise continuously as the shaft horse-power 
rose from half to full power. This is, it was 
pointed out, characteristic of heavy-oil engine 
installations. -_ 

Tue Wortp’s SHIPBUILDING AND MARINE 

ENGINEERING. 

The relatively large number of ships laid up 0 
our ports is a distressing feature of the present-day 
industrial and commercial position. The sight of 
rows of perfectly good and modern ships lying 
silent and idle in various odd corners of our great 
dock systems brings home to the observer, better 
than any statistics could do, something of the 
seriousness of the world-wide depression in trade. 
Furthermore, this idle tonnage, as is only too obvious. 
has a deadening effect on the shipbuilding industry. 
and it is not to be wondered at that the tonnage of 
the merchant shipping under construction 10 Great 
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Britain and Ireland on September 30, 1931, namely, 
417,385, was the lowest since September, 1887. 
The shipbuilding returns of Lloyd’s Register for the 
third quarter of the present year, which have recently 
been published, show that the total of 417,385 
tons, just quoted, is less by 138,218 tons than that 
for June 30 last, and 699,361 tons below the figure 
for September 30, 1930. It is some slight consola- 
tion to find that 38,675 tons of shipping were com- 
menced during the past three months, this figure 
representing an increase of 15,316 tons over the 
corresponding total for the June quarter. On the 
other hand, 80,340 tons were launched, as compared 
with 170,100 tons in the June quarter. The ships 
under construction in British shipyards at the close 
of the September quarter numbered 88 ; 64 of these 
were steamships, 22 were motorships, and 2 were 
sailing vessels. The total tonnage of the shipping 
under construction abroad is also declining, the 
total for September 30 last, namely, 1,113,735 tons, 
being 157,000 tons less than that for the June 
quarter. With the exception of Sweden, which 
registered an increase of about 10,000 tons, the totals 
of the six principal shipbuilding countries declined, 
a8 compared with the figure reached on June 30 last, 
several of them considerably. The United States 
still retained her leading position, with 261,364 tons ; 
France and Italy remained second and third, with 
169,720 tons and 159,147 tons, respectively ; Sweden 
displaced Germany from fourth place with 121,080 
‘ons. Germany was responsible for 113,468 tons, and 
Holland for 95.216 tons. During the September 
quarter, 134,685 tons of shipping were commenced 
abroad, and 306,268 tons launched, showing a 
“ecrease, as compared with the previous quarter, of 
‘6,394 tons in the shipping commenced, but a slight 


increase of about 4,000 tons in the tonnage launched, 
The important place occupied by oil-tank ships 
is evidenced by the fact that 64 of these vessels, 
aggregating 505,258 tons, are under construction 
in the world’s shipyards. Of these, 16 ships, making 
together 122,408 tons, are being built in Great 
Britain ; 14, totalling 107,450 tons, in Sweden ; and 
8, aggregating 81,590 tons in Germany. It is 
noteworthy that as many as 59 of these 64 oil 
tankers are motorships, and that the tanker tonnage 
at present in hand represents 33 per cent. of the 
combined world steamship and motorship tonnage 
under construction. The total horse-power of 
marine engines, either under construction or being 
installed on board vessels on September 30 last, was 
1,704,485. This was made up of 107,985 i.h.p., 
the total for reciprocating steam engines; 977,880 
s.h.p., representing steam turbines; and 618,620 
ich.p., the aggregate for oil engines. Great Britain 
and Ireland occupied first place with 469,155 h.p., 
Italy was second with 321,150 h.p., the United 
States was third with 266,500 h.p., France fourth 
with 219,390 h.p., and Germany fifth with 136,105 
h.p. All the other shipbuilding countries contri- 
buted less than 100,000 h.p. In conclusion, it should 
be pointed out that the tonnage figures quoted above 
are gross tons and that no account has been taken, 
in the returns, of vessels of less than 100 tons gross. 








THE INSTITUTION OF MECHANICAL ENGINEERS.—At a 
special general meeting of the Institution of Mechanical 
Engineers, held at Storey’s-gate, St. James’-park, 
Westminster, on Friday, October 16, the form was gone 





through of adopting the By-laws under the Royal 
Charter, previously prepared and circulated to members. 
The President, Lieutenant-Colonel E. Kitson Clark was 
in the chair. 
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THE MOTOR EXHIBITION AT 
OLYMPIA. 
(Continued from page 493.) 


IN our previous issue we referred to the tendency 
to increase the passenger accommodation on small 
cars without increasing the wheel-base or track, 
at the same time retaining engines having a low 
Treasury rating. This tendency is well illustrated 
by the new Minx model, introduced by Messrs. The 
Hillman Motor Car Company, Limited, of Coventry. 
Although fitted with an engine rated at only 9-8 h.p., 
this car is equipped with a saloon body which will 
seat four persons in real comfort, and has a road 
performance which would have been regarded as 
quite impracticable a few years ago. The makers 
state that the maximum speed is over 60 m.p.h., 
and that the petrol consumption is 1 gallon to from 
35 to 40 miles. Those who are not familiar with 
the latest developments in small car design may be 
inclined to assume that such a performance from 
an engine of less than 10 h.p. would result in rapid 
deterioration ; and while it may be admitted that 
the life of the modern car is comparatively short 
if it is persistently driven to its full capacity, it 
will give very satisfactory service if it is reasonably 
handled. Unfortunately, this point is too often 
overlooked, with the result that cars acquire a bad 
reputation that is entirely unjustified. The very 
fact that the engine has a high optimum output 
ensures that it is only moderately stressed when 
driven at reasonable speeds, and this, in conjunction 
with the high-class workmanship and excellent 
materials now available, affords the careful owner 
a satisfactory guarantee against unduly rapid 
wear. 

The Hillman Minx, shown in Figs. 7 to 10, an- 
nexed and on page 530, is fitted with a four-cylinder 
engine with a cylinder bore of 63 mm. and a piston 
stroke of 95mm. The capacity is therefore 1,180 c.c., 
and it may be mentioned that 25 brake horse-power 
is developed at 3,600 r.p.m., giving ample power at a 
moderate crankshaft speed. When discussing small- 
car design in the past, we have repeatedly expressed 
the opinion that side-by-side is in general preferable 
to overhead valve gear for this class of engine, as 
the gain in power obtained with overhead valves may 
easily be more than offset by the increased compli- 
cation, with its possible concomitant of greater 
noise and more rapid wear. Overhead valves may, 
however, be justified in cases where an exceptional 
performance is required. Side-by-side valves are 
fitted on the Hillman engine, operated in the 
usual way from a crankshaft enclosed in the crank- 
case. The cylinder block is cast in one piece 
with the upper half of the crank-case, and the 
cylinder head is detachable. The water jackets 
are provided with wide openings at the sides, 
covered by pressed-steel plates, an arrangement 
which simplifies the casting while enabling the 
jackets to be cleaned. The pistons are of aluminium 
alloy with three rings at the top, the lowest ring 
acting as a scraper. The connecting rods are of 
the usual H section and grip the gudgeon-pins, 
while the big ends are of white metal run direct 
into the steel. The crankshaft is of large diameter 
in accordance with modern practice, and is provided 
with a centre bearing, so that there should be 
an entire absence of perceptible whip at any 
speed within the range of the engine. The three 
main bearings are bronze shells lined with white 
metal. The camshaft is driven by a double roller 
chain at the forward end, and is fitted with a 
skew gear wheel at the centre. The corresponding 
wheel is mounted on a vertical shaft which drives 
the distributor at the upper end, and the gear- 
type lubricating pump at the lower. The usual 
bearings are pressure-lubricated, and oil under 
pressure is also supplied to the camshaft roller 
chain. Thermo-syphon cooling is employed, and, 
as will be clear from Fig. 9, the outlet is at the 
centre of the cylinder head instead of at the front 
end. The oil filler is on the near side, as shown in 
the same figure. It is in a position where it can 
be reached without difficulty, and is provided with 
a spring cap and a pipe through which the fumes 
are led down clear of the body. The fuel is pump- 
fed from a 64-gallon tank mounted at the rear of 





the chassis, as shown in Fig. 8. The exhaust and 
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induction manifolds are combined to give a hot 
spot, and the exhaust pipe is connected to the front 
end of the manifold. The dynamo is mounted 
above the cylinder head, as shown in Fig. 9, and 
is driven in common with the fan by a V-belt. The 
starting motor is flanged to the clutch casing on 
the near side, as shown in the same figure. A point 
that might be mentioned as typifying attention to 
detail is that the plug for draining the sump is in 
an accessible position, and can be unscrewed 
without having to stretch under the car. Similar 
attention to detail is shown in the disposition of the 
tools, which are mounted on a board above the 
engine, as illustrated in Fig. 9. 

The engine and gear-box are of unit construction, 
with a clutch of the single dry-plate type. The 
central position is adopted for the change-speed 
lever, as shown in Fig. 8, and the box provides 
three forward gears, the overall ratios being 5-5, 
9-625, and 22-5 to 1. The propeller-shaft is of 
the open type, with a Hardy-Spicer universal joint 
at each end, as shown in Fig. 10. A semi-floating 
rear axle is employed, with spiral-bevel final trans- 
mission. The axle is a casting of banjo form with 
front and back covers. It is mounted, in common 
with the front axle, on half-elliptic springs. As will 
be clear from the illustrations, the rear springs are 
of exceptional length, the actual length being 44 in. 
between centres, and they are underslung. Silent- 
bloc shock absorbers are fitted, one of them being 
visible in Fig. 10. The front axle is of the usual 
H section, but is of interest in that bosses are formed 
on the solid ends to form the anchors for the shock- 
absorbers. The general form of the frame will be 
gathered from Figs. 8 and 10, but it may be | 
mentioned that it is parallel when viewed in plan, 
forward of the rear engine bearer, and has a con- 
siderable upsweep over the rear axle. Four cross- 
members are provided, two towards the centre, as 
shown in Fig. 8, and the others under the radiator 
and at the rear of the frame respectively. In 
addition, there is a tubular bar between the front 
dumbirons. Bendix—Perrot brakes, operated either 
by the pedal or hand lever, operate on all four 
wheels, the connections being of the cable type. 
The wheelbase is 7 ft. 8 in., the track 4 ft., the 
ground clearance is 8} in., and the turning circle 
is 33 ft. 
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In designing the three-litre Lagonda ‘ Selector | 
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Special,” car, shown in Fig. 11, Messrs. Lagonda, 
Limited, Staines, Middlesex, have produced a vehicle 
with a number of outstanding features, and there is | 


cylinders with a bore of 72 mm., the piston stroke 
being 120 mm. ; the capacity is, therefore, 2,931 c.c., | 
and the R.A.C. rating is 19-28 h.p. With the excep- 
tion of the fan, every moving part of this unit is 
totally enclosed. 
attention, with the exception of the distributor of | 
the coil-ignition system, are located on the near side | 
of the engine. The crankshaft is mounted in seven | 
bearings and is of ample diameter. Aluminium | 
alloy pistons, with hollow floating gudgeon pins, are | 
employed. The connecting rods are of high-tensile 
steel. The detachable cylinder head carries the over- 
head valves which are operated by a single camshaft, 
mounted in four white-metal bearings. The cams 
run submerged in oil, and the shaft is located in the 
near side of the engine casing near the base of the 
cylinders. The push rods operate rockers fitted with 
a steel ball, interposed between the rocker and the | 
push rod at the one end. At the other end the 
rockers have a hardened-steel pad, with provision 
for adjustment, in cor tact with a detachable thimble 
on the valve stem. Each valve is fitted with two 
springs. Oil is fed under pressure to all the bearings 
and. moving parts. The valve rocker gear receives 
oil through two hollow shafts, and after passing 
through the rocker bearings, the oil passes into a 
groove along the top of the rockers to the ends. 
Every point of contact in the valve-operating 
mechanism is therefore positively lubricated. From 
the valve chamber, the oil returns over the timing 
gears, and back to the sump. There are two oil 
filters on the near side. The pump draws oil through 
the main filter, which is, in turn, connected to an 
Auto-Klean multi-plate-type filter. The latter is 
interconnected with the accelerator, and is auto- 


every detail throughout the car. The engine has six | 
| 
| 
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matically cleaned by means of a ratchet attachment 
which partially rotates the plates each time the 
accelerator is moved. 

The cooling water is pump-circulated, the tem- 
perature being controlled by a thermostat. Two 
S.U. carburettors are mounted direct on the cylinder 
block and are fitted with Vokes air filters. To 
assist in starting up from cold, a “ Kigass”’ petrol 
injector is fitted, operated from the instrument 
board. The fuel is delivered to the carburettors 
by mechanical pump driven off the camshaft. The 
capacity of the petrol tank is 20 gallons, a two- 
gallon reserve supply being arranged with a two-way 
tap. Each supply has an independent pipe, which 
is a rather uncommon feature. Ignition is by the 








PROPELLER-SHAFT AND REAR AXLE. 


coil system. The distributor is on the offside, 
and is driven by skew gears and incorporates an 
automatic advance. The important point of pre- 
venting fumes entering the body of saloon cars has 
been very carefully studied, and a_ thoroughly 
efficient and satisfactory scheme evolved. The 
usual crankcase breather has been dispensed with, 
and the oil filler cap makes a sealed and leak-proof 
joint, thus preventing the escape of fumes from this 
point. An aluminium funnel is fitted in a horizon- 
tal position on the front of the cover which encloses 
the overhead valve gear. This funnel is on the 
near side, and in line with the air current produce 
by the cooling fan. It is charged with me 
sponge and a gauze. Cool air enters at the funnel, 
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EXHIBITS AT THE OLYMPIA MOTOR CAR SHOW. 
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19-28-H.P. Strx CyLtinpER Car; Messrs. Lagonpa, Liirep. 
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passes over the valve gear, down a passage in the 
cylinder block, and into the crankcase. At the 
back end of the crankcase an annular passage 
enters the offside rear engine bearer, terminating in 
@ hole on the underside, from which a pipe is carried 
alongside the engine exhaust pipe towards the rear 
of the chassis. A current of cool air is, therefore, 
passed through the engine, which has the twofold 
advantage of carrying away the fumes, and assisting 
= cooling the engine oil in the crankcase. The 
12-volt dynamo is carried on the front of the engine, 
=~ is driven direct off the end of the crankshaft. 
; * starting motor is mounted on the nearside, 
ye level with the gear box, amidship of the 
a eg The drive consists of a short shaft, with a 

all flexible coupling at each end. The Bendix 


8-H.P. Four CytinpeR Car; Messrs. Morris Motors, Limirep. 








drive pinion assembly is located in the flywheel 
housing on a separate shaft, with a bearing at each 
end. This arrangement relieves the starting motor 
bearings of considerable load, with a corresponding 
absence of wear. 

The flywheel is of steel, embodying a dry single- 
plate clutch, fitted with an adjustable clutch stop. 
From the clutch, a short shaft fitted with a flexible 
coupling conveys the drive to the gear box, which 
is made under Maybach patent, and is of the pre- 
selector type. There are four silent forward speeds, 
with ratios of 3-66, 5-27, 6°95 and 10-61 to 1, 
and a reverse gear with a ratio of 13-9tol. By 
the movement of the short gear lever on the gear- 


emergency work. Thus eight forward speeds in all 
are available. Due to this arrangement it is also 
possible, when the four emergency gears are in 
operation, to have four separate reverse speeds, 
each equal to any of the forward emergency speeds. 
The movement of the gear-changing mechanism is 
operated by suction from the engine, through a 
vacuum servo-motor. The first gear is engaged 
in the ordinary manner by means of the short lever 
on the gear-box. This applies to either set of 
forward gears. The next gear required is then 
selected by the movement of one of the control 
levers on the top of the steering wheel, and when it 
is required to engage this gear, the accelerator is 
momentarily released. This has the effect of 
creating a more powerful vacuum in the control 
system, and moves the pre-selected gear into engage- 
ment through a positive dog clutch specially de- 
signed to over-run and ensure a quiet change. By 
this method of gear changing, it will be noted the 
clutch is not used, but in order to obtain quicker 
changes up, the clutch may be used in the ordinary 
way. When changing down, it is no advantage to 
use the clutch under any conditions, but if it is 
used it is impossible to do any damage. The gear 
wheels are all helical, and in constant mesh. The 
box is three-point mounted on Silentbloc bushes. 

An open propeller shaft, fitted with an all-metal 
enclosed universal joint at each end, conveys the 
drive to the rear axle. The final transmission is 
by spiral bevel, and the axle casing is of the 
banjo pattern. The underslung front axle is of H 
section, and is made of alloy steel, with buffers 
fitted on the top of the axle beam. The high- 
tensile steel side members of the frame are of 
the usual channel section, upswept at the rear. 
There are two large-diameter tubular cross members 
amidships, as shown in the figure, and five other 
cross members in the frame. Underslung semi- 
elliptic springs are employed fore and aft, with 
Andre shock absorbers. Four-wheel brakes, having 
16-in. diameter brake drums ribbed to assist cooling, 
are fitted. The cross shafts have self-aligning ball 
bearings, and the shoes are actuated by rods 
throughout. A departure has been made from 
standard practice in the design of the cams which 
operate the brake shoes. On the pressure sides of 
the cams, a steel link or toggle is fitted in a groove. 
The ends of the toggle are circular in shape, and 
extend the full width of the cams. Steel plates on 
the shoes, similarly grooved, receive the other end 
of the toggles. When the cams are rotated, instead 
of two plain faces rubbing together, the circular- 
ended toggles move slightly in the grooves, and 
eliminate all possibility of binding or jamming, 
and also reduce friction to a minimum. The hand 
brake lever operates the two shoes in each rear wheel 
only. The steering column is adjustable for rake, 
and the steering box is of the Bishop type. 

The wheelbase is 10 ft. 9 in., the track 4 ft. 8 in., 
and the ground clearance is 8in. The weight of the 
chassis is 25} ewt. 

The new “Family Eight” car, introduced by 
Messrs. Morris Motors, Limited, Cowley, Oxford, 
and shown in Fig. 12, has characteristics lying 
between the well-known Minor and Cowley models. 
It is fitted with an engine rated at only 8 h.p., 
and is thus very economical to run, while offering 
comfortable accommodation for three persons, 
besides the driver. Despite the low rating, the 
engine is sufficiently powerful to ensure a good 
average road speed, the makers giving the maxi- 
mum speed as 55 m.p.h. The engine is a four- 
cylinder unit with a cylinder bore of 57 mm. and 
a piston stroke of 83 mm., giving a capacity of 
847 c.c. The cylinders form one piece with the 
upper half of the crankcase, which is extended 
well below the crankshaft centre line to ensure 
stiffness. The cylinder head is detachable, and 
carries the overhead valve gear. The camshaft 
is above the head, and is driven by spiral gears. 
The valves are of nickel steel, and are operated by 
taper fingers with eccentric bushes for adjusting 
the clearance. The whole of the overhead gear is 
totally enclosed in a detachable oil-tight cover. The 
pistons are of aluminium alloy, and are fitted with 
three rings, of which the lowest is of the oil- 
return pattern. Steel connecting rods of the usual 





box, a separate further four forward speeds may 
be obtained for particularly hilly country and for 


section are employed. The crankshaft is of the 














































































532 
two-bearing type, the forward end being carried in 
a roller bearing of large diameter, and the rear end 
in a long plain bearing, also of large diameter. The 
lubricating oil is circulated by a pump of the spur- 
gear type, mounted externally, and sufficiently low 
down on the casing to ensure effective priming. 
The oil filter is also mounted externally in an 
accessible position, and is of large capacity. A dip 
stick is provided to indicate the oil level. The inlet 
and exhaust manifolds are an integral casting 
incorporating a hot spot. The carburettor is of the 
S.U. piston type, and the mixture strength can be 
controlled from the dash. The petrol tank is at 
the rear of the chassis, and is equipped with a 
gauge mounted on the dash. Coil ignition is 
employed, with an advance and retard lever 
mounted on the steering column. The starting 
motor is of the sliding-pinion type, mounted direct 
on the flywheel housing. The dynamo is driven 
through the vertical shaft operating the camshaft. 
The engine forms one unit with the gear-box, and 
incorporates a single dry-plate clutch. The gear-box 
gives three forward speeds, the overall ratios being 
5-8, 11-75, and 20-56 to 1. Central control is 
employed, and all the gears are ground. The drive 
from the gear-box to the back axle is by a tubular 
propeller shaft of large diameter fitted with fabric 
universal joints. The final drive is by spiral-bevel 
gearing, and the rear axle casing is a steel pressing. 
The foot brake operates the shoes on all four wheels 
on the Lockhead system, the drums being of pressed 
steel, 9 in. in diameter. The hand-brake operates 
internai-expanding shoes on the rear wheels, the 
connections being made by cable. The foot brake 
is fully compensated. Semi-elliptic springs are 
employed for the suspension both fore and aft, 
combined with shock absorbers of the progressive 
friction type. Wire wheels are fitted as standard, 
and are secured by three self-locking nuts. 

(To he continued.) 





THE LATE MR. T. A. EDISON. 


Tue death of Mr. Thomas Alva Edison, which 
occurred last Sunday at the age of 84, raises the 
question whether engineering progress is more due 
to a carefully planned advance from an already 
well-established line or is the outcome of an instinc- 
tive insight, which sweeps away the obstacles that 
hamper the progress of lesser men. Protagonists 
of both theories will find many examples in the 
past to support their opposing views, but it is prob- 
able that in the future the balance will swing more 
and more in favour of the former. There will, how- 
ever, always be something romantic about the man 
who invents apparently because he cannot help it, 
and that romance acquires an added glamour when 
the results of his efforts are commercially successful. 
In the popular view, therefore, Edison justly 
deserved both the title of the Wizard of Electricity 
and the gratitude of mankind. It may be doubted, 
however, whether this popular view has altogether 
enhanced his reputation as a scientist. It has 
certainly obscured the care with which he examined 
all that had previously been done on the subject, 
with which he was at the time concerned, and has 
caused a not altogether favourable opinion of his 
work to be held in scientific and technical circles. 
It is not unlikely that the future will show him in 
a better, if less garish, light than that in which he 
has often been depicted. 

Edison’s early life was a worthy prelude to the 


role which, by accident or inclination, he was | 


afterwards called upon to fill. He was born at 
Milan, Ohio, on February 11, 1847, his father being 
of Dutch origin and his mother a Canadian of 
Scottish descent. At an early age he was moved 
to Port Huron, Micaigan, where he went to school 
for three months. This is stated to have been 
the only regular education that he had, but at 
the age of nine he was reading Parkin’s Philosophy 
and carrying out for himself the experiments in 
that book. The need for funds to continue these 
activities caused him to obtain a post as newsboy on 
the Grand Trunk Railway, while the rescue of a 
stationmaster’s daughter from beneath the wheels 
of a shunting engine led to his employment as a 
telegraphist. In the meantime he had begun his 
career as an inventor by devising an electricat 
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vote recorder. He soon followed this up with an 
automatic repeater, which was quickly put into 
service, and also produced a private line printer 
and a multiplex}[telegraph system. The funds he 
obtained from}this and other inventions, for he was 
always a good business man, enabled him to open a 
laboratory at Newark.* He moved thence to Menlo 
Park in 1876, and to West Orange in 1887, the latter 
place being his headquarters for the remainder of 
his career, though for many years he also had a 
laboratory at Fort Myers, Florida, and factories and 
offices in other parts of the United States. Through- 
out his life his interests were many and varied, and 
it has been stated that he had taken out over 
1,400 patents, covering such varied equipment as 
the phonograph, typewriters, micrographs, magnetic 
separators, electric incandescent lamps and dynamos, 

In the late ’seventies of last century the sole 
method of electric lighting was by arc lamps, which 
were supplied in series from dynamos generating 
current at a high voltage. Such a system was 
quite unsuitable for domestic purposes, and en- 
deavours were, therefore, pretty generally being 
made to “sub-divide”’ the electric light. The 
complete solution of this problem necessitated not 
only the discovery of a lamp of low candle power, 
but the operation of the latter in ‘“ multiple arc,” 
and the production of suitable generating plant 
and accessory apparatus. As regards the lamp, 
Sawyer and Mann suggested the use of a carbon 
rod enclosed in an exhausted glass bulb, but the 
resistance of this was too low to make it practic- 
able, and Edison therefore made many experiments 
with a view to obtaining a high resistance filament. 
In the course of his investigations he tried platinum 
wire, both pure, mixed with iridium, and in com- 
bination with a coating of such earths as ceria, 
zirconia and magnesia, as well as a form of grass 
known as “monkey baste.” In fact, the method he 
adopted of trying every possible material was a 
good example of the lines along which he generally 
worked. Finally, he carbonised some cotton thread 
and brought it to incandescence in a vacuum, 
thus producing, on October 21, 1879, a lamp 
that would burn for some hundreds of hours. 
Meanwhile, Swan had exhibited a lamp, in which a 
high resistance carbon rod was used, at Newcastle, 
in 1878, and had followed this up by employing 
carbon thread. Actually, in the first commercial 
lamps produced by Edison, use was made of 
bamboo cane, while in 1882, Swan found that a 
much more uniform filament could be obtained by 
squirting a solution of cotton wool in zinc chloride 
through a die, and afterwards carbonising and 
flashing ” it with carbon by a method devised 
by Sawyer and Mann. This gave a result that was 
both better and cheaper than the earlier processes, 
and actually held the field in all countries until 
the metallised filament was introduced in 1906. 
Unbiassed opinion will, therefore, hold that the 
credit for the invention of the electric incandescent 
lamp, which is usually given to Edison alone, should 
at least be shared with other workers. 

Edison also played a leading part in the establish- 
ment of a public electricity supply in New York, 
where the Pearl-street station was opened in 1882 
with sets capable of supplying 400 8-c.p. lamps at 
110 volts, that is, with a capacity of about 13 kw. 
according to modern reckoning. These machines 
| were of the shunt type, so that they could be run in 
| parallel and their pressure adjusted in accordance 
|with the load. The same idea had, however, 
occurred to Lane Fox in this country. while the use 
jof the three-wire system of distribution, whereby 
| the employment of a higher voltage, with its conse- 
;quent saving in copper, was rendered possible, 
was at least as much due to John Hopkinson as 
jto his American contemporary. The existence 
of this contemporary work in no way minimised 
Edison’s vision and painstaking endeavours, but 
|} a proper idea of the early development of electrical 
engineering is not obtained unless it is realised that 
|the best electrical thinkers in all countries were 
| working in parallel and obtaining similar results 
| almost simultaneously. 

As we have already noted, Edison’s earlier acti- 
vities were largely concerned with the weak-current 
side of electrical engineering. In addition to tele- 
graph apparatus, he patented a microphone and. 
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as far back as 1883, discovered that when a metal 
plate was placed between the loops of a lamp fila- 
ment and the latter was raised to incandescence 
by a direct-current, a small current flowed from the 
plate to the positive terminal of the filament. while 
no such flow to the negative terminal occurred. 
This phenomenon, which was termed the Edison 
effect, was not applied to any purpose for many 
years until the work of Fleming and Fessenden 
led to the development of the thermionic valye 
with results which are generally known. Edison 
also devised a secondary battery with the object 
of overcoming the heavy weight and delicacy of 
the lead accumulator. In this the active materials 
were nickel-oxide and iron in a solution of caustic 
potash, a combination giving, as is well known, a 
greater watt-hour energy and a larger current for a 
given ampere-hour capacity without damage, than 
the lead battery. Other activities of Edison 
included a magnetic separator for the treatment of 
low-grade ores, a system of monolithic concrete con- 
struction, and a microtasimeter for the detection 
of small variations in temperature. During the 
war he was responsible for the design and erection 
of a number of plants for the manufacture of car- 
bolic acid, benzol, myrbane aniline oil, parapheny- 
lenediamine and aniline salt. 

Edison contributed very little to technical litera- 
ture or to the proceedings of the many scientific 
societies, of which he was an ordinary or honorary 
member. He was, however, the recipient of many 
honours, including honorary degrees from the 
Universities of Princeton and New York, a gold medal 
from the United States Congress, and the John 
Fritz and Rathenau Medals. He was a Commander 
of the Legion of Honour and an honorary member 
of the Institution of Electrical Engineers and the 
American Illuminating Engineering Society. His 
career was a remarkable example of self-help, and 
that from such unassisted beginnings he achieved 
so much may well explain the almost legendary 
position he came to occupy in American popular 
opinion. The unbalanced enthusiasm with which 
his slightest contribution to technical advance was 
often hailed, and the failure to relate his work to that 
of others, tended to obscure the value of his more 
important contributions to the advance of electrical 
work. It is probable that as matters fall into their 
proper perspective with the passage of time, the 
prominent position which Edison occupied among 
the pioneers of electrical practice will be more clearly 
and generally recognised by competent opinion in 
all countries. 


THE LATE SIR JAMES McKECHNIE. 


Smr James McKecunik, who died in London on 
Monday, October 12, at the age of seventy-two, 
was a very prominent figure in the halcyon days of 
British naval construction, which culminated, and 
to some extent ended, just before the war; and by 
his genial manner and diplomatic gifts then did 
much to establish a great industry on firm founda- 
tion, and to further the prosperity of the well-known 
firm with which he was so closely connected for 
many years. 

James McKechnie received his early education at 
private schools, and was apprenticed to the firm of 
Messrs. Duncan Stewart and Company, Glasgow, 
when he was fifteen. Here he worked in the 
fitting and pattern shops and in the drawing office. 
At the same time he attended classes at the Mecha- 
nics Institute, now known as the Royal Technical 
College, Glasgow. Before his time was up, however, 
he was selected to go to Demerara to assist In the in- 
stallation of sugar machinery, but feeling this might 
lead to permanent residence abroad, he arranged 
to transfer his articles to the Canal Basin Foundry. 
Subsequently, he spent a short time in the shops of 
Messrs. D. and W. Henderson and Company: 
Messrs. David Rowan, Messrs. Rait and Lindsay. 
Messrs. Mirrlees, Tait and Watson, and Messrs. 
James Howden and Company, and then joined 
Messrs. J. and G. Thomson, whence, after holding 
the post of foreman pattern maker, he transferred 
to Messrs. John Elder and Company &s leading 
draughtsman. Soon, however. he returned te 
old firm to take charge of the drawing office. in W i 
post he became associated with the constructio 


of the engines for the famous Clyde steamer Columba 
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and of such well-known Atlantic liners as the 
Catalonia, Servia, Armenia, America, New York 
and Paris. Later, he became assistant manager 
under Mr. J. G. Dunlop. 

In 1889, he was appointed manager of the 
engineering works of Martinez-Rivas-Palmer, of 
Bilbao, where he was responsible for the construction 
and equipment of engineering shops and the training 
of native workers to enable the machinery of three 
Spanish cruisers, with whose building the firm had 
been entrusted, to be wholly produced in that 
country. These vessels were equipped with side 
armour and were designed to develop a speed of 20 
knots, conditions which at that time few considered 
possible. In the event, however, a speed of 20-24 
knots was obtained on trial with a coal consump- 
tion of 1-43 1b. per horse-power-hour, and an output 
of 13,000 indicated horse-power. After six years 
in Spain, Mr. McKechnie returned to this country to 
become engineering manager at the Naval Construc- 
tion Works at Barrow-in-Furness, and continued 
in this capacity when this concern was taken over 
by Messrs. Vickers, Sons and Maxim, Limited, in 
1898. About this time he was responsible for the 
design of the machinery of the 22-5-knot cruiser 
Powerful, as well as for similar equipment for the 
Niobe and Amphitrite, all of which were distin- 
guished for their good steaming performance and 
low coal consumption. In 1899 he was appointed 
a special director of the firm. 

From that time until the outbreak of, and through, 
the war Mr. McKechnie remained in the closest 
touch with the design and construction of marine 
steam machinery, both of the reciprocating and tur- 
bine types and with the development of the heavy- 
oil airless-injection marine engine, especially for 
submarines. He was also responsible for the con- 
siderable extensions to the works, which were ren- 
dered necessary by the immense growth of business 
in naval construction, by the addition of a large ord- 
nance department and by the introduction of the 
manufacture of shells and other products connected 
with the equipping of ships with ordnance and the 
supply of artillery to garrisons. In 1910 he became 
adirector of the firm, by which time the works were 
employing some 15,000 men, a number about four 
times as great as that on the books in 1895. In 
addition to the ships already mentioned, the Hogue, 
Euryalus, King Alfred, Vengeance, Dominion, 
Princess Royal, Delhi and Lion, were constructed, 
or engined, at Barrow during this period for the 
British Navy, while the Mikasa, Katori and Kongo 
were built for the Japanese Navy, the Rurik for the 
Russian Government and other ships for Turkey, 
Chile and Brazil, besides many smaller vessels. 

With the outbreak of war the activities represented 
by Messrs. Vickers continued with accelerated vigour, 
and Mr. McKechnie’s qualities were turned to good 
account in pushing naval construction in the 
yard to its maximum. All classes of war and 
mercantile vessels were produced as well as naval 
gun mountings, airships, howitzers and projectiles. 
He was also responsible to the Ministry of Munitions 
for the erection and management of the National 
Projectile Factory at Lancaster and the National 
Filling Factory at Morecambe. Such activities 
naturally came to an abrupt end with the armistice, 
when the firms responsible fell on lean times, which 
hecessitated drastic reconstruction and combina- 
tions of a kind with which readers of ENGINEERING 
are familiar. These changes led to a severance of 
Sir James McKechnie’s connection with Messrs. 
Vickers, though he still remained on the board 
of Canadian Vickers, Limited, as well as of a 
number of other companies. He did a great deal 
of useful work as a member of the Consultative 
( ommittee of the Marine Department of the Board 
of Trade, and of the management committee of 
the Engineering and the National Employers’ 
Federation, : 

For his work in Spain, Mr. McKechnie was 
awarded the Grand Cross of the Order of Isabel la 
Catolica and he was appointed a Knight Commander 
of the Order of the British Empire for his war services 
in 1918. He also held the Japanese Order of the 
a Sun. He was elected a member of the 
era of Civil Engineers in 1913, and of the 

ttution of Mechanical Engineers in 1901, and was 
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THE LATE MR. E. W. STONEY. 


Tue death, after a short illness, of Mr. Edward Waller 
Stoney, at his residence, Summerset, Branksome Park, 
Bournemouth, on October 4, removes from our midst 
a civil engineer who spent practically the whole of his 
life in India and was for some time prior to his retire- 
ment in 1904 Chief Engineer of the Madras Railway. 
The fourth and youngest son of the late Mr. T. G. 
Stoney, J.P., of Kyle Park and Arran Hill, County 
Tipperary, Ireland, Edward Stoney was born on Feb- 
ruary 10, 1844. He received his general education at 
home and entered Queen’s College, Galway, in October, 
1860, for the purpose of studying engineering. He 
remained there for three years, gaining the engineering 
scholarship in each year. He also won the first Peel 
Exhibition in competition with the students of the 
Queen’s Colleges at Belfast and Cork, as well as with 
those of his own college at Galway. In his final exami- 
nation in engineering he had again to compete with the 
students from all three colleges ; nevertheless, he came 
out first on the list, receiving the gold medal and sub- 
sequently the degree of Master of Engineering. Upon 
leaving college, he became the pupil of the late Mr. 
S. A. Roberts, remaining with him for about two years. 

Mr. Stoney proceeded to India, a country in which 
he was destined to live almost continuously for a period 
of upwards of sixty years, in July, 1866, to take up 
the appointment of fourth-class engineer on the Madras 
Railway. He soon distinguished himself as a bridge 
engineer and, within five years of his arrival, he had 
successfully completed the erection of the Tungabadra 
Bridge, an important structure comprising 58 spans of 
70-ft. girders. Subsequently he carried through the 
building of the Pennair Bridge, which consisted of seven- 
teen 140-ft. spans. A description of this work formed 
the subject of his first contribution to the Proceedings of 
The Institution of Civil Engineers, in 1875. Mr. Stoney 
was responsible for a number of other large bridges, 
the most important of which was the New Chittravati 
Bridge. This structure comprised nineteen 140-ft. spans, 
resting on 12-ft. diameter cylindrical iron piers which 
were founded on rock at a maximum depth of 80 ft. 
below the bed of the river. This bridge was opened to 
traffic in March, 1890, having been completed in the 
short time of 22 months. Not only did he receive the 
thanks of the Government of India for this achieve- 
ment, but his paper on “‘ The New Chittravati Bridge, 
Madras Railway,” presented in 1891 to the Institution 
of Civil Engineers, secured for him a Telford Premium. 
Three years previously, in March, 1888, he had made 
another contribution to the Proceedings of the Institu- 
tion. This paper was entitled, ‘‘ Extraordinary Floods 
in Southern India; Their Causes and Destructive 
Effects on Railway Works.” 

Promotion had come rapidly ; after only four years’ 
service, and when but 26 years of age, he was made 
first-class engineer in 1870. On several occasions after 
this he was called upon to act as deputy or as chief 
engineer, and was promoted to the rank of substantive 
chief engineer in October, 1898. Four years later he 
became Agent and Manager of the Railway and finally 
retired on March 5, 1904, when 60 years of age, and 
after thirty-eight years’ service. He received the 
Companionship of the Order of the Indian Empire at 
the hands of His Majesty King Edward VII at Bucking- 
ham Palace, on July 5, 1904. 

Mr. Stoney was a man of many activities ; he became 
a fellow of Madras University in 1891, and was for a long 
period one of the examiners for the degree of Bachelor 
of Civil Engineering of that University. He was also 
often called upon to act as examiner in other technical 
subjects, both at Madras University and at the College 
of Engineering, Madras. He became a member of the 
Institution of Civil Engineers of Ireland as long ago as 
1868, and was awarded the Mullins’ Medal of that 
Institution. He was elected to full membership of the 
Institution of Civil Engineers on May 4, 1875, and _ his 
last paper to this Institution was presented in 1917; 
it bore the title ‘‘ Description of an Extraordinary 
Flood which occurred on November 11, 1903 in the Palar 
River ; its Cause and Destructive Effects.” Mr. Stoney 
was the inventor of several devices which are still 
widely used in India. Foremost among these are his 
silent punkah wheels, surkhi screens, switch levers, 
ocking gears, and point indicators. For many years, 
and indeed until quite recently, he lived at The Gables, 
Coonoor, Madras Presidency, and was, for a long period, 
a regular contributor to our contemporary Indian 
Engineering and to other technical journals. He will 
long be remembered by all those who knew him as an 
engineer of undoubted ability and of great energy. 


_ 








THE LATE MR. L. W. LEWIS. 


Mr. LLEWELLYN WILLIAM LEwis, whose death, we 
regret to have to record, took place on October 10, had 
a long record of service in the East, and was for some 
‘years Chief Engineer of the Public Works Department 
of Burma. Mr. Lewis was born on March 9, 1870, and 





480 a member of the Institution of Naval Architects. 


' received his education at a preparatory school in Kent, 


at the College de Genéve, and at the Realschule, 
Leipzig. He entered the Royal Indian Engineering 
College, Cooper’s Hill, in 1888, and, in 1891, passed out 
tenth on the list and received the diploma of associate- 
ship of the College. He received his practical training 
under Mr. Richard Johnson, on the Great Northern 
Railway, and was engaged on work in connection with 
the widening of the main line south of Barnet, and the 
construction of the viaduct over the railway at 
Harringay. In 1892, he joined the Public Works 
Department of Burma, being posted to the Amherst 
Division, and during the succeeding four years was 
occupied on the construction and maintenance of 
roads and buildings. In 1896, Mr. Lewis was transferred 
to the Irrigation Division, and made irrigation surveys 
in Upper Burma in the Minbu and Mandalay Divisions. 
He was afterwards placed in charge of the construction 
of the head works of the Mandalay Canal, the purpose 
of which was to irrigate 80,000 acres. In 1903, he was 
attached as executive engineer to the Pegu Division, 
and was occupied during the next four years in the 
construction and maintenance of roads and buildings. 
He also had charge of the Pegu-Sittang and the 
Sittang-Kyaikto canals, and the flood embankment 
works of the River Sittang. 

In 1907, Mr. Lewis’s services were lent to the Com- 
missioners of the Port of Rangoon, at a time when the 
Rangoon River training works were being actively car- 
ried on. This work was fully described in ENGINEERING 
at the time. The Chief Engineer of the Rangoon Port 
Trust, Sir George Buchanan, required large quantities 
of stone for the works, and Mr. Lewis was given the 
task of opening and working quarries on Kalagauk 
Island, in the Gulf of Martaban. A daily output of 
1,000 tons of stone was maintained under difficult condi- 
tions, as long as was required. Returning to the Public 
Works Department in 1911, he was first made under- 
secretary, and soon afterwards executive engineer, of 
the Mandalay Division. Two years later he became 
superintending engineer of the Burma Irrigation Circle, 
and did good work in connection with repairs to 
the head works of the Mandalay Canal, which had 
been wrecked by an unprecedented flood. In 1914, 
he was appointed superintending engineer at New 
Delhi, and was employed for the succeeding two years 
on the construction of the roads and buildings of the 
new capital. In 1916, he was sent by the Indian Govern- 
ment to Mesopotamia, and was placed in charge of the 
construction of wharves at Basrah, the dredging of a 
channel through Hamar Lake, and the regulation of 
effluents from the Tigris. He was given the rank of lieu- 
tenant-colonel, and in August, 1918, was awarded the 
C.I.E. Soon afterwards he was promoted to the rank of 
brigadier-general, and became director of irrigation 
at Baghdad, where he did much good work under 
trying conditions. On returning to civil life, he became 
superintending engineer of the Irrawaddy Delta 
Irrigation Circle in 1919, and shortly afterwards 
Chief Engineer and joint secretary to the Government 
of Burma Public Works Department. Mr. Lewis’s 
last appointment was that of resident engineer in 
charge of the Back Bay Reclamation Scheme, Bombay, 
which was dealt with in ENGINEERING, vol. cxxiii, 
on page 82 (1927). He retired in 1925, after 32 
years’ service in India. A former student-member of 
the Institution of Civil Engineers, he was elected to 
full membership on March 8, 1921. 








THE OzaLID DEVELOPING MACHINE: ERRATUM.— 
In connection with the description of the Ozalid Develop- 
ing Machine, which appeared on page 505 of our last 
issue, we are asked to point out that the exposure speed 
of Ozalid papers is equal to that of the fastest ferro- 
prussiate paper, that is to say, about 10 ft. 6 in. per minute. 
The makers of the machine are Messrs. J. H. Holmes 
and Company, Limited, Newcastle-on-Tyne. 

REGULATIONS REGARDING GaAs INSTALLATIONS IN 
CuiLe.—H.M. Commercial Secretary at Santiago, has 
drawn the attention of the Department of Overseas 
Trade to the recent publication of a decree governing 
the relations of the gas companies with the Chilean 
Government, the Treasury, the municipalities and private 
consumers, within the zones of their respective con- 
cessions. A copy of the decree is available for loan to 
interested firms, on application to the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 


THE PHYSICAL AND OPTICAL SocieTIES’ EXHIBITION, 
—The twenty-second annual exhibition of electrical, 
optical and other physical apparatus, is to be held by 
the Physical Society and the Optical Society on 
January 5, 6, and 7, 1932, at the Imperial College of 
Science and Technology. South Kensington, London, 
S.W.7. As has previously been the case, a trade section 
is being organised, and entries for this should be received 
by October 28. Exhibits are also invited for the research 
and experimental section, which is to be arranged in two 
groups, the first covering exhibits illustrating the results 
of recent physical research, and the second including 
lecture experiments in physics. Offers of exhibits should 
be made not later than November 9, to the Secretary, 
Exhibition Committee, 1, Lowther-gardens, Exhibition- 





road, S.W.7. 
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* LABOUR NOTES. 


Mr. Finpuay states in the October issue of the 
official organ of the United Pattern Makers’ Association, 
that the ballot of members for or against giving notice 
to the Engineering and Allied Employers’ National 
Federation to terminate the ‘provisions for the 
avoidance of disputes ’’ has gone in favour of ending 
the agreement. ‘‘ No action will be taken on this 
decision,” he says, ‘‘ until E.C. has fully considered it 
in all its bearings.” The membership is returned as 
11,167, and the total number of unemployed members 
as 3,043. On sick benefit there are 258 members, 
and on superannuation 497. 


Economies affecting certain benefits, contributions, 
and administrative expenditure came into force at 
the beginning of this month in the United Pattern 
Makers’ Association. In announcing them the execu- 
tive council say that they were faced with an excess of 
expenditure over income of 11,707. in the first six 
months of the year, equal to 4501. per week, and the 
knowledge that the drain was still continuing at 
approximately 3501. per week. The executive “ have 
been fortified in their task of balancing the Society’s 
budget,” it is added, “‘ by the splendid way in which 
the officers and members have reacted to the abnormal 
circumstances created by the long-drawn-out economic 
depression.” 

The Ministry of Labour Gazette states that employ- 
ment during September showed, on the whole, a further 
decline. Among workpeople insured against unem- 
ployment in Great Britain and Northern Ireland the 
percentage unemployed in all industries taken together 
was 23-2 at September 21, 1931, as compared with 
22-7 at August 24, 1931, and 17-6 at September 22, 
1930. For males alone the percentage at September 21, 
1931, was 24-3, and for females 20-4. At August 24, 
1931, the corresponding percentages were 23-7 and 
20. On September 21, 1931, there were approximately 
9,326,000 insured persons aged between 16 and 64 in 
work in Great Britain. This was 39,000 less than a 
month before, and 353,000 less than a year before. 


At September 2] there were 2,044,482 persons on 
the registers of employment exchanges in Great 
Britain, who were out of a situation. This was 86,087 
more than a month before, and 631,240 more than a 
year before. The total included 1,502,133 men, 
62,148 boys, 430,855 women, and 49,346 girls. It 
was made up approximately of 1,363,300 insured 
persons who had paid at least 30 contributions during 
the preceding two years, and therefore satisfied the 
full contributions condition for the receipt of unem- 
ployment benefit; 571,070 insured persons who had 
paid less than 30 contributions during the preceding 
two years, and 110,110 uninsured persons. The 
claimants for benefit, numbering 1,855,512, included 
270,605 men, 6,518 boys, 59,168 women, and 3,550 girls 
who had been on the register for less than one month. 


There were in Great Britain, 433,697 men, 14,451 
boys, 194,529 women, and 12,078 girls, who were on 
short time or were otherwise suspended from work 
on the definite understanding that they were shortly 
to return to their former employment. The total of 
654,755 was 7,074 less than a month before, but 57,982 
more than a year before. Of persons who normally 
seek a livelihood by means of jobs of short duration 
there were on the registers, 109,885 men, 226 boys, 
2,244 women, and 23 girls; these are mainly employed 
in dock, harbour, river, and coastal service. The 
total of 112,378 was 1,180 less than a month before, 
but 12,735 more than a year before. 


The decline in employment continued in the building 
trade, in public works contracting, and in the brick, 
tile, artificial stone and cement, glass, and iron and 
steel industries. Unemployment also increased in 
the engineering, paper, cotton, silk and artificial silk, 
and jute trades; in textile bleaching and finishing, 
in the tailoring and distributive trades, and in shipping, 
hotel, restaurant, and »doarding-house services. There 
was a further improvement in coal mining, and the 
numbers unemployed also decreased in the pottery, 
motor vehicle, wool textile, carpet, hosiery and leather 
trades, and in dock and harbour service. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation in 
September, exclusive of those affecting boot and shoe 
operatives, resulted in an estimated decrease of 7,000I. 
in the weekly full-time wages of 57,000 workpeople, 
and in an increase of 400/. in those of 14,000 work- 
people. The principal bodies of workpeople whose 








Wages were reduced during the month included electri- 
cal cable makers, chain makers and hollow-ware makers 
(under Trade Board Orders), blastfurnace men in 
Cumberland, iron puddlers and millmen in the North- 
East Coast area and Scotland, woollen and worsted 
operatives employed by certain firms in Yorkshire, 
lace curtain makers in the Nottingham district and 
Scotland, and hosiery workers at Hawick. The 
principal increase affected coal miners in Warwickshire. 
In addition to the foregoing, a large number of work- 
people in the boot and shoe manufacturing industry 
were affected by adjustments in piece rates of wages, 
the effect of which cannot at present be estimated. 





The number of trade disputes, involving stoppages 
of work, reported to the Department as beginning in 
September, was 28. In addition, 12 disputes which 
began before September were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in September (including work- 
people thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was about 13,300, and the 
aggregate duration of all disputes in September was 
about 101,000 working days. 





Statistics compiled from returns received relating 
to registered and unregistered trade unions in Great 
Britain and Northern Ireland, show that the total 
number of such organisations known to have been 
in existence at the end of 1930 was 1,098, as compared 
with 1,113 at the end of 1929. The number of unions 
dissolved in 1930, so far as reported, was 7, with an 
aggregate membership of 1,000 at the end of 1929; 
28 unions, with an aggregate membership of 23,000 
at the end of 1929, amalgamated with other unions ; 
while 20 new unions, with a total membership of 
10,000, were reported as formed during the year. 
Of the total of 1,098 unions at the end of 1930, twenty 
had their headquarters in Northern Ireland. 





The total membership at the end of 1930 was 
approximately 4,825,000, as compared with 4,839,000 
at the end of 1929, a decrease of 14,000, or 0-3 per 
cent. The number of males was 4,034,000, a decrease 
of 8,000, or 0-2 per cent., as compared with the previous 
year; and the number of females was 791,000, a 
decrease of 6,000, or 0-8 per cent. The total of 
4,825,000 includes about 31,000 members in Irish 
Free State branches, and about 27,000 in oversea 
branches of certain unions, compared with 30,000 in 
Irish Free State branches and with 28,000 in oversea 
branches in the previous year. It also includes a 
certain number of persons who are members of more 
than one society, and are therefore counted more 
than once in the figures; but the amount of such 
duplication is believed to be so small that it may be 
regarded as negligible. The net membership in Great 
Britain and Northern Ireland was thus about 4,767,000 
at the end of 1930, compared with about 4,781,000 at 
the end of 1929. Of this total, approximately 75,000 
represented membership of unions or branches of unions 
in Northern Ireland. 





At the end of September, 26,720 members of the 
Boiler Makers and Iron and Steel Shipbuilders’ Society 
were “signing the books,’ compared with 26,227 a 
month earlier. The number of members in receipt 
of superannuation benefit was 5,117, compared with 
5,093, and the number in receipt of sick benefit 1,908, 
compared with 1,902. The expenses for September 
were 9,1961. 9s. 7d. ; in August they were 9,1941/. 9s. 9d. 





The votes of the members of the Boiler Makers and 
Tron and Steel Shipbuilders’ Society on the alternative 
economy proposals submitted for their decision have 
gone in favour of No. 1 scheme. Commenting upon 
the ballot, the executive council say :—‘‘ Since the 
financial statement was drawn up jointly by the 
executive council and the General Council earlier in 
the year, unemployment has increased, and the claims 
for superannuation benefit have also increased, with 
the result that during the quarter ending June 30, 1931, 
adult members’ contributions only realised 23,367I., 
whilst we paid out in superannuation benefit during the 
same period 24,058]. These figures clearly indicate 
the impossibility of paying superannuation benefit 
on the present scales. In the present state of trade 
an increase of contributions is impracticable, and the 
only alternative is a reduction of benefits, including 
superannuation. Superannuation is now costing the 
Society more than the total contributions of the 
members. The loss of contributions, together with the 
increase paid in superannuation benefit, has depleted 
our reserves and increased our overdraft at the bank 
to about the limit available on our present securities. 
In the circumstances, the executive council decided 
that the reductions and conditions of benefit as set 








out in Proposal No. 1 should become operative on and 
after Thursday, October 1, 1931.” 





A plan for the stabilisation of industry was outlined 
by Mr. Gerard Swope, president of the General Electric 
Company, at a dinner in New York, on September 16, 
Under it, all industrial and commercial companies, 
including subsidiaries, with 50 or more employees, 
doing an interstate business, would be compelled by 
law to join trade associations, which would be per- 
mitted to outline trade practices, business ethics, 
methods of standard accounting, and cost practice, 
and standard forms of balance sheet and earnings 
statements. They would also be entrusted with the 
collection and distribution of information on simplifi- 
cation and standardisation of products and the stabilisa- 
tion of prices. Stockholders and the supervising body, 
which might be the Federal Trade Commission or some 
other federal body, would receive on a prescribed form 
quarterly statements of the business of their company 
and its earnings. : 





Employees would have stabilisation of employment, 
a model Workmen’s Compensation Act, Life and Dis- 
ability Insurance, Old Age Pensions and Unemploy- 
ment Insurance. The cost of these features would be 
shared equally by the employee and the company or 
companies for which he worked, and a worker would 
be free to change jobs without losing any of the benefits 
accruing to him, provided that his employment was 
with a member of a trade association. 





Commenting upon the scheme, the writer of the 
editorial notes in the Machinists’ Monthly Journal, the 
organ of the International Association of Machinists, 
says :—‘* We have no desire to criticise Mr. Swope 
unfairly, but it does seem that neither he nor his 
associates, including Mr. Owen Young, can hope for 
the success of any plan affecting the workers unless it is 
endorsed by organised labour—the only articulate 
voice the workers, whether trade unionists or not, 
possess, to make known their position in the matter . . . 
As for Mr. Swope’s plan, in our opinion, it has little 
chance of being adopted.” 





With a view to ensuring a more equitable distribution 
of the work available, the Polish Minister of Labour 
decided at the end of September to suspend all permits 
for lengthening hours of work. Measures were taken 
to facilitate the work of the factory inspectors in this 
connection and their powers were strengthened. 
According to Press reports, this action has already pro- 
duced important results. The inspectors are said to 
have found that abuses were frequent; for instance, 
children were employed on prohibited tasks, women 
were working at night, and hours of work were from 
eleven to sixteen in the day. Measures have also been 
taken to introduce in several undertakings the system 
of work in four shifts of six hours each, and fines 
have been imposed for breaches of the provisions of the 
Hours of Work Act. 





At October 12, the numbers of persons on the 
registers of employment exchanges in Great Britain 
were 2,120,410 wholly unemployed, 531,002 temporarily 
stopped, and 115,334 normally in casual employment, 
making a total of 2,766,746. This was 24,774, fewer 
than a week before, but 578,074 more than a year 
before. At October 5, the number of wholly un- 
employed persons was 2,108,511. Of the total number 
unemployed on October 12, 2,052,810 were men, 73,056 
boys, 584,739 women, and 56,141 girls. 





The Australian Prevention and Relief of Unemploy- 
ment (Amendment) Act, 1931, Royal Assent to which 
was received on July 7, 1931, continues until June 30, 
1932, the provisions of the Act of 1930, which provides 
for a Council for the Prevention and Relief of 
Unemployment, an Unemployment Relief Fund and 
the collection of an Unemployment Relief Tax. The 
Unemployment Relief Tax Act, which also received 
the Royal Assent at the same time, continues for 
a further year the operation of the relief tax at the 
amended rates fixed in December, 1930, by the Un- 
employment Relief Tax (Amendment) Act, 1930. 
These rates are as follows: (a) 1s. in the pound of 
the net assessable income derived by any person other 
than a company during the income year ending 
June 30, 1931 ; (6) 1s. in the pound of the net assessable 
income derived by every company during the same 
income year; (c) ls. in the pound of the income from 
employment derived by every person other than @ 
company during the income year commencing July 1, 
1931. It was estimated by the Minister of Justice, 
who sponsored the measure, that the proceeds of the 
relief tax would amount to about 6,000,000/. This 
sum will accrue to the Unemployment Relief Fund, 
expenditure or loans from which may be made on the 
recommendation of the Unemployment Relief Council 
referred to above. 
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THE ORIGIN OF IRON IN CORRO- 
SION-PRODUCTS DUE TO LONDON 
ATMOSPHERE.* 


By Proressor Ernest WILSON. 


CuemiIcaL analyses of the corrosion products on 
certain aluminium and copper conductors exposed to the 
atmosphere on the roof of King’s College, London, 
showed that iron was present in considerable quantity. 
The present experiments are concerned with the origin 
of this iron, which as pointed out at the time must 
have come from an outside source. 

The analysis of the corrosion on a high purity alu- 
minium conductor, which had been exposed twenty- 
three years, showed that apart from alumina and 
metallic aluminium, it contained sulphate in appre- 
ciable quantity, and a trace of chloride, also traces of 
iron but no zine or nickel. Its specific gravity was 
found to be 1-11. In the case of annealed copper 
the aqueous solution from the powder (cold) contained 
quite an appreciable amount of CuSO, but no soluble 
iron. The residue was partly soluble in HCl, giving both 
Cu,Cl, from cuprous oxide and CuCl, from cupric 
oxide. It also contained a quite definite amount of 
iron and traces of alumina, but rather less of the latter 
than in the case of the hard-drawn specimen. There. 


value. Recent analyses of the above deposits show 
that there is no material change in the case of the 
copper from ‘the analysis given above. The corrosion 
product obtained from the 4 per cent. magnesium 
aluminium alloy contains ferrous sulphide ; also oxides 
of iron in greater proportion than in the case of the 
high purity aluminium. The deposit from the latter 
contained ferrous sulphide, but very little oxide of iron. 

Susceptibility of Varieties of Soot.—A specimen of 
soot was taken from one of the College chimneys, and 
analysis showed that it contained an appreciable per- 
centage of ferrous sulphide, and no metalliciron. The 
curve given in Fig. 1 shows that its susceptibility K,, 
reaches the value of 1,000 x 10-° for a force of 300, 
and rises to a higher maximum. The curve is plotted 
to double the scale of the corrosion products, and this 
allows of a comparison with the curve obtained from 
the deposit on the high purity aluminium. The simi- 
larity between the two curves suggests that the iron 
found in the corrosion deposit comes largely if not 
entirely from the product of combustion during the 
burning of the coal. 

Professor C. O. Bannister stated in the discussion 
following the reading of the paper by Dr. Vernon and 
Mr. Whitby on ‘* The Open Air Corrosion of Copper,* 
that ‘“‘ smoke contains a considerable amount of iron 
much of which is present in the metallic state,’ but as 
above stated no metallic iron was found in the soot 


than the ordinary College chimneys. For instance, 
the soot from very good coal (probably Normanton) 
had a maximum mass-susceptibility of 62 x 10-* 
for H = 300; whereas a sample obtained from the 
boiler flue in the Engineering Department -of King’s 
College, when Welsh steam coal was being burnt, had a 
mass-susceptibility of 1,400 x 10-* for a value of the 
magnetic force of 200, and the curve was still rising. 
When collecting soot for magnetic testing it is most 
important to avoid any possibility of scale from iron 
surfaces. The magnetic susceptibility values of a few 
minerals bearing upon this subject are given in the 
following table :— 


Volume | Mass 
Susceptibility, | Susceptibility, 
K, m 


Mineral. 





Magnetite. Maximum value 
varies from 


“a ks 3-07 to 0-12 
Tron sulphide (artificial) 


0-06 to 0-022 0-012 to 0-0044 
0-00575 0-00127 


Pyrrhotite te te es! -19-000837 0-00075 
Pyrrhotite powder after heating 
0-022 0-0049 


| 
| 
to 650 deg. C. in closed vessel 
Iron pyrites, cubic oot 
[ron pyrities, rhombic .. ee 
Ferromagnetic ferric oxide* ..| 9-039500 

Ordinary non-magnetic ferric | 0-00004 to 

oxide .. Ke a aa 0-00002 


0-0000015 
0-000004 


| 
| 
| 






















was a fair amount of copper sulphide insoluble in HCl, 
The deposit from the hard-drawn collected at King’s College. 
Pyrites.—-Fig. 2 is a graph which has been prepared 


and also carbon. 


wire contained copper sulphide, oxide and _ basic 
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sulphate. It also contained carbon and iron (probably 
as an oxide) in considerable amount; also alumina, 
possibly from neighbouring wires. The specific gravity 
of the corrosion product was found to be 1-85.t 

Much valuable work has recently been published 
by Dr. Vernon and Mr. Whitbyt{ on the corrosion of 
copper to which reference should be made by those 
interested. 

Magnetic Susceptibility of Corrosion Products.— 
The method of test was to remove gently the corrosion 
from the surface of the conductor with the sharp 
edge of a piece of broken glass. Fig. 1 is a graph show- 
ing the relation between the mass susceptibility K 
and magnetising foree H. Three curves are given 
for corrosion obtained from hard-drawn copper, 4 per 
cent. magnesium aluminium alloy, and high purity 
aluminium in ascending order of magnitude. The hard- 
drawn copper had been exposed four years (1915-1919), 
and the corrosion product gave a K» value of 150 « 10-6 
for H = 337 C.G.S. The curve in Fig. 1 which has 
been taken from recently removed corrosion, indicates 
that the susceptibility has remained constant during 
the unexposed period. 

The } per cent. magnesium alloys was exposed for a 
period of three years (1928-1931), and the corrosion 
has a higher susceptibility than the hard-drawn copper 
just quoted, due in part no doubt to the greater specific 
stavity of the included copper as compared with 
aluminium. The high purity aluminium which had only 
een exposed one year (1930-1931), gives the highest 





js * Paper read before Section G of the British Associa- 
lon, London, on Thursday, September 24, 1931. 
pi Journal 1.E.E., 1925, Vol. 63, page 1108; also 
Vol. 39, a of the Physical Society of London, 1926, 
- 09, page 15, 

$ Journal of the Institute of Metals, Vol. 42, 1929, 
Page 181; Vol. 44, 1930, page 389. 

§ Journal I.E.E., 1930, Vol. 69, page 89. 


from published data,t and shows how the susceptibility 
| of iron pyrites is affected by temperature, time, and 
| exposure to oxygen. Straight lines are drawn between 
| observation points as the path of the curve is not known. 
| In the case of the Rhombic variety (a) the powder was 
| heated in a closed vessel for 30 minutes at 650 deg. C., 
and its K,, value when cold had risen to 600 x 10-6 
‘from an initial value of 4:7 x 10-%. It was then 
exposed to the air and 5 minutes heating at 360 deg. C. 
raised the susceptibility (when cold) to 889 x 10-*, 
‘and a further 4 minutes at 450 deg. C. raised the K,, 
value to 4,000 x 10-8. The pyrites had then reached 
the ferrous sulphide stage of oxidation. The tempera- 
ture was further increased by stages until finally the 
susceptibility had the value 332 x 10-% Rhombic 
variety (b) was exposed to air from the commencement 
of the heating period and during the first three stages 
at temperatures of 400, 360, 500 deg. C., respectively, 
the K,, value rose from its initial value of 2-6 x 10-8 
to 2,410 x 10-8, in 11 minutes total time. On further 
heating for 6 minutes at 600 deg. C., the susceptibility 
fell to 266 x 10-*, and finally after 30 minutes at 
950 deg. C., it had the value 120 x 10-%. The initial 
Ky, value of the cubic variety was 1-5 x 10-%, and 
heating exposed to the air at 290 deg. C. for 4 minutes 
only raised it to 1-8 x 10-% On further heating 
at 430 deg. C, it rose to a maximum of 1,500 x 10-6 
in 7 minutes. The susceptibility finally fell to 49 x 10-® 
on further heating at 500 deg. and 950 deg. C. Finally 
the powders were converted into ferric oxide. 

It will be realised from these experiments that the 
susceptibility of soot can vary through wide limits 
according to the degree of oxidation. Further experi- 
ments have been made with soot from other sources 


* Loc. cit., page 406. 





* Proceedings of the Physical Society ef London (1928), vol. xli, 
page 100. 








Susceptibility of Coal.—Pieces of the coal above 
mentioned have been examined, and they are dia- 
magnetic. The mass-susceptibilities in the three cases 
are :— 

House coal (King’s College) 0-318 x 10-8, 
High-grade house coal (probably 

Normanton) ae 
Welsh steam coal .... 


0-445 x 10-°. 
0-096 x 10-°. 


Ankerite is a film on coal, and is paramagnetic.t 
A small quantity collected from the Normanton coal 
has been examined, and its mass-susceptibility has 
the value 29 x 10-°. 

Summary.—It would appear from the results of the 
experiments dealt with in this paper, that the origin 
| of the iron found in the corrosion on wires exposed to 
| the atmosphere of London, is largely if not entirely 
| due to the presence of iron pyrites in the coal which is 
| burnt in the ordinary manner. In conclusion the 
|author wishes to thank Professor E. F. Herroun, 
| F.L.C., for his kindness in carrying out the chemical 
| analyses made use of in the paper. 








| ———— 
| 
‘THE BOLT AND NUT WORKS OF 

MESSRS. BRITISH DARDELET 

THREADLOCK, LIMITED. 

On page 282 of our 130th volume (1930), we illus- 
trated and described the Dardelet self-locking screw 
thread, and gave some particulars of tests carried out 
at the National Physical Laboratory showing, in addi- 
tion to its effective resistance to slacking from vibration, 
that its strength and resistance to shock are both 
greater than those of the Whitworth and B.S.F. threads. 
The form of the thread on the bolt is different from that 
in the nut, though in both cases the space between 
the threads is wider than that of the thread itself. 
In the case of the bolt, the space between the thread is 
conical, with the part of smaller diameter nearest the 
head of the bolt, while in the nut the space between the 
threads is cylindrical and the tops of the threads are 
of conical form. With this arrangement, when the 
nut is run on with the fingers, the threads of the nut 
run freely in the small-diameter portions of the bolt, 
but as soon as the nut encounters a resistance to its 
longitudinal movement the nut threads are forced 














+ Journal I.E.E, (1921), Vol. 59, page 319; also The 
Electrician, March 11, 1921, page 298. 





up the conical portion of the bolt until the tops of the 
thread bind on the parts of larger diameter, and the 
sides of the nut threads make contact with those on the 
bolt. In this position the nut is securely locked and 
will not slack off under severe vibration, but it can be 
removed with a spanner and replaced without injuring 
either the nut or the bolt. The applications for the 
Dardelet form of thread, it may be remarked, are not 
restricted to bolts and nuts; it is, in fact, now being 
adapted to electrical requirements, particularly in 
connection with joints and contacts. 

Within the last two years, a well-equipped works, 
covering some 2 acres, has been constructed by Messrs. 
British Dardelet Threadlock, Limited, at Chase-road, 
London, N.W.10, for the manufacture of bolts, nuts, and 
set screws, not only of the Dardelet form but also with 
Whitworth and B.S.F. threads for all engineering re- 
quirements. The factory, the exterior of which is 
illustrated in Fig. 1, on page 536, is divided into four 
main departments, devoted to the production of 
hot-forged bolts, cold-headed and high-tensile bolts, 


¢ Phil. Trans. R. S. Series A (1919) vol. 219, page 86. 
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bright-steel bolts and Atkins socket screws, respectively. 
The latter, it may be explained, are formed with 


hexagonal recesses in the heads to enable them to be | 
tightened up by means of a solid hexagonal pin or | 
A photograph of the hot-forging section | 


“tommy.” 
is reproduced in Fig. 2. In this section, all types of 
hot-forged bolts and nuts, up to 1} in. in diameter and 
11} in. in length, including various patterns of fish- 


bolts for railway work, are produced from steel rods | 


and bars ranging from 25 to 50 tons per square inch 


tensile strength. The pins, or blanks, are first cut | 
from the bars by means of heavy-duty cropping | 


machines, two of which are visible in the foreground 
on the right in Fig. 2, care being taken to allow the 
exact amount of material to ensure that the bolt is 
produced with the minimum amount of fin on the head. 
The pins are then heated to a temperature of 840 deg. C., 
in oil-fired furnaces, also visible in the illustration 
referred to, and, after the scale has been removed, are 
delivered to vertical screw presses in which the head is 
formed in one or two blows. If the head is of such a 


form that two blows are required, both are done in | 


one heat, the first blow “ bunting ”’ or partially forming 
the head, and the second blow giving it the exact shape 
of the tool. On the up stroke of the press, the bolt 
blank is extracted and dropped into a container and, 


after cooling, the blanks are taken to the trimming | 


machines in which the fin is removed by a single shearing 
operation. The bolts are then pointed and threaded, 


the latter operation being done on open-die Landis | 


machines. For the production of hot-forged nuts, 
the bars are heated in an oil-fired furnace and passed 
to horizontal nut-forging machines, in which the nut 
blank is produced complete with the central hole in a 
single blow. The design of the forging tools is such 
that, in the case of a nut 1 in. in thickness, the piercing 
of the central hole compresses the material into the 
body of the blank leaving a burr only about } in. in 
thickness and thus economising in material. The nut 
blanks are then passed to the frazing machines, where 











Fig. 1. Extertor View oF WORKS AND OFFICES. 
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the fins are removed, and are finally tapped on multi- | 


spindle nut-tapping machines having up to eight 
spindles. 

In the cold-heading department, illustrated in 
Fig. 3, on the opposite page, types of bolts for 
which this method of manufacture is applicable are 
produced up to 3-in. in diameter. The material is 
supplied in coils, weighing about 2 ewt. each, and is 
dressed and fed into the heading machines, a number 
of which are visible in the foreground in Fig. 3. In 
these machines, the heads, usually in the form of a 
cheese, are produced in a double stroke, being first 


cut to length, then bunted, and finally snapped to the | 


cheese form with a uniform bevel all round. The 
whole series of operations is carried out automatically, 
and the headed shanks are produced at the rate of 60 
per minute. From the heading machines, the bolts are 
taken to the trimming machines, being deposited into 
hoppers from which they are automatically traversed 
down a chute, picked up at the end of the chute by 
mechanical fingers and passed through dies which trim 
the cheese-shaped head to the hexagonal, square, or 
other form required. These machines operate at the 
same rate as the heading machines, trimming 60 
bolts per minute. After trimming, the bolts are loaded 
into cast-iron boxes holding about }-cwt. each, and 
passed through an annealing furnace, visible on the 
right in Fig. 3, the boxes being fed through the furnace 
by a pneumatic cylinder. They remain in the furnace 


for about 90 min., and the boxes as they emerge | heated to the forging temperature. The upper die | forms, lengths and diameters, and for this reason 
pass into a cage from which the contents are tipped /is then brought down, and the head formed with its | 
| hexagonal recess in a single operation. After ejection 


into an oil tank. The cage is then righted and the box 


is returned on a conveyor to the inlet end of the 
furnace, where it is refilled. The object of the heat 
| treatment is, of course, to remove the internal stresses 
| set up by the heading process, and it may be of interest 
| to mention that before this treatment the head of a 
| 4-in. bolt can be broken off by a single blow from a 
| hammer, whereas, after it, the effect of a dozen heavy 
| blows on the head while the shank is held in a vice 
}is merely to bend the end of the shank. The blanks 
are finally screwed and pointed in Landis horizontal 
automatic screwing machines, the production of 
which is at the rate of 20 per minute. In this section, 
there is also a battery of presses for the production of 
cold-pressed nuts. The material is supplied in coils 
and automatically fed into the press, which is equipped 
| with a multiple tool designed to carry out the necessary 
| operations for the production of a complete nut blank 
jat each stroke of the press. The blanks, after heat 
|treatment, are threaded on automatic tapping 
|machines. Plant for the production of both Dardelet 
|and Vee-threaded bolts by the rolling process is also 
| installed in this department. 

The Atkins socket screws, above referred to, are 
made from } in. to } in. in diameter, and the recessed 
heads are supplied either of hexagonal or cylindrical 
form externally. The blanks are cut off to the required 
length in automatic machines, and are then placed in 
the lower die of a press in which they are electrically 


Hot-ForGina DEPARTMENT. 


|from the lower die of the press, the headed blanks 
are passed on to horizontal pointing and screwing 
machines, and are finally heat treated to give the 
required tensile strength and finish. 

Bright machine bolts are produced in the section 
shown in Fig. 4, which is equipped with multi-spindle 
|automatic bolt and nut-blank forming machines, 
capstan lathes and automatic tapping machines. All 
bolts in this section are formed, threaded and com- 
pleted in one operation from the bar. The nuts, how- 
lever, are first machined from the bar on six-spindle 
| automatic machines, freed from swarf, and finally 
| tapped on automatic tapping machines. * : 
| The works include a laboratory for the testing of all 
| raw material, and equipped with machines for tensile, 
| vibration, impact and Brinell tests, as well as with 
| optical-projection apparatus for examining threads. 
|The tool room is equipped with the latest pattern 
| thread-grinding machines for the production of taps 
| for Dardelet, Whitworth and B.S.F. threads. Rigid 
| inspection is carried out in the manufacturing opera- 
| tions ; in addition to the machine setter’s periodic 

check, each machine is visited at half-hourly intervals 
| and its products examined. Finally, a general inspection 
| is made before the bolts are fitted with nuts, greased 
| with a special solution and passed to the warehouse for 
| dispatch. In the bolt and nut trade, it is, of course, 
| necessary to carry large stocks of the commonly used 





| extensive warehouse accommodation has been provided. 


In conclusion, we may remark that the firm's policy 
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in constructing a works for the manufacture of bolts; THE ACOUSTICAL PROBLEMS OF 


and nuts in the London area is justified by the fact that | 


while London is an important market for bolts and nuts, 
the cost of materials is but little greater than in the 
Midlands, and, in the case of imported materials, is 
rather less. The Port of London also offers many 
advantages for the export trade. 








Tae Kernor ENGINEERING SCHOOL, MELBOURNE.— 
The Kernot Engineering School, recently opened in 
connection with the Working Men’s College, Melbourne, 
is housed in a building which has been erected at a cost 





9R OG . . . 
of *6,209/. The accommodation comprises an engine- 
Toom, electrical engineering shop, boiler room, workshops 
the r . > 
and offic eS, lecture rooms, X-ray room, drawing offices 
and wireless rooms, &c. 
Tue PorrucuEse Stoops “ GongAaLo VELHO” AND 


Goncatves Zarco.”—On October 9 the keels of the 
ae Gongalo Velho and Gongalves Zarco, which Messrs. 
—— W. Hawthorn, Leslie and Company, Limited, 
ae een Commissioned to build for the Portuguese 
bulamment, were laid down at their Hebburn ship- 
the os. y ard. These are the first keels to be laid of 
his Ssels ordered under the new naval programme of 
ortuguese Government. 


| 





BROADCASTING STUDIOS.* 
By Noex AsuHBripGE, B.Sc., A.M.Inst.C.E. 
(Concluded from page 507.) 

ANOTHER special case arises in connection with 
studios intended for talks or lectures only. In these 
circumstances, the speaker addresses the microphone 
in the same voice as he would address a friend when 
discussing a matter in his own sitting-room, and 
therefore it would seem desirable that there should be 
practically no reverberation present in the studio at 
all, since the voice, as heard by the listener, should be 
modified only by the acoustics of his own room, whether 
the latter itself possesses practically no reverberation, 
as in the case of a small sitting-room, or is noticeably 
reverberant, as in the case of a large room in a country 
house. It is thought, therefore, that possibly the 
best treatment for a studio of this kind is complete 
damping, but if this is done, particular care must be 
taken to make certain that there is no reverberation 
at the bass frequencies only; otherwise a most 
unpleasant hollow effect will be obtained. 





* Paper read before Section G of the British Associa- 
tion, London, on Friday, September 25, 1931. 


The choice of material for treatment of the wall 
surfaces of studios generally must take into account 
the above considerations, and the performance of 
different types of material can only be determined by 
actual tests in a room specially prepared for the purpose. 
Such a room must be constructed of absolutely rigid 
walls, ceiling and floor, as in the case of a studio, 
although in this case it is more important still. The 
whole surface of the room is covered with material 
which gives almost complete reflection to sound at all 
audio frequencies. Such a result can be obtained by 
covering the surfaces with plate glass, or glazed tiles, 
firmly embedded in cement, care being taken that 
there is no air space at any point between the wall 
and the covering material. When it is required to 
examine the properties of, say, a certain variety of 
building board, a sample of material of known area 
is introduced, and the change of the reverberation 
period which results is measured at different frequencies. 
From these tests it is possible to calculate the degree 
of absorption possessed by the material for each 
frequency considered. These measurements are, of 
course, based on the well-known work of Sabine, and 
others. 

The absorptive property of a given material is 
expressed quantitatively as an ‘‘ absorption coefficient,” 
which is the fraction of the total sound energy incident 
on the surface of the material which is absorbed or 
transmitted. It is equal to unity minus the coefficient 
of reflection, or the fraction of the total sound energy 
which is reflected from the material. It must be 
understood that the value of both these coefficients is 
often appreciably modified by the method of fixing 
the material and the nature of the wall surface to 
which it is fixed. It is easy to calculate the reverbera- 
tion period of a given room if we have an exact know- 
ledge of the coefficients of absorption of all the 
materials in the room which are exposed to the sound 
waves. W. C. Sabine, early in the present century, 
atrived empirically at the following well-known 
expression, whereby 

”  _, 0°05 V 

- “ss” 

T being the reverberation period expressed in seconds, 
V the volume of the room in cubic feet, a the average 
coefficient of absorption for all the surfaces in the 
room, and § the total absorbing surface in square feet. 
a is obtained by adding together the absorbing powers 
of all the different absorbing surfaces of different 
materials in the room and dividing by the total surface. 
The absorbing power of a given surface is obtained by 
multiplying its absorption coefficient by its effective 
area. It will be seen that a S is the total absorbing 
power in the room and may be said to be equal to A, 
expressed in ‘‘absorption units” in terms of the 
absorption of one square foot of open window as unity. 
Thus :— 


and this is often a convenient form of Sabine’s expres- 
sion. This simple expression is, however, only valid 
for comparatively lightly damped rooms. Several 
alternative expressions have been proposed from time 
to time, and the one which seems most nearly accurate 
and is being most adopted at the present time is that 
due to Mr. C. F. Eyring, of the Bell Telephone Labo- 
ratories, and was suggested in a paper in the Journal, 
of the Acoustical Society of America, 1930, vol. in 
page 217. According to Eyring, 

0-05 V 
— Sloge (1 — a)’ 
This expression reduces to that of Sabine if a is small 
compared with unity, and the difference is appreciable 
if a exceeds 0-25. 

Obviously, if we are calculating the reverberation 
period of a concert hall we must take into account the 
absorbing power of the audience itself, since the average 
absorption of a single individual is from 4 to 5 units. 
One of the difficulties of concert-hall design is that the 
absorption of the audience forms a large and variable 
part of the total absorption in the hall, and it is 
necessary for a compromise to be adopted and the 
acoustics of the hall made right, according to the 
standards already discussed, when only a part of the 
maximum audience is present. In the case of the 
broadcasting studio, the matter is not, in general, so 
important, as the absorption of the personnel is only a 
small part of the total absorption. The problem does, 
however, arise in the case of a large studio, such as 
that in course of construction at Broadcasting House, 
to which it is proposed to admit an audience on many 
occasions, and here again it becomes necessary to 
compromise. 

It has already been stated that the reverberation 
period determines, to a large extent, the quality of 
music heard in a concert hall, and that the correct 
period varies with the volume. The question arises 
whether this argument applies to studios where little 
importance is attached to direct listening. For 
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example, we might decide that an orchestra of, say, 
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36 players, sounded at its best when playing in a hall 
with a mean reverberation period of 1-5 seconds. It 
is then fairly obvious that, when broadcasting, the 
same orchestra should play in a studio having this 


reverberation period, or one slightly less to compensate | 


for the possibility of reverberation being added at 
the listening end. On the other hand, it is not obvious 
that the studio should have the volume corresponding 


to this period in accordance with Fig. 3 (page 506 ante). | 


We might easily design a studio with the correct 
reverberation period for the type of orchestra, but 
smaller in volume than the curves would indicate. In 


these circumstances, there would still be ample space | 


for the orchestra, since there would be no audience 
present. However, in this connection we have to 
consider the question of sound intensity within the 
studio. It is fairly obvious that, in two studios of 
different volume, but having the same reverberation 
period, the intensity of sound will be greater in the 
smaller studio than in the larger one. Again, although 
it is true that the sound intensity in the studio itself 
does not directly concern the broadcast listener, 
nevertheless, there is a definite limitation to the 
maximum value allowable. This value depends partly 
on the type of microphone used. Certain types of 
microphones are as subject to overloading as the ear 
itself, and on this account it would appear that the | 
studios should be of the same order of size as a hall | 
intended for direct listening. From another point 
of view we find there is a limitation to the sound inten- | 
sity which is allowable. It has been noticed that if | 


|in relation to the type of orchestra. This will give 
| rise to a lifeless effect and.in-all-probability, in addition, 


| the intensity of sound will be too great, at least from | 


|the point of view of the conductor and performers. 
There would also be the danger of overloading the 
microphone, depending, somewhat, on the type of 
microphone used. 

(2) To give the studio a higher reverberation period 
than corresponds with the volume, in which case the 
tone of the music may be improved, but the two dis- 
advantages mentioned above would certainly be 
accentuated. 

(3) To arrange for a very low reverberation period, 
thus removing most of the sound intensity difficulties, 
but producing to a very marked degree a lifeless effect. 
Recourse may be had, in these circumstances, to 
artificial echo, but, as already stated, this is not an 
entirely satisfactory solution. Moreover, it does 


not help the artists, who may complain of the difficulty | 


of doing their best work owing to the deadening effect 
of the studio. 

It is impossible to say definitely which alternative is 
preferable, and each case may be considered on its 
merits, but of the three (2) is seldom permissible, and 
(1) is probably the best course in the majority of cases, 
and a small amount of artificial echo can, of course, be 
added, if required. 

Figs. 5 and 6 give typical measured reverberation 


and Edinburgh broadcasting studios, respectively. 
It is to be regretted that although so much research 


is of the order of 30 decibels. This is, of course, on 
the assumption that; it is necessary to limit the 
minimum sound intensity in order to prevent the 
musical sounds from being obliterated by unavoidable 
background noise. Thus, it becomes necessary to 
devise a method of increasing the amplifier gain during 
the weak passages and reducing it during the strong 
passages. Since these variations in an amplifier must 
be carried out immediately in advance of the occur- 
rence of the variations in the studio, up till now no 
automatic device has been found practicable. Conse- 
quently, in this country the necessary amplifier adjust- 
ment is carried out by musicians working in conjunc- 
tion with the score. It is important to note that the 
volume of sound as finally transmitted is not ‘‘ smoothed 
off’ to be sensibly constant, but merely partially 
smoothed to reduce the ratio of maximum to minimum 
to the largest value practically permissible. Such a 
method, of course, allows the conductor to carry on 
in the ordinary way. The problem is a very involved 
| one, and is much more complicated than is indicated 
| by these brief remarks. While in this country the 
problem is dealt with in the way mentioned above, in 
certain countries abroad the conductor attempts to 
| control the actual volume of sound existing within the 
| studio itself by the direct control of his orchestra. 
| For this purpose he is provided with an instrument 
| which indicates the volume of energy picked up by 


| period-frequency curves, being those for the Manchester | the microphone. It then remains for him to control 


|the volume within prescribed limits, as indicated by 
marks on the dial of the instrument. This, of course, 


. . . . | . . . . rf . 
an orchestra plays in a studio which is too small for| work has been carried out on the technical side of | involves the use of conductors with special experience 
the number of players, yet possessing an acceptable | broadcasting during the past seven years, both in | of broadcasting. The method has never been looked 
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reverberation period for broadcasting, the intensity 
of sound is such as to cause serious difficulty to the 
conductor and the members of the orchestra. 

Apart from broadcasting experience, there is not a 
large amount of data available as to the number of 
players which is suitable for a concert hall of given 
volume for the best results. If certain assumptions 
are made it can be shown mathematically that if a 
source of sound operates in two halls of correct acoustics, 
but of different size, the intensity of sound produced 
when the steady state has been reached is approximately 
inversely proportional to the surface of the room. 
On this basis, the number of instruments permissible 
is proportional to the total surface of room, if we assume 
that the larger orchestras are obtained by increasing 
the number of instruments of each kind ; an assumption 
which is, of course, only justified as an approximation. 
Fig. 4 shows a curve by F. R. Watson for concert halls, 
showing the relation between the number of instru- 
ments allowable and the square of the cube root of the 
volume, which for rooms of similar shape is proportional 
to surface. 

Returning to the particular case in which we are 
interested, namely, studios for broadcasting purposes, 
the conclusion has been arrived at that the number 
of performers may be double, as compared with that 
given by this curve, without overloading the micro- 
phone or causing difficulty to the conductor. When a 
type of microphone is used which is not subject to 


Fig.5. REVERBERATION PERIOD OF 
MANCHESTER STUDIO IN 
RELATION TO FREQUENCY. 
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America and Europe, comparatively little compre- 
hensive work has been done on studio design. It is 
true that there is a good deal of work in hand in the 
various countries, but so far comparatively little has 
been published. The following remarks may be of 
interest as indicating tendencies. In several Conti- 
nental countries great stress is laid on the desirability 
of being able to vary the reverberation period, and 
one finds the walls of studios fitted with shutters having 
different surface treatment on either side. These 
shutters can be turned round so as to expose either 
side to the interior of the studio, somewhat on the 
principle of a Venetian blind. Again, in one case, 
namely at Hamburg, the idea of being able to vary the 
physical constants of a studio has been carried to an 
extreme, and, in addition to reverberation, the volume 
of the studio can be changed, one end wall being made 
movable by an elaborate engineering device. Some 
Continental engineers lay great stress on the necessity 
of avoiding parallel walls in studios, particularly 
longitudinally. The idea is that this prevents the 
setting up of so-called room resonance, and may reduce 
also any possibility of diaphragm effect. Again, in 
Germany and a few other countries it seems to be a 
usual practice to allow a larger reverberation period 





overloading to a marked extent, the figure given by the | 
curve may be multiplied by 2 Nevertheless, in 
general, better results would be given were it possible 
to adhere to F. R. Watson's curve. Unfortunately, | 
it is frequently necessary to exceed even the larger | 
number which has been suggested as permissible for | 
broadcasting purposes only, but in these circumstances 
it cannot be expected that the best results will be | 
obtained. Thus it frequently occurs in practice | 
that the size of the studio is limited by the fact that 
it has to be formed by alterations to an existing | 
building. At the same time, it is often found to be | 
highly desirable, for programme reasons, to use a/| 
certain orchestra, although it is too large for the studio. | 
On account of these circumstances the designer is faced 
with three alternatives :— | 

(1) To treat the walls in such a way that the correct | 
reverberation period is given in relation to volume, 


*o. } 


than would be normally associated with direct listening. 
Naturally, this is purely a question of musical taste, 
and varies considerably according to the views of the 
various musical directors. 

Possibly, however, the greatest difference in studio 
technique existing between this country 
Continent, is in connection with the methods employed 
for controlling the depth of modulation of the trans- 
mitter in such a way as to give as close a picture as 
possible of the variations of sound intensity in the 
studio. It is an unfortunate fact that a transmitter 
cannot handle the same range of volume as is produced 
by an orchestra. 
Telephone Journal, vol. x, 1931, page 349, Harvey 


Fletcher gives the ratio of the maximum to minimum 


and the | 
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upon favourably in this country, and seems likely to 
be superseded abroad by various methods of hand 
control of amplifier gain by experienced persons. 

The question of how best to place the various 
instruments composing an orchestra with respect to 
the microphone, the conductor, and each other, is 
one which has been the subject of much discussion 
during the past few years amongst those interested. 
As in the case of the tone quality produced by a studio, 
the only criterion of excellence is the opinion of musical 
experts. Moreover, there is a very large number of 
factors, both technical and otherwise, which affect the 
result. The more important of these are as follows :— 


) The size and acoustical properties of the studio. 

) The type of microphone used. 

) The frequency response of the receiving apparatus 

used to judge the results. 

(4) The composition of the orchestra and the type 
of music to be played. 

(5) The musical taste of the observer responsible 
for the balance. : 

(6) The special requirements of the conductor of 

the orchestra. 


(1 
(2 
(3 


It might be thought, at first sight, that, if the studio 
possessed good acoustical properties, the correct 
| position for the microphone would be found by deter- 
| mining by trial at what point in the studio the music 
| was heard at its best. In general, one would find that 

such a point was sufficiently far from the players to 
| give a kind of focus on to the orchestra as a unit. If. 
| however, this is done, it will be found that the best 
point is at a distance from the orchestra where the 
sound level is insufficient, and, with some types of 
| microphone, viz., those which in themselves produce 
|an unavoidable background noise, the ratio of the 








In an article in the Bell System | wanted sounds to background noise is sometimes too 


|small. Moreover, irrespective of type, the microphone 


| would have to be used in such a sensitive — 
This, 





sound intensity in a studio, with a large orchestra, as | that spurious noises would become obtrusive. 
equivalent to 73 decibels, whereas the maximum /of course, becomes particularly acute when broad- 
variation of volume that can be delivered by the | casting in a concert hall with an audience, owing tO 


in which case the period will be, to an extent, too short | transmitter, or that can be handled by the receiver, ! the fact that in most cases the microphone would have 
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to be placed much closer to the audience than to the 
players. 

It is somewhat curious that when listening direct 
to an orchestra this effect is not noticed to such a 
marked degree as when listening to the same combi- 
nation of sounds as broadcast, when the effect of 
even weak spurious noises is always very unpleasant. 
It would seem that the ear has the power of sub- 
conscious rejection of the unwanted sounds when 
listening directly in a concert hall, which it does not 
possess to the same degree when listening to a loud- 
speaker in a small quiet room. 

It becomes necessary, therefore, to place the micro- 
phone at some point much closer to the orchestra than 
one would select for direct listening to the best advan- 
tage. This naturally produces balance difficulties 
and it is necessary to select the position very carefully. 
It is frequently advantageous to raise the microphone 
to a height of some four to ten feet above the heads 
of the orchestra, and in this way it is possible to find 
a position at the right distance from the orchestra which 
shall not be too close either to the orchestra or the front 
rows of the audience. Again, frequently a better 
balance can be obtained if the players ‘are placed to 
suit the broadcast balance, but this often clashes 
with the wishes of the conductor, who is accustomed 
to find the various instruments in definite positions 
in relation to each other and himself. 

Attempts have been made to get over the difficulty 
with very large orchestras by using two or more micro- 
phones working simultaneously, the degree of sensitivity 
of each microphone being adjusted beforehand. It 
might be thought that this was an obvious solution, 
but the method is liable to difficulties in connection 
with the picking up of unwanted sounds. Several 
microphones, however, are essential for operatic work, 
but in this case each microphone is hand controlled to 
suit the frequently changing conditions. This method 
1s essential for operatic work in a theatre. 

It has been stated already that the closer the micro- 
phone to the source of sound the less will be the influence 
of the acoustical properties of the studio. This appiies 


particularly to speech, songs and solo instruments, | 
| This was the state of affairs in many of the older studios. 


where it is possible to place the performer very close 
to the microphone. To take an extreme case, if the 
speaker is, say, 6 in. from the microphone, the effect 
of the studio acoustics is almost nil, while if the speaker 
'S, say, 4 ft. or more from the microphone, in a fairly 
large hall or studio, the speech becomes resonant, 
as, for example, during the broadcasting of speeches 
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from a banquet. The question arises, therefore, whether 
an announcer should speak say 4 ft. from a microphone 
and raise his voice, or at a distance of, say, 18 in. and 
speak in a conversational tone. As is well-known, the 
latter course is adopted in this country, and for that 
matter, in most other countries, because it imposes 
much less strain on the listener and incidentally on 
the announcer himself. It will usually be found that 
when studio acoustics are bad, the musician or engineer 
who is responsible for the balance falls into the habit 
of placing the microphone too close to the performers 
in order to exclude, as far as possible, the unpleasant 
effects of the reflected sounds. 

There is an important effect of reverberation period 
on balance which has to be taken into account with the 
more modern type of studio. With the older heavily 
damped studios, the intensity of sound dies away 
rapidly as the distance from the source of sound is 
increased, in fact, the law would be of the order of the 
inverse square. Thus, the precise position of the 
microphone becomes of the utmost importance, both 
with regard to the intensity of sound and the balance 
of the instruments. On the other hand, with a studio 
having a much higher reverberation period, the inten- 
sity of sound will fall away far more slowly. Conse- 
quently, it should be possible to locate the microphone 
at a much greater distance from an orchestra. It is 
to be borne in mind, moreover, that the manner in 
which the reverberation period of the studio varies 
with frequency has a very definite effect on the require- 
ments from the point of view of balance. Assuming 
that resonance of partitions and other structural features 
is playing a negligible part in the acoustics of the 
studio, the curve showing the intensity of sound pro- 
duced in the studio over the range of frequencies, 
assuming that there is an equal production of sound 
energy at each frequency, will be of the same shape as 
the reverberation-frequency curve. Thus, if the rever- 
beration period increases to a marked degree towards 
the bass frequencies, the effect due to the bass instru- 
ments will be too great by comparison with the rest 
of the orchestra, and they must be moved further 
from the microphone in an endeavour to compensate. 


If, in addition partition resonance is in evidence, the 
effect on the acoustics of the studio may be still more 
complex, since the intensity and reverberation curves 
in these circumstances no longer coincide. 

The author’s thanks are due to the Director General 
of the British Broadcasting Corporation for permission 





to publish this paper. The experimental work referred 
to in the paper was carried out by Messrs. H. L. Kirke 
and A. B. Howe, in connection with various B.B.C. 
studios, particularly those for the new headquarters 
in Langham Place. The author is also indebted to 
Mr. A. B. Howe for valuable assistance in the prepara- 
tion of the paper. 








HEAVY-DUTY SPOT-WELDING 
MACHINE. 


TuHE illustration on this page shows a spot-welding 
machine designed and constructed by Messrs. British 
Insulated Cables, Limited, Prescot, Lancs, which is 
suitable for making welds up to } in. in diameter in 
two or more pieces of mild steel having a total thickness 
up to ? in., and at speeds up to 600 welds per hour. 
It comprises a 60-kw. single-phase, air-cooled trans- 
former, the primary of which may be wound for any of 
the usual supply voltages and frequencies, enclosed, 
as shown, in a substantial ventilated cast-iron body. 
The stakes, or arms, are of the rigid type, and the 
standard lengths are 24 in. and 36 in. The top stake 
is of cast-iron and is bolted to the body of the machine, 
a cast-iron slide block being fitted at the front end to 
allow for the movement of the upper electrode. To 
the under-side of the slide block is bolted a cast- 
copper carrier, in which the upper electrode is clamped, 
and to this carrier the transformer secondary is 
connected by means of flexible copper strips, as will be 
clear from the illustration. 

The position: of the upper electrode is adjustable 
vertically to suit the thickness of material being 
welded, but a thrust screw, clearly shown in the figure, 
is provided to relieve the clamp of the welding pressure. 
This can be adjusted by means of the hand-wheel and 
springs seen above the front end of the top stake. 
The bottom stake is of cast copper and is provided 
with a renewable end-piece for carrying the lower 
electrode. Both electrodes are of hard-drawn, high- 
conductivity copper and are arranged for water cooling, 
connections for 4-in. bore rubber tubing being provided. 

The standard drive is by means of a belt passing 
round a flywheel, shown on the left of the figure, and 
incorporating a magnetic clutch, but a motor driving 
through spur gearing or rope pulleys can be fitted 
if desired. The power required to drive the machine 
at its normal speed of 150 r.p.m. is 14 h.p. The 
magnetic clutch, which is fitted with ar automatic 
brake to stop the motion at the upper end of the 
stroke, transmits motion to a camshaft through spur 
gearing, and a cam and roller at the driving end are 
employed to operate the upper electrode. Eight rates 
of heating are provided, and the main welding-current 
circuit is closed and opened by means of a contactor 
arranged for wall mounting. Automatic timing 
switches are fitted for controlling both the coatactor 
and the motion, and either a push-button or foot switch 
is provided to control the clutch circuit. If desired, 
automatic relay apparatus can be fitted to cut off the 
current from the electrodes and set the machine in 
motion as each weld is completed. 








THE InstiruTe or TRANSPORT.—The council of the 
Institute of Transport has awarded a number of medals 
and premiums in respect of the 1930-31 session. These 
include the Railway (Operating) Gold Medal, to Mr. 
C. R. Byrom, for his paper, “‘ The Effect of Signalling on 
Track Capacity”’; the Railway (Engineering) Gold 
Medal, to Mr. C. J. Hyde Trutch, for his paper, ‘‘ The 
Oil Engine and the Railways’; and the Road Transport 
(Passenger) Premium, to Mr. G. J. Shave, for his paper, 
‘* Passenger-Carrying Vehicles.”’ The Institute Graduate 
Silver Medal has been awarded to Mr. J. L. Harrington, 
the Institute Student Silver Medal to Mr. J. W. 
Hutcheson, and the ‘“‘ Modern Transport ’”’ Premium to 
Mr. E. H. Slater. 


SELF-TAPPING SHEET-METAL ScREws.—A screw which 
can be used to connect metal sheets together, or any 
material to such sheets, with no other operation than 
that required for driving ordinary wood screws, viz., 
making a plain hole to receive it, has recently been 
developed. It is known as the Parker—Kalon hardened 
self-tapping sheet-metal screw, and is distributed in this 
country by Messrs. Buck and Hickman, Limited, 2, 4 
and 6, Whitechapel-road, London, E.1. The screws are 
made in a variety of sizes and finishes and are classed in 
two types. The first of these is for use with sheet 
metals, 7.e., it is screwed right through both pieces, 
and can be used for sheets not exceeding 0 -062 in. thick. 
The preliminary hole is made either by a punch or drill, 
and the screw is driven home by an ordinary screw- 
driver, the special shape of its point enabling it to progress 
as though it was entering a tapped hole. The other 
pattern is designed for attaching work to solid materials 
of a fairly yielding nature, e.g., aluminium, bakelite, hard 
rubber, fibre, slate, and asbestos compounds. The screw 
does not penetrate through the work to which the 
attachment is made, and the point differs somewhat from 
the other type. The holes are, however, plain, and 
are made by a drill of suitable diameter, while an 
ordinary screwdriver is used. 
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Fig. 1. 


BLANCOMETER FOR TESTING 
WHITENESS. 


It is a matter of common observation that many 
materials and objects which are nominally white are 
by no means truly so, and for many purposes it is 
desirable to have an instrument by which the degree 
of whiteness can be measured or compared with some 
standard. The Blancometer, illustrated on this page, 
and designed and made by Messrs. Adam Hilger, 
Limited, 24, Rochester-place, Camden-road, London, 
N.W.1, is intended for this purpose. It has the 
advantage of being entirely self-contained, except 
for the accessory high-tension batteries, and its use 
enables accurate measurements to be made, inde- 
pendently of the judgment of the observer, of the 
amount of light of different portions of the spectrum 
reflected from the sample under test, this light being 
compared with light reflected under precisely similar 
conditions from a standard white surface. For the 
latter, magnesium oxide deposited on greyed aluminium 
is used, the former material giving the purest white 
known. The light is reflected into a photo-electric 
cell from the test surface, passing on its way through 
two fixed photometric wedges, while light from the 
standard white surface passes to the cell through two 
adjustable wedges. The latter enable equal deflections 
to be obtained in the two cases in an electrometer 
operating in conjunction with the photo-electric cell. 
A similar determination using two magnesium-oxide 
surfaces gives the zero position of the adjustable 


wedges. If, then, the gradation constant of the wedges | 
be known, the ratio of the intensities of the reflected | 


light from the test surface and the standard white 
surface can be found, as follows :— 
Let a be the zero position of the adjustable wedges 


and B the position at which equal deflections are | 


obtaiffed with the surface under test. 


Ig Intensity of light from magnesium-oxide surface 
after passing through adjustable wedges. 

It Intensity of light from test-surface after passing 
through fixed wedges. 

Io Intensity of light from magnesium-oxide surface 
after passing through fixed wedges. 

Y Gradation constant of wedges. 


Now, by means of the adjustable wedges, I; is made | 
equal to I,, but I, = I, x 10-¥ (8 — @). 
So that 

lt yo-¥ (B— a) 
Io 


= antilog;) — Y (8 — a). 


Expressed as a percentage, therefore, the proportion | 
of light reflected by the test surface of that reflected | 


| 
by the magnesium-oxide surface is | 
antilogi9 {2 — Y (8 — a)}. | 
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Colour screens, isolating definite portions of the 
spectrum, can be inserted in the path of the light, 
to enable readings to be obtained for red, green, and 
blue light. The precise forms and correlation of the 
spectral transmission curves of the filters and of the 
emission curve of the photo-electric cell are determined 
according to the colorimetric principles described in 
the British Patent Specification No. 324351 to which 
we would refer our readers. 

Referring now to the illustrations, Fig. 1 is repro- 
duced from a photograph showing the general appear- 
| ance of the apparatus, and Fig. 2 is a section showing 
|the internal arrangements. Light from a Pointolite 
| lamp S, Fig. 2, is divided, by means of a diaphragm, 
| into two beams, one of which passes through a filter F 

carried by a wheel A, the edge of which projects slightly 
| through the casing, as shown on the left in Fig. 1, so 
| that it can be turned to bring the filter into the path of 
the beam. Actually the wheel is provided with red, 
green and blue filters, as well as with a correcting filter 
for the determination of relative brightness in white 
light. The beam is collimated by the lens L and passes 
through the photometric wedge W on to the specimen or 
standard surface placed at X, the angle of incidence 
being 45deg. The window of the photo-electric cell C is 
located over the position X, so that the light diffusively 
reflected from the specimen or standard is received by 
the cell which is connected to a Lindemann electro- 
meter E. Both the specimen and standard are placed 
on a tray which can be slid backwards and forwards 
under the cell, so that the cell can receive the light 
|from either at will, and attached to the carriage 
carrying the tray are the two pairs of photometric 
wedges, one pair being fixed and the other adjustable. 
|The specimen is placed beneath the fixed pair of 
| wedges, and the standard surface beneath the adjustable 








| wedges. The whole carriage is attached to the flanged 
| plate K, which slides on the outer part of the casing 
of the instrument and also carries a graduated disc D 
|which controls the adjustable wedges; complete 
revolutions of this disc are recorded on a cyclometer, 
which can be distinguished in Fig. 1. 

The second beam from the lamp S is reflected by the 
mirrors M, and M, up through the electrometer, and 
an image of the needle of the latter is projected, by the 
optical system shown, on to a ground-glass scale P 


| placed at the inner end of a viewing tube which serves 
| to exclude most of the extraneous light. The scale, 


for compactness, is made comparatively short, and, 
owing to the high magnification of the optical system 
by which the image of the needle is projected, it is 
necessary to make provision for moving the electro- 
meter slightly in order to keep the image of the needle 
on the scale with large deflections. This is accomplished 
by means of a milled-head screw projecting through 
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the front of the case, and visible towards the right in 
Fig. 1. The potentials for the plates of the electro- 
meter are obtained from high-tension dry batteries, 
of the type used with wireless-receiving apparatus, 
and to regulate the potentials, for the purpose of 
varying the sensitivity of the instrument, two coarse 
| and two fine adjustable resistances are provided. It 
is also important that the voltage across the Pointolite 
lamp should be kept approximately constant, and a 
control resistance is therefore provided, in addition 
to the starting switch and resistance normally used 
with this lamp. The voltage across the lamp is 
indicated by a voltmeter mounted on top of the casing, 
as shown in Fig. 1. 

In making a test, the tray carrying the specimen 
and the standard surface is introduced through the 
opening shown on the left of the casing in Fig. 1, the 
opening being closed by a sliding shutter to exclude 
extraneous light. The position of the adjustable 
wedges is then varied to give the same deflection with 
the light from the standard surface as is obtained with 
that from the specimen passing through the fixed 
wedges, readings being taken successively with white, 
red, green, and blue light. In a particular case, with 
a zero reading of 794-80, the readings obtained with 
white, red, green and blue light were 797-60, 796-77, 
797-23 and 800-67, respectively, and since Y, the 
gradation constant of the wedges, was 0-19 per 
centimetre, the percentage reflections were 88-4, 91:6, 
90-0 and 77-2, respectively. These figures characterise 
the specimen as to total surface reflection and spectral 
selectivity, and thereby serve to specify, for all 
practical purposes, the colour of any nearly white 
object. 








THE Panama CanaL.—Commercial traffic through the 
Panama Canal during July, 1931, was the lowest for that 
month, from the point of view of the number of vessels 

and the tons of cargo carried, since 1922. The number 

| of merchant ships passing through the Canal in July, 
| 1931, totalled 406, as compared with 488 in July, 1930, 
| and 527 in July, 1929, and the tons of cargo carried in 
| July, 1931, was 1,866,803, as against 2,402,047 in July, 
| 1930, and 2,598,162 in July, 1929. 





British PropuctTION OF PIG-IRON AND SreEL.—The 
monthly memorandum of the National Federation of Iron 
and Steel Manufacturers, Caxton House, Tothill-street, 
London, 8.W.1, shows that the number of blast furnaces 
in operation at the end of September was 62, a net decrease 
of 2 since the beginning of the month. During September, 
the production of pig iron was only 248,200 tons, compared 
with 275,700 tons in August, 425,000 tons in September, 
| 1930, and 855,000 tons, the monthly average for 1913. 
The September output of steel ingots and castings was 
| 400,500 tons, compared with 357,300 tons in August, 
and 580,600 tons in September, 1930. 
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THE EXPERIMENTAL INVESTIGA- 
TION OF VIBRATIONS IN TURBINE 
WHEELS AND BLADES. 

By B. Pocnosrapsky, M.I.Mech.E., L. B.W.JoLLEy, 

M.A., M.I.E.E., and J. S. Toompson, B.A. 

THERE are various periodic impulses existing in a 
steam turbine, such as disturbances due to the 
horizontal joint, to stationary blades, and to inter- 
ruptions of partial admission. Certain parts of 
the turbine have definite natural frequencies of 
vibration. Whenever the frequency of a periodic 
impulse coincides with the natural frequency (or its 
sub-multiple) of vibration of a turbine part it 
may vibrate. Such vibrations produce alternating 
stresses superposed on the working stresses, and 
if the total combined stresses reach or exceed the 
fatigue limit, breakage ultimately results. A turbine 
part may vibrate in a number of ways ; fortunately, 
many of them are not dangerous, the alternating 
stresses being comparatively small, but there are 


efficacious depends on the actual dimensions of the 
finished part—in other words, on the design and 
workmanship, and on the material and the degree 
of finish, this last factor having a considerable 
influence on the resistance to fatigue. 

In all cases, it is clear that the important problem 
is to establish the natural frequencies of the most 
important vibrations. 

The factors which enter into the vibration of the 
completed wheel are : 

(1) the vibration of the complete wheel as one 

system; and 

(2) the vibration of individual blades, or groups 

of blades, either axially or tangentially. 

Vibration of Blades.—Consider first the vibration 
of the blades themselves. An individual blade can 
vibrate in several different modes. It can oscillate 


|not be supposed that, in these sand pictures, the 
places where the sand is not disturbed represent 
stationary parts of the wheel ; actually, the whole 
of the wheel vibrates from the rim to the hub, with 
the exception of the mathematical lines of the nodal 
diameters and circles. What the limit of the sand 
on the wheel does indicate is the point at which the 
acceleration of the wheel vertically exceeds that ‘of 
gravity by some amount which is not very definite, 
so that the sand does not remain in contact with the 
wheel during its motion. An interesting, but not 
particularly important, calculation indicates this 
point and might here be mentioned. The motion 
of a wheel has been studied from the analytical 
viewpoint and an expression obtained for the deflec- 
tion of the wheel at any instant. If this is twice 
differentiated with respect to time, the acceleration 
is obtained, and by putting this equal to a constant, 
the shape of the sand picture can be ascertained. 





in axial or tangential directions, presumably in 
both cases only in principal planes, which are at 


The calculated and experimental curves are com- 



































Fig. 12. Sratic TESTER IN VIBRATION LABORATORY. 


some possible vibrations which may cause serious 
danger. 

The most important components from the point 
of view of dangerous vibration are the wheels and 
blades. It is evident that vibration can be set up 
in an individual blade, or in a group of blades, or 
else in the blades and disc as a complete system. 
Such vibrations may result in the breakage of 
cover-bands, blades, or wheels; it is therefore of 
great importance to ensure that dangerous vibra- 
tions are avoided. This makes it essential that the 
natural frequency of any vibration under all condi- 
tions of operation should not coincide with the 
frequency (or its multiple) of any existing periodic 
impulse. 

It will be evident, however, that all of these 
periodic impulses are multiples of the speed of the 


machine. In the case of marine turbines or turbo- 
blowers, the operating speed varies, as a rule, within 
wide limits ; in such cases there are, therefore, no 
definite periodicities of impulses, and it may become 
Impossible to fulfil the above requirements. In 
such turbines it is necessary to eliminate certain 
causes of impulses, such as partial admission ; to 


reduce the intensity of others, such as those on the 
horizontal joint or due to fixed blades ; and, in the 
case of unavoidable impulses, to reduce the com- 
bined stress to which the vibrating turbine part is 


it can vibrate with any number of nodes, although 
in practice up to four or five only are important. 

When blades are joined by a cover-band or 
lashing wire in one or more groups, such groups form 
systems which have modes of vibration of their 
own. Special mention may be made of the case 
where a number of blades are coupled together by 
a separate cover-band section, independent of other 
blades in the same row. This system can vibrate 
either axially or tangentially, or can perform 
angular vibrations about a radial axis. 

Vibration of Stationary Wheels—In the vibration 
of discs and wheels different phenomena are exhi- 
bited. When the wheel is stationary, the natural 
frequency at which it will vibrate depends on the 
particular mode of vibration. There is a large 
number of possible modes, as is evidenced, for 
example, by the variety of sand pictures produced 
by Chladni from an oscillating diaphragm. Some 
modes obtained on an actual turbine wheel are 
illustrated in Figs. 1 to 5, on Plate XIX. 

In Fig. 1 an ordinary five nodal diameter vibra- 
tion is illustrated occurring on a bladed wheel, and in 
Fig. 2, in the same wheel, a vibration with five nodal 
diameters and one nodal circle is shown. In Fig. 
3, the same type of vibration is shown on an un- 
bladed wheel, and in Figs. 4 and 5, which are of 
academic interest only, vibrations on unbladed 





subjected under working conditions below the 
fatigue limit of the material. 
The extent to which the above measures will be 


wheels are shown; in one case there are eight nodal 
diameters and two nodal circles, and in the other there 


is a pattern of a more complicated character. It must | 





right angles to one another. Further, theoretically, 


pared in Fig. 6, Plate XIX. 

The above “static” tests refer to a stationary 
wheel on a horizontal test bed, and the frequencies 
of vibration depend only on the elastic properties 
of the wheel. Under running conditions, however, 
centrifugal force and temperature both have the 
effect of changing the natural frequency of any 
particular mode of vibration. 

Vibration of Rotating Wheels——The vibrations 
which have been hitherto considered in this article 
are of a relatively simple character; when a wheel 
is set in motion, however, a new conception is 
necessary to appreciate the types of vibration which 
may arise. The sand pictures in the static test 
are obviously produced by a stationary vibration 
in the disc; that is, one in which all parts of the 
wheel are vibrating in phase, and the amplitude 
varies sinusoidally round the periphery, being 
positive in one internodal space, negative in the 
next, and so on. It is possible for a wheel to 
vibrate in this way during rotation, but it simplifies 
visualisation to regard the vibration in a slightly 
different way. It is known that the two “ travel- 
ling waves ” 

y = acos(nO+ pt). . (la) 
and 

y = acos(nO—pt) . . (16) 
which are of equal amplitude and which travel in 
opposite directions with the same angular velocity z, 
produce, when superposed, the “ standing wave ” 

y= 2acosnOcospt . - ) 

It will be seen that equation (2) represents the 
stationary vibration described above, where y is 
the deflection at time ¢ at the angular position 0, 
n is the number of nodal] diameters, and f is the 
frequency of vibration, where p = 2 rf. 

The term “standing wave” therefore will be 
used to denote such a vibration in a rotating wheel, 
and the above analysis shows that it may be alter- 
natively regarded as two travelling waves, viz., a 
backward wave represented by equation (la) and 
a forward wave by (16). 

When the velocity of the backward wave is equal 
to the angular velocity of the wheel, the wave 
becomes stationary in space, and the vibration, as 
viewed by a stationary observer, would appear as 
a permanent deformation. Analytically, this may 
be expressed thus :— 

If 6 be the angular position in space, and 
(= 2%R) the angular velocity of the wheel, the 
equations (1a) and (1b) become 


y = acos jn (0 — wt) + pt} 
acos{n@+2mat(f—nR)} . (8a) 
and 
y= acos{nO0—227t(f-+nR)} . (36) 
If the angular velocity E of the backward wave 
equals the angular velocity of the wheel, 


p= nw 
therefore 
f=nR 2 ° oie. Cae 


and equation (3a) becomes 
y = acosn®@, : « @& 


It will be seen that this represents the condition 
described above, which, for want of a better term, 








will be called a “stationary wave.” 
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Any speed for which equation (4) holds represents 
a critical condition, since an isolated force, such as a 
jet of steam acting on the periphery of the wheel, 
may cause a stationary wave of large amplitude to 
be built up and maintained. 

For any given wheel there is a range of critical 
speeds, corresponding to different numbers of nodal 
‘diameters, and it is found that the amplitudes are 
largest for fewest noda] diameters. 

From what has been said it might be expected 
that it would be possible to prognosticate from the 
static test what the critical speeds would be. The 
static test, however, indicates frequencies of the 
elastic vibrations only of the wheel ; superposed on 
this are the effects of centrifugal force and tem- 
perature. The effect of centrifugal force is impor- 
tant, as it stiffens the wheel and thus raises its 
natural frequencies. If f, be the frequency when 
stationary, and f the frequency at speed R, a rela- 
tion of the form 


S=OUR)- -. . - (6) 
must hold. 
The approximate relation 

P=fei + KR 


has been investigated and is found to be unreliable 
for design purposes, as K depends on the charac- 
teristics of the wheel itself and on the number of 
nodal diameters, and it even appears to alter with 
the speed. 

The Effects of Vibration.—The effects of wave 
motion in the wheel are threefold, and in order of 
importance are as follows: 

(1) It may happen that the vibration is of such 
a character that the stresses in the disc itself exceed 
the estimated value and in time the wheel bursts. 
Fortunately, such cases are now exceedingly rare, 
although many accidents have been attributed to 
this cause. 

(2) Wheels may not actually burst, but the ampli- 
tude of vibration may be such as to cause rubbing of 
the disc on the diaphragm. The rubbing sometimes 
provides a clue to the mode of vibration ; for exam- 
ple, a two-nodal diameter vibration may show two 
places, 180 deg. apart, where rubbing has occurred. 

(3) The vibration may cause failure of the blade 
by fatigue. 

This trouble may not develop until some time after 
the turbine has been in operation, and it is difficult 
to forecast the effects, as fatigue and the phenomena 
attaching thereto are not yet fully understood. 

General.—Historically, it is believed that the 
conception of travelling waves in rotating discs 
originated in deflections observed in circular saws, 
and troubles associated therewith. Be that as it 
may, it is certain that travelling waves do exist in 
turbine wheels, and they may be the cause of 
serious trouble if they are not fully understood and, 
if necessary, eliminated. It is necessary to appre- 
ciate that the possibility of waves and their 
associated phenomena being present is not always 
dependent on the presence of suitable external 
exciting forces of a frequency likely to cause reson- 
ance. Vibrations can arise from causes inherent 
in the plant itself. The way to safety lies, therefore, 
in arranging matters so that, with a knowledge of 
the periodicities at which vibrations are likely to 
occur, the wheel is manufactured to avoid synchro- 
nous excitations, critical speeds, and sympathetic 
resonances. 

This can be effectively accomplished, at the 
moment, only by experiment, and with plant which is 
both expensive and elaborate. Whether or not the 
day will come when mathematical prediction will 
enable the designer to estimate with accuracy the 
resonant performance of wheels is not known with 
certainty. The problem is one of great complexity, 
and has taxed the brains of many accomplished 
mathematicians. At present, the only methods of 
design available are those which depend largely 
on graphical analysis, usually of a ‘“‘ trial and error ” 
character, and are therefore lengthy and cumber- 
some. In any event, analysis to be acceptable to 
the designer must be amply proven by experiment, 
and this is itself a lengthy process. 

The first experiments on turbine wheels were 
carried out by Stodola,* and these confirmed what 
had been suspected by him, namely, that critical 





* Schweiz. Bauzeitung, 1914. 





speeds depending solely on the characteristics of the 
wheel could and did exist. These early experiments 
were amplified and their scope enlarged by Camp- 
bell,* of Schenectady. 

The General Electric Company, Limited, have 
felt for some years that with the increase in size 
and capacity of turbine plant it was incumbent 
on them to present a finished product which was, 
as far as scientific research and engineering know- 
ledge could make it, free from all possible trouble. 
To this end, as unknown vibrations are a potential 
source of trouble, it was decided to equip a vibration 
laboratory at Fraser and Chalmers’ Engineering 
Works, Erith, Kent. 

Description of Plant.—As the plant is probably 
unique in many respects, it may not be out of place 
to describe it briefly. 

In Fig. 12, page 541, a view of the laboratory from 
the entrance is given. In the foreground is the static 
tester, on which is mounted a bladed turbine wheel. 
This tester is a cast-iron block, 14 tons in weight, 
set in 30 tons of concrete, this mass being necessary 
to prevent, as far as possible, vibration of the 
supports. On this tester the sand pictures of 
Figs. 1 to 5 were obtained, but the data obtained 
from the static tester are not at present adequate 
to enable the critical speeds to be predicted with 
certainty, and it is not now used to any great 
extent. 

On the right of Fig. 12is the blade tester, designed 
to hold any size of blade manufactured. This tester, 
also, is of considerable mass, and is on a concrete 
foundation to absorb vibrations as much as possible. 





One or more blades connected to a cover-band 


Fig.23. 


solution to items (1) and (2) above, and the electric 
motor, which can be used as a brake, has the addi- 
tional advantage of being able to regenerate back 
to the line. The provision of a Ward-Leonard 
control also gives an excellent speed adjustment to 
within fine limits. Another advantage of using an 
evacuated chamber is that, by the partial admission 
of air, any desired temperature difference can be 
obtained between the blades and the hub, to simulate 
working conditions. The problem of maintaining a 
sufficiently good vacuum was carefully considered, 
as sound design and manufacture are essential 
for the success of the plant. So far as the authors 
are aware, the evacuation of a chamber of this type, 
including a comparatively large rotating shaft, had 
not previously been attempted. Careful design 
and excellent manufacture have proved completely 
successful, and it is possible in a short space of time 
to attain an absolute pressure of 0-17 mm. mercury 
in the casing, which has a volume of about 
400 cub. ft. The vacuum pumps installed are 
shown on the right of Fig. 9. 

It would not be wise at this stage of the investi- 
gation to state didactically that the drive in vacuo 
is better than in steam, as there is still the effect 
of the atmosphere on the shape of the resonance 
curve (which is considered below) to be investi- 
gated. Up till the present, however, there is no 
evidence to warrant a change in the method of 
test, and, as is explained later, such evidence as is 
available tends to favour running in vacuo. 

Fig. 9 shows the casing, the top half of which is 
partly visible resting on three concrete beams which 
are provided to cover the pit completely, thus 
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section can be accommodated, and tests are made 
to ascertain the effect of the cover-band on the 
natural period of the blades. 

This blade tester can be employed for an exhaus- 
tive series of tests to determine for each type of 
blade the following vibration characteristics :— 

(1) The natural frequency in the two principal 
planes, in the gravest mode. 

(2) The same in as many different modes of 
vibration as possible. 

(3) With several blades clamped by a cover-band. 

(4) A number of identical blades will be tested to 
ascertain the effect of the tolerances of manufacture. 

The chief item of plant is the dynamic tester, 
which is to be seen in the foreground of Fig. 9, on | 
Plate XX. It is accommodated in a concrete and | 
asphalt-lined pit about 15 ft. square and 17 ft. deep. | 

The principal desiderata in the design of a! 
dynamic tester are: (1) ease of speed control ; | 
(2) good insulation for the electrical circuits; | 
(3) quickness of operation in the tests, combined | 
with accuracy of results; (4) as far as possible, a | 
duplication of the running conditions in the actual | 
turbine. 

So far as the authors are aware, every other plant | 
in existence at the present time employs steam to 
rotate the wheels under test, and consideration was 
paid in the design of the present tester to the relative 
merits of steam and electric drives. It might at first 
be thought that the obvious method was to employ 
steam to drive the wheel under test, using the test 
wheel as a driving unit, but this would not have 
permitted unbladed wheels to be tested ; an external 
drive was therefore essential. A turbine might 
have been used, in which case the wheel could have 
been cooled by exhaust steam ; but an electric drive 
was preferred, the wheel running in a vacuum in 
order to prevent overheating due to the fan action 
of the blades. This, obviously, provided the best 











* Campbell, General Electric Review, 1924, page 352. 
Brown Boveri Review, December, 1923, page 230; Freu- 
denreich, ENGINEERING, vol. cxix, pages 2 and 3] (1925). 
Oehler, Zeitschrift des Vereins deutscher Ingenieure. 1925, 
page 335; Hort, Zeitschrift des Vereins deutscher Ingen- | 
teure, 1926, page 1375; Collingham, The Engineer, 1931, | 
page 402. 
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minimising the consequences of an accident. These 
beams weigh 9 tons each, and the casing, which 
is of oval section, is of cast iron 3 in. thick. 
The bottom half, weighing 20 tons, rests on two 
brackets on concrete foundations. The shaft inside 
the casing, which carries the wheel, rotates in two 
roller bearings fitted on gimbals, to allow for the 
distortion of the casing under vacuum. On this 
shaft there are 12 terminals which are electrically 
connected through the shaft to slip-rings outside 
the casing. A two-speed gear enables a wide range 
of speeds to be obtained. 

As the wheel is running in vacuo, there is no diffi- 
culty with electrical insulation, and no_ special 
precautions are needed on this account. 

In Fig. 12, behind the static tester, can be seen 
the variable-frequency alternator, with its Ward- 
Leonard control. This has a wide range of frequen- 
cies, and is used in conjunction with electromagnets 
for exciting vibrations in blades or wheels. A 12}-ton 
overhead crane, electrically operated, is provided for 
handling wheels and parts of the equipment. 

In the background of Fig. 12 can be seen the 
entrance to the laboratory office where records are 
measured and stored, and on the left of the office 1s 
the dark room, which is also employed as the control 
room of the laboratory. This room contains the 
amplifiers and oscillograph described later. 

Description of Measuring Apparatus.—As the 
fundamental quantity in all of these experiments 
is time, it is of the highest importance that the 
measurement of time shall be beyond suspicion. 
To ensure accuracy on this count, therefore, the 
basic standard at the laboratory is a 500-cycle 
tuning fork, which is plucked in a standard manner, 
and which has been calibrated in that way by the 
National Physical Laboratory. The sub-standard 
in everyday use is a valve-maintained 50-cycle 
tuning fork, which is frequently checked with the 
standard. ; 

Measurement of the vibrations of stationary 
wheels or blades can be effected directly by means 
of a vibration recorder. This consists of a !eus 
system for reflecting a spot of light from an ar 
lamp to a revolving camera by means of # mirror 
Another spot of 
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light is reflected to the camera by a mirror on the 
tuning fork, thus providing a time scale on the 
record. This method of measurement has the 
advantage of being direct, but it is somewhat tedious 
in actual use, owing to the requisite adjustments to 
the optical system. Electrical methods are more 
convenient, and two alternative arrangements are 
now used. One of these employs the change in 
electrostatic capacity between the vibrating member 
and a small metal plate, and the other consists 
of an electromagnetic coil placed opposite the 
vibrating member. In either case, a suitable valve 
amplifier magnifies the oscillations so that they can 
be recorded by an oscillograph. The electromagnetic- 
coil system is simpler to use, but the capacity 
method has the advantage of giving an undistorted 
record of the vibration of the wheel, since the former 
registers the velocity of the vibrating member, 
whilst the latter registers its displacement. 

The next measurement which is required is 
that of speed. As there was no sufficiently accurate 
speed indicator available, it was necessary to design 
and manufacture one. This was accomplished by 
fixing on to the shaft a chromium-plated optical 
commutator, which, developed into a straight line, 
is as shown in Fig. 13. 

The shaded portions are chromium plated, and 
the leading edges 60 deg. apart. A spot of light is 
projected on to this commutator, either on to the 
section A, B or C. It is reflected back on to a 
photo-electric cell, the current from which is 
amplified by a two-valve amplifier, and then passed 
through a loop of the oscillograph. By choosing 
the appropriate section on the ring it is possible to 
cater for different speeds, by arranging to record 
one three, or six segments per revolution; and by 
considering the width of the segments it is possible 
to correlate the vibration on the record with the 
angular position of the wheel. The type of record 
obtained can be seen in Fig. 8, Plate XIX. 

Another factor in the accuracy of these tests 
is the difficulty of reproducing a vibration with 
certainty when it is excited by an applied periodic 
force. A forced vibration exists over a range of 
frequencies having a maximum value at one fre- 
quency only. In other words, for each type of 
vibration there is a resonance curve, the characteris- 
tics of which are determined by the damping of the 
vibration. To obtain reproducible results of natural 
frequency, it is necessary to ensure that, at the 
instant of taking the record, the amplitude of vibra- 
tion is at its maximum value, in which case the 
frequency of vibration is the true natural frequency. 
The resonance curve is also of interest, as the natural 
period is slightly altered by the damping, and an 
investigation has therefore been undertaken to 
consider this feature. 

Tests Undertaken.—The importance of a series 
of tests on turbine wheels cannot be over estimated. 
The possibility of danger to life and interruption 
of the supply of the modern super power station 
are such as to warrant every human effort to avoid 
such troubles. 

It is vital, therefore, to plan the tests so that, 
firstly, all possible sources of error are eliminated ; 
and, secondly, practical conditions are closely 
imitated and erroneous conclusions avoided. These 
considerations led the laboratories to proceed along 
two lines of investigation, viz., experimental and 
theoretical. Thus the initial experiments consisted 
of an investigation to determine the accuracy of 
purely theoretical relations. 

The next point of importance to bear in mind in 
conducting a series of tests is the imitation of the 
practical conditions of running and to consider the 
actual forces at work in a turbine, as compared 
with those in the tester. In the tester, vibrations 
are always excited by one or more electro-magnets, 
employing alternating current of variable fre- 
quency for ordinary vibrations, and direct current 
only for the production of stationary waves. In a 
turbine, however, the force on the wheel is pre- 
Sumably uniform around the periphery of the wheel, 
with the possible exception of the diaphragm joint ; 
hence the conditions in practice are not identical 
with those in the tester. Secondly, there may be 
impulses in the steam flow which may cause indi- 
Vidual blades to vibrate; also the diaphragm may 
vibrate, &c. The wheel tester, however, has this 





advantage, namely, that, with the employment of 
current of a variable frequency in the exciting electro- 
magnets placed opposite the wheel during rotation, 
it is probable that all the possible vibrations of the 
wheel itself are produced, and thus will be known 
and can be avoided. Vibration due to other external 
causes, however, must be investigated independently. 
With these points ia mind, the programme of tests 
referred to below was undertaken. 

Vibration tests in turbines can be divided into 
three main groups, viz., those on the vibrations of 
blades, those on the vibrations of stationary wheels, 
and those on the vibrations of rotating wheels. 

Blade Vibrations.—From the fundamental theory 
of sound, a standard formula is known for the natural 
frequency of a bar clamped at one end and vibrating 
in a transverse direction, and the first experiments 
undertaken were to ascertain how far this theory 
could be verified. In every case it was discovered 
that the periodicity was about 3 per cent. below the 
calculated value, and it is considered that the 
discrepancy is due to the impossibility of obtaining 
a mathematically rigid fixation. 

The next test was on a complete set of blades for 
a turbine wheel ; 400 blades in all were tested and a 
statistical analysis was undertaken of the varia- 
tions due to the idiosyncracies of individual blades. 
Statistical information was then obtained of the 
minimum number of blades it is necessary to test 
in order to arrive at an average value within a 
given margin of the true mean. This test resulted 
in a considerable economy in time in testing further 
batches of blades. 

Finally, tests on blades are being carried out, as 
indicated above, to show the effect of the cover-band 
control, and also the fixation in the wheel. Since 
the natural frequency of light square bars is 3 per 
cent. below the calculated value, then the percent- 
age difference in the case of heavy blades in the tester 
may be expected to be greater than 3 per cent. ; also 
the effect of fixation of the blades in the wheel will 
still further increase the difference. Lastly, the 
effect of the cover-band will again affect the 
result. 

Static Test on Wheels.—As stated above, the 
static tester is not often employed, but the values 
of the natural frequencies of vibration of the 
stationary wheel are obtained with the wheel on the 
shaft in the dynamic tester. Tests were, however, 
initially undertaken to determine the effect of fixa- 
tion, and it has been shown that, for any mode of 
vibration with more than one nodal diameter, the 
difference is almost negligible. For the one nodal 
diameter vibration, however, fixation plays a large 
part, as will be seen later. 

Tests on Rotating Wheels——The somewhat com- 
plicated data obtained from the rotating or 
“‘ dynamic ” test are best understood by means of the 
diagram, Fig. 7, Plate XIX, devised by Campbell. 
On this diagram, ordinates represent frequencies of 
vibration, and abscisse represent speeds of the 
wheel. Thus OP represents f,, the frequency of 
vibration of the stationary wheel for a particular 
number of nodal diameters. If centrifugal force 
were absent, this frequency would be constant at 
all speeds, and could be represented by the dotted 
line PA. The stiffening effect of centrifugal force, 
however, causes the frequency to increase with 
speed, giving the curve PUMB. On reference to 
equations (3a) and (30), it will be seen that the 
frequencies of the travelling waves referred to axes 
fixed in space are f+ 7R and f—nR. On the 
diagram, OV represents a speed R; VU the corres- 
ponding frequency of vibration f; VT (=f +R) 
and VW (=f — mR) the frequencies of the forward 
and backward travelling waves, respectively. 

As the speed increases, the frequency of the 
forward wave, given by the curve PTLC, always 
increases, but the frequency of the backward wave 
decreases, as shown by the curve PWND, becoming 
zero at the point N. Thus ON is the critical speed 
for this number of nodal diameters, and the back- 
ward wave is a stationary wave. This is the condi- 
tion given by equation (4). 

In addition to this “ major critical speed,” there 
is a series of “‘ minor critical speeds.” These are 
speeds for which the frequency of the backward 
wave is an integral number of times the speed of 
the wheel. 





Thus the equation f — »R = mR gives the mth 
minor critical speed, where m = I, 2, 3, &c. 

The inclined lines in Fig. 7 radiating from the 
origin, are the lines f = R, f = 2R, f = 3R, &c., 
so that a point where the backward-wave curve 
cuts one of the lines gives the condition for a minor 
critical. Thus, the point of intersection W gives 
the first minor critical, for which the speed is OV, 
and OE, OF, and OG, are other minor critical speeds, 
given by the intersections X, Y and Z. 

The data for the diagram are obtained as follows : 
The wheel is run at the required speed, and vibra- 
tions are excited in it by means of the electromagnet 
carrying alternating current of variable frequency. 
The applied frequency may be either that of the 
forward wave, f + »R, or of the backward wave, 
f—nR. It is generally found that one of these 
produces vibrations more readily than the other. 
A stationary wave may be produced by using current 
of zero frequency, that is, direct current. Two 
recording pick-ups are employed, of either of the 
types described above. These are placed opposite 
the rim of the wheel; one of them is stationary, 
and the other is fixed to a specially rigid disc 
mounted on the same shaft as the wheel under test, 
so that it rotates at the same speed. 

The frequencies recorded by these pick-ups may 
be understood by reference to Fig. 7. VU is the 
frequency of the vibration recorded by the rotating 
pick-up, and the stationary pick-ups record the 
frequencies VT and VW. Generally, however, only 
one of these latter frequencies is conspicuous, namely, 
the higher one VT, and, therefore, in order to deter- 
mine the number of nodal diameters, it is necessary 
to measure the frequency given by the rotating 
pick-up as well. 

Thus, 

VT =f+nR 

VU=f 
R is obtainable from the speed record, so that n 
can be determined. A check on the accuracy of the 
measurement is obtained from the fact that n must 
be an integer. 

In Fig. 7 one mode of vibration only is shown— 
namely, two nodal diameters. The complete 
diagram for any wheel includes all the modes 
measurable. 

Fig. 8 shows a typical oscillogram obtained in 
such a test. The transverse lines are recorded by 
the time-marker, and represent hundredths of a 
second. The first record gives the speed, the second 
is the record of the stationary pick-up, and the 
third that of the rotating pick-up. 

It will be observed that, on the record from the 
rotating pick-up, a discontinuity occurs at regular 
intervals of one per revolution. The cause of these 
disturbances is the passage of the rotating coil past 
the exciting magnet. 

It is interesting to note, in passing, that it is 
probable that the one nodal diameter major critical 
speed cannot exist, and it is certainly outside prac- 
tical running speeds for all wheels. For this mode 
of vibration, however, minor criticals have been 
investigated with interesting results. It will be seen 
that the frequency of the force required to maintain 
the first minor critical vibration, for instance, for 
this mode, is one impulse per revolution, and is 
therefore equivalent to that produced by dynamic 
unbalance. Further, the fixation of the wheel on 
the shaft, which has little effect on other modes, 
is found to have a large influence, which it is not 
easy to forecast, on the one nodal-diameter vibration 
and its minor critical speeds. 

It will be seen from the foregoing that in a turbine, 
conditions do exist which may give rise to critical 
vibration. For example, the force on the wheel 
due to the steam is equivalent to a continuous 
pressure around the periphery, but at the diaphragm 
joint there may be a discontinuity in the pressure, 
the net effect of which is that of a resultant force 
at each diaphragm joint. 

Sympathetic vibration may also be set up in the 
shaft, due to out-of-balance rotational forces and 
the like. It is, therefore, apparent that the only 
safe course is to obtain an intimate knowledge of 
all the critical speeds at which wheel vibration can 
occur, and so to design the wheels that there is, 
in all cases, a safe margin between the criticals 
and the running speed. 





544 


ENGINEERING. 





[OcT. 30, 1931. 








THE 


CLARENCE DOCK POWER 


STATION OF THE LIVERPOOL CORPORATION. 


MR. P. J. ROBINSON, M.I.MECH.E., CITY ELECTRICAL ENGINEER. 





(For Description, see Opposite Page.) 





Fie. 104. 37,500-Kv.-A. TRANSFORMER IN FOUNDATION BLOCK. 


Results of Tests—This article would not be 
complete, neither would it carry the weight of 
experimental evidence, if actual test results were 
not given. Evidence, however, to be of use to the 
designer, takes a considerable time to collect, as, 
in general, one isolated result is of little value in 
predicting the effect of a change. 

Consider an actual case of a large wheel for a 
turbine running at 1,500 r.p.m. The wheel is 9 ft. in 
overall diameter and has a bore of 21 in. The curves 
of Fig. 10, Plate XX, are the characteristics of such 
a wheel, and in Table I the critical speeds are given 
as obtained. 

TaBLeE I. 


Nodal | Major Critical 
Diameters. Speed in R.P.S. 


Ne 60 


sey 





is practically at the running speed of 25 r.p.s., 
had to be altered. The wheel was therefore tuned 
by turning off 10 per cent. of the thickness over the 
profile, and again tested. It will be seen that a 
general reduction in the values of the critical 
speeds was effected by tuning, the percentage being 
greater for the lower nodal diameters. This would 
be expected, as the wheel was uniformly reduced 
over its surface. By turning off unequal amounts 
it is possible to produce a larger change in the 
critical speeds of the higher or lower numbers of 
nodal diameters, as desired. 

The characteristics of the wheel after tuning are 
shown in Fig. 11 and in Table II. 

These tests were all taken in the dynamic tester 
in the laboratory, and the question arises how far 
they represent the frequencies of vibration in an 
actual turbine. An experiment has been made to 


obtain information on 

this point, and a turbine 
of 30,000 kw. capacity 
at the Hams Hall gene- 

rating station of the Bir- 
|mingham Corporation, 
| which was put at the 
| disposal of the Research 
| Laboratories by the kind 
| permission of the City 
| Electrical Engineer, Mr. 
| F. Forrest, was equipped 
|for this purpose. Coils 
|were embedded in the 
diaphragms opposite the 
discs, and pick-ups were 
fixed opposite the cover- 
| bands. This was done 
|for four of the six last 














Fig. 106. 





TRANSFORMER CORE WITH WINDINGS IN PosITION. 


|wheels in the low-pressure side of the turbine. | revolution, or 85-2 cycles per sec. This had been 
| Critical speeds were expected during the running | obtained in the tester with a direct-current exciting 
Obviously, the three nodal diameter critical, which | up to speed of the turbine, and an oscillogram was | magnet. In the two records on the actual turbine, 
| therefore taken at every point where a vibration | vibrations were obtained at 21-38 r.p.s. and 21-6 
was visible. Of the exposures taken, some gave |r.p.s., respectively, and, further, each had a forward 
minor criticals, and two were obtained which un- | wave frequency of four cycles per revolution. This 


doubtedly represented a major critical vibration. 





TABLE IT, 
; “ettinal Gneade t »S 

| ae, 
Diameters. | Before Tuning. | After Tuning. | eduction. 

3 25°35 10-3 

4 22-38 9-8 

5 22-4 8-5 

6 23-2 6-9 











lis prima facie evidence of a two nodal-diameter 
| vibration, and provides a remarkably close check 
'on the results given by the dynamic tester. 
| Naturally, extreme conditions of temperature 
| difference do not exist during running up to speed. 
| as there is no load on the alternator. The final test, 
therefore, was to run the turbine on load for some 
| time and at over-speed, and, as was expected, no 
‘critical vibration could be obtained. It is not 
claimed that the dynamic tester gives an exact 
reproduction of running conditions, but the above 


In the wheel under consideration, the critical | experiments on site indicate that the agreement Is 


speed of the two nodal-diameter vibration occurred | sufficiently close for design purposes ; and up till 
in the dynamic tester at 21-3 r.p.s., corresponding | the time of writing it represents all that can 


be 


to a forward wave frequency of four cycles per! done to enable the designer to eliminate dangerous 






































cri 


th: 
wil 








ill 





ENGINEERING. 


345 








OcT. 30, 1931.] 


THE CLARENCE 


DOCK POWER 


STATION 


OF THE LIVERPOOL CORPORATION. 


MR. P. J. ROBINSON, M.I.MECH.E., CITY ELECTRICAL ENGINEER. 


“ 


u 
2 


-———-—---- -------- ~~ -- 001 


(2715. 


critical vibrations. As the tests progress and 
knowledge of the art increases, there is no doubt 
that a closer approximation to the actual conditions 
will be obtained. It is considered, however, that 
this initial experiment carries sufficient weight to 
be given to the public, as, so far as the authors are 
aware, it represents the first public contribution on 
the subject where confirmation, even though only 
at one point, between experiment and practice has 
been attained. 

In conclusion, the authors wish to express their 
appreciation of the work of their colleagues, Mr. 
A. F. Cornock and Mr. A. J. Till, and for their 
untiring collaboration in the conduct of these tests, 
and in the evolution of the plant. 








THE CLARENCE DOCK POWER 
STATION OF THE LIVERPOOL 
CORPORATION. 

(Continued from page 512.) 

As already mentioned, each main alternator is 
directly connected, through isolating switches only, 
to two three-phase transformers, copper straps, 
hot cables, being used for this purpose. These 
Straps are laid in chambers, which are formed 
in the foundation blocks. The transformers them- 
selves are also installed in the foundation block, 





Fig.W8. 
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as shown in Fig. 104, on the opposite page, instead 
of in a separate room, an arrangement having the 
advantages of utilising space which would otherwise 
have been wasted, and of reducing the length and 
cost of the low-voltage leads. Each transformer is 
rated at 35,700 kv.-a., the secondary pressure being 
33 kv., and was manufactured by Messrs. The Metro- 
politan-Vickers Electrical Company, Limited. For 
reasons of space and handling, the five-leg core 
arrangement was adopted in the design of the trans- 
formers, thus rendering it possible to reduce both 
the yoke depth and the overall height, compared 
with the standard three-leg construction. The over- 
all height, to the top of the relief vent, is 15 ft. 7 in., 
and 12 ft. 4 in. to the top of the tank, the latter 
being 16 ft. long and 6 ft. 4 in. wide. Each trans- 
former weighs about 65 tons, complete with its 
tank and oil. 

Fig. 105 shows the core construction of one of these 
transformers, while Fig. 106 is an illustration of a 
unit with the windings completely assembled. It 
will be noticed that only three of the legs are wound, 
the end legs being used simply to carry the return 
flux. As indicated in Fig. 107, the core joints are 
interleaved and the laminations are assembled 
with spacing pieces, thus forming a series of ducts 
through which the cooling oil can circulate freely. 
The core end frames and clamping plates are of 
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welded construction, this, it is claimed, enabling 
the necessary strength to be obtained with a mini- 
mum of weight. The low-voltage windings are 
of the helical type, each turn consisting of a 
number of conductors in parallel, while the individual 
turns are separated by horizontal oil ducts. Each 
insulated conductor is, therefore, in contact with 
two ducts, thus greatly increasing the effectiveness 
of the cooling. The high-voltage windings are made 
up of section coils, which consist of continuous 
windings without joints and, as before, ducts are 
provided to give oil contact on each side of 
each coil. The conductors forming both windings 
are paper wrapped, the spacing pieces between 
the turns and the sections being of extra high 
grade press-board. The cylinders between the high- 
and low-voltage windings, and between the low- 
voltage winding and the core, are of the same 
material. 

Fig. 108 is part plan of the tank cover of one of 
these transformers and illustrates the terminal 
arrangements and other details. It is worthy of 
notice that the delta connection on the low-tension 
side, which carries 2,850 amperes, is made outside 
the tank with heavy copper strap and flexible 
coupling pieces, so that any stress on the porcelain 
insulators is eliminated. Each tank is fitted with a 
relief vent and valves for oil circulation and drainage, 


























546 


ENGINEERING. 





[OcT. 30, 1931. 











9-H.P. FOUR-CYLINDER MOTOR CAR 


CONSTRUCTED BY MESSRS. STANDARD MOTOR CAR COMPANY, 





AT OLYMPIA. 


LIMITED, ENGINEERS, COVENTRY. 




















and all the connections are duplicated to facilitate 
the installation of the units in any relative position 
in the station. Each tank is also provided with a 
conservator, which is arranged for fixing on the wall 
near the transformer. The transformer is designed 
so that it can be moved on rollers when required, 


and owing to the weight of the unit, these rollers | 


are fitted with ball bearings. For the 
reason, lifting is effected by passing long slings 


through lugs at the bottom of the tanks, thus | 


obviating any strain on the welded joint between 
the walls and the base. Cooling is effected by 
external water-cooled oil coolers, each of which is 
equipped with a separate electrically-driven oil-cir- 
culating pump and alarm devices to indicate any 
stoppage in the oil flow. Similar alarms are 
provided on the water-circulating system, and also 
to call attention to any excessive rise in the tempera- 
ture of the transformer. All this alarm equipment is 
connected to a special board in the control room, 
which carries an indicator lamp for each alarm point 
and a Klaxon horn, which sounds when any of the 
devices operate. In addition, each transformer is 
fitted with a Metrovick maximum winding tempera- 
ture indicator, which registers the oil temperature 
plus a correction for the load. This instrument is 
calibrated to correspond with the maximum winding 
temperatures measured by thermo-couples during 
tests carried out at the works. 

It may be added that the transformers were 
transported from Manchester to Liverpool by road, 
each unit in its tank, complete with oil, being carried 
on a low-type four-axle rubber-tyred vehicle, which 
had been specially designed for this class of work. 
At Trafford Park the loading was effected by two 
50-ton cranes, while the unloading at Clarence Dock 
was carried out by the power-station crane. The 
journey occupied 15 hours. 

(To he continued). 


THE MOTOR EXHIBITION AT 
OLYMPIA. 
(Concluded from page 532.) 
WE have repeatedly referred in the past to the 
confusion that exists in engine nomenclature, and 


Same | 


Fig. 13. GENERAL VIEW OF CHASSIS. 


output obtained from the power curve. In our 
first issue dealing with the exhibition, we described 
the new Lanchester model rated at 15-18 h.p., 
and mentioned that the R.A.C. rating was 17-96 h.p. 
The maximum power developed is probably over 
50 brake horse-power, and it may therefore be 
suggested that the nomenclature is distinctly 
confusing. Another case that might be quoted 
is that of two models shown by Messrs. Standard 
Motor Company, Limited, Canley, Coventry. This 
firm showed two models, designated the ‘ Little 
Nine” and “ Big Nine,” respectively, the former 
having a cylinder capacity of 1,005 c.c. and an 
R.A.C. rating of 9 h.p., and the latter a cylinder 
capacity of 1,287 ¢.c. andan R.A.C. rating of 10 h.p. 
It is difficult to see any justification for designating 
the latter a 9-h.p. car. 

The ‘ Little Nine,” which is illustrated in Figs. 
13 to 16, on this and the opposite pages, is fitted 
with a four-cylinder engine having a cylinder bore of 
60-25 mm. and a piston stroke of 88 m., giving a 


| capacity, as stated, of 1,005 c.c. and an R.A.C. rating 


we believe that it would be to the advantage of | 


both the public and the manufacturers if the latter | 


could agree upon a standard nomenclature. Our 
own suggestion is that a two-figure rating should 
be adopted, the first figure corresponding to the 


Treasury rating, and the second to the maximum | 


of 9h.p. The compression ratio is 5 to 1, and the 
engine develops 15-5 brake horse-power at 2,000 
r.p.m. and 21 brake horse-power at 3,000 r.p.m. The 
cylinder block is cast in one piece with the upper 
half of the crank-case, and has a one-piece detachable 
head. A somewhat unusual feature of the engine is 
that the timing-gear casing, the sump, and the fly- 
wheel housing are all of pressed steel. Side-by-side 
valves are employed, but the valve gear does not call 
for special comment. The pistons are of alumi- 
nium alloy, and the connecting rods of Duralumin. 
The crankshaft is a 40-ton steel forging and is 
carried in two bearings. The cooling water is 
circulated on the thermo-syphon principle, and a 
two-bladed fan, driven by a V-belt, is fitted. The 
engine bearings are lubricated on the usual pressure 
system. 

Coil ignition is employed, with automatic advance, 
the distributor being mounted on the side of the 


engine casing, as shown in Fig. 16. A Solex carbu- | 


rettor is fitted, and the exhaust and induction mani- 
folds are combined in one casting, with a hot spot, 


as shown in the same figure. The petrol tank, which | 


holds 5 gallons, is mounted at the rear of the chassis, 
the fuel being delivered to the carburettor on the 
Autovac system. There is a petrol reserve of 
} gallon, brought into use by a two-way tap. The 
starter, which can be seen in Fig. 14, is spigot- 
mounted on the forward side of the clutch housing, 



















































is visible at the top of the same figure, is mounted 
on a steel bracket bolted to two lugs on the cylinder 
block. It is driven from the crankshaft by the 
same belt as the fan, the belt being tightened by 
swinging the dynamo on its mounting bracket. 
The gear-box forms one unit with the engine, 
as shown in Figs. 13, 14 and 16, and has central 
control. The clutch is of the single-plate type. 
Three forward gears are provided, the overall ratios 
being 19-05, 9-61, and 5-22 to 1. The reverse 
ratio is 26-98 to 1. The main shaft is carried 
on roller bearings, and the second gear is of the 
silent type. The top gear is direct, and is en- 
gaged in the usual way, but to engage the 
‘second speed the wheels on both the main and 
layshafts are moved simultaneously. The reason 
for this is that these wheels have helical teeth 
to ensure silent running, and cannot therefore be 
separated. The second-speed wheel on the lay- 
shaft normally runs free, but when the two wheels 
are moved together, internal teeth on the lay- 
shaft wheel register with the bottom-gear layshaft 
pinion, which is always connected to the shaft. The 
drive for the second gear is therefore through the 
usual fixed constant-mesh pinions, and thence 
through the helical gears referred to, the bottom- 
gear layshaft pinion acting as a dog clutch. The 
propeller shaft is of the open type, as shown 
Fig. 13, with Hardy-Spicer universal joints at each 
‘end. The rear axle is of the semi-floating type, 
| with spiral-bevel final drive, both the pinion and 
wheel being adjustable. The rear-axle casing is of 
| pressed steel. 
The brakes on all four wheels are of the Bendix 
| Duo-Servo type, both the pedal and hand levers 
jengaging the brakes on all the wheels. The dia- 
| meter of the brake drums is 8 in., and independent 
| brake adjustment is provided on each wheel. The 
shoes are separated at the bottom by means of a 
| distance-piece with thimbles on each end. These 
| thimbles are recessed in the shoes and screw on to 
the distance-piece with right and left-handed threads, 
so that when the distance-piece is rotated the shoes 
are moved farther apart. The distance-piece 1 
provided with a gear wheel at the centre, and a 
second gear wheel, engaging with this, is connected 
by means of a flexible cable to the nut shown near 
to the top of the brake drum in Fig. 15. er 
adjustment is thus very accessible. The form © 
the front axle can be seen in the same figure, an 
it will be noticed that Silentbloc shock-absorbers 








and the dynamo, which is also on the off side and | are fitted. These are also fitted on the rear springs, 
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STANDARD MOTOR CAR COMPANY, 


Fig. 15. 

















Fig. 16. 


all four sets of springs being semi-elliptic. The 
front springs are 27} in. between centres, and 
the rear springs 39 in. The frame is of interest in 


that it is provided with special built-in brackets to | 


carry the front bumper, as shown in Fig. 15, and 
is extended at the rear to receive the rear bumper 
and lugeage grid, as shown in Fig. 13. The central 
cross-members are extended to form brackets for 


the running boards, and the rear member is in the | 
form of a steel plate, 7 in. wide, and constitutes the | 
support and shield for the petrol tank. The wheel- | 


base is 7 ft. 6 in., the track is 3 ft. 8 in., and the 
ground clearance is 74 in. The turning circle is 
34 ft., and the weight, ready for the road, is 14} cwt. 
The petrol consumption is 1 gallon to from 38 miles 
to 40 miles, and the maximum speed on top gear is 
about 56 m.p.h. 

It may be recalled that at the last exhibition, 
held in 1930, an innovation was made in devoting 
one hall at Olympia to a display of motor boats and 





NEAR-SIDE VIEW OF ENGINE. 


show by referring to a few of the exhibits in this 
section. 

Messrs. Hyland Limited, Wood-street, Wakefield, 
showed a _ recently-developed control gear for 
| yachts and cabin cruisers which created consider- 
able interest. The gear consists essentially of a 
remote-control mechanism for either the reversing 
gear only, or for the reversing gear and throttle in 
combination. It is simple in construction, and 
consists of few moving parts, and should therefore 
require little attention. It should also have a long 
| life, as the main moving parts are continually sub- 
| merged in oil. When applied to both the throttle 
and the reversing gear, the complete control of 
| the engine is effected by means of a small lever 
mounted in any convenient position on the vessel, 
| but if more than one engine is installed, a separate 
| lever is required for each. 

The apparatus consists of three main components, 
the control standard or bracket shown to the left 





motor-boat engines. This practice was continued | in Fig. 22, page 554, the hydraulic ram, which can 


this year, 





and we may conclude our account of the | be seen above the gearbox in Fig. 23, and the pump, 
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which is visible to the right of the carburettor in 
the same figure. It should be explained that 
the two latter units are connected by piping, 
which is not shown in this figure. A section 
and plan of the ram are given in Figs. 20 and 21. 
The control bracket, or telegraph, as it is called 
by the makers, is connected to the main valve 
in the ram by means of copper chains, either in 
the open or running through brass tubes, as shown 
in Fig. 22. It will be appreciated that these 
chains, with the small ram and pump, are much 
less cumbersome than the lever and link system 
which would be necessary to effect the same purpose 
purely mechanically. It will also be clear that the 
arrangement offers no obstacle to the telegraph 
being placed as far away from. the engines as may 
be desired. There is a separate pump for each end 
of the ram cylinder, the two pumps being incor- 
porated in one casing, as shown in Fig. 23. The 
two delivery pipes from the pumps are connected 
to the elbows visible at the two ends above the 
ram cylinder in Fig. 20, and the action is as follows : 
As shown in the figure, the position of the parts 
corresponds to the “stop” position on the tele- 
graph. It will be observed that the oil enters a 
channel above the ram cylinder at either end. One 
end of each channel is closed by a flat valve, and 
the only path for the oil is through the holes shown 
into the main cylinder. From each end of the 
latter, the oil passes through a row of ports, shown 
just beyond each end of the piston, into a rectangular 
chamber at the back of the cylinder. This chamber 
is divided into two halves by a vertical central 
partition, and from each half, passages allow the 
oil to enter the valve box, from which it is returned 
by a pipe to the sump. The flat valve already 
referred to extends over these passages, but holes 
through the valve, not shown in the figure, allow the 
oil to pass. The valve has a further series of holes 
through it, and if it is rotated in either direction by 
moving the telegraph, one of the longitudinal 
passages is put into direct connection with the 
valve box, while the connection between the rear 
half-chamber, corresponding to the opposite end of 
the ram, and the valve box, is cut off. As a result 
of the latter action, the oil at one end of the ram 
can no longer escape through the ports in the 
cylinder wall, and will, therefore, move the piston, 
and with it the gear-box control lever. This will 
have the effect of closing the second row of ports 
corresponding to the other end of the cylinder, but 
the oil behind the piston will still be able to escape 
into the longitudinal passage, and thence into the 





valve box. The plunger continues to travel until 
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it uncovers the holes in the side of the cylinder at | be made of any required shape to suit a particular 
the opposite end, which immediately releases the | carburettor. With this arrangement, it is usual 
pressure, and allows the oil again to circulate | also to provide an independent throttle control to 
through into the valve chamber, through the | facilitate starting the engine, or for running it up 
return pipe, and back to the sump. The valve is | to speed while at anchor to test engine adjustments. 
of hardened steel, and has therefore an almost; In undeveloped countries, rivers frequently pro- 
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indefinite life. 
The engine lubricating oil is utilised in the 
system, the pumps drawing their supply from the 


sump and the oil returning to the latter after passing | 


through the hydraulic ram. This is a desirable 
feature, as the oil is cooled whilst flowing through 


the external uncovered copper pipes of the appara- | 
Should the reverse gear be wrongly adjusted, | 


tus. 
or some obstruction prevent the lever from moving, 
the oil pressure in the whole system is automatically 
released, positively preventing damage to the pump, 
ram, or any other part of the control apparatus, or 
of the transmission gear. The maximum working 
pressure is limited to 200 lb. per square inch, which 
is adequate to move the lever. The method of 
automatically releasing the oil pressure is through 


the flat-faced control valve, which is spring loaded. | 
|and one of these vessels, exhibited at the Show, is 
| illustrated in Fig. 24, page 554. 


The pressure being on the underside, lifts the valve, 
which then discharges the oil through the normal 


return pipe of the system to the sump. The design | 


vide the most practicable means of transport. 
Such rivers, however, are often only of sufficient 
depth to permit the use of craft of the shallowest 
draught, and the difficulties of transport may be 
|further increased by the presence of mud or 
vegetable matter in suspension inthe water. In 
such circumstances, hydrogliders offer many advant- 
ages, as in addition to their extremely light draught, 
|there is an entire absence of underwater fittings. 
| Such vessels were used, to some extent, during the 
fener but no serious efforts appear to have been 
|made to employ them commercially until recently, 
| when their development was taken up by Messrs. 
| The Express Speed Boat and Hydroglider Company, 
| Limited, of Gosport. This firm have placed an 
‘order for a number of hydrogliders with Messrs. 
Saunders Roe, Limited, East Cowes, Isle of Wight, 





The hull is built of cedar, with double diagonal 


is such that no pressure exists anywhere in the} planking forming the bottom and _ longitudinal 


whole apparatus until the telegraph is operated. 

If it is required to control the throttle in conjunc- 
tion with the reversing gear, a cam is mounted on 
the top of the valve spindle, and is connected to 
the throttle by a spring-loaded rod. The cam may 


| planking at the sides. The forebody is of V-section, 
| sweeping to a shallow step, the run of the bottom 


from the step to the square transome being prac- 
tically flat. The fore part of the boat is decked 


'over to form a roomy forecastle, and aft of this is 
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an open well with bucket-type seating accommo- 
dation. The engine controls are brought within 
convenient reach of the pilot beside the steering 
wheel, which is of the car type. Double rudders 
of the usual pattern, with interconnection, are 
employed, and can be arranged to lift if required 
for exceptionally shallow water. 
boat contains a fireproof compartment in which the 
main fuel tanks are situated, the petrol being fed 
by a semi-rotary hand pump to a gravity tank in 
the engine cowling. 

The engine is a 7-cylinder rotary model, and 
develops 140 h.p. It is one of the standard de- 
signs manufactured by Messrs. Armstrong-Siddeley 
Motors, Limited, Coventry, and is air-cooled. The 
cylinder bore is 4-25 in. and the piston stroke is 
4-5 in., giving a swept volume of 426-6 cub. in. 
The compression ratio is 5-35 to 1, and the normal 
speed, 2,200 r.p.m. The cylinder heads are hemi- 
spherical in form, and are made from aluminium 
alloy. They are screwed and shrunk on to the 
forged-steel cylinders. The overhead valves are 
actuated by tubular steel push rods, the rocker 
arms being enclosed in detachable streamlined 
covers. Ignition is effected by two B.T.H. mag- 
netos, one fitted with an impulse starter. A Claudel- 
Hobson carburettor is fitted, and there is a mixing 
fan in the induction system. The engine is lubri- 
cated on the dry-sump system with two gear pumps. 
The crankshaft is carried on two roller bearings 
adjacent to the webs, while a third bearing 18 
mounted in the front cover to take the propeller 


The stem of the 
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thrust. The pistons are of Y alloy. The hand 


starter is mounted on the bulkhead of the vessel 
beside the hand petrol pump. As these engines are 
fitted as standard to a number of different aircraft, 
their reliability is fully established. The airscrew 
has four blades, and the engine is mounted with its 
centre about 4 ft. above the deck. The supporting 
struts consist of streamlined steel tubing. The 
vessel is 28 ft. long, 7 ft. beam, and has a draught, 
When at rest, of 83 in., this figure including the 
rudders. By using air rudders, the draught may be 
reduced to 3 in. or 4 in. 

When describing the exhibits at the Shipping, 
Engineering and Machinery Exhibition in 1929, 
we dealt with a four-cylinder marine engine shown 
by Messrs. Morris Motors (1926), Limited, Cowley, 
Oxford. At the same time, we mentioned that the 
firm were introducing a six-cylinder model, of 
Which full particulars were not then available, 
although we were able to give the torque and power 
curves. The latter will be found in ENGINEERING, 
Vol. cxxvili, page 329 (1929). The engine itself 
Was exhibited at the Motor Show, and sectional 
drawings of it are reproduced in Figs. 17, 18, and 19, 
on this and the opposite pages. 

lhe cylinder bore is 69 mm., and the piston 
Stroke is 110 mm., giving a capacity of 2,468 c.c. 
lhe engine will idle at 300 r.p.m., and can be run 
up to 3,000 r.p.m. for speed boats. For cruisers 
and similar craft, a speed of 1,000 r.p.m. to 1,800 
r.p.m. is usual, As will be seen from the power 
curve, the engine develops 20 b.h.p. at 1,000 r.p.m., 
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r.p.m. The total weight, including the reversing 
gear and electrical equipment, but without the 
battery, is 672 lb. The battery weighs 75 Ib. 

As will be clear from the figures, the cylinder 
block is a monobloce casting in one piece with the 
upper half of the crankcase, the latter being brought 
well down below the crankshaft centre, as shown 
in Fig. 19, to ensure lateral stiffness. The water 
jackets are unusually large, and are brought down 
to the full depth of the cylinders, as shown in the 
same figure. The block is made from hard close- 
grained iron, and the bores are finished by rolling. 
The detachable cylinder head is a one-piece iron 
casting with water passages surrounding the valve 
seats and sparking plugs. The combustion cham- 
bers are of the form shown in Figs. 17 and 19, and 
are machined all over. The induction pipe, which 
can be seen in section in the latter figure, is cast 
in the head, a very short passage serving to form 
the branch to each cylinder. The exhaust manifold, 
which is also shown in section in Fig. 19, is a separate 
casting, and is water cooled. The pistons are 
aluminium-alloy die castings, and are provided with 
three rings. The bottom ring acts as a scraper, the 
oil passing through channels formed in the piston 
to the gudgeon pins, as shown in Fig. 17. The 
gudgeon pins are of case-hardened steel, ground and 
lapped, and are gripped in the end of the connecting 
rod, which is split and provided with a bolt. The 
connecting rods are steel drop forgings of the usual 
section, and are machined all over. The rods and 
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37 b.h.p. at 2,000 r.p.m., and 50 b.h.p. at 3,000 | pistons are balanced to within 4 drams, this being 


equal to aero-engine practice. The crankshaft, 
shown in Figs. 17 and 19, is a one-piece drop forging, 


|machined all over, and balanced by the Olsen 


method. It is carried in four bearings of large 
diameter, the bearings being in the form of bronze 
shells with white-metal lining. The flywheel is a 
steel forging, also machined all over and balanced. 
It is mounted on the crankshaft by a flange fitting, 
as shown in Fig. 17. 

As will be clear from Figs. 17 and 19, the valve 
gear is of the overhead type, with a single central 
camshaft. The camshaft drive is shown on the left 
in Fig. 17, and it will be seen that it consists of a 
duplex roller-chain drive to the half-time gear, 
which is mounted so that the head can be removed 
without disturbing the valve timing. The valve 
rockers can be seen in Fig. 19. They have spatulated 
ends bearing on the cams, and oil is fed under 
pressure between the ends and the cams, to ensure 
silent operation and absence of wear. The valves 
are of silicon-chrome steel, with hardened ends, 
and work in replaceable cast-iron guides. The 
engine is lubricated on the dry-sump principle. 
The pump is of the gear type, and the oil, after 
passing to the various bearings, is returned to the 
sump, from which it is delivered by a second pump 
to an external oil tank, finally passing through a 
filter back into the lubrication system. The pumps 
are in such a position as to be flooded with oil, and 
do not therefore require priming. Coil ignition is 
employed, the distributor being waterproof and 


































































































































mounted level with the cylinder head, so as to be 
easily accessible. The cooling water is circulated 
by a gear pump, and passes through the water 
jacket on the exhaust manifold before entering the 
cylinder spaces. It is discharged through a three- 
way cock either directly overboard or through the 
exhaust. The engine may be started either by 
hand or electric motor. The hand gear is shown 
to the left in Fig. 17, while the motor drives on 
to the gear teeth cut on the flywheel periphery in 
the usual way. The reverse gear, which can be 
sen in section in Fig. 18, is of the same type as that 
fitted to the four-cylinder engine already referred 
to, and described in ENGINEERING, vol. cxxviii, 
page 329 (1929). It is not, therefore, necessary to 
describe this gear in detail, but it may be mentioned 
that it is of the one-lever planetary type. As with 
the four-cylinder engine, a two-to-one reducing gear 
can be added if required. 


STEAM RESEARCH IN EUROPE AND 
IN AMERICA.* 

By Professor Dr.-Ing. Max Jako. 
LECTURE II. 
C.—CALORIMETRIC MEASUREMENTS. 
(Concluded from page 521.) 


3. The Energy of Superheat.—Coming now to direct 
measurements of the energy of superheat, Germany 
has so far had a monopoly. Indeed, only in a 
single city—Munich—have measurements of the specific 
heat at pressures beyond one atmosphere been carried 
out. The results of these experiments have been so 
generally acknowledged that even the Americans, 
whose ambition is to measure all properties of steam 
themselves, have not yet repeated these measurements. 
The investigations in question have already been 
mentioned in the introduction to this course. Professor 
Knoblauch carried out these experiments, firstly in 
co-operation with myself, then with Fraulein Mollier, 
then with Winkhaus, with Raisch, and ultimately | 
with Koch, and so progressed up to 120 atm. and | 
450 deg. C. (in certain regions even to 550 deg. C.) | 
Quite recently, Koch, with absolutely new apparatus, | 
continued the experiments up to 240 atm. 

The method has remained unaltered in principle since | 
my earliest Munich experiments. Fig. 16 shows dia- 
grammatically the calorimeter of Knoblauch and Koch. 
The steam enters at the bottom at A and leaves at 
the bottom at B. The insulation by air layers betweea 
aluminium sheets is remarkable, as well as the series 
of heating coils I to VIII, by means of which the 
temperatures on the outside are regulated to the same | 
range as the corresponding inside points. A large | 
number of thermocouples, 1 to 15, serves for the con- 
trol of these temperaiures. D and E are pressure 
measurement connections, and ¢, and t, electrical | 
resistance thermometers. | 

In Fig. 17 the arrangement of the thermometers in | 
a section is shown. ‘The steam is carried several times | 
upwards and downwards. By this means the heat 
loss of the thermometers and the errors connected 
therewith are diminished as far as possible. 

Dr. Koch has courteously placed at my disposal 
for these lectures some previously unpublished illus- 
trations of his newest apparatus. Examining the 
arrangement shown in Fig. 18, it will be clear that the 
whole apparatus consists only of tubes and coils of 
tubes, and that large vessels are absolutely avoided, 
owing to the high pressures employed. From the 
reservoir a, the water flows into a closed boiler 6, heated 
electrically, in which it is freed from air, then through 
a cooler ¢ into the high-pressure plunger pump d, 
and is delivered under pressure into the regulating 
container e. This stands on the balance f, which, if the 
water level in e sinks, closes the electrical contacts g, 
so setting in motion the motor driving the pump d; as 
the level rises, the contacts are reopened and the 
motor is stopped. The pressure required in e is main- 
tained by means of the containers A, into which, from 
the reservoir ¢, high-pressure air can be introduced, or 
from which as much air as may be necessary can be 
allowed to escape to the atmosphere; further, the 
temperature of h can be regulated by ice or by water 
from the town supply. The water is evaporated, and 
the steam formed is superheated by three tube coils j, 
which are heated by electrical coils, fitted externally. 
In the calorimeter & the steam is further superheated 
from the temperature ¢, to t,. These temperatures 
are measured by two platinum-resistance thermometers, 
the ends J of which can be seen in the figure. The 
pressure is determined by means of the manometer m, 








* Second of a course of four lectures delivered in 


May, 1931, before the University of London. The first 
lecture will be found on page 143, ante. 


|ting mass which is limited by the sheet envelope 
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the deadweight gauge n, with an additional spring 
balance o for the small fluctuations, and the difference 
manometer p. The steam coming from the calori- 
meter is condensed in the tube coil g, placed in a water 
bath. The outflowing water is throttled in three 
stages, then collected during fixed intervals of time ; 
the constancy of its flow is controlled by the burette r. 

Fig. 19 gives a section through Koch’s calorimeter. 
The steam enters at a, flows round the thermometer 
tube b, through the coil c, then round the thermo- 
meter tube d and passes out at e. The entrance and 
exit tubes are surrounded by the electrically heated 
aluminium cylinders f and g. The flowing steam is 
heated by the electical heater h, consisting of chrome- 
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Fig. 18. 














calorimeter. The protective heaters, as in the forms of 
calorimeters already described, are regulated in such 
manner that, in connecting two thermocouples lying 
opposite one another, as for instance the two on the 
bottom to the left, no thermoelectric current is _pro- 
duced, in which case the two temperatures are the 
same and the, heat loss at the point in question is 
equal to zero. Thanks to the kindness of Dr. Koch, 
I have an unpublished diagram of the last results of his 
experiments, attaining 450 deg. C. and 200 kg. per 
square centimetre. This graph will be shown in the 
next lecture, in comparing the direct results of experi- 
ments with the values of the specific heat obtained by 
indirect methods. The complete report of Koch's 
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nickel wire, which is wound on a porcelain cylinder and 
fitted at the two ends with a protective arrangement 
against radiation. The heat produced by this heater is 
determined by measurement of electrical current and 
pressure. Over the coil c a cylindrical aluminium cap i 
is placed, which is surrounded by envelopes of sheet 
aluminium, and by a second aluminium cap, heated 
electrically. The latter is itself insulated by caps 1 
of sheet aluminium, separated by air spaces. Heat 
losses below are avoided by a protective heater. The 
thermometer fittings f and g, which together require 
nearly as much space as the whole of the remain- 
ing part of the calorimeter, are embedded in an insula- 


m. One of the connection tubes for the measure- 
ment of the pressure drop in the calorimeter is shown 
atm. The small circles with two short lines starting 
from them, visible in Fig. 19, indicate the thermo- 
couples, a great number of which are arranged in the 
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investigations will be published in the January issue, 
1932, of the journal, Forschung auf dem Gebiete des 
Ingenieurwesens. 

Whilst in the region dealt with by the work at 
Munich (from 1 to 240 kg. per square centimetre and 
from 100 to 550 deg. C.) the specific heat of steam 
is now well known, at higher temperatures this is 
unfortunately, not yet the case, even at ordinary atmo- 
spheric pressure, although this property is necessary In 
internal-combustion engine design as well as in calculat- 
ing the heat of the flue gases in boilers. At such high 
temperatures, there exist calorimetric measurements, 
explosion tests, and theoretical calculations on 4 
spectroscopic basis. The explosion tests will not be 
dealt with in this course, but the spectroscopic researches 
will be treated in detail in the third lecture. I should 
now like to mention the calorimetric measurements 
of Holborn and Henning. These investigators heated 
steam to a high temperature in an electric furnace, 
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and re-cooled it in a water calorimeter or oil calori- 
meter, and compared the rise of temperature of the 
calorimeter with that obtained when introducing air 
or nitrogen under the same conditions. Recently, 
Henning and Justi* re-considered these values obtained 
in the years 1905 and 1907, and recalculated and com- 
pared them with the values determined by spectroscopic 
measurements. According te their paper, it seems 
that, up to 1,320 deg. C., the values for steam relative 
to air or nitrogen are, on an average, accurate to + | 
to 2 per cent. As regards our knowledge of the specific 
heat of such gases, employed as a gauge, I shall return 
to this point in the next lecture. 

4. Measurements of the Total Heat.—Callendar’s 
and Havlicek’s measurements have already been 
mentioned and Havlicek’s apparatus has been illus- 
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trated. I therefore now only reproduce in Fig. 20 
Callendar’s i p-diagram for the neighbourhood of the 
critical point. The curves of this graph are based on 
many single tests, but—at least in the steam region— 
are only calculated from Callendar’s equation of state, 
which will be dealt with later. The test points them- 
selves, referring to these curves, are not published. 

I should like to refer once more to the Callendar’s 
p t-diagram, Fig. 5 (page 146 ante), which has a great 
Similarity with Fig. 20. In this latter figure, at 
374 deg. C. there still exists the considerable latent 
heat of 72-4 kilocalories per kilogram ; only at 380-5 
deg. C. is the latent heat equal to zero. The form of 
the limiting curves with their cusp is very strange. 
It must still be mentioned that this whole strange 
System is said to correspond exactly to Callendar’s 
theoretical equation of state, which will be derived 
and discussed later. 

The British and the Czechoslovakian measurements 





_* Fr. Henning and E. Justi, Zeitschr. f. techn. Phys., 
vol. xi (1930), page 191, 








are compared in Fig. 21; the American values, com- 
piled from thermodynamical relations, are also recorded. 
With the exception of the highest pressure and in the 
neighbourhood of saturation, the agreement is quite 
satisfactory. The difference between Callendar’s and 
our saturation values will be discussed in the following 
lecture. 

By the next diagram, Fig. 22, Callendar wished to 
show that, for absolutely pure water, even beyond 
374 deg. C., the isothermals remain identical with 
the constant-pressure lines, whereas for water con- 
taminated with 0-003 per cent. air (apparently 
volume percentages) the boiling point is raised 
(sloping lines), denoting the transfer to the “‘ orthodox ” 
form of the isothermals, to use Callendar’s expression. 
It is difficult to get an idea of the accuracy of these 
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measurements, even if one has seen the apparatus of 
Professor Callendar, as I had the opportunity two 
yearsago. Regarding the conclusiveness of Callendar’s 
deductions, Davis and Keenan, at the World Engi- 
neering Congress, Tokio, in October, 1929, raised the 
following objections :— 

“Tt may be mentioned that the group of Callendar 
points ..... constitute the only experimental basis 
yet adduced for his startling suggestion that two 
miscible phases persist at temperatures above what is 
commonly regarded as the critical point. It seems to 
us that this group of points, while valuable, is not 
characterised by a high enough precision to enable 
anyone to distinguish, by means of them, between an 
isothermal with a flat segment and the very slightly 
curved isothermal which the accepted theory would 
predict in this region. Furthermore, the apparent 
existence of a true latent heat in accordance with the 
Callendar suggestion, and the existence of very large 
specific heats in this region as required by the classical 
critical-point theory, would be, from the experimental 
point of view, two pictures so nearly identical in 
every observable respect as to be indistinguishable. 
Indeed, we doubt if any possible measurements of 
either specific volumes or total heats and of pressures 
along any isothermal in this region could be expected 
to distinguish between these two theories. We 
therefore see no reason for abandoning the traditional 
point of view as to what happens at and near the 
critical point.” 

This question concerns the theoretical appreciation, 
evaluation and checking of the results of experiments 
which will be the subject of our next lecture, the chief 
part of which represents the ideas of Callendar. I 
propose to explain in that lecture that, notwithstanding 
the criticism just mentioned regarding the critical 
region, Callendar’s theory in a wide range seems to 
correspond to reality. 








BULGARIAN TRADE. 


ABUNDANT harvests in 1930 proved of smaller benefit 
to the farmers of Bulgaria than their magnitude 
warranted, for the year was one of general excessive 
production throughout the world. What this meant 
to the country may be judged from the fact that the 
exportation of agricultural produce, a category into 
which almost everything on one side of their inter- 
national trading account could be put, increased by 


505,052 metric tons for 1929 falling to only 312,987 
metric tons in the course of twelve months. Financial 
values showed an even greater drop, namely, from the 
equivalent of 12,369,440/. in 1929 to 6,819,8001. in 1930. 
The phenomenal reduction in value of imports was the 
result of a notable decline in purchasing power, the 
general fall in prices, purchasing in excess of immediate 
requirements in 1929, and was also due, in large measure, 
to the restriction of importation by tariffs, to protect 
and develop local industry. The early part of this year 
afforded no evidence of an improvement of conditions. 
The only indication of possible activity in the imme- 
diate future was the disappearance of the excessive 
accumulations of stocks. Another factor of importance 
in the future trade relationships between Bulgaria 
and the rest of the world was the clearance of many 
unsound trading concerns completely out of business, 
during this period of depression. Now that unsound 
organisations have been shaken out of the commercial 
community, those interested in the market should 
prepare for the increase in activity which is expected 
to come cemparatively soon. Whatever happens will, 
of course, depend to a considerable degree on the further 
changes that may be made in the import duties, with a 
view to encouraging home production. In spite of 
this, Bulgaria may still be regarded as a good market for 
British goods; one that deserves continued efforts 
not only for its retention, but also possible improve- 
ment. 

A report on the subject compiled for the Depart- 
ment of Overseas Trade from information furnished by 
His Majesty’s consular officers at Sofia, Varna and 
Bourgas, shows that the participation of the United 
Kingdom in the imports of the country has dropped 
steadily from year to year. Since 1927, when goods of 
British origin accounted for 12-02 per cent. of the total 
importation, the corresponding figures have been 
10-40 in 1928, 8-88 in 1929, and 8-19 in 1930. During 
all the time that this shrinkage has continued the 
German position has improved, while that Central 
European state has now almost one-quarter of the 
entire business of supplying Bulgaria’s needs. Trade 
with Bulgaria has always afforded Great Britain a 
favourable balance, though last year the difference 
between the imports and exports reached its lowest 
level. 

The major part of the British supplies were textiles, 
but even in this sphere the United Kingdom has now 
to give pride of place to Italy, the value of whose trade 
in 1930 was exactly double that of Britain. The 
categories next in importance were metals and metal- 
lurgical products. Satisfactory business was done with 
British galvanised sheets, doubtless due to the excel- 
lence of the quality of the protective covering. Over 
one-half of the requirements in this trade were obtained 
from the United Kingdom. The position with regard 
to the supply of plain iron sheets was, however, quite 
different. Here Great Britain was only able to obtain 
business for a mere 95 tons, out of the total require- 
ments of 3,844 tons. The year 1930 witnessed a great 
decline in the demand for machinery of all types. The 
same statement applies to motor cars and cycles, 
imports of these having dropped from 1,636 machines 
in 1929 to 262 in 1930. In this sphere, Italian producers 
beat the Americans for first place; Great Britain 
came third, and Germany fourth. It is anticipated 
that, when financial conditions improve, there will be 
a demand for trolley-’bus services in some of the 
provincial towns. This need could very well be met 
by British producers. While there is every indication 
in the Bulgarian market of closer trading relations and 
increased business with the Central European countries, 
there still seems to be plenty of scope for increased 
British participation. Most of the export products 
of Britain cannot be produced by local industry at 
present, and thus any competition is confined, to a great 
extent, to rivalry with other external producers. Some 
enterprise has been, however, shown in the develop- 
ment of new industries, with the assistance of foreign 
capital in certain instances. Silk spinning and weaving 
mills have been started at Tirnovo, and acetic acid 
works at Reka Devna, while establishments in Gebedje 
for the production of window glass, and for the 
making of porcelain ware, utilising the local kaolin, 
have been set to work. 


THE LATE MR. GEORGE GOOCH. 
WE regret to note the death, on Septembor 30 last, 
at his home in Wimbledon, of Mr. George Gooch, for 
many years manager to Messrs. John Taylor and Sons, 
civil engineers, Westminster. Mr. Gooch was born 
on February 17, 1855, and at the age of 15 entered 
upon a pupilage of four years at the Tubal Cain Works 
of Messrs. Parfitt and Jenkins, meanwhile continuing 
his scientific training at Cardiff Science School. His 
long association with the firm of Messrs. John Taylor 
and Sons, which firm was for some time known as 
Messrs. Taylor, Sons and Santo Crimp, began in 1877, 





77 per cent. in bulk over the returns for 1929, while its 
value remained practically the same. Imports suffered 
a considerable drop in the same period, the total of 


when he was appointed assistant to Mr. John Taylor. 
He had charge of Parliamentary surveys for the 
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Cardiff Water Act, 1878, and also carried out surveys 
and prepared the plans for the whole of the mains in 
the Lambeth Water Company’s district. Mr. Gooch 
was for several years resident engineer in charge of the | 
construction of collecting culverts for Cardiff Water- 
works, and also supervised the building of a subsidiary 
reservoir for the Newport (Mon.) Water Company. 
The years from 1883 to 1897 were mainly occupied on 
the design and construction of works in connection 
with the Bristol Water Act of 1882. After carrying 
out work in connection with the preparation of Parlia- 
mentary plans and surveys, he supervised the construc- 
tion of the works as resident engineer. The installation 
comprised 30 miles of 18-in. and 27-in. mains, a pumping 
station, water tower and tank, four filters, four acres 
of sand area, and an impounding reservoir of 520 
million gallons’ capacity. The work also involved 
the construction of a tunnel, 1,364 yards in length, 
and the erection of a pair of 180-h.p. beam engines. 

As long ago as 1897, Mr. Gooch was appointed 
manager to the firm of Messrs. John Taylor, Sons and 
Santo Crimp. During the years which followed, he 
designed and generally supervised large water and 
drainage schemes for Shrewsbury, Clacton, Chatham, 
Yolne Valley, Chesham, Slough, Church Stretton, 
Margam, Thame, Portishead, Enfield, Tottenham, 
Woking, and other towns in the United Kingdom, and 
also for Shanghai. In addition, he did much work in 
connection with the preparation of Parliamentary 
water schemes for various towns, cities and rural 
areas in England and Wales. For some years, Mr. 
Gooch occupied the position of consulting engineer to 
the Herne Bay Water Company, and while in this 
capacity he designed and superintended the construc- 
tion of a covered reservoir, engines and boilers, new 
wells and extensions to mains. He finally retired from 
the position of manager to Messrs. John Taylor and 
Sons at the end of August, 1927. A former student 
member of the Institution of Civil Engineers, he became 
an associate member on December 7, 1880, and was 
elected to full membership on April 19, 1904. 

























































































































ENGINEERING TRAINING AND 
EDUCATION. 

Heriot-Watt Coliege, Edinburgh.—We have received 
the Calendar for the session 1931-1932 of the Heriot- 
Watt College, Edinburgh. The College provides day 
and evening instruction in mechanical, electrical and 
mining engineering, oil mining, applied chemistry, 
building, printing and other technical subjects. The | 
courses of study are designed to provide instruction | 
in the scientific principles underlying technical pro- | 
cesses, and to enable students to qualify for protes- | 
sional posts. Diplomas and the Associateship of the 
College are granted to full-time day students in most | 
technical subjects, while course certificates are awarded | 
in building science and printing. Course certificates | 
are also granted to evening students. In addition, | 
evening courses are available in commerce, languages, | 
&ec., and are intended for students preparing them- | 
The | 

| 
| 
} 


selves for various professional examinations. 
Calendar contains full particulars regarding the 


College day and evening courses, and the Edinburgh | 
University courses, the College having close relations | 
with the University, and copies are obtainable from the 
Principal, Heriot-Watt College, Edinburgh. 








MANGANESE-STEEL FOUNDRY AT WELLAND, ONTARIO, 
-A recent report from Canada states that Messrs. 
American Manganese Steel Company, Chicago, U.S.A., | 
are likely to establish a works at Welland, Ontario. It | 


Limited, 
several 


Canada, 
owns 


Electro-Metallurgical Company of 
now lying idle. The Company, which 
much of its manganese from South Africa and 
produces manganese-steel castings of all types. 


ore 


THE WELLINGTON HARBOUR 
The large floating dock 
Wellington Harbour Board, 
Zealand, by Messrs. Swan, Hunter, and 
Richardson, Limited, Wallsend-on-Tyne, has reached 
Batavia, Java, on its loag tow from this country to the 
Antipodes. Two-thirds of its voyage of 13,500 miles 
has thus been safely accomplished without mishap 
or hiteh of any kind. i 
584 ft. long and 117 ft. 6 in. wide, and has a lifting 
capacity of 17,000 tons. It left Wallsend on July 15, in 
charge of two powerful steam tugs, owned by Messrs. 
L. Smit and Company’s Internationale Sleepdienst, 


Towmne Our 
FLOATING Dock. 
completed for the 


recently 


New 


Aden, and the Malacca Strait. So far the progress made 
miles a day. 
the Torres Strait, between Queensland and New Guinea, 
where the tides are so strong that the dock will probably 
have to anchor every six hours awaiting the turn of the 
tide. The route will then be eastward of the Great Barrier 
Reef, and then south-east to Wellington. It is hoped 
that the dock will reach its destination about Christmas 
Day. 


| couraging messages to industrial 


|} that 


is said that a preliminary agreement has been signed | 
for the purchase of the installation of Messrs. The | 


works in various parts of the United States, imports | 


JUBILEE | 


Wigham, | 


It will be recalled that the dock is | 


Rotterdam, and the route taken was via the Suez Canal, | 


. . ; | 

€ € Sd stacto >t ere ee t ci | 

has been very satisfactory, averaging nearly 100 nautical | 
The remainder of the voyage will be via | 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Machine Tools. 
lathe and one emery-wheel tool grinder. 


The supply of one electrically-driven 
The Egyptian 


Ministry of Public Works, Cairo; November 9. (Ref. 
No. A.X. 11,146.) 

Creosote.—The supply of 2,000 tons of creosote. The 
Turkish Ministry of Publie Works; November 9. (Ref. 


No, F.X. 1,306.) 

Milking Machines.—The British Vice-Consul at Medel- 
lin, Colombia, has received an inquiry for the names 
of manufacturers of milking machines, (Ref. No. G.X. 
10,854.) 

Tramway Rails and Track Materials.—The supply of 
heavy rails, tie plates, and spikes for street-car systems. 
The City of Edmonton, Canada; November 19. (Ref. 
No. G.X. 10,866.) 


Brake and Clutch Linings.—The supply of brake and 
clutch linings for road vehicles. The Tender Board, 
South African Railway Headquarters, Johannesburg ; 
December 7. (Ref. No. G.X. 10,867.) 





CONTRACTS. 


Messrs, Cowans, SHELDON AND ComMPANy, LIMITED, 
Carlisle, are supplying and erecting two 3-ton electric 


service portal level-luffing jib cranes and grabs at 
Riverside Wharf, Brentford Docks, Great Western 
Railway Company. 

Messrs, East FerRRY RoAp ENGINEERING WORKS 


Company, Limrrep, Millwall, E.14, have received an order 
from the Great Western Railway Company for a hori- 
zontal compound condensing hydraulic pumping engine 
for Port Talbot Docks. 


Messrs, JoHN |, THORNYCROFT AND COMPANY, 
LIMITED, Basingstoke, have received a repeat order from 
The Egyptian General Omnibus Company (Société 
Anonyme) of Cairo, for upwards of 40 motor omnibuses. 

Messrs. RicHARD Dunston, Limirep, Thorne, near 
Doncaster, have received an order for two strongly-built 
steel lighters, measuring 75 ft. by 20 ft. by 9 ft. 6 in., 
for service at Hull. The lighters will each be capable of 
carrying over 1,000 quarters of wheat from incoming 
steamers to the mills. 


NOTES FROM THE NORTH-WEST. 
MANCHESTER, Wednesday. 
Steel Trade.—One of the most en- 
Lancashire for a con- 
siderable time is that of Mr. John E, James, who was 
recently appointed managing director of Mess Lan- 
cashire Steel Corporation, Limited, after several years 
association with the Tees-side iron and steel industry 


for the 


New Li fe 





Ss. 


| as general manager to Messrs. Cargo Fleet [ron Company, 


Limited, of Middlesbrough. In a public statement, 
Mr. James declared that trade was reviving in Lancashire, 
and that, so far as his own firm’s works were concerned, 
they had never been so busy for three or four years as 
they were at present. “* Lancashire has taken on a new 
lease of life.” he said, ** and there are signs all over the 
country of a trade revival, IL believe we are entering 
into a new era of prosperity for many industries, and 
the steel trade will receive a new lease of life.” 
Light castings manufacturers in the North-West neigh- 
bourhood are now securing increasing numbers of orders, 
and textile-machinery makers have obtained useful 
work following the restarting of a number of cotton 
mills in Laneashire. 

Contracts and Impending Orders.——Messrs. The Keighley 
Electrical Engineering Company, Limited, of Keighley, 


are manufacturing for the Great Western Railway 
| Company two 3-ton electric goods lifts for Taunton 


goods sheds. The East Indian Railway has placed 
with Messrs. The Wharton Crane and Hoist Company, 
| Limited, of Reddish, Stockport, orders for one overhead 
| electric travelling crane of 74 tons capacity and one of 
| 8 tons. Following the announcement that the London 
and North Eastern Railway and the London Midland 
and Scottish Railway intend to spend, in all, 7,000,000/. 
on improvement schemes during the coming winter, 
several firms of railway plant and equipment manufac- 
| turers in the North-Western area are optimistic of making 
| substantial additions to their order books before the end 
of the year. The schemes include widenings for electrifi- 
| cation, alterations and improvements to goods and 
| locomotive depots, and the erection of new stations, as 
| well as the provision of modern goods-handling machinery, 
| and signalling apparatus. ; 
| 
| 


INSTITUTION OF NAVAL ARCHITECTS.—The Council 
|} of the Institution of Naval Architects has awarded the 
1931 Vickers Armstrong Scholarship in naval architecture 
to Mr. L. Redshaw, of Messrs. Vickers-Armstrongs, 
Limited, Barrow-in-Furness, The scholarship is of the 
value of 1501, per annum and will be held at Liverpool 


PERSONAL. 

Messrs. Guest, KEEN AND NETTLEFOLDS, Limitep, 
Castle Works, Rogerstone, near Newport, Mon., have 
informed us that Mr. CapsBy, who has been their repre- 
sentative in the Midlands for many years, has retired, 
and that, in his place, has been appointed Mr, ©, A, 
Parson, 111, New-street, Birmingham. 

Mr. W. E. Warritow has retired from the position 
of assistant manager of Messrs. Edison Storage Battery 
Distributors, Limited, which position he has held for the 


past 24 years, 
Messrs, ASHMORE, BENSON, PEASE AND Company, 
Limitep, Parkfield Works, Stockton-on-Tees, have 


acquired the sole rights for the manufacture and sale 
of the “ Bauer” patent mechanical stoker, in the British 
Empire and Egypt. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Stocks of Cleveland pig 
iron are said to be no larger than is necessary for ordinary 
trading, and are steadily decreasing. Sales to Scotland 
continue on terms stated to be equal to the fixed minimum 
figures for home trade, and a moderate business is passing 
with home consumers, transactions in both cases being 
direct between ironmasters and consumers. Merchants 
are, however, more active than they have been, and hope 
to expand further their operations. Both makers and 
second hands are doing a little export business. Until 
the recent buying movement commenced, suggestions 
were heard that the resumption of the use of foreign iron 
on Tees-side was not unlikely, but nothing is heard now 
of possibility of movement in that direction. Needs of 
producers owning foundries and steelworks continue to 
take up a large proportion of the limited output of 
Cleveland pig. No. 1 is 6ls.; No. 3 g.m.b., 58s. 6d. ; 
No. 4 foundry, 57s. 6d.; and No. 4 forge, 57s. 

Hematite.—There is little change in the East Coast 
hematite department. Stocks are still rather heavy, 
but much of the iron stored is sold, and withdrawals 
to meet the demand, in excess of the very restricted 
make, are on quite a substantial scale. Odd sales to firms 
on the Continent are being put through by both producers 
and merchants, but business is chiefly between makers 
and home consumers. Customers in the Sheffield district 
and in the Midlands are still in the market, and further 
inquiries from Italy are reported. Producers ask 66s, 
for ordinary qualities, but customers claim they can 
buy at rather less. 

Foreign Ore..-Consumers of foreign ore are disinclined 
to pay the advanced prices. They are still fairly well 
placed as regard supplies. Best rubio is put at 17s. 6d. 
Cutt. 

Blast-furnace Coke.—Sellers of Durham blast-furnace 
coke are taking a firm stand. They ask 17s. to 17s. 6d. 
for good average qualities delivered here, but local users 
do not find it necessary to buy, and transactions are few. 

Manufactured Iron and Steel, Values of finished iron 
and steel are steady. In some departments orders are 
still greatly needed, but in others, firms have fairly good 
contracts arranged, and in one or two branches tonnage 
output is heavy. Common iron bars are 101.; best 
bars, 107. 10s. ; double best bars, 111. ; treble best bars, 
112. 10s.; packing (parallel), 8/.; packing (tapered), 
101. ; steel billets (soft), 52. 15s. ; steel billets (medium), 
61. 12s. 6d.; steel billets (hard), 7l. 7s. 6d.; iron and 
steel rivets, 11l. 5s.; steel ship plates, 8/. 15s, ; steel 
angles, 81. 7s. Gd. ; steel joists, 82. 15s.; heavy sections 
of steel rails, 82. 10s. for parcels of 500 tons and over, 
and 91. for smaller lots; fish plates, 127. 10s.; black 
sheets (No. 24 gauge), 81. 5s. ; and galvanised corrugated 
sheéts (No. 24 gauge), 91. 15s, 

Scrap.—Secrap is in better request and prices are 
stiffening. Borings are 22s.; turning, 26s.; light cast 
iron, 33s. 6d.; heavy cast iron, 42s. 6d.; machining 
metal, 45s, ; and heavy steel, 40s, 


Tees. 


NOTES FROM SOUTH YORKSHIRE. 
. SHEFFIELD, Wednesday. 

Tron and Steel.—While several factors continue to have 
a disturbing effect on the local steel and engineering trades, 
improvement is manifest. Unemployment figures in 
this area are down by one thousand, while more orders 
and inquiries are in circulation. The output of the steel 
producing departments has undergone little change, 
and much plant continues idle. The recent revival in 
the scrap market has been maintained. There are more 
orders for certain kinds of steel alloys. Distributors 
of refractory materials have booked some good contracts 
within the last few days, and are busier than for some 
time past. Advance is registered in other directions, 


but there is renewed quietude in several sections. Rolling 
mills activity, for instance, is decidedly uneven. — 
ire 


Shops and forges are also working under capacity. 
rolling mills which work for the general engineering trades 
are short of orders: some of them have not produced 
a ton of material during the past week. Railway rolling 
stock. orders are scarce. Keen competition 1s being 
experienced from the Continent, and many firms who 
were busy at the beginning of the year, and 
cases working overtime, are badly in need of tr 
ness. Neither India nor South America are suc! 


in some 
sh busi- 


» good 





University for three years. The Duke of Northumber- 
j land Prize, awarded in connection with the 1931 examina- 
tion for National Higher Certificates in Naval Architecture, 
has been gained by Mr. James Irwin, of the Royal 
Technical College, Glasgow. | 


customers as in the past. One loeal firm has re eived a 
contract for the supply of buffers for 500 wagons. | “es 
supplying agricultural steel are doing better, while Pe 
current call for automobile steel and fittings Is 0” ie 
increase. Exports of steel from Sheffield to -\merica 
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during the quarter ending September amounted to 12,0001. 
as against 13,000/. in the previous three months. Works 
devoted to the supply of high efficiency steels used in 
the production of all kinds of electrical apparatus are 
busily employed. There is an improved call for files 
and shears, while twist drills, and hacksaws and blades 
are in strong request. A striking tribute of the efficiency 
of British steelworks has been provided by the United 
Strip and Bar Mills (Sheffield), of Messrs. The United 
Steel Company. Receiving on Tuesday morning 
(October 13), from the Midlands, a rush order for 375 
tons of steel bars, the firm commenced mill operations at 
11.20 the same morning. Rolling was completed by 
11.10 Tuesday night. The whole of the material had 
been inspected, tested, and loaded on rail by 1.40 on 
Wednesday morning, and was delivered to works 76 miles 
away by 5.40 a.m. on Wednesday, making 18 hours from 
the commencement of rolling. This tonnage represented 
74 miles of bars. 


South Yorkshire Coal T'rade.—With confidence being 
gradually restored, the coal trade in this area is beginning 
to show definite signs of improvement, not only on home 
account, but also respecting overseas sales. The demand 
for industrial fuel tends to become larger, and further 
expansion is predicted during the next few weeks. The 
cold weather has resulted in a revival in housecoal, but 
the gross demand is below normal. Stocks both at 
depots and colliery sidings are ample to meet the current 
call, The coke market is slightly stronger. Coke for 
central heating is in demand, while foundry and furnace 
sorts show improvement. Gas coke continues firm. 
Quotations : Best branch handpicked, 24s. 6d. to 25s. 6d. ; 
Derbyshire best brights, 21s. to 22s.; Derbyshire best 
house, 21s. 6d. to 22s. 6d.; screened housecoal, 19s. to 
20s.; sereened nuts, 18s. to 19s.; Yorkshire hards, 
17s. to 18s, 6d.; Derbyshire hards, 17s. to 18s. 6d. ; 
rough slacks, 9s. 6d. to 10s. 6d.; nutty slacks, 7s. 6d. 
to 8s. 6d. ; smalls, 5s. 6d. to 6s. 6d. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Now that a National Government is 
assured, confident hopes are entertained of a general 
improvement in trade, in which it is expected that the 
coal industry will share. The feeling of despondency 
which has hung over the market for so long has been 
swept aside and replaced by new hopes, though it is 
recognised that the position and outlook in regard to 
exports is still doubtful. The ability of British coal to 
compete on more favourable terms with the foreign 
product is, however, expected to result in the recapture 
of a large volume of business, especially in the bunkering 
trades, while the hopes of greater industrial activity in 
this country will mean a corresponding increase in coal 
consumption. Already, one shipping company trading 
to this country which has, in the past, bought its bunker 
supplies on the Continent, has decided to use British 
coal, while the Finnish Government, also, has decided 
to use British, instead of Polish, coal in return for orders 
for pulp, pulpwood and props. A Cardiff firm has already 
bought 50,000 tons of Finnish props for use in the 
Welsh mines, and the Finnish Government has purchased 
36,000 tons of coal, chiefly north country, and is 
negotiating for 700,000 tons for delivery over next year. 
Again, a Scotch shipowning company which has been 
using oil on 15 of its vessels has decided to revert back 
to coal on account of economy. The Brazilian Central 
Railway has placed an order with Gueret, Llewellyn 
and Merrett, Limited, Cardiff, for 80,000 tons of coal to 
be delivered this year, and ships have been recently 
chartered to carry more than half the quantity to Rio 
de Janeiro, The French Midi Railway is in the market 
for 50,000 tons of large to be delivered over the last 
eleven months of next year, and the Portuguese State 
Railways are considering tenders for 125,000 tons of 
small, for delivery between now and March, or 250,000 
tons between now and July, while the British Admiralty is 
inviting prices and quantities for next year. Meanwhile, 
most classes of coal are available without much difficulty 
at schedule prices, based on 19s. 6d. per ton f.o.b. for 
best Admiralty large, and 13s. 6d. for best smalls. Dry 
large coals, however, are scarce, and command 3d, to 
> above schedule, and dry nuts, too, are difficult to 
stem, 


Shipping Activity.—Ships which have been laid up for 
months are moving at last, and providing welcome em- 
ployment for officers and men who have been out for a 
considerable period. Of late some fifteen vessels have 
signed on crews, many of them big ships carrying crews 
of 40 men. Several short sea traders, too, have been 
brought out. 


Iron and Steel.—Exports of iron and steel goods last 
week totalled 9,049 tons, against 18,776 tons in the 
Preceding week. Shipments of tin-plates and terne- 
platce were reduced, from 10,63¢ tons to 7,016 tons, of 
lack-plates and sheets, from 2,373 tons to 624 tons, of 
galvanised sheets, from 3,801 tons to 814 tons, and of 
other iron and steel goods, from 1,969 tons to 595 tons. 








Ivstirution oF AUTOMOBILE ENGINEERS.—The 


Cron pton Medal, which is awarded annually by the 
— ! of the Institution of Automobile Engineers for 
te best paper read before the Institution during the 


session, has been presented, for 1980-31, to Dr. S. J. Davies 
and Mr, ER, Giffen, of King’s College Engineering Depart- 
“ati for their paper, ‘ Injection, Ignition, and Com- 
-ustion in High-Speed Heavy-Oil Engines.” The 
presentation was made to the authors by the retiring 
ay nt, Sir Herbert Austin, at the opening meeting 
Of the session, on October 1. 





NOTICES OF MEETINGS. 





INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section : To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. ‘‘The Business of Electrical Apparatus 
Manufacture,” by Mr. G. J. Shaw and Mr. G. A. M. 
Hyde. Mersey and North Wales (Liverpool) Centre : 
Monday, November 2, 7 p.m. The University, Liver- 
pool. ‘‘ Recent Progress in Large Transformers,” by 
Mr. R. M. Charley. ‘‘ The Application of the Induction 
Voltage Regulator,” by Mr. W. E. M. Ayres. South 
Midland Students’ Section: Tuesday, November 3, 
7 p.m., The University, Birmingham. ‘‘ Long Distance 
Telephony of To-day.”’ by Mr. L. S. Crutch. London : 
Wednesday, November 4, 6 p.m., Victoria-embankment, 
W.C.2. Wireless Section Meeting. Chairman’s Address 
by Col. A. 8S. Angwin. Thursday, November 5, 6 p.m. 
Ordinary Meeting. ‘‘Coil Ignition Systems” by Mr. 
E. A. Watson. 

INSTITUTION OF CHEMICAL ENGINEERS.—To-night, 
6.30 p.m., Institution of Civil Engineers, Great George- 
street, 8.W.1. Lecture, ‘‘ Hydrogenation ’’ by Dr. E. F. 
Armstrong. 

ILLUMINATION ENGINEERING Socrety.—To-night, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘‘ Some Impressions of the I.1.C. Floodlighting,”’ 
by Mr. P. Good. : 

JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘ Automatic Combus- 
tion Control,” by Mr. 8. J. Clifton. Friday, November 6, 
7.30 p.m. “The Cooling of the Crude Oil Engine,” 
by Mr. A. P. Quarrell. 


North oF ENGLAND INSTITUTE OF MINING AND 
MEcHANICAL ENGINEERS.—Saturday, October 31, 2.30 

.m., Newcastle-on-Tyne. Presidential Address, by 
Mr. W. Cochran-Carr. ‘‘ The Hydrogenation of Coal,” 
by Dr. A. Crawford. 

Hout Assoctation oF ENGINEERS.—Saturday, Octo- 
ber 31, 7.15 p.m., Municipal Technical College, Hull. 
“Combustion and Boiler-House Efficiency,” by Mr. 
J. N. Waite. 

Roya Instirution.—Monday, November 2, 5 p.m., 
Albemarle-street, W.1, General meeting. Tuesday, 
November 3, 5.15 p.m. ‘‘Combustion of Gases,” by 
Mr. G. I. Finch. 

BRADFORD ENGINEERING SocrETy.—Monday, Novem- 
ber 2, 7.30 p.m. Technical College, Bradford. ‘ Ford 
Production Methods,” by Mr. T. Gorst. 


INSTITUTION OF PRODUCTION ENGINEERS.—Man- 
chester Section : Monday, November 2, 7.30 p.m., College 
of Technology, Manchester. ‘‘ Welding as an Aid to 
Production,” by Mr. P. L. Roberts. Coventry Section : 
Wednesday, November 4, 7.30 p.m., King’s Head Hotel, 
Coventry. Discussion on “ Rate Fixing and Time 
Study.” 7 

WoLVERHAMPTON AND District ENGINEERING 
Socrety.—Monday, November 2, 7.30 p.m., Victoria 
Hotel, Wolverhamptom. ‘‘ Blast Furnaces,” by Mr. 8. 
Trollope. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 3, 6 p.m., Great George-street, S.W.1, Presidential 
Address by Sir C. R. 8. Kirkpatrick. Birmingham 
and District Association: Thursday, November 5, 
6 p.m., Midland Institute, Birmingham. ‘“Con- 
struction of the Reinforced-Concrete Bridge over the 
Mouth of the River Elorn between Brest and Plougastel 
in Brittany,’’ by Mr. T. J. Gueritte. 


STAFFORDSHIRE IRON AND STEEL  INSTITUTE.— 
Tuesday, November 3, 7 p.m., Girls’ High School, 
Dudley. Joint meeting with Birmingham Metallurgical 
Society and Institute of Metals, Birmingham Local 
Section. “ Architectural and Decorative Ironwork,” by 
Mr. C. A. L. Roberts. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScotTLaAND.—Tuesday, November 3, 7.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘ Oil Tanker Construction,” 
by Mr. E, F. Spanner. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
November 3, 7.45 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2, ‘“ The Training of Young Auto- 
mobile Engineers,” by Mr. B. G. Robbins; also at 
Bristol Centre, Thursday, November 5, 7 p.m. Merchant 
Venturers’ Technical College, Bristol. 

LiveRPooL ENGINEERING  Society.—Wednesday, 
November 4, 6.30 p.m., 9, The Temple, Dale-street, 
Liverpool. ‘An  Automatically-Controlled Pumping 
Plant,” by Mr. A. W. Duncanson and Mr. C. E, Malley. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Yorkshire 
Branch: Wednesday, November 4, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ Modern Development in Steel and 
Concrete Piling,” by Mr. S. Packshaw. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, November 4, 7 p.m., Swedenborg 
Hall, 20, Hart-street, Bloomsbury, W.C.1. ‘ Recent 
Developments in Cooking Apparatus,” by Mr. 8. J. 
Benham. 

Roya Society or Arts.—Wednesday, November 4, 
8.30 p.m., John-street, Adelphi, W.C.2, Inaugural 
Address. ‘British Research Work in India,” by Sir 
E. Gait. 

Dieset EnGINE USErRs’ Assocration.—Thursday, 
November 5, 3.30 p.m., Caxton Hall, Westminster, S.W.1. 
‘“The Elimination of Vibration,” by Mr. R. B. Grey. 


Royat AERONAUTICAL Society.—Thursday, Novem- 
ber 5, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘Safety in Spinning,” by Mr. H, B. 
IrvingJand Mr. A. V. Stephens. 
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INsTITUTION oF MECHANICAL ENGINEERS.—Friday, 
November 6, 6 p.m. Storey’s-gate, S.W.1, Thomas 
Hawksley Lecture. ‘The Mechanical Aspects of 
Electricity,” by Mr. Ll. B. Atkinson. Graduates Section, 
London: Saturday, November 7, 6.45 p.m. Informal 
Meeting. Debate:—‘‘ That a College Education is 
Desirable in the Training of a Mechanical Engineer.” 

Rattway Ctus.—Friday, November 6, 7.30 p.m.,; 
57, Fetter Lane, E.C.4. ‘‘ Callendar and Oban Railway,’ 
by Mr. H. A. Vallance. 

InstTiTUTE OF British FounpRyMEN.—Lancashire 
Branch: Saturday, November 7, 4 p.m., College of 
Technology, Sackville-street, Manchester. ‘‘ The Pro- 
duction of Castings in a Modern Malleable-Iron Foundry,” 
by Mr. H. J. Beck. Scottish Branch : Saturday, Novem- 
ber 7, 4 p.m., Royal Technical College, Glasgow. “* High- 
Strength Aluminium Alloys,” by Mr. W. C. Devereux. 
Wales and Monmouth Branch: Saturday, November 7, 
6.30 p.m., Merchant Venturers’ Technical College, 
Bristol. ‘‘ Nickel in Cast Iron,” by Mr. W. T. Griffiths. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—A quiet tone continues to rule 
in the Scottish steel trade, and although some establish- 
ments have a little more work booked, there has been 
no increase in the amount of plant in operation. Inquiries 
in circulation are very encouraging, and it is hoped that 
many of them may be translated into actual business 
now that the general election is over. In the black steel 
sheet trade there is rather more business in the lighter 
gauges, but the heavier sorts are still very dull. Galva- 
nised sheets are in moderate request, but the prospects 
in the industry are brighter and inquiries better. Prices 
are nominally without change, and are as follows :— 
Boiler plates, 9/. per ton; ship plates, 8/. 15s. per ton ; 
sections, 8J. 7s. 6d. per ton; black steel sheets, } in., 
7l. 10s. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 11/. per ton, all delivered at Glasgow 
stations. 

Malleable - Iron Trade.—Little change falls to be 
recorded in the state of the malleable-iron trade of the 
West of Scotland, and employment is no better. Orders 
coming forward are largely of the day-to-day variety, 
and no distance ahead can be seen. The re-rollers of 
steel bars are no better off for work than they were, 
and the immediate outlook is not very promising. The 
following are the current market quotations :—Crown 
bars, 101. 5s. per ton for home delivery and 9. 10s. 
per ton for export; and re-rolled steel bars, 61. 58. 
to 61. 10s. per ton for home delivery and export. 

Scottish Pig-Iron Trade-—The demand for Scottish 
pig-iron is still of very small dimensions, but the general 
inquiry is slightly better. There are only three furnaces 
in blast. The following are the current market quota- 
tions :—Hematite, 68s. 6d. per ton, delivered at the steel 
works; foundry iron No. 1, 72s. per ton, and No. 3, 
69s. 6d. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig iron from Glasgow Harbour for the week 
ending last Saturday, October 24, only amounted to 
85 tons. Of that total 30 tons went overseas and 55 tons 
coastwise. During the corresponding week of last year 
the figures were 170 tons overseas and 37 tons coastwise, 
making a total shipment of 207 tons. 

Clyde Shipbuilding.—The outlook for the Clyde ship- 
building industry for the winter has improved somewhat 
by the announcement of the placing of four new contracts. 
The districts directly interested are Port Glasgow, 
Renfrew, Ardrossan, and Govan. Messrs. Lithgows, 
Limited, Kingston Yard, Port Glasgow, have received 
an order from Messrs, J. and C. Harrison, Limited, 
London, for a cargo vessel of 9,000 tons deadweight. 
The vessel will be propelled by triple-expansion engines, 
the steam being supplied by boilers working at a 
pressure of about 220 Ib. per square inch. Messrs. 
Lobnitz and Company, Limited, Renfrew, have con- 
tracted to build a rock-cutter vessel for foreign owners. 
The Ardrossan Dockyard, Limited, Ardrossan, have 
received orders from Messrs. McKie and Baxter, Limited, 
Paisley, to build a paddle steamer for river service 
abroad to designs and specifications supplied by them. 
She will be 197 ft. in length, 29 ft. in breadth, and 7 ft. 
in depth, and will be fitted with compound engines 
built by Messrs. McKie and Baxter. This order means 
the reopening of the Ardrossan yard, which has now been 
closed for over a year. The fourth order to be recorded 
is that just booked by Messrs. Alexander Stephen and 
Sons, Limited, Linthouse, Govan. This is for a cargo 
vessel of from 7,000 to 8,000 tons deadweight for French 
owners. 


Moror-VEHICLE REGISTRATIONS IN GREAT BRITAIN.— 
The total number of new mechanically-propelled road 
vehicles registered in Great Britain during August, 1931, 
was 12,758, compared with 15,070 in August, 1930. 


GENERATION OF ELECTRICITY IN GREAT BRITAIN.— 
During the first nine months of 1931, the total amount 
of electricity generated by authorised undertakers in 
Great Britain was 8,048 million units, as compared with 
7,762 million units during the corresponding period of 
1930, representing an increase of 3-6 per cent. 





Tue InstTITUTION oF ELEcTRICAL ENGINEERS.—An 
oil-painting of the late Dr. S, Z. de Ferranti, F.R.S., 
by Mr. David Jagger, R.A., is to be presented to the 
Institution of Electrical Engineers by Mr. H. Marryat, 
at the ordinary meeting of the Institution, to be held on 
Thursday, November 5, 
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THE INVESTIGATION OF VIBRATION IN TURBINE WHEELS 
AND BLADES. 
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ELECTRICITY SUPPLY BY POWER 
COMPANIES. 

Ir is not long ago since it was easy to induce ani- 
mation among electrical engineers by arguing the 
relative merits of public and private ownership in 
electricity supply. In these discussions the price— 
whether maximum or average—paid by the con- 
sumer was usually the criterion of excellence and 
the opposing views were not infrequently sup- 
ported by animadversions on the salesmanship 
of the two groups. In this way a great deal of 
amusement, if not much profit, was obtained. The 
main result was, however, that the fact that the two 
parties were working under very different conditions 
became obscured. In the intervening years this 
divergence has, increased, although at the same time 
the scales, which at one time were biassed against 
private enterprise, have become more evenly bal- 
anced. The different conditions of operation may 
be illustrated by a glance at any appropriate refer- 
ence book, which will show that, excluding London, 
only five of the 50 large towns in the country— 
Newcastle-on-Tyne, Tottenham, Gateshead, Read- 
ing and Northampton—are supplied by company 
undertakings and that in the large majority of other 
towns of any size, the electricity supply is also under 
municipal control. The result is that, again except- 
ing London, private enterprise has been deprived of 
the cream of the load, and has had to exercise its 
activities mainly in the less populated areas. That 
the return it is now able to secure from these acti- 
vities is rendering the shares of the various concerns 
an attractive investment may therefore be taken as 
a tribute to the courage and enterprise of those 
responsible for their management. Another factor 
has, it is true, played an important part. This is 
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the tendency of industry, and with it population, to 
spread out from urban areas into the surrounding 


districts. As there seems no reason to suppose that 
the acceleration of this tendency, combined with the 
demand that the supply shall be made available in 
the most rural areas, will be checked, the future of 
the power companies is likely to be bright. 

The balance, however, is also being restored in 
another way. For though, initially, municipal 
undertakings were fortunate in having a large 
potential load at their doors, the areas in which 
they could exercise their activities were strictly 
limited by local government boundaries and they 
were not permitted, even when they wished, to 
combine with each other so that generation could 
be effected under the most economical conditions. 
The well-known result is a large number of com- 
paratively small stations, often badly sited, which, 
under the present re-organisation, will soon be 
forced to disappear. On the other hand, the 
power companies from the nature of their con- 
stitution were able to erect their stations on the 
most suitable sites in their areas and to adopt the 
policy of concentrating their generating plant long 
before the correctness of this policy was universally 
recognised. The outcome is that practically all their 
stations have been “selected” by the Central 
Electricity Board and as these stations are in general 
modern, efficient and capable of extension, it may 
not be inapt to describe the Electricity (Supply) 
Act of 1926 as the Power Companies’ Charter. 

It may not be inappropriate to point out that this 
stimulation of private enterprise was the last thing 
that those who in their wisdom framed the early 
Acts dealing with electricity supply intended. On 
the contrary, their view was that this form of activity 
should be a municipal preserve, and to ensure this, 
they so drew the famous Act of 1882 that, after 
twenty-one years, any private electricity under- 
taking might be compulsorily purchased by the 
local authority on terms most unattractive to its 
owners. This measure, as pointed out by Captain 
J. M. Donaldson, in the Presidential Address which 
he delivered to the Institution of Electrical Engi- 
neers on Thursday of last week, had a two-fold, if 
quite logical, result. The number of companies 
that were formed under these conditions was natur- 
ally small, while, without exception, the munici- 
palities were reluctant to risk the ratepayers’ money 
in such enterprises. Stagnation was, in fact, so 
complete that Parliament was obliged by the Act 
of 1888 to extend the period vf purchase from 
twenty-one to forty-two years, thus encouraging 
private enterprise to persist, while within the next 
few years more than one municipality had also 
started on its own account. The more usual. pro- 
cedure, however, as anyone who studies the history 
of electricity supply in the ‘nineties will perceive, 
was for private enterprise to take the initiative 
and for the municipality to step in after a longer 
or shorter time and purchase the undertaking when 
the results had shown it was likely to succeed. At 
one time, roughly thirty years ago, it therefore 
seemed as if the ideas of the legislature were likely 
to be realised, even if the goal was not being reached 
exactly by the path that had been mapped out by 
the authorities. 

To this rule, however, there was one important 
exception : London itself. From the very beginning 
it was evident that the metropolis was an excellent 
area for the development of electricity supply and 
soon after the passing of the 1888 Act competing 
applications for powers began to flow in in such 
profusion that a Board of Trade inquiry was held to 
consider the whole question. The result was extra- 
ordinary ; companies were encouraged to compete 
in a given area provided they supplied energy on 
different systems. Looking back over forty years 
it is difficult to discover the reason for this stipula- 
tion, unless it was hoped that competition would lead 
to cheapness. Actually, of course, the result was 
exactly the opposite and London, in spite of exten- 
sive development, for long possessed a reputation for 
expensive electricity. Moreover, the local autho- 
rities concerned did not exhibit that eagerness to 
purchase which was evident in the provinces, 
and that reluctance continued when their powers 
were in 1908 transferred to the London County 
Council. In fact, after considerable negotiation, it 
was decided to re-arrange the undertakings in two 





groups, the larger of which is now known as the 
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London Power Company, and to extend their lease 
of life until 1971. Practically the whole of the 
County of London therefore is, and is likely to 
remain, under the control of private enterprise, 
although in the surrounding urban areas municipal 
ownership predominates as it does in the provinces. 

This, however, is not the whole story. For in 
the *nineties of last century it was already beginning 
to be realised that the proper place for a power 
station was not in the centre of a large town, but on 
a site where plenty of cooling water was available, 
and where there were facilities for obtaining coal 
and removing ashes economically. But as stations 
intended to supply a given area could not then be 
erected outside that area, many more or less illegal 
expedients were adopted to secure this advantage. 
More than one company, also, went to Parliament 
for powers for this purpose and, in addition, Bills 
were promoted with a view to obtaining control 
over areas which were at that time without an 
electricity supply. These Bills were reported upon 
by a Committee presided over by Lord Cross, which 
pointed out the desirability of such concerns, and 
recommended that they should be given perpetual 
tenure. Broadly speaking, these companies were 
eventually authorised to supply in bulk to distri- 
butors and direct to large power consumers, but 
were not permitted to supply in the areas of other 
authorised undertakers without the latter’s consent. 
Once again, in fact, Parliament stepped in to prevent 
the full development of electricity supply on what 
pioneers realised, and experience has now shown, 
to be the proper lines. 

Nevertheless, as Captain Donaldson pointed out, 
in spite of many initial difficulties, operations were 
started by the power companies, and there are 
now nineteen such concerns at work in England, 
Scotland and Wales. These companies cover a total 
territory of 24,303 sq. miles, mainly in industrial 
areas in which the maximum demand in 1930 
amounted to 699,542 kw. and the consumption to 
2,237,975,062 kw.-hr. It may be added that the 
total generating plant capacity of the power com- 
panies is 1,388,568 kw., the length of the feeders 
8,120 miles and the number of transforming centres 
4,769, figures which give some idea of the extent to 
which a supply is available. The average price 
obtained was 0-76d. per kilowatt-hour, the capital 
expenditure being 49,156,044/, Nowadays, it should 
be pointed out, these companies are not confined 
to giving a bulk supply, but have in one way or 
another obtained power to distribute over consider- 
able areas without regard to local boundaries or 
the possibility of separate purchase of the distribut- 
ing systems by local authorities. 

It will be gathered from this survey of the position 
that not only have the ‘ power” companies 
firmly established themselves in the realm of elec- 
tricity supply as owners of large and efficient generat- 
ing stations, but that they have become distributors 
in both urban and rural areas in the latter of which, 
especially, development is taking place at an in- 
creasingly rapid rate. It is fortunate that this 
should be so, for, as Captain Donaldson said, it 
would otherwise be quite impossible for the country 
to obtain the full benefits from the grid. For 
as in the body the blood must be made to circulate 
through the capillary system as well as through the 
veins and arteries, so in electricity supply both 
main grid lines and subsidiary capillary lines are 
necessary, and the length of the latter must very 
much exceed that of the former. He illustrated 
this by referring to the contiguous areas of the 
North Metropolitan Company and the Bedfordshire, 
Cambridgeshire and Huntingdonshire Company, 
in which there are already 965 miles of feeder mains 
and 482 supply points, compared with 100 miles 
of grid lines and only six transforming points. 
It may be further illustrated by stating that, in 
addition to the area of 699,452 sq. miles covered 
by the | power” companies and developed to the 
extent mentioned above, a further 26,393 sq. miles 
of rural territory are now being worked by municipal 
and private enterprise. In this territory there 
are 4,405 miles of high-tension mains and 3,477 
transforming centres, while the electricity sold in 
1930 amounted to 351,876,510 kw.-hr. 

Private enterprise in electricity supply, far 
from being stifled by repressive legislation, is there- 


fore flourishing and will, we feel sure, play as active 
a part in future development as it has done in the 
past. The position, in fact, should act as a warning 
to those well-meaning legislators who, we agree with 
Captain Donaldson, might now leave the industry 
to work out its own salvation. This there seems 
no doubt it is perfectly capable of doing. 


THE SHIPBUILDING AND SHIPPING 
INDUSTRIES. 

THE grave difficulties in which nearly all civilised 
countries are involved, and the loss of confidence 
which has lately so adversely affected the financial 
world generally, seem to preclude much hope of early 
improvement in the shipbuilding and shipping 
industries, and it only remains for those allied 
interests to remain snugged down under short 
canvas, until the present clouds have passed over 
and renewed confidence and settlement lead to an 
inevitable improvement in overseas trade. It is 
not surprising to find that, in the year ending on 
June 30, the tonnage of proposed new vessels for 
which plans had been approved by Lloyd’s Register, 
had fallen to 564,000 tons, or only 27 per cent. of 
that of the previous year, and that 104 million tons 
of shipping are laid up, out of a gross total of 70 
million tons. The last figure is, however, somewhat 


misleading, because some millions are undoubtedly | ; 
| number of important vessels have been added to the 


obsolete, and would have swelled the total of one 
million tons of broken-up tonnage, if the value of 
scrap had not been so low. Only 40 per cent. of the 
new tonnage is to be built at home, this being the 
first time for many years that the figure has fallen 
below 55 per cent. of the total. This may be 
accounted for partly by the fact that our active 
shipbuilding programmes of the past few years 
have brought our merchant fleet into a compara- 
tively advanced condition, and further that a 
number of foreign governments have adopted and 
enlarged systems of subsidies and _ preferences, 
leading to increases in their own shipbuilding. 

In view of these conditions, it is gratifying to 
find, from the annual report of the Society, which 
was published recently, that, during this period, 
no less than 1,760,000 tons of new shipping have 
been completed and classed at Lloyds ; these figures 
have remained remarkably steady for the last four 
years, and are above the average for ten years. 
The enormous increase in the number and percentage 
of motor vessels is partly accounted for by the 
fact that one-half of this tonnage is for the carriage 
of oil in bulk. The returns show that rather over 
one million tons of the new shipping, or 59 per 
cent., were built in this country. 
tons were for home account, and 400,000 tons 
for Norwegian owners. A large percentage of 
the latter consisted of oil tankers built on our 
north-east coast. Articles in the daily Press have 
led to a wide-spread belief that a great amount of 
foreign work is lost to this country on account of 
unreadiness to provide financial accommodation. 
This charge can be refuted so far, at least, as our 
shipbuilding industry is concerned. In their efforts 
to provide work for their establishments at any 
cost, employers have been only too ready to sign 
contracts which, so far from yielding a profit, only 
provide for a fraction of their establishment charges, 
and further they have financed owners to an extent 
undreamt of by the public. 
Norwegian tonnage mentioned above comes under 
this category. One prominent north-east coast 
shipbuilding firm has financed its clients to the 
extent of not less than 5} million pounds. 


It is perhaps hardly necessary to say that Lloyd’s | 


Register is an entirely independent and voluntary 
institution, under the control of a freely elected 
Committee, fully representative of all the interests 
concerned. The success of this typically British 
arrangement has led to its being copied abroad by 
such nations as Germany, Italy, Japan, Norway 
and the United States, which possess localised 
classification societies. ‘Throughout its long history, 
it has seldom been without rivalry of some sort at 
home. ‘The confidence which the shipping industry 
reposes in its management and its professional staff, 
is shown by the fact that no less than 97 per cent. 
of the home tonnage and 62 per cent. of the whole 








world tonnage under construction in June last is 


intended for its classification. Persistent efforts 
which have been made to divert classification from 
it have only been very partially successful, and that 
only fora time, the great majority of stable shipping 
firms preferring a classification society of the same 
kind. 

Abroad, in foreign countries, such as Italy and 
Japan, which possess similar local institutions of 
their own, the security afforded by this world-wide 
institution is insisted upon by all the principal 
owners. The largest shipping and shipbuilding 
firms in Norway are among the Society’s firmest 
friends. Its very large business in Germany was 
interrupted by the war, and the consequent financial 
upheaval, but even now such firms as the Nord- 
deutscher Lloyd build some of their largest vessels 
to its class. Almost invariably, the whole of the 
tonnage built in Spain is classed, and the bulk of 
the Swedish and Danish work comes under the 
Society’s purview. In former years, up to from 
40 per cent. to 50 per cent. of French tonnage 
was built to class, but the operation of new French 
laws has unfortunately put a stop to this. This 
has also been the case to a certain extent in the 
United States, although many important American 
shipowners remain among the Society’s closest sup- 
porters, and insist upon its classification, parti- 
cularly in the case of ships built abroad. 











About 600,000 | 
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During the period under consideration, a large 


Register. Foremost among these are the quadruple 
screw turbine steamer Empress of Britain, of 
42,000 tons, for the Canadian Pacific Railway, the 
27,000-ton White Star motorship Britannic, and 
the Pacific Steam Navigation Company’s 18,000-ton 


|motorship Reina del Pacifico. The whale-oil indus- 


try has suffered a set back through over production, 
but it is hoped that the new 14,000-ton whale-oil 
refinery ships, Sir James Clark Ross and Tafelbery 
will soon find profitable employment, together with 
the three further similar vessels since completed, 
all to the Society’s class. Among the other large 
vessels are no less than six 12,000-ton German- 
American tankers, on the Isherwood system. Middle 
aged readers of ENGINEERING will recollect that, in 
their earlier years, the announcement of a launch, 
or the description of a tanker, almost invariably 
finished with the statement that the vessel was 
to be classed with an institution of foreign origin, 
but largely owing to the almost universal adoption 
of the Isherwood system, and the confidence which 


jits originator, himself a former Lloyd’s surveyor, 


has had in the Society, it is now the rule, and 
not the exception, for such tankers to be classed 
with it. 

The first of the new twin-screw turbo-electric 
liners for the _P. & O., the Strathnaver, of 22,500 tons, 
is now completed. The P. & O., after being dis- 
tinguished for many years for their adherence to 
reciprocating machinery, after the general use of 
turbines for other similar ships, have now adopted 
an entirely new policy, and installed machinery of 
the most modern description. The success attending 
the adoption of the turbo-electric drive in their 
Viceroy of India has led to the new vessels being 
similarly fitted. They have been built for the 





The bulk of the|8 





company’s Australian service at Barrow, where the 
iships of the allied Orient Line have also been 
| constructed for many years past. Such a successful 
hip design has been evolved by the combined 
experience of the owners and builders as to lead to 
|its adoption in the new P. & O. boats, the Orient 
ships being, however, turbine-driven, a liberal use 
being made of electrical auxiliaries. 

The new ships now under construction to the 
Society’s class include the 73,000-ton express Cunard 
steamer at Clydebank, the new Italian liners 
Rex and Conte de Savoia, of 50,000 and 46,000 tons 
respectively, the White Star liner Georgic, as @ 
sister ship to the Britannic, and the P. & O. liner 
Strathaird, as a sister ship to the Strathnaver. 
The days are long past when every important 
evolution in shipbuilding had to be carried out and 
forced through under the severe discourayemen 
of the classification world. Nowadays the oppe- 
| site is the case, and inventors of practical mind 
|have generally to be thankful for the assistance 
and encouragement they receive from the Society® 
technical staff. It is now being generall) realised 
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that the old-fashioned wood-hatch covers are not 
as satisfactory as they should be, and a move is 
being made in the direction of fitting steel hatch 
covers, particularly on the principle introduced by 
Sir Joseph Isherwood. 

The carriage of cargoes at high temperatures has 
long engaged attention, but hitherto owners and 
builders have been apprehensive of the effects of 
the stresses and strains which would come upon the 
main structure if these cargoes were not carried in 
separate tanks. The experience gained by the 
carriage of asphalt at a temperature of 300 deg. F. 
in tanks forming part of the main structure of a ship 
will be awaited with interest. The desire to cheapen 
the cost of transit by avoiding unnecessary handling 
and break of bulk has led to many special designs 
for cargo vessels, and now the Agnita has been built 
for the carriage of sulphuric acid in elliptical tanks. 
Strangely enough, it is when this sinister-sounding 
cargo is diluted that trouble is most to be feared. 
The ever-growing use of oil is responsible for an 
increase in tanker tonnage from 3,000,000 tons to 
8,650,000 tons in the twelve years since 1919. Even 
in these times of extraordinary slackness no fewer 
than 85 new tankers of 600,000 tons were built last 
year on the Isherwood system. But for this the 
shipbuilding position would have been far worse 
than it actually has been. 

With regard to progress and change in marine 
engineering, the tables accompanying the report 
show clearly the transition from steam reciprocating 
and turbine machinery to motors, and from coal to 
oil burning. For example, in the busy year 1918-19, 
in round figures, 3,760,000 tons of new mechanically 
propelled shipping were classed; 70 per cent. of 
this was driven by steam-reciprocating engines, 
28 per cent. by steam turbines, and only 2 per cent. 
by oil engines. Two-thirds of this tonnage 
used coal, and one-third oil fuel. Twelve years 
later, in 1930-31, the position was entirely changed. 
Out of the total of 1,734,000 tons of new shipping, 
24 per cent. was driven by steam-reciprocating 
engines, 6 per cent. by steam turbines, and 70 per 
cent. by oil engines. Only 18 per cent. of the ton- 
nage used coal, but 82 per cent. used oil. Again, in 
1922, 74 per cent. of the total tonnage in existence 
used coal, while 26 per cent. used oil. In 1931, 
these percentages were changed to 57 and 43, 
respectively. 

The Society’s manifold activities include the 
inspection of civil aircraft, of 2,750,000 cub. it. of 
refrigerated space for new ships, of 13,500,000 cub. ft. 
of cold storage on land, of petroleum tank barges 
on rivers and canals, the testing of large quantities 
of steel for railways and buildings, plant for large 
electric land-power stations, large numbers of 
boilers for use in India. The surveyors also perform 
many other useful services for the benefit of the 
community, particularly at the smaller ports 
abroad, where the services of a competent inspector 
would otherwise be very difficult to obtain. 


NOTES. 
Tue [xstrruTion OF MECHANICAL ENGINEERS. 


THe 1930-1931 session of the Institution of 
Mechanical Engineers has this year commenced 
under rather unusual circumstances, for, as already 
announced in these columns, a special general 
meeting was held on October 16, at which meeting 
the new bye-laws were adopted. This meeting was 
necessary as a result of the granting of the 
Charter, and was not, therefore, a part of the custo- 
mary proceedings. The postponement of the initia- 
tory annual dinner is, however, a break with recent 
practice, and the winter session has this year been 
commenced by the presidential address, which was 
deliv red by Lieut.-Colonel E. Kitson Clark, at the 
first yeneral meeting held at Storey’s-gate, St. 
James's Park, on Friday, October 23. The address 
Was preceded by the usual routine business. An 
abstract of it will be found to commence on this 
page. ‘This gives its more technical part, the rules 
of the Institution, which prohibit reprinting in full, 
necessitating the omission of much of the historical 
matter, as well as the philosophy and apposite 
allusions which adorned it. A feature which lent 
the address additional interest was the exhibition 
of a large number of lantern slides and actual illus- 


trative examples. Many of these were unique, and 
members obviously appreciated the trouble taken 
in collecting them. The attendance at the meeting 
was very large, and the applause which attended 
the passing of the vote of thanks to the President, 
proposed by Mr. William Reavell and seconded by 
Major M. Du Plat Taylor, attested to the en- 
joyment which the address had given. The meeting 
terminated by an announcement by the Secretary 
that an informal meeting would be held at 7 p.m., 
on Friday, October 30, at which Mr. R. Borlase 
Matthews would open a discussion, illustrated by 
a kinematograph film, on ‘‘ Engineering in Agricul- 
ture.” The Thomas Hawkesley Lecture, entitled 
““The Mechanical Aspects of Electricity,” would 
be delivered by Mr. LI. B. Atkinson, at 6 p.m., on 
Friday, November 6. 


Proposep Nrw BuILpING FOR THE INSTITUTION 
OF ELECTRICAL ENGINEERS. 

That section of Captain Donaldson’s inaugural 
address to the Institution of Electrical Engineers 
which, as is usual on such occasions, briefly reviewed 
the work of that body, contained a paragraph 
which is likely to attract some interest both inside 
and outside the members’ ranks. This was to the 
effect that the membership of the Institution had 
increased, and its activities had grown to such an 
extent that it seemed likely that in the future some 
other accommodation would have to be found. The 
desirability of a house built particularly for their 
requirements had always been in mind, added the 
President, but a suitable site was by no means easy 
to find. Should, however, such a site become 
available, no doubt the council would consider 
all the possibilities, ‘* in view of the ultimate erection 
of a worthy and well-designed building in the 
future.” This, we may be bold enough to hazard, 
is a ballon d’essai, intended not so much to stimulate 
the council to action as to obtain the views of the 
ordinary member. It is therefore interesting to 
recall that when, in 1908, the present building 
was acquired, a somewhat different procedure was 
adopted. At very short notice the members were 
called upon to authorise the purchase of the lease, 
which had then 76 years to run, at a price of 50,0002., 
with an addition of 6,000/. for alterations and 
2,200/. per annum for ground rent. They did 
so after some criticism had been advanced, princi- 
pally, it is worth noting, on the grounds that the 
premises were too large. At a later period the 
capital outlay was reduced by taking 24,0001. 
from the accumulated funds and raising the out- 
standing 26,000/. by mortgage. At the same time, 
the sum authorised for alterations was increased 
from 6,000/. to 20,000/. As regards the present 
position, according to the balance-sheet for 1930 
the building and lease is valued at 73,028/., against 
which there is a sinking fund of 7,304/., represented 
by the surrender values of certain redemption 
policies. The gross running cost for the year was 
9,9721., an amount which was larger than usual 
owing to the sum expended on the redecoration 
and re-lighting of the library. Against this must 
be set 5,665/. received as rent from tenants. The 
net outgoings were therefore 4,307/., to which must 
be added 2771. on account of sinking fund premiums. 
It may be added that the mortgage on the property 
was paid off during 1928. If, therefore, an adequate 
sum can be secured for the remainder of the lease— 
and, considering the position of the building, that 
should not be impossible—there seem to be no grave 
financial objections to the move, although it is 
clear that no improvement over the existing 
accommodation can be expected on an expendi- 
ture of less than 5,000. a year. There is, however, 
no hurry, and the suggestion was probably made to 
enable the matter to be considered and opinions 
to be elicited. 

THe Port or Lonpon. 
As is fairly generally known, the tidal portion of 
the River Thames, below Teddington Lock, con- 
stitutes the Port of London, and within its dock 
systems and across its wharves about one-third of 
the commerce of the United Kingdom is carried on. 
Moreover, from the point of view of the yearly total 





tonnage of vessels arriving and departing, London 
is the greatest port in the world. The total net 
register tonnage of the vessels entering and leaving 


the Port of London, with cargoes and in ballast, 
was well over 58,000,000 in 1930, as compared with 
57,500,000 in 1929, 55,500,000 in 1928, and 
52,500,000 in 1927. The values of the total imports 
and exports, excluding coastwise goods and tranship- 
ments under bond, however, decreased from 
705,238,000/. in 1929 to 603,743,0007. in 1930, a 
decline of 14 per cent. While this decrease in the 
commerce of the port is admittedly substantial, 
it is gratifying to find that there has been no slowing 
down in the maintenance and improvement works 
which have always kept the London docks and 
waterways in a high state of efficiency. It is shown, 
for instance, in the twenty-second annual report of 
the Port of London Authority that 2,230,384 cubic 
yards of material were dredged from the Thames 
during the year ending March 31, 1931, in order to 
maintain and deepen the channels, this total being 
higher than that for any of the preceding three 
years. The quantity of mud removed from the 
docks during the twelve months ending March 31 
last was 1,243,609 cubic yards. Again, the dredging 
of the Surrey Canal, which was commenced about 
three years ago, was completed during the year 
covered by the report. Good progress has been 
made in various reconstruction works which have 
been in hand for some years past, and the whole of 
the scheme of improvements at the India and 
Millwall Docks has now been carried out. The new 
sheds and quay equipment, together with railway 
and road communications at South-West India 
Dock, which comprised stage 4 of the India and 
Millwall Docks improvement works, were completed 
during the year under review. The development of 
Lavender and Acorn Ponds, Surrey Commercial 
Docks, to provide additional accommodation for the 
soft-wood traffic, has also been completed, while 
good progress is being made with the reconstruc- 
tion of premises at the South Quay, London Dock. 
The western entrance of Royal Victoria Dock was 
reopened on December | last, on the completion of 
extensive repairs. As recorded in our columns at 
the time, the new landing stage at Tilbury, 1,140 ft. 
in length, was formally opened by the Prime 
Minister on May 16, 1930, when the P. and O. liner 
Mongolia was berthed alongside to embark pas- 
sengers. Other minor works at Tilbury Docks are 
in progress. The wreck-raising plant of the Autho- 
rity was requisitioned to raise 24 vessels from the 
bed of the river during the year ending March 31 
last; these comprised one 30-ton steam tug, 20 
sailing vessels and barges, aggregating 1,234 tons, 
and three small motor craft. In addition, 13 
sailing vessels and barges, the total tonnage of 
which was 625, were raised from the docks. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Address by the President, Linut.-CoLoneL E, Krrson 
Ciark, T.D., M.A.* 


Ir it is, as it may be, an antiquary’s pedantry to 
assume that man had a beginning, at least it should 
be a picturesque pedantry. Let me then distil from 
the various definitions of Man that which brought 
him into the Charter of Mechanical Engineering. 
Others have said that man is an animal who laughs 
and cooks his own food, man is an animal who desires 
company at his meals, man is an animal who can count 
more than three, man is an animal who can repent. 
That is all very good, but it is not all; “the rest 
may reason and welcome, ’tis we engineers know ”— 
Man is an animal who makes the tools which he uses. 
Man “has resisted every temptation to specialise 
his hand in the various directions in which it has been 
differentiated throughout the vertebrate series; he 
has retained the simple pentadactylous hand of his 
amphibious ancestors,’ + yielding only so far as to tip 
it with fragile horn. Man picks up an instrument, 
or makes it; he uses it, lays it down, remembers it, 
and uses it again. 

Which was the first tool that he used for making 
tools? No expert is here required; without doubt 
it was the hammer. Earliest implements were flint 
scrapers with which a beast was skinned, or wood was 
shaped for use. And the making of the flint scraper 
required force provided by stored energy—by a hammer- 
blow in fine. I claim it as true then that mechanical 
history began with the hammer, and I have therefore 











* Delivered October 23, 1931. Abridged. 
+ An Introduction to Biology, A. D. Darbishire, 1917, 
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dared to take as the title of the address that I present 
to your indulgent attention, ‘“‘ Humanity under the 
Hammer.” The great and ancient guilds of Hammer- 
men, most famous perhaps in Glasgow, declare in their 
creed, ‘‘ By hammer in hand all arts do stand,’’ and 
under that sign are enrolled in composite unity gold- 
smith, silversmith, blacksmith, coppersmith, armourer, 
cutler, swordmaker, gunmaker, saddler, bucklemaker, 
clockmaker, pewterer, nailmaker, hookmaker, founder. 

Flint, which is the material first made by hammers 
into tools, is homogeneous in structure. When a clean 
blow is applied to a small area of flint the stress is 
transferred in equal effect through the stricken stone. 
In a lesser degree, granite workers notice a similar 
symmetrical disturbance. The evidence of this wave 
action is important in the history of hammering. 
A conical locus of fracture is formed when a blow is 
struck in the centre of a flint table. When the blow 
is delivered on the edge of a flint block a flake is 
detached. It carries with it the evidence of circular 
spread of the stresses in a spherical protuberance for 
which the technical phrase is the bulb of percussion. 
And beyond this bulb there are waves on the fractured 
surface which give an interesting indication that the 
cleaving stress has a periodic component. 

The internal evidence remaining in the object which 
has been struck has been used to confirm the discovery 
of the first hammer. It is therefore not inappropriate 
to devote a few lines to the material which is subject to 
hammering. Between the two principal parties in the 
process of hammering, the action is in some cases not 
direct. I hold in my hands two agents of the order of 


middleman, the boilersmith’s sett and the dentist’s | 


gold stopper. Both have the same effect ; they reduce 
the profit of the blow, exhausting its virtue by internal 
vibration. In the first case the deterioration is as 
much as 20 per cent. according to M. Frémont, while 
the second we may leave to the judgment of the human 
anvil. But there is a noteworthy example of the 
necessity of exactitude in this matter. A firm of 
turbine builders desired to standardise the caulking 
of the segment between the blades. They standardised 
their caulking hammers, and then found that they had 
to standardise the weight of their caulking tools. 
Material of Hammers.—Paleolithic and _ neolithic 
men developed a skill with the hammer upon which 
we have not space to dwell to-night. The problem 
was to make a straight edge with a pear-shaped instru- 
ment, so the flakes were struck off alternately, facing 
the edge, left, right, left, and so on. It is fascinating 
to associate the dawning intelligence with growing 
skill. And when flint work reached its climax, its 
handiwork was indeed a masterpiece. In the case 
of this class of hammer, by which the earlier imple- 
ments were struck out, the back of the hand was 
horizontal, the motion being what is described as 
pronation. Thus the jar of the blow came directly 


on to the metacarpal bones. Therefore when the | 


hammering process was required for pounding on an 
unyielding block, the implement was often a fairly 
long bone grasped in the fist, the back of the hand 
was vertical so that the jar was relieved by a minute 
slip in the grip and was cared for also by a more sym- 
pathetic movement of the hand, wrist, and forearm 
bones. The men with the technique of the Stone Age were 
later either destroyed, dispersed, or educated by those 
who had learnt the art of working in bronze. Examples 
remain of bronze hammers, rather of the pestle type, 
but bronze wore rapidly away and was readily recast 
by the founder, so that not much evidence is preserved 
of hammers of that civilisation which immediately 
preceded the introduction of iron. With the forging 
of iron the hammer head could be made in any shape 
that the form of the article manufactured required, 
and the infinite variety began which has been carried 
on with an unin‘ermittent and expanding series to 
this day. 

Action of Hammering.—When a hammer is swung 
to its work by hand, the action is not simple, and 
to understand the process, reference must be made 
to the painstaking and ingenious work of M. Frémont, 
and the influence of son véneéré maitre et ami, M. Jules 
Marey. The problem was to ascertain the phenomena 
of a series of blows with an ordinary hand hammer. 

M. Frémont obtained diagrams which he translated 
into work expressed in kilogram-metres and recorded 
experiments as to the capacity of men. Thus a man’s 
capacity may be 25 kg.-metre per second. But his 
** mean effective pressure ’’ in a day’s work is no more 
than 3 kg.-metre per second. 

Heads of Hammers.—Hammer heads have a variety 
in shape which is surprising, as any trade catalogue 
will show. We can only notice a few; but we cannot 
fail to start with the ‘** Monday ” hammer, called after 
Monday, the least-loved day of the working week ; 
28 lb. it is in weight. There is in the Dales of Sheffield 
a superlative Monday hammer which weighs 140 Ib. 
and was used for breaking scrap—an heroic implement 
described in one homeric sentence: ‘“‘ Me and my 
mate lifts it up, and the Lord sends it down.” 
Turning to more prosaic life we take the first example 


from the trade of the coppersmith, the master through 
all ages of hand-hammer work. The shape explains 
itself ; it is used for dishing a hemisphere. The flint 
knapper is at work at the present day on the same 
ground as that on which he worked 4,000 years ago ; 
but now he uses a narrow-edged steel tool of the width 
of the flake that he requires; he is making quantities 
of flints for striking fire. A stone-breaker’s hammer 
appears disproportionate in its component parts, the 
shaft being two-thirds of the weight of the hammer 
head. A blow has to be struck on a small face at a 
considerable distance from the operator. An interesting 
little hammer, also employed upon stone, is used by 
Indians for snapping off portions from an agate gem. 
Its handle is a very thin stem of bamboo and the head 
a small block of buffalo horn. The stone-mason’s 
hammer, by contrast, has a large head on a tiny shaft, 
the size of the head rendering the meeting of the hammer 
head with chisel head more easy. The material, 
being wood, provides, like the buffalo horn, a certain 
resilience which extends the time of the flow and by 
jarring the chips from the stone prevents a dig-in. 
The joiner, too, obviously requires the same charac- 
teristic in his hammer head, because a fibrous material 
which is worked upon demands time for separation. 
The mechanic on the other hand, in dealing with iron 
or steel, employs a quicker action and requires a hammer 
head whose unobtrusive design really embodies con- 
siderable experience. The file-cutter plies his remark- 
| able hammer with a motion that presents to the calcu- 
| lator a very attractive series of problems. 

The file, once produced, plays its usual part, and then 

sometimes rises to hammer rank itself in unexpected 
| hands, for you see it wielded by a cobbler. He swings 
| his tool from a centre level with the point of application 
and drives his nails with remarkable rapidity catching 
the heads almost as they balance on their points. It 
is is indeed a technique of notable dexterity. Then 
there is the plumber who beats his lead to the shape 
required, by a curious wooden mell. There is another 
soft material which often attracts personal interest 
and that is the gold with which dentists are occasion- 
ally good enough to ornament one’s mouth. The 
horn hammer is used for forming the plate. Its head 
is harder and more durable than wood, less severe 
than steel. The tapered end treats the portions 
between the teeth, the rounded end inside the palate. 
The hammer which comes last but one on my list 
is of a surprising character. Missionaries have 
described how in China a workman will weld a broken 
boiler by inserting drop by drop small gluts of melted 
iron into the crack, and striking the metal that protrudes 
with a small roll of felt covered with ashes. This is 
an instance of hammering that I should never have 
looked for and makes one think of piece-by-piece fusing 
| which is now coming into practice at the hands of electric 
| welders. 
There is a trade that perhaps night be described as 
| hammering par excellence. To be able to reduce a 
| piece of metal to one 280,000th of the thickness from 
| which a start was made is indeed a feat, but the gold- 
beaters have been doing work of this kind since the time 
before history began. A bar of gold, about 24 oz. 
| in weight, is rolled to a length of 6 yards and cut into 
| pieces 1 in. square. This is the “‘cutch” piece. One 
hundred and eighty are piled in the cutch and beaten 
to 3} in. square—half-an-hour’s work. The finished 
| cutch sheets are cut in four and put in the “ shoder,”’ 
| comprised of 700 skins, and beaten out to the edge, 
say, 4 in. square—two hours’ beating. The shoder 
gold is lifted out, cut into four and put into a mould 
5 in. square. This takes five hours; a thousand 
| pieces are beaten at once between a thousand skins. 
The resulting leaf is 1/280,000-in. thick; the centre 
is cut out to 3} in. square, placed in books, and sold 
for use. Stone hammers with traces of the precious 
metal still upon them, have been found at Ur of the 
Chaldees. 

Mechanical Hammers.—The simplest mechanical 
annex to the hammer would appear to be the sling 
of a battering ram (Aries of the Romans). There are 
many medieval pictures which occur to the mind of 
a battering ram with a bar and a ram’s head drawn 
on it. The metaphor remains with us, for the ‘“ tup- 
ping’? hammer in a forge is a well-known instrument 
for delivering a horizontal blow. The next mechani- 
cal annex to the motion of hammering in which the 
motive power is supplied by gravity appears in sketches 
by Leonardo da Vinci. A cord is wrapped round a 
spindle and is led over a pulley to a weight. The 
weight is raised by revolving the spindle. The spindle, 
when running back, actuates a lever that tilts the 
hammer by means of a tappet effect, proceeds on its 
course, and releases the hammer for its executive work. 
The tappet lever appears in other contrivances of this 
inventor. The substitution of springs for weights 
was a natural transition. A simple instance of this 
mechanical addition to man power is the old-fashioned 
Oliver which we have most of us known in the early 
part of our engineering life. The hammer is pulled 








and his striker jump together; the hammer is with. 
drawn after impact by a spring pole fixed to a stirrup 
in the ceiling above. 

Power Hammers.—The translation of the Oliver into 
a power-driven machine was not done for many years, 
but when the design was made, the hammer head was 
actuated by a rod attachment to a slotted link; the 
link was reciprocated by a pin on a revolving crank, 
The effort of starting the hammer from the anvil from 
rest was rendered easy owing to the locus of the pin 
in its circular path. The variation of blow was obtained 
by the position of the connecting rod in the slot. The 
novelty claimed for this hammer lay in the possibility 
of moving the position of the head transversely by 
means of bevel mechanism. I can give no account 
of power hammers earlier than those which were used 
for shingling blooms in iron forges. The ancestors 
of these glorious monsters go back to the sixteenth 
century. One has been at work since 1644, and 
some of the productions were cannon balls used by 
Oliver Cromwell in the Marston Moor campaign. The 
principle is that of a heavy head swung on the end 
of a pivoted shaft or helve; the head is lifted by 
projections or cams on a wheel revolved by water. 
There are three methods of application of the cam. 
In the earliest type the lift by the cam was at the neck, 
that is, between the head and the pivot and close to 
the head. As the helve was a forging and as the need 
for blooms became heavier and forgings were limited 
in weight, it was necessary to reinforce the blow of 
the head by a spring timber which was placed above 
the helve. Against this the head struck and rebounded 
on to the work. The average weight of the blow would 
be about half a ton and the speed 60 to 90 blows per 
minute. 

By means of the improved skill of the forgemen, 
forgings became larger, larger helves were introduced, 
the weight of the whole machine was increased and the 
spring systems and the rebound attachment became 
unnecessary. A helve of larger type was capable 
of giving a blow of | to 2 ft.-tons. This type again is 
raised at the neck and also used for expelling the molten 
slag from wrought-iron blooms. The plane of revolu- 
tion of the cam ring and water-wheel is at right-angles 
to the movement of the helve. One hammer of this 
type has been working regularly for 150 to 200 years. 
In a type which is still heavier and later (circa a.v. 
1800), the lift is again at the neck, but the power plane 
is parallel with the plane of movement of the hammer. 
The workmen could move thereby all round the anvil, 
and under it the first railway axles were forged from 
wroughtiron. Ina further instance, the helve is of wood, 
iron hooped, and the hammer head is lifted or “‘ tilted” 
by pressure at the tail of the helve beyond the pivot. 
The power of the blow is reinforced by the tail of the 
helve being thrown against a “ stithy ” or anvil causing 
a sharp rebound at the hammer end. It will be evident 
from this action that the faster the hammer goes, 
the greater the rebound and the heavier the blow which 
results. Behind the tilt hammer is associated an 
important auxiliary. Its helve is lifted at the nose; 
its cams, which are driven on the same axis as its princi- 
pal, are set at greater intervals, so the work is slow and 
heavy, the blow being from 2 to 3 ft.-tons. The 
auxiliary (nose-lifted) roughed the ingots and the 
principal (tilted) finished the bar. 

The pivot upon which these magnificent limbs or 
helves are swung is provided by the tapered circular 
ends of a flat bar driven through the centre of the 
helve. These pencil-ends work in corresponding taper 
holes provided by the housings. The housings are 
capable of nice adjustment by means of wedges. 
The heavy and yet tractable hammer-blow of the larger 
hammers, combined with the squeeze as it rested awhile 
on its bloom, rendered these old types of hammer 
invaluable for welding together the plates of Blister 
steel. Thus the Sheffield forgers produced the famous 
double-shear steel which was the basis of all the finest 
Sheffield cutlery, previous to the advent of stainless 
steel. The tilting mechanism was developed on the 
small as well as on the large scale. The speeds attained 
varied with the length and weight of the hammer from 
90 blows per minute to the surprising rapidity of over 
1,000 blows in the case of the small cutlery forging 
or “ goff’? hammers. Of these there are now none 
in use, the last being dismantled a few years ago In 
favour of the spring type of hammer. The action of 
tilting of a hammer has, however, given a generic 
name to the process of forging by rapid blows, inde- 
pendent of whether there is a tilting arrangement or not. 

There came a day when the work required was too 
big for the capacity in size and power of the fine old 
helve. For the Great Western Steamship Company 
an enormous paddle-shaft of 30 in. diameter was 
required. Mr. Nasmyth is recorded to have design 
a steam-hammer for the purpose, though the work 
was not carried out, for a screw-propeller was substi- 
tuted for the paddle in the ship. M. Bourdon, of the 
Creusot Iron Works, visited Nasmyth’s works in the 
absence of the latter. He was shown the drawing of 








down on to its work by a treadle on which the smith 





the hammer whose head was directly propelled by steam. 
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The‘ hammer had not been made. Subsequently, Mr. 
Nasmyth, when visiting Creusot, saw a steam-hammer 
at work, and for this the proprietors gave him full 
credit. Mr. Nasmyth took out his patent in 1842. Thus 
did the steam hammer come into being. It had, indeed, 
been born on paper before. James Watt had a patent 
dated April 28, 1784, for “‘ heavy hammers or stampers ”’ 
fixed either directly to the piston or the piston rod of 
the engine. 

When steam hammers were first made the manipula- 
tion entailed unduly heavy work upon the operator, 
and though an automatic valve motion was added, 
they were still not a success. It was required that the 
instant the blow was struck the hammer should again 
rise. It was thought that an automatic arrangement 
could be introduced, but a difficulty emerged in that 
as the piece on the anvil became thinner and thinner, 
a variation of the automatic device would be required. 
Further, with flat bars the blow has to be given first on 
the flat side and then on the edge, the difference in the 
fall of the hammer in the two cases being often several 
inches. Mr. Wilson, the manager of Messrs. Nasmyth’s 
works, then introduced a scheme in which the position 
of the fulcrum of the lever was altered by means of 
screws, so that a blow of the exact force required could 
be produced. This type of hammer was used from 1843 
to 1853, when Mr. Wilson, then at the Low Moor 
Ironworks, patented the ‘circular balanced valve.” 
This valve floated in an atmosphere of steam, so that 
movement was actuated “ as easily as lifting a finger.” 
So the mechanical automatic process ceded once more 
to the definite guidance of a man’s hand, and with 
satisfactory results. Subsequently the hammer was 
capable of striking 500 blows a minute, the block 
being raised 6 in. 

There have been hammers—that is, machines which 


owed their effect to impact—which used steam, oil, | 


water, gas; but we will pass from them to compressed 
air, for we find it employed in the largest of all hammer 
creation—the giant at Terni, in Italy. The whole 
installation was 69 ft. 2 in. in height. The legs were 
planted on four feet. Below the apex of the pyramid 
a cylinder was placed, 6 ft. 3% in. diameter and 
9 ft. 10) in. stroke. The rating was stated to be 
100 tons. But the greatest interest is in the anvil, 
which weighed 1,062 tons. The depth of the excava- 
tion in which it was placed was 32 ft. 6 in., at the 
bottom of which a concrete bed was laid above the 
series of piles. On the concrete, ashlar stone; above 
the ashlar stone, and bedded thereon, a plate of cast- 
iron, about 1 ton in weight; and erected in the centre 
of this plate a shaft 6 in. in diameter. The object of 


brick base 20 in. thick, and starting from this level a 
mould was built round to form the shape of the anvil. 
This foundation thus took up 17 ft. 11} in. vertically, 
and the height of the anvil was made 14 ft. 6 in., 
with a base 19 ft. 1} in. by 28 ft. 11} in. The lowest 


stratum of the iron massif was then formed by the} baton, the 
| truncheon, and so on. 


distribution thereon of 80 tons of pig-iron. On to this 
pig-iron in the first event, 693 tons of molten metal 
were poured, the casting lasting twenty-four hours. 
Thirty-six hours later the second delivery of molten 
metal began, and in seven hours 289 tons were poured. 
Commenting further on the Terni hammer, size and 
performance had now grown to such a scale, that it 
will be no surprise to find the system superseded and 
that a press of greater effect sits under the canopy of 
even that great quadruped. 

The spacing of the press application has an obvious 
effect of wave in the grain; but no adverse effect in 
use has been noted from this characteristic. Indeed, 
there may be safety in the deliberation of the slow 
processes of the press, while it is by no means unknown 
that a hammer man hurrying after the fading heat in 
a circular forging may “ hunt ”’ the outer layers round, 
tear them from their central anchorage, and produce 
that fatal sin that is called a chink. When hammering 
action is actually required for the function of disin- 
tegration, as in a miner’s stamp, the wear on the 
Contact shoe is excessive and extraordinarily expensive. 
This fault has in modern miners’ stamps been reduced 
by the introduction of air to supplement gravity, air 
acting not only as a drive, but also as a cushion. (It 
'S strange how in the hammering process mechanism 
'S continually being brought back to imitation of 
the compromise that human tolerance exemplifies.) 
The number of blows of the improved stamp could 
be raised to 135 a minute. 

Apart from the disintegrator type of machine, speed 
of blow reaches its highest figure in the well-known 
‘Waging machine. In this the stroke is } in., the 
souner t blows rising to 1,100 per minute. ‘The drive 
> Positive. An eccentric shaft thrusts the hammer 
— upon its work. The resilience which is required 
ja algae beni and the beaten is cared for by the 
sed : ie machine standards. A heavy spring 
oan ed below the driving members which raises the 

ing parts after the blow up to their bearing on the 


| 
| 


| 
this shaft was to prevent the formation of a pipe in| of his hammering his raw military material into shape 
the centre of so large a casting. Above was laid a| than in respect of his use of it as a mace. The mace 


| 


Jessop in the building of the Croydon, Merstham and 





shaft. Of this upward working stroke the first half 


is delivered by a 700-lb. spring, the second half by a 
200-lb. spring. This machine is a bold device and 
invaluable to all those who forge quantities of small 
work. Another hammer which makes provision for 
relief of jar ina blow is the power hammer that is used 
in Sheffield for forging files, edge tools, &c. The 
force here again is given by a positive crank, driven 
by a remorseless flywheel. The tup is carried on 
straps or jaws on the end of a spring, so that two effects 
are produced: (1) the blow is intensified by accumu- 
lated force as the tup is cast down and ; (2) the yield 
of the bow in the middle of whose spring the tup is 
held permits the hammer to deliver its blow without 
an undue jar on the driving mechanism. 

Certain forgings, however, require a blow whose 
effect is helped by a dead load that remains on the 
object after the blow is given. In such work the 
drop-stamp comes in. An early treatment of the 
problem is shown in the ‘‘ improved friction hammer,” 
described by Mr. James Kitson before you in November, 
1854.* The hammer block weighed 5 cwt. Into it 
was fixed vertically a flat wrought-iron bar, 5} in. 
wide, § in. thick. This bar passed between two rollers, 
one continually running, the other loose on its axis. 
The loose roller could be moved up to the bar or away 
from it by the operator. In lifting the weight this 
loose roller produces a gradual grip on the bar, and 
the initial heavy stages of lifting were accomplished 
without a sudden jar by reason of the slip of the bar 
between the rollers. Beside his control of the gripping 
rollers the operator could actuate a friction clip which 
served to check the hammer and hold it fast at any 
required height. The whole was mounted upon four 
india-rubber springs for the purpose of relieving the 
friction bar and shock at the time that the liftiug 
rollers laid hold of the bar. 

Conclusion.—The story is thus partly told. These 
are but paragraphs in the history of the hammer ; there 
are chapters on the subject which lie beyond the limita- 
tions of this address. But there are no limitations to 
an engineer. The traveller beyond the bounds of 
history finds stone hammers of his paleolithic ancestors, 
or later the wooden casse-téte of the neolithic lake 
dwellers. He turns to a period when fiction straggles 
into fact, and myth merges into human experience, 
and he sees the hammer of the god Thor. Thor, the 
thunder god, wielded a hammer. He used it as a club, 
he hurled it through the air, and by its special virtue 
he brought it back to his hand. Charles, named 
Martel, the soldier that stopped the deluge of Europe 
by the Turks in 732, was called Martel ‘‘ the Hammer.” 
This attribution, it is supposed, was rather in view 





came to its own at a later time. So much for the 
hammer as a weapon. As an implement of correction 
in the cause of law and order, the hammer appears 
everywhere. There is the mark of authority in our 
House of Commons. There are the field-marshal’s 


A hammer calls the members 
of the Institution to attention, a hammer completes a 
bargain at a sale, a hammer ends a career on the 
Stock Exchange. And now on the latest national 
escutcheon the emblazonment is a hammer and sickle. 








THE NEWCOMEN SOCIETY. 


At a meeting of the Newcomen Society, held at the 
Science Museum, on October 14, three short papers were 
read. 
Banks, Contractors,’ and was by Mr. H. W. Dickinson. 
Attention had been called to the work of the firm 
by an article in The Times, on the centenary of the 
opening of the new London Bridge. Though there 
is an account of one of the partners, Sir Edward Banks, 
in the Dictionary of National Biography, it is very 
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Godstone Railway. Through this he was brought into 
contact with members of the Jolliffe family, who 
owned property at Merstham, and it was this which 
led to his partnership with William John Jolliffe, 
son of the M.P. for Petersfield. Jolliffe was born in 
London, on April 22, 1774, and was educated at West- 
minster School and Emmanuel College, Cambridge. 
He was ordained in 1798, and held a curacy in Suffolk 
for a time, but soon relinquished his career in the 
Church for commerce. Among the earlier works the 
partners were responsible for were Croydon Court 
House, the embankment of the Cardiff and Leckworth 
Marshes, the Dartmoor Prisons at Princetown, a 
lighthouse on Heligoland, extensive works at Howth 
Harbour, and a new entrance into the West India 
Docks. 

In 1812, the partners entered upon a period of extra- 
ordinary activity, and in the course of the succeeding 
twenty years carried out works of great national 
importance. Beginning with the construction, under 
Rennie, of Waterloo Bridge, Jolliffe and Banks became 
the constructors of Sheerness Dockyard, 1813-1830, 
of Southwark Bridge, 1816-1819, of the sea wall of 
Deptford Dockyard, 1817, of a new entrance for London 
Docks, 1817, of the river wall of the Customs House, 
1819, of the Eau Brink Cut at Lynn, 1819-1824, of the 
sea locks at Goole, 1822-1826, of the bridge over the 
Serpentine, Hyde Park, 1824, of the new cut on the 
River Nene below Wisbech, 1827-1831, and of the new 
outfall for the River Witham at Boston, 1828. 

Their greatest work, London Bridge, occupied the 
years 1824 to 1831, and was executed under the direc- 
tion of Sir John Rennie. They also were responsible 
for the removal of the old London Bridge. It was 
in connection with the building of Waterloo Bridge 
that the use of granite was introduced into London. 
The granite for Waterloo and Southwark bridges 
came from Aberdeen; that for London Bridge from 
Dartmoor. In connection with their work at Sheerness, 
Jolliffe and Banks had a share in developing the town, a 
part of which is still known as Banks Town, and in 
1822 they constructed two steam vessels, the Lord 
Melville and the Sir Joseph Yorke, the latter of which 
ran between London, Southend and Sheerness. This 
enterprise brought them into contact with other 
proprietors of steam boats on the Thames, the result 
of which was the formation of the General Steam 
Navigation Company, now the oldest steamship com- 
pany in the country. 

Banks was twice married and had six children. He 
died on July 5, 1835, his partner Jolliffe having pre- 
deceased him on January 31, 1835. Jolliffe is buried 
in Merstham Parish Church, and Banks in Chipstead 
Churchyard, in the adjoining parish. A finely executed 
tomb marks the spot where Banks was buried, and 
in the church is a striking monument with his bust, a 
delineation of one arch each of London, Waterloo and 
Southwark bridges, and a long inscription recounting 
his public works and extolling his character. Banks, 


mace of our mayors, the policeman’s | it may be remarked, was the first professional engineer 


in this country to be knighted. In concluding his 
paper, Mr. Dickinson acknowledged his indebtedness 


for information to Lord Hylton, a descendant of the 
Jolliffe family, in whose possession are many of the 


papers relating to the contracts of the firm. 








ALTERNATING-CURRENT COMMU- 


TATOR MOTORS. 


UnpousTep.y the simplest form of electric drive is 


The first of these was entitled © JoRifie and provided by the alternating-current induction motor, 
but, unfortunately, its utility is limited by the fact that 


t can only be run at a constant speed. With this system 
of supply variable speeds can, however, be obtained by 


using commutator motors, though these are higher in 
first cost and more complicated in construction, even 


f this complication is not so great as is frequently 


) satisfactory, and gives no true idea of ‘ 
meagre sad mass y 8 supposed. As regards cost, moreover, it must be born 


the extent or importance of his work. A fuller account 
is given in Wells’ History of the Drainage of the Bedford 


in mind that the only adequate alternative is a variable- 
speed direct-current motor, to employ which, in the 


Level, P yp nag ee — Bc hayes majority of cases, would now involve the installation 
gece on are Amer ve Ea ; -|of a motor-generator, thus leading both to increased 


principal firm of contractors of their time. Banks was 
born near Richmond, Yorkshire, on January 4, 1770, 
in a humble station in life. 
life was spent at sea, but at the age of 19 he undertook 
work in connection with draining in Holderness, York- 


capital 
: : Some years ago, therefore, Messrs. J. H. Holmes and 
Two yearn of ‘his carly Company, Limited, Hebburn-on-Tyne, began to manu- 
facture alternating-current commutator motors, having 
both series and shunt characteristics, the former being 


expenditure and higher running charges. 


shire, and by the age of 30 had exeouted mony notehie intended for variable-speed drives in which the load 


canal works. 
of the Leeds and Liverpool, the Lancaster, the Ulverston, 


ile wee Comune any ane eens increases with the speed. The latter does not at any one 
setting of the brushes increase by more than 30 per cent., 


the Huddersfield, the Peak Forest, the Ashton-under- even if the torque is reduced to one quarter of the full- 


Lyne, and the Nottingham and Cromford canals, 
working at various times under Robert Whitworth, 


load value. 
this variation would be too great, and for these the shunt 


There are, however, many drives for which 


pci ages -— et — : Pe: -s “4 pes type of motor, with which a constant speed within 
a trade in carrying coal, limestone and other materials. | -"'. per cent. can be maintained at any setting of the 


Soon after the construction by Jessop of the Wands- 
worth and Croydon Railway, the first public line in 
the south of England, Banks became associated with 


brush gear, is recommended. 


The normal speed range for which both these types 


of motor are constructed is 3 or 4 to 1, but Fig. 3 is an 
illustration of a 90-h.p., 220-volt, three-phase machine, 











* Proc, Inst. Mech. E., 1854, page 133. 


which has recently been built by Messrs. Holmes for 
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Fig. 3. 90-H.P. Motor wrrn 12'5 To | SPEED 
the abnormal range of 12-5 to 1. This is intended for 
the unusual purpose of driving a super-calendar and has 
a speed range of from 375 to 30 r.p.m., with a constant 
torque of 1,200 ft.-Ib. It was specified that this motor 
should be capable of running continuously at any speed 
within this range and, in addition, that it should be 
possible to reverse it occasionally. The stator frame 
of this motor is of welded construction, while the ball 
and roller bearmgs on which the rotor spindle runs 
are carried in end shields. Connection between the 
transformer and the rotor brushes is made through 
heavy switch contacts, thus avoiding the use of flexible 
cables, while the rotor windings are provided with 
equalising bars. Air channels are formed through both 
the stator and rotor cores by leaving a ring of punched 
holes in the stampings, but owing to the low running 
speed, it has been necessary to supplement the self- 
ventilation by a separately driven fan, which is mounted 
near the air outlet of the stator frame and draws a con- 
stant volume of air through the main motor irrespective 
of the load on, or speed of, the latter. The switchgear, 
both for the main and the fan motors, forms one unit 
so that the set starts up directly the circuit-breaker 
is closed. Reversal is effected by interlocked isolating 


switches, which can only be operated when the circuit- | 


breaker is open. The fan motor always runs in the 
same direction. 

Owing to the low maximum speed, it was necessary 
to wind the motor with twenty poles and to provide 
thirty brush arms, which are mounted on the rocker 
illustrated in Fig. 4. The windings are series connected, 
and the effective ratio between the stator and rotor 
conductors was determined by the necessity for 





RANGE. Fig. 4. BrusH-ARM ROocKER. 


stable running at low speeds. The brush rocker, 
the position of which determines the speed and direc- 
tions of rotation, can be turned through 360 electrical 
degrees by a rack and pinion, which is operated by a 
hand wheel. To start the motor, the circuit-breaker is 
closed with the rocker in the central position, when the 
current is one fifth of the full-load current, and the 
torque is increased as the bushes are moved, until the 
required value is obtained. 

The curves given in Fig. 2 illustrate the performance 
of this motor, and indicate the variation in torque and 
speed for the different brush settings. The corres- 
ponding values for the power factor and efficiency are 


also given. the full lines showing the results with a | 


constant torque of 1,200 ft.-lb. over the whole speed 
range. The maximum power factor of 0-87 is lower 
than is usual for a series-characteristic motor running 
at over-synchronous speed, but this is due to the low 
speed for which the machine had to be designed. We 
understand that, on test, the motor was stable at all 
speeds, and that it was possible to make it develop a 
torque of 200 ft.-lb. when running at only 1 or 2 r.p.m. 
Commutation was excellent and no sparking was notice- 
able, even at the lowest speed. 

Fig. 1 shows a duplex equipment, which has been 
manufactured by the same firm for driving a Goss sex- 


tuple double-width newspaper press. This consists of | 


a main series-characteristic motor, a standard induction 
motor and a controller, which is driven by a pilot motor. 
This set is started and inched by the auxiliary motor, 
which is, however, thrown out by an automatic relative- 
motion clutch when the printing speed is reached. 
Starting and speed regulation are effected by six push- 
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buttons which, together with signal lights, are mounted 
on a pedestal at each folder, while additional boxes 
containing “inching,” “‘stop”’ and ‘safe ’’ buttons, 
and signal lights are also provided. The control circuits 
are interlocked, so that correct operation under all 
conditions is ensured. The brushes on the main motor 
are rocked by the pilot motor, which is geared to the 
controller, the correct sequence of operation being 
obtained as the contact lever travels along the controller 
faceplate. Steady acceleration continues as long as 
the “speed-up” button is pressed, and when it 1s 
released the motor runs at the speed that has then 
been reached. 

When the “ speed-down ” button is pressed, on the 
other hand, the direction of rotation of the pilot motor 
and of the brushes is reversed and the speed grat lually 
decreases. Pressing the “stop” button opens the 
main contactor and causes the pilot motor to bring 
back the controller and brushes automatically to their 
starting positions. The main motor is designed for 
an output of 85/21 brake horse-power, at speeds from 
1,050 to 260 r.p.m., and any speed within that range 
can be obtained, while by suitable adjustment of the 
brush position the starting current and torque can be 
predetermined and the moment at which the pilot 
motor will close the main motor contactor adjusted 
accordingly. The current then taken is less than ha 
the full-load current, and the torque slowly increase 
as the brushes are moved. The increase in speed is very 
gradual, and the risk of the web breaking is therefore 
‘reduced. Fig. 5 shows the variation in the power factor 
' and efficiency obtained with this machine over the range 


‘of printing speeds. 
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LETTERS TO THE EDITOR. 


THE UPPER AND LOWER YIELD 
POINTS IN STEEL EXPOSED TO 
NON-UNIFORM DISTRIBUTIONS 
OF STRESS. 


To THE Eprror OF ENGINEERING. 

Sir,—Professor Gilbert Cook sent me a copy of his 
recent paper in the Philosophical Transactions of the 
Royal Society. A summary of this presented to the 
British Association appeared in the issue of ENGINEER- 
inc dated September 11, page 343, on seeing which 
[ read the original contribution. I found it an 
extremely interesting account of careful experiments on 
three mild steels, which were tested under plain tension, 
torsion, uniform bending moment, and as cylinders 
under internal pressure. The first yield and the 
behaviour immediately after yield are studied in rela- 
tion to the stress reduction which had been emphasised 
by Cook and Robertson. 

It is found that the shear stresses at yield when the 
stress distribution is not uniform is greater than that 
found from the tension test, which leads Professor 
Cook to suggest that surface material may possess 
a greater resistance to dislocation by virtue of its being 
at the surface. This is an interesting theory to explain 
accepted facts, but no explanation is given of the 
mechanism which provides the added strength. Sup- 
pose that, for example, a finished piece of mild steel 
of l-in. diameter be taken, according to this theory 
the skin is stronger than the core, yet when the bar 
is reduced in diameter the part of the original core 
which is now at the surface gains strength merely on 
account of its location and independently of cold 
working or the like. I shall be glad to have the 
results of critical experiments, because there does not 
appear to be sufficient evidence at present; neither 
does the theory cover the whole of the known facts. 

Professor Cook refers to an article in ENGINEERING 
of January 21, 1927, to which I gave the title, ‘‘ Rein- 
forcement by Understressed Material,’ but he rejects 
this explanation in favour of the stronger surface 
theory. I found that when the maximum stress was 
localised in a circular specimen under uniform bending 
moment the calculated value at yield was greater than 
the yield stress under tension or compression. Next, 
bars were bored for bending tests to reduce the volume 
of the understressed material, and the stresses at 
failure were reduced appreciably. It seemed that 
more localised maximum. stress or a greater proportion 
of understressed metal gave higher calculated stresses 
at elastic failure. Further tests to check this assump- 
tion yielded evidence in its favour. Bending by 
central loading gave a higher stress than when the 
moment was uniform; also for tensile eccentric loading 
the calculated maximum stress was higher with greater 
eccentricity. I do not agree that Professor Cook’s 
theory explains my results, because it appears that the 
calculated stresses under any non-uniform distribution 
should be a reasonably constant multiple of the tensile 
strength. I note, however, that Professor Cook finds 
a lower factor for uniform flexure than for torsion and 
internal pressure, a lower factor with less highly 
stressed material, which is contrary to my theory and 
experience. I cannot recollect a case of a mild steel 
for which the shear stress under bending was less than 
that in torsion. 

1 am, 
Yours faithfully, 
WALTER A. SCOBLE. 

The Polytechnic, Woolwich, S.E.18. 

October 26, 1931. 








POWER. 
To THE Eprror or ENGINEERING. 
Sir,—It is with interest that one reads the presi- 
dential address and Bramwell Trust Lecture given by 


Sir J. A. Ewing before the British Association, but 
personally, I get the impression that Sir Alfred has 
not been quite fair to the late Sir Frederick Bramwell. 
I gather that, in 1888, Bramwell stated that “ unless 
some substantive improvements were made (of which 
improvement, as yet, we have no notion) I believe its 
(steam engine) days for small powers are numbered.” 
Bramwell could not anticipate the substantive improve- 
ments 1ade in steam turbine design when up till 1888 
the best consumption obtained was 55 lb. of steam 


» kilowatt-hour. Furthermore, I see no evidence 
that Bramwell included the turbine under the heading 


of the steam engine. If Bramwell, by the expression 
Output of steam engines,” had meant number of 
engines, he was right that it would be small compared 
‘0 gas enyines (a petrol engine is a gas engine). 
a aOR stated that the large gas engines, for the 
fail P ie had been costly failures. There have been 
‘lures admittedly, but there have also been failures 
with steam turbines. Has Sir Alfred ever heard of the 


large gas-engine installations in the United States, 
which are giving such excellent service that the routine 
work of overhauling, cleaning pistons, grinding in of 
valves, &c., is carried out only after three and a-half 
years’ practically continuous running? Big cylinder 
heads, &c., were apt to crack in years gone by, but this 
is now a strange occurrence. Gas engines with 60-in. 
diameter double-acting cylinders and 60-in. stroke are 
working quite satisfactorily. Even the thermo- 
dynamic advantage of the Diesel engine is admitted 
only with reluctance, but sufficient results have been 
published in the engineering papers from time to time 
to show that for all purposes the motor-ship fuel con- 
sumption is at least 10 per cent., if not 20 per cent., 
better than that of the oil-fired boiler steam-turbine 
ship. 

If internal-combustion engines are only suitable as 
small units where electric supply is not available, how 
is it that they are so largely used for the pumping 
stations now being erected or put up to date by the 
London County Council, and how is it that Hamburg, 
Berlin and Copenhagen are installing 15,000-h.p. sets 
in their electricity works, and even Manchester Cor- 
poration installing internal-combustion engines at 
Haweswater ? To skim the cream and throw away the 
milk is true for most internal-combustion engines, but 
for many installations exhaust-heated boilers are now 
fitted with great advantage. Now, how does this com- 
pare with heat drop in a boiler, where out of the high 
combustion temperature we only utilise that below 
the temperature of the superheated steam leaving the 
boiler ? 

In the internal-combustion engine heating and cooling 
of metallic surfaces takes place, but compare the parts 
which are subjected to the high pressures and tempera- 
tures with the boiler, the superheater, the steam pipes, 
the steam chest, when the steam plant is working with 
a boiler where ‘1,200 lb. is becoming familiar and 
superheating to 750 deg. F. or 800 deg. F.”” The 
maximum pressure for commercial internal-combustion 
engines rarely exceeds 600 lb., and this pressure is 
confined to the combustion chamber only. Even for 
motor-cars, Sir Alfred will not admit the superiority 
of the internal-combustion engine, when he states, ‘‘ I 
am only thankful that many of the engines referred to 
spend a great part of their time in garages and parking 
places.” 

For ocean navigation, the situation is “ puzzling and 
uncertain,” but to state that shipowners and engineers 
are choosing their type of power unit according to 
“fashion and caprice”’ is hardly correct. That seven- 
eighths of the tankers (oil-carrying) are motor-ships 
because they carry oil seems a poor argument when 
so many turbine ships use oil-fired boilers. In respect 
to weight and space occupied, there is not much to 
choose between the rivals, but when account is taken 
of the accessories, I am sure the favour is with internal- 
combustion engines and not the steam plant, but per- 
haps some marine engineer who has experience with 
both types can throw a light on this subject. When 
considering the number of working parts, joints, &c., 
one is so liable to compare the engine with the turbine, 
and neglecting the boiler, condenser, &c., with their 
large number of pipe joints. Even comparing engine 
and turbine only, one must not forget the large number 
of turbine blades, one of which might cause a serious 
breakdown. That the forces caused by the accelera- 
tion of the reciprocating parts can be compared with 
hammer blows, is not correct, but can only be used as 
an argument when one can choose the motive power 
from no other consideration than from their ‘‘cosy hum.” 

I beg to remain, 
Yours truly, 
T. Moun. 
10, Rushford-avenue, 
Levenshulme, Manchester. 
October 19, 1931. 


To tHe Epitor oF ENGINEERING. 


Srr,—In reference to your leader of October 2, on 
Sir Alfred Ewing’s Bramwell Lecture, I may point out 
when Balaam blessed, instead of cursed, he was under 
divine influence, and what he did was right. Sir Alfred 
Ewing was entrusted with the duty of honouring a 
deceased colleague by an accurate and unbiassed com- 
parison of steam and the internal-combustion motor, 
and also of considering the whole question of the prime- 
movers of 1931. This he failed to do. On the con- 
trary, he placed the steam turbine in its most favour- 
able light, and, while apparently doing equal justice 
to the internal-combustion engine, omitted entirely its 
most favourable duty, and the fuel economy that 
renders it possible. 

Fortunately, as it now proves, I had taken the pre- 
caution to write a letter to the British Association, 
dated May 14, pointing out: (1) that the prime-mover 
was of the first importance, and (2) that by burning 
raw coal in a boiler furnace, by-products to the value 
of 5s. were consumed in every ton of coal so burned. 





I pointed out (3) that the coal might be entirely gasi- 


fied, and the gas used in the gas engine without any 
other auxiliary apparatus or wasteful transformation 
of energy, and (4) that this combination with an effi- 
ciency of 35 per cent., would put electrical energy 
directly into the local distribution mains without any 
intervening apparatus or transmission losses, and (5) that 
the steam plant with an efficiency of 25 per cent. 
puts electrical energy into one end of a grid with large 
transmission losses. 

As regards efticiencies, while I allow 25 per cent. and 
35 per cent., or 40 per cent. in favour of the internal- 
combustion engine, Ewing allows 23-84 and 38-5, or 
61-5 in favour of the same prime-mover. I also pointed 
out (6) that the first cost of the internal-combustion 
engine is lower. For the steam turbine, 16/. to 18/. per 
kilowatt is stated to have been reached and 14l. to 161. 
has been mentioned, but Messrs. Richardsons-Westgarth 
supplied a 1,000-kw. Diesel plant to Ashford at 8/. 12s. 
per kilowatt fixed. 

Despite my letter, all the above points were ignored 
by Sir A. Ewing, and I claim that Sirf F. Bramwell has 
not received the consideration and honour that he so 
richly deserves. His foresight was correct and his judg- 
ment justified. The fatal economic error of Ferranti 
in proposing alternating current at high pressure as a 
means of avoiding transmission losses, and the refusal 
of the gas interest to study the obvious economies of 
the gasification of coal, are mutually to blame. The 
former has delayed cheap electrical energy only, while 
the latter has undoubtedly delayed the hygienic benefits 
and coal economies that we have been vainly demanding 
for half a century. Bramwell’s prediction has not 
failed, and may be utilised as an incentive to further 
consideration of what is imperative. 

Yours faithfully, 
E. G. PINK. 
42, Eltham-road, Lee, 8.E.12. 
October 12, 1931. 








ANNUALS AND REFERENCE BOOKS. 


British Waterworks Year Book and Directory.—The 
third edition, for 1930-31, of the British Waterworks 
Year Book and Directory has recently been published 
by the British Waterworks Association, 173, Rosebery - 
avenue, London, E.C.1. The book is divided into three 
main sections, respectively entitled, Directory, Statis- 
tical Tables, and General Information. The Directory 
portion contains 254 pages, and in it are set out, in 
alphabetical order, the names of the waterworks 
undertakings of Great Britain and Ireland and of some 
overseas undertakings. The names of the chief 
officials, and particulars regarding special Acts and 
limits of supply, sources of supply and character of the 
water, charges and rates, and other matters of interest 
are also given. Part II of the book, which occupies 120 
pages, contains statistical tables furnishing highly 
detailed data compiled from returns received 
from the various water undertakings. The informa- 
tion given relates to sources of supply, filtration and 
distribution, population served and water supplied, 
analyses of accounts, charges and meter rents, and 
public water rates. The third portion of the Year 
Book contains miscellaneous information, much of 
which is of an official nature. The composition of 
various advisory committees of the Ministry of Health 
and of executive and standing committees of the 
British Waterworks Association are given, and lists 
of the Councils of the various institutions interested 
in water supply, of fishery districts and certain legal 
and miscellaneous data, are also included. The volume 
is well printed and strongly bound; the general editor 
is Mr. G. P. Warner Terry, from whom the book may be 
obtained. The price is one guinea, post free. 





British Engineers’ Association Handbook.—The main 
object of The British Engineers Association is to 
provide a central national organisation in the engineer- 
ing industry for the promotion and protection of 
British engineering interests at home and abroad. 
One of the activities of the Association is to publish 
a classified directory of its members and their manufac- 
tures, and the 1931 edition of this, the B.#.A. Classified 
Handbook of Members and their Manufactures, has 
recently been published. The handbook opens with 
a few short chapters dealing with the services avail- 
able to members of the Association and similar 
matters. Then follow an alphabetical list of member 
firms, giving their full names, postal and telegraphic 
addresses, telephone numbers, codes used, and a list 
of their manufactures. The third section is given over 
to illustrated publicity matter, arranged in alphabetical 
order according to the firm’s name, and the book closes 
with a classified list of manufactures. The volume 
comprises 267 pages, is clearly printed, and has 
evidently been compiled with care and thoroughness. 
Copies of the work may be obtained gratis by anyone 
interested in the purchase of British engineering plant, 
machinery or accessories, on application to the secre- 





tary of The British Engineers Association, 32, Victoria- 
street, London, S.W.1. 
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LABOUR NOTES. 

For the first time since early in July, the British 
weekly unemployment returns show a decrease in the 
number of wholly unemployed persons. At October 19, 
there were 2,119,769 persons wholly unemployed, as 
compared with 2,120,410 a week earlier. At Octo- 
ber 20, 1930, the number of wholly unemployed persons 
was 1,513,916. The number of persons temporarily 
stopped at October 19, 1931, was 504,077, as compared 
with 531,002, and the number of persons on the registers 
normally in casual employment 114,032, as compared 
with 115,334. The total number on the registers was 
2,737,878, as compared with 2,766,746 at October 12, 
1931, and 2,199,288 at October 20, 1930. Of the total 
of 2,737,878, 2,043,428 were men, 70,569 boys, 569,875 
women, and 54,006 girls. 





It is pointed out that the wages reductions which 
have taken place recently in the United States are 
merely the contimuation of a movement which has 
been proceeding unobtrusively since the beginning of 
the depression. The figures for August published by 
the United States Bureau of Labour Statistics show 
reductions of wages amounting to 20 per cent. during 
the year previous, as compared with a reduction of 
12 per cent. in the volume of employment. In the 
textile industry, wages have been reduced by 35 per 
cent. to 40 per cent. The cost-of-living figures for 
August show that food prices had fallen by 17 per cent., 
clothing by 10 per cent., rents by about 5 per cent., 
and fuel not at all. The reduction of wages has thus 
been much greater than the fall in the cost-of-living 
index, which moved from 167 in June, 1930, to 150 in 
June, 1931, a fall of about 10 per cent. Taken over 
a longer period, the discrepancy is still greater. 





The Czechoslovakian Department of Statistics states 
that the number of permits to work overtime granted 
during 1930 was 2,015, distributed over 2,559 under- 
takings, employing in all 523,548 workers, of whom 
116,265, or 22-2 per cent. worked overtime. The 
number of hours of overtime authorised was 5,972,752, 
to which have to be added 31,773 hours authorised in 
1929 to be worked in 1930, and from which have to be 
deducted 860 hours authorised in 1930 to be worked in 
1931, making a net total of 6,003,665 hours authorised 
for 1930. Of that total, 5,994,561 hours were actually 
worked. 





According to Industrial Commissioner Frances 
Perkins, the New York State Department of Labour, 
in the year ended June 30, 1931, made closing awards 
of compensation amounting to over 36,000,000 dols. 
for accidental injuries to workers in the course of 
their employment. The number of cases compensated 
was, she said, slightly over 103,000. The number 
of compensated cases for which closing awards were 
made was 6,800 less than were closed in the year 
ending at June 30, 1930, but greater than in any pre- 
ceding year. The amount of compensation awarded 
for these accidents was higher than it had ever been, 
and nearly 800,000 dols. more than was awarded last 
year. These figures, it was explained, were only for 
industrial accidents in which awards were made. A 
large number of cases were disallowed, because the 
injuries did not cause over seven days’ disability, or 
because they did not come under the provisions of the 
Workmen’s Compensation Law. Compensation cases, 
which were closed in a previous year and reopened 
for further consideration were also not included. 





Death benefits were granted, the Commissioner 
added, in 1,241 cases in which workers died as the result 
of industrial injuries. In 61 cases, the injured persons 
were totally disabled. Over 21,500 workers were 
given schedule awards for permanent partial disa- 
bilities, and nearly 80,000 were temporarily disabled. 
Many of the accidents for which final awards were 
made during the year occurred in earlier years. That 
made it impossible to estimate how much the decrease 
in employment had affected the number of compen- 
sated industrial accidents. Both the number of 
accidents reported and the number of cases indexed 
had, however, decreased ccnsiderably. 


The Bulletin of the Industrial Commissioner of New 
York State says that the presence of a high fatality 
rate amongst industrial foremen is one of the sur- 
prising disclosures resulting from the early stages of 
the study of fatalities in New York industries, which is 
being conducted by the Division of Industrial Hygiene. 
“Whether the discovery will be confirmed by further 
study is not at present known,” says Mr. Hackett, 
who is directing the study, ‘ but it may be taken as an 
indication of a situation not hitherto realised. Not 
only has the study shown ten foremen amongst the 
100 fatalities examined, but it has demonstrated the 





prevailing cause of fatality. It is to be expected that 
a foreman would not, as a rule, be subject to industrial 
accidents, and certainly, one would not expect to 
find these fatalities due to machinery. The actual 
cause of seven of the ten fatalities to foremen has 
been falls, either from stairs, platforms, ladders or 
other elevated surfaces, and, therefore, it is necessary 
to issue a ‘ Watch-your-step’ warning to the foremen 
of this State.”’ 








The weekly organ of the International Labour 
Office at Geneva, reckons that the recent Norwegian 
labour dispute resulted in a loss of 10,000,000 working | 
days and about 100,000,000 crowns in wages, to which, | 
it says, may be added about 20,000,000 crowns paid 
in strike benefit. The loss to the employers is estimated 
at about 450,000,000 crowns. 





At its recent congress in Berlin, the International | 
Federation of Textile Workers’ Associations passed | 
a resolution deprecating the system of continual or | 
periodic overtime, expressing the opinion that, in the | 
interests of the health and family life of the workers, | 
the working day should fall between the hours of | 
7 a.m. and 6 p.m., and declaring that only where | 
technical processes do not permit of interruption of 
work ought the system of shift working to be recognised. 





An interesting discussion on the question of the 
shorter working week took place at the annual congress 
in Stockholm of the Swedish Confederation of Trade 
Unions. Resolutions were submitted proposing work- 
ing weeks varying between 44 hours and 36 hours. The 
reason generally given for a more or less extensive 
limitation of hours was unemployment. In the state- 
ment submitted to the congress on the question, the 
executive committee recalled that the International 
Trade Union Congress held at Stockholm in 1930 had 
expressed itself in favour of a 44-hour week, but that 
since then the executive committee of the Internationa: 
Federation of Trade Unions, in conjunction with the 
executive committee of the Labour and Socialist 
International, had raised the demand to one for a 
40-hour week. The executive committee of the 
Confederation pointed out that when any permanent 
reduction in hours was introduced, the trade union 
movement must see to it that the workers’ real wages 
were not cut, and it proposed that the congress should 
approve the resolution of the International Trade 
Union Congress of 1930 calling for the introduction of 
a 44-hour week at the earliest possible date as a first 
step towards the further limitation of hours of work. 





Most of the speakers who took part in the sub- 
sequent discussion expressed serious doubt that the 
prevailing conditions would permit of the introduction 
of shorter hours than those now in force and fixed by 
legislation, and above all whether reduced hours would 
have any effect on unemployment. At all events, it | 
was considered impossible to reduce hours of work in | 
general in the near future on the lines proposed by the 
more extreme motions, and still less possible to obtain 
legislation for that purpose. The chief point, it was | 
urged, was to establish the statutory 48-hour week 
everywhere and to guard the important principle 
contained in the Washington Convention. If a} 
demand for a 40-hour week, for instance, were put 
forward chiefly for propaganda purposes, the result 
might easily be that the attempts to induce the Govern- 
ment and the Riksdag to collaborate in obtaining 
ratification of the Washington Convention would be 
rendered more difficult, and at the same time the workers 
would tend to lose interest in the efforts. For tactical 
reasons, and also in view of the pre-requisite conditions 
for practical results, it was considered best to adhere 
to the principle adopted by the International Trade 
Union Congress concerning the 44-hour week. 








Mr. Rodel of the German Textile Workers’ Union, 
recently expressed the opinion that on the basis of 
statistics it was not possible to prove a particularly 
strong movement towards rationalisation in Europe. 
In the United States, however, there were, it was 
reported, about 500,000 automatic looms in a total of 
800,000 looms in use. It was also reported that there 
were about 12,000 automatic looms in Japan. In 
Europe, intensification, as a consequence of the 
depression, had been more strongly cultivated than 
rationalisation. 


Addressing the German Trades Union Congress at 
Frankfurt-on-Main, Dr. Stegerwald, the Minister of 
Labour, said that he was aware that the labour move- 
ment was not satisfied with the attitude of the Ministry 
of Labour on the question of working hours ; neverthe- | 
less he was not in a position to indicate any fundamental 
alteration of that attitude. The problem of hours of | 


work in the present situation of Germany was not 
merely a problem of labour policy and employment : 
it also penetrated deeply into the German national 
economy and credit development. In view of its 
gold and security basis, Germany would have to increase 
exports. The 40-hour working week entailed, for a 
number of trades, industries and undertakings, an 
appreciable increase of prime costs, and consequently 
an impediment to exportation. On the other hand 
there were certainly many cases where a shortening of 
working hours was possible without considerably 
affecting economic stability. ; 





The Paris correspondent of the Daily Telegraph 
states that, in order to combat the increasing un- 
employment, the French Government has decided 
to carry out part of the big scheme of public works 
projected when M. Tardieu was Premier. A scheme 
entailing an expenditure’ of 3,000,000,000 francs 
(24,000,000/. at par) was approved by the Cabinet 
on Friday last week. It includes work on roads and 
harbours, the erection of schools and hospitals and aids 
to agriculture. The latest figures issued, it is added, 
show a fall of over 10 per cent., as compared with last 
October, in the number of persons employed in estab- 
lishments with more than 100 hands. 





The German unemployment returns for the first 
fortnight of October state that the number of persons 
in search of work is 4,484,000, an increase of 129,000. 
The increase during the same period last year was 
113,000. The number of persons in receipt. of unem- 
ployment insurance benefit fell by 200,000 to 1,143,000, 
but the number in receipt of extended “ crisis’ benefit 
rose by 150,000. This shifting of the burden from one 
category of relief to another with a lower rate, is the 
first result, the Times correspondent at Berlin says, 
of the recent reduction of the period of insurance 
benefit from 26 to 20 weeks (for seasonal trades from 
20 to 16 weeks), the object of which was to enable the 
Insurance Institute to remain self-supporting. The 
difference between the insurance and the “ crisis” 
rates is a real saving; otherwise the burden is shifted 
from the Insurance Fund to the Reich Budget, and, in 
a smaller degree, the municipalities. 





The weekly organ of the International Labour 
Office at Geneva states that, according to reports in 
the Soviet Press, the membership of trade unions in 
the Soviet Union, which was 11,589,000 on October 1, 
1929, amounted to 13,489,000 on April 1, 1931; there 
was thus an increase of 16 per cent. The General 
Council of Trade Unions considers that this increase 
is insufficient in- view of the fact that the total number 
of workers dependent on wages increased during the 
same period by 48 per cent. In.consequence of this, 
and in view of the fact that the success of the Five-Year 
Plan depends to some extent on the incorporation of 
all workers in the trade unions, the General Council 
of Trade Unions has asked all the local trade union 


| organisations to undertake a vigorous campaign among 


non-unionist workers, especially young persons who 
have recently entered industrial employment. 





The Council has decided to facilitate the admission 
of new members to the unions on certain conditions. 
All workers permanently employed for wages may 
join the union from the first day of their employment ; 
seasonal workers may be admitted to the trade union 
after two months of uninterrupted work, but seasonal 
workers who were employed in that capacity in the 
previous season may be admitted immediately ; mem- 
bers of collective farms engaged as seasonal workers 
in industry, building or transport may join the union 
from the time of their engagement. Finally, the 
General Council has drawn the attention of the local 
trade union organisations to cases of expulsion from 
unions, which, in its opinion, are too frequent, and not 
always justified. Expulsion from unions must in future 
be considered as an especially serious measure, which 
should only be applied in cases of absolute necessity. 
When admitting new members, however, the unions 
must take care to avoid the admission of persons 
whose origins or mentality are not in conformity with 
the present political necessities of the Soviet system. 





The French Minister of Labour has sent a circular 
to Government departments, stating that, in certain 
contracts for works and supplies concluded by the State 
Departments, the proportion of aliens which the 
tenderer is entitled to employ has not been fixed in 
the tender as required by the Decree of August 10, 
1899. In consequence of this omission certain ten- 
derers have not hesitated to make free use of foreign 
labour to the prejudice of French labour, thus establish- 
ing a situation which is to be regretted in view ot t 
present unemployment in France. 


he 
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MARINE ELECTRICAL 


GENERATING PLANT. 


CONSTRUCTED BY MESSRS. W. H. ALLEN, SONS AND CO., LTD., ENGINEERS, BEDFORD. 
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Fig. 2. 


ELECTRICAL GENERATING PLANT 
ON S.S. ‘“‘CHAMPLAIN.”’ 


Iv is pleasant to be able to record that a British 
firm—viz., Messrs. W. H. Allen, Sons and Company, 
Limited, Bedford—have supplied the electrical genera- 
ting plant for the new French liner Champlain, recently 
launched from the Penhoét Shipyard, Saint-Nazaire. 
This vessel, of 28,600 tons, is destined for the Havre- 
New York service of Messrs. La Compagnie Generale 
Transatlantique. The electrical generating plant for 
lighting and power consists of three turbo-generating 
sets designed for a normal continuous output of 900 kw. 
each, and an overload of 1,125 kw. for two hours, at 
220 volts. Two views of one of the sets are given in 
Figs. 1 and 2 on this page, the first showing it as 
erected in Messrs. Allen’s shops without the protecting 
covers for the dynamos, the second in the same 
situation, but from a different point of view and 
with the covers in place. The turbine and dynamo 
are mounted on a combined bedplate with the reduc- 
tion gear-box between them and having both shafts 


in one horizontal plane. The turbine is, in its main | 


features, of the firm’s standard marine design, and 


is of the seven-stage impulse type with carbon-steel | 


rotors forged solid with the shaft. The normal working 
Steam pressure is 328 lb. per square inch (23 kg. per 
Square centimetre), and the total maximum tempera- 
ture is 662 deg. F. (350 deg. C.). A vacuum of 28-2 in. 
18 Maintained in the condenser when the barometer 
Stands at 30 in., exhaust taking place through the 
double branch seen to the right of Fig. 1 on the top 
half of the casing. 





removed. The work has been carried out under the 
supervision of the Bureau Veritas, and we understand 
that the running tests proved very satisfactory, all 
three of the sets working quietly and with a complete 
absence of vibration. In connection with performance 
it may be mentioned that the sets have been designed 
so that they will function quite satisfactorily should 
the vessel have a list of as much as 20 deg. 








THE NEW WIND TUNNELS OF THE 
ROYAL AIRCRAFT ESTABLISH- 
MENT.* 


By R. McKinnon Woop, O.B.E., M.A., F.R.Ae.S., 
A.M. Inst.C.E. 


UntIL recent years the wind tunnel has been used as 
a means of studying the aerodynamic aspects of flight 
in miniature. If the air were an inviscid, incompressible 
fluid, we know that the form of the flow past a body 
would be independent of the size of the body and of the 
speed of the motion, depending only upon the form of 
the body and on the direction of the motion relative to 
it; the reactions between body and fluid would be 
exactly deducible from one scale and speed to another. 
In such a medium, however, flight would be impossible. 
Viscosity exists, and it is necessary for flight. But 
when viscosity is introduced, we find that terms are 
added to the equations of motion which do not maintain 
the same proportion to the other terms when scale or 
speed is changed. At first sight it appears then that the 
variations of flow with change of scale are not likely to 
be of secondary importance, since viscosity is an essen- 
tial ingredient in the phenomena which make flight 
possible. The experimenter with the wind tunnel 
appears to be an unjustifiable optimist. A closer study, 
however, shows that viscosity may determine the form 
of flow by the large forces which it would call into play 
at certain points where big velocity gradients would 
occur in its absence, while causing such small forces 
throughout the general mass of the fluid as to produce 
no other sensible effect. Experience teaches us that 
aerodynamic phenomena repeat to different scales 
with variations which are often undetectable, often 
slight, but sometimes serious. The reduced scale 
experiment is a most valuable guide, intelligently and 
circumspectly used, but not an infallible index of full- 
scale performance. 

Mr. E. F. Relf, in his paper on the compressed-air 
tunnel, shows how miniature experiments may be con- 
ducted under conditions which should, theoretically, 
reproduce exactly the full-scale phenomena. The 
method postulates sufficiently accurate reproduction 
in the model, and, because it is not possible to make an 
exact model of a complete aircraft, it has been deemed 
necessary to build also wind tunnels capable of experi- 
menting upon actual aircraft. The United States of 
America possess two “ full-scale’’ tunnels, and the 
British Government have decided to erect a large 
tunnel which is described later in this paper. 

The compressibility of air is a property which does 
not sensibly influence the flow at the speeds which con- 
cern the aeronautical engineer, except in the design 
of airscrews. Reduced-scale experiments may be 
permissible in this field; but, in order to cover the 
ground, the full speed of flight is required of the wind 
tunnel. There are no tunnels in this country the wind 


automatically by a main governor, which operates the | speed of which exceeds 120 miles an hour, but the 
throttle valve through an oil relay, and by a separate } provision of a 200 m.p.h. wind is now under considera- 


|emergency governor which stops the engine at once 
should an accident occur or the main governor cease to 
function. The reduction gear has a ratio of 10 to 1, 
the dynamo running at 600 r.p.m. It is of the double- 
helical type, with pinions of nickel steel forged solid 
with the turbine shaft, and main wheels having cast- 
iron hubs to which are shrunk and pinned mild-steel 
rims. The teeth are cut by the hobbing process, 
and sprays of oil, supplied from the forced lubrication 
system are arranged to provide a film of oil at the 
point of contact between those of the pinion and wheel. 
An independent oil cooler, seen at the left of Fig. 2, 
is provided for the lubrication system. Intermediate 
bearings are fitted between the halves into which the 
pinions and gear wheels are divided. The dynamo is 
of the pipe-ventilated type, and the winding is protected 
against possible damage from rats by covering the 
inlet and outlet branches by expanded metal netting. 
It is compound wound in such a manner that, in con- 
junction with the turbine governor gear, the voltage 
cannot vary by more than five volts above or below 
the normal 220 volts when the load is suddenly thrown 
on or off. 

| Although not apparent in Fig. 1, the frames of the 
| dynamo are built up of steel plates welded together, 
a method of manufacture resulting in a very strong 
structure with the minimum of weight. The magnets 
are split in order to facilitate dismantling, while special 
| attention has been given in the design of the set as a 
| whole to render it possible to overhaul any part with 
ease. 











tion. 

The reactions between air and aircraft in straight 
steady flight depend only upon the form of the craft 
and the relative motion. They may, therefore, be 
determined with the craft stationery and the air in 
motion. Observation of flow and measurement of 
forces is much easier with the subject at rest. The 
‘*wind tunnel”? is the usual English name for the 
apparatus which produces the air stream for this pur- 
pose. The earlier word “‘ channel” has now been gene- 
rally superseded by “ tunnel,”’ and the present term is 
a natural expression of the British conception of a wind- 
producing plant, which consists in essence of a tube 
through which air is sucked by an airscrew fan. The 
tube has a trumpet inlet and a steadying ‘‘ honeycomb ” 
and discharges through graded perforations into the 
building in which it is housed. The tube is generally 
of square section, except at the fan, and it is slightly 
expanded before the fan. This form was developed by 
the National Physical Laboratory and is illustrated by 
Figs. 1 and 2 on Plate X XI. 

The French tunnel derives from the conception by 
Eiffel of a free stream drawn across a room from an 
inlet nozzle in one wall to a collecting mouth and fan 
in the opposite wall. The air is drawn from and 
returned to a large enclosed space as in the British 
type. The word “tunnel” seems inappropriate and 





* Paper read before Section G of the British Associa- 
tion, London, on September 25, 1931. Figs. 5, 6 and 10 


The protecting cover of the dynamo, shown to | are reproduced, by permission, from Air Ministry copy- 
The turbine speed is 6,000 r.p.m., and is regulated ! the right of Fig. 2, is of light plate and can be readily | right photograpas. 
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the French equivalent is ‘ soufflerie.” In later forms, 
the efficiency has been improved by the addition of a 
gradually-expanding outlet. 

Prandtl, in Germany, adopted the free stream or as 
we call it, the ‘‘ open jet’’ type of tunnel, and shep- 
herded the returning air through a gentle expanding 
passage, guiding it round each corner with turbine 
blading. We describe this as a “ return-circuit open- 
jet tunnel.” The type is illustrated by Figs. 3 and 4 
on Plate XXI, which shows a tunnel to be described 
later. 

The tubular tunnel requires a comparatively small 
flare at the inlet to ensure a smooth entry, and a 
honeycomb is necessary to break up large eddies and 
secure a steady stream. Although a honeycomb 
causes a fine turbulence, without it the flow pulsates 
badly. Friction against the walls slows up the flow in 
a boundary layer which expands into the stream as we 
pass along it. We must, therefore, work at a little 
distance from the inlet and honeycomb to get reason- 
able uniformity, but not too far. It is clear that we 
cannot obtain a uniform wind in an endless tube of 
uniform section; the air must be brought nearly to 
rest and rapidly accelerated before we can use it. 

The power required is practically that due to friction 
on the walls and honeycomb and to the kinetic energy 
in the stream discharged from the tube; the loss in 
accelerating while entering the tube is negligible. If 
the stream is discharged at the full speed into a room 
in which the tube is housed, most of the power is 
expended in providing the kinetic energy of discharge. 
The greater part of this energy loss, 80 per cent. to 
90 per cent., may be avoided by expanding the stream 
gradually and discharging at a low velocity. The air 
is finally brought almost to rest in the containing 
building, and, unless the velocity of discharge is very 
low, the stream must be broken up into a number of 
small jets to ensure that its kinetic energy is adequately 
dissipated before it re-enters the tunnel. This is done 
in the N.P.L. type. 

It is, however, not necessary to bring the air to rest. 
If the circuit and the fan are suitably designed it is 
found to be sufficient to reduce the speed to about 
one-quarter. The discharge loss is avoided, but losses 
in expansion and in deflection of the stream in its 
return remain. The merit of this form lies in its 
compactness; in the N.P.L. tunnel the cross-section 
of the building is of the order of 250 times that of the 
tunnel, whereas in the Géttingen tunnel the maximum 
section is only five times the minimum. 

The “ open jet ” entails a larger expenditure of power 
than the walled stream. The influence of the drag of 
the surrounding air upon the surface of the jet pene- 
trates far more deeply than the drag of a surrounding 
solid wall. The loss of energy is, therefore, far greater, 
and, in addition, the useful cross-section diminishes 
much more rapidly along the stream, and so the open 
jet is not suitable for experiments requiring a con- 
siderable length of stream. The open jet is, however, 
the more generally favoured type to-day on account of 
the greater facility of access and observation. 

The limited extent of the stream, of course, influences 
the flow round a model to a greater or less extent. 
With solid walls, the flow close to the walls is con- 
strained to be parallel to them; in the open jet the 
pressure at the surface is forced to be that of the 
surrounding air, and therefore the same over the whole 
surface. Corrections have been worked out theoretic- 
ally and checked by experiment. The corrections in 
tests of wings are equal in the two types, but of opposite 
sign. A correction applicable to tests of airscrews in 
the walled stream is, however, zero in the open jet; 
providing one argument in its favour, that it allows us 
to test airscrews to a larger scale. Knowledge of these 
corrections enables us to use fairly large models with 
confidence, the criterion being the relation of the 
accuracy which we attribute to the correction to the 
general accuracy of tae experiment. 

One further advantage of the open jet should be 
mentioned. We can place in it a model extending 
beyond its surface for such experiments as can be 
made with the stream flowing only over a part of the 
model. This may seem to be a point of little impor- 
tance, but it has determined the use of the open jet 
for the large wind tunnel at Farnborough, which is to 
be built for experiments of this nature upon actual 
aircraft. 

Between 1915 and 1919, there were erected at the 
Royal Aircraft Establishment, three wind tunnels of the 
type developed bythe N.P.L., Figs. 1 and 2. The smallest 
had a square section 4 ft. across, and the two larger 
were 7 ft. square. One of the latter has an expanding 
outlet, which has effected a saving in power of 30 per 
cent., and this tunnel, with a power consumption of 
300 h.p., attains a speed of 100 miles an hour. 

The 4-ft. tunnel has recently been removed and 
replaced by an open-jet return-circuit tunnel, very 
similar in form to that built by Prandtl at Géttingen, 
Figs. 3 and 4. The free stream is 5 ft. in diameter 
and, roughly, 10 ft. long. The fan is placed at a little 
distance behind the trumpet mouth which collects 








the free stream. It has a coarse pitch in order to obtain 
a high efficiency (85 per cent. to 90 per cent.), and it 
imparts a considerable rotation to the stream, which is 
removed by radiating aerofoils. The stream is then 
deflected, by two rows of turbine blading, through 
180 deg., and returns along a diverging passage, from 
which it is again similarly turned through 180 deg. 
and reaches the entrance to the nozzle. The cross 
section here is 3-6 times that of the stream which 
issues from the nozzle. The wind speed attained in 
this tunnel is 115 m.p.h. with an input of 75 h.p.; this 
is about one-fifth of the power which would be required 
to produce the same stream in a tunnel of the N.P.L. 
type. The free stream, moreover, provides much 
easier access to the models. 

Figs. 5 and 6, Plate X XI, reproduce photographs of 
this tunnel. Fig. 6 shows the nozzle with an inverted 
model suspended in the stream from balances over- 
head. The model is mounted in this way in order that 
gravity and wing lift shall act in the same sense and 
permit a purely tensile support, and so minimise the 
disturbance of the air-flow by the carrying members. 


| The full mounting is not shown in this photograph ; 


the drag requires to be balanced either by a light 
streamline lever descending from above behind the 
model, or by the addition of an inclined wire. Through 
the nozzle, one row of corner deflectors (turbine blading) 
can be seen, and the return passage appears on the left. 
Fig. 5 shows the trumpet mouth which collects the 
free stream. The six-bladed fan can be seen at the 
throat. The cross section changes from circular at the 
fan to square at the 16 radiating aerofoils which remove 
the swirl produced by the fan. These aerofoils can 
be seen a little behind the fan, and beyond them a 
row of 20 aerofoils which deflect the stream through a 
right angle. After a second deflection, the air returns 
along the passage, of which a small part of the nearer 
wall can be seen on the right. 

The passages between the deflecting aerofoils at the 
bends are of constant curvature and width, and the 
aerofoils are spaced at intervals along the row equal 
to half the chord, i.e., to half the dimension of the 
aerofoil across the row. The entry edge is slightly 
rounded and the bisector of the angle between ¢he 
two surfaces of the aerofoil at the leaving edge is 
directed some 7 degrees in excess of the desired direc- 
tion of the deflected stream. The loss of energy of the 
stream at each deflection is about 15 per cent. of its 
kinetic energy at that part of the circuit, and the total 
loss in the four bends is about 10 per cent. of the kinetic 
energy of the issuing open jet. 

The outer parts of the jet mix extensively with the 
surrounding air as it progresses across the test chamber, 
while the inner core proceeds with unchanged speed 
and pressure. Some 25 per cent. excess air is entrained 
in the motion and returned to the room from the lip 
of the collector, The energy wasted in this diffusion 
of momentum is about 20 per cent. of the energy of the 
jet and exceeds half the total power consumed. The 
diameter of the collecting passage is 25 per cent. 
greater. than that of the nozzle outlet. The reason for 
this is that the stream has already expanded by the 
slowing up of its outer parts, and no purpose would be 
served by contracting it. It is not unlikely that an 
equal diameter would cause pulsations and, in fact, 
pulsations did occur in one tunnel in which the 
diameters were nearly equal. 

The velocity in the jet varies from point to point by 
an amount not exceeding 1 per cent. of the mean 
velocity, if we exclude a narrow outer ring which widens 
as we go downstream. This is considered to be a 
sufficient degree of uniformity. The design of the 
fan was found to exert a marked influence upon the 
distribution of velocity. The stream reaches the 
fan with a big gradient of energy, decreasing towards 
the walls. It was found that the fan must produce a 
sensibly uniform energy behind it. If the requisite 
energy is not imparted near the walls, a considerable 
region of low velocity appears in the jet on the inner 
side near the return passage. The reason for the 
collection of low energy air to one side, is that the 
aerofoils at the bends cause an over deflection of the 
slower moving air. 

This tunnel has been installed partly on account of 
its high efficiency and the greater convenience of 
operation, and partly as a model by means of which 
might be obtained the information required for the 
design of a large tunnel it was proposed to erect for 
experiments upon actual aircraft. Every effort was 
made in the design. of the tunnel to reduce the dimen- 
sions to the minimum consistent with attaining a 
steady stream on account of the importance of keeping 
the capital outlay involved in building the large tunnel 
to the minimum. 

Reference has been made above to the need for full 
flight speed in certain classes of aeronautical research. 
It is, therefore, proposed to increase the power of the 
motor of this tunnel to 500 h.p., and in this way to attain 
a wind speed of over 200 miles per hour. This will 
remain far short of the speeds of modern racing aircraft, 
but it will cover for some little time, the speeds of 





fighting craft which have recently reached 200 miles 
an hour. When this is done, some plant must also be 
installed for driving the model propellers ; the form of 
this plant is still under consideration. It is desirable 
that the models should be as large as possible, and it has 
been found that airscrews of 3 ft. diameter can be 
tested in a 5 ft. free stream. The power required to 
drive these airscrews will be about 200 h.p. at a rota- 
tional speed of 8,000 r.p.m. 

This tunnel will be of value for other purposes. 
For example, our knowledge of the heat flow through 
the radiators of aircraft is limited to experiments 
at speeds below 120 milesan hour. Extrapolation from 
this speed to the 400 miles an hour of the modern 
racing craft is distinctly conjectural, and it would be 
of great value to have experiments up to 200 miles an 
hour. 

The wind tunnel has been used for investigating an 
instability of the wing structure of aeroplanes in flight 
known as “ wing flutter.’ In order to reproduce in 
the wind tunnel a flutter of an actual aircraft, it is 
necessary to build wings which are an exact copy of 
the structure, and the flutter is then reproduced at 
the same speed by the model as by the full-scale 
aircraft. As flutter is a phenomenon which occurs 
more readily with increasing speed, and has, in fact, 
occurred at speeds much above those given by any 
of our tunnels, it has been necessary to reproduce 
the flutter by means of a model of very much reduced 
rigidity, and the additional work necessitated by this 
has been of the order of the labour involved in the 
designing the wings of the aeroplane in the first place. 
A wind tunnel with a speed of 200 miles an hour, may 
therefore, prove valuable for experiments of this 
nature. 

The 5-ft. open-jet tunnel does not require the full 
space provided by the building of the 4-ft. tunnel 
which it replaced, and it is of interest to consider how 
large an open-jet return-circuit tunnel could be placed 
in one of the 7-ft. tunnel buildings. The 5-ft. open- 
jet is of the form best suited to the purposes of the large 
tunnel, that is for experiments upon the central parts 
of an aeroplane the wings of which may extend beyond 
the stream. For tests on complete model aeroplanes 
it appears that a jet of elliptical section with major 
axis equal to 1-5 times the minor axis would be most 
suitable. (This proportion gives the minimum cor- 
rection for limited extent of the stream). Moreover, 
a smaller length of free stream would suffice, leading 
to a considerable economy of power. The existing 
building is 100 ft. long, 40 ft. wide and 30 ft. high, and, 
using the whole of this space, an open-jet tunnel could 
be erected having a free stream of cross section 10 ft. 
by 15 ft. with an expansion ratio of 4:1. The same 
motor would give a higher wind speed in this tunnel 
than in the present 7-ft. tunnel. The effective increase 
in scale of experiment would be about 3: 1. 

The large wind tunnel which it is proposed to erect 
at Farnborough has an air circuit of the same form as 
that of the 5-ft. tunnel described above. The wind 
speed will be 120 m.p.h. with a power input of 2,000 h.p. 
The diameter of the jet will be 24 ft., and it will be 
possible to place in the tunnel aeroplanes of 56 ft. wing 
span. Only the central parts of the aeroplane will be 
in the stream, and the object of this class of experiment 
is to determine the design of those central parts. The 
questions which will be attacked are :— 

(1) Design of body of the aircraft for minimum head 
resistance. 

(2) Investigation of the cooling of the engine. 

(3) Draughtiness of cockpits, ventilation, &c. 

(4) Performance of the airscrew. : 

It will, of course, be difficult to obtain precise infor- 
mation as to the drag of the whole aeroplane, and 
particularly so when at large angles of incidence. 
The experiments will be chiefly made to determine 
the improvement due to alterations. 

In order to check the usefulness of this method of 
experiment, a model of an aeroplane of 8-ft. wing 
span was suspended in the 5-ft. open-jet tunnel. 
This model contained a small electric motor driving 
the airscrew. The resultant force on the aeroplane 
in the direction of the stream was measured with the 
airscrew running at different revolutions, and the results 
were compared with those of a similar experiment 
which has been made in an N.P.L. type tunnel of cross- 
section 13 ft. wide and 7 ft. high. It was found that 
there was no perceptible difference in the results of the 
two experiments, even at large angles of incidence 
of the wings. , 

The capital which will be sunk in the large tunnel is 
considerable, and it is, therefore, important that it 
should be designed for maximum output. It is also 
anticipated that the demand for work to be done in 
it will exceed its possible output. The free stream 
has on one side of it the return duct, below it the 
ground ; on the other side and above it is free for the 
entry of the subjects of experiment. On the free side 
there will be an erecting shop in which two aeroplanes 
can be prepared at the same time for experiment. — The 
aeroplane, when ready, can be lifted by one of two 
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cranes, Swung over into the test chamber and quickly 
connected to the balances which will measure lift 
and drag. These balances will be mounted in a recess 
in the floor under the free stream, and will carry the 
platform level with the floor on which the aeroplane 
will be mounted. The aeroplane will be supported 
above this platform by means of a light structure 
attached to its under-carriage and tail-skid. 

This wind tunnel will also be largely used for experi- 
ments on large-scale models. Models will be placed 
in the free stream by lowering them from above. Over 
the test chamber there will be two spaces, the model 
bays, in which a model may be slung from the balances 
of one of two cars. When the model is to enter the 
stream for test, the car will be moved over on to a lift 
and the whole lowered until the model is in the stream. 
By these arrangements, simultaneous preparation 
can be made for two experiments with actual aircraft 
and two experiments with models, and one can be 
removed and another placed in position for observa- 
tions to be taken in quite a small time. Unless a wind 
tunnel is devoted to repetition work, which is seldom 
the case in our tunnels, it is found that most of the 
time during which the tunnel is occupied by an experi- 





The ventilation required to prevent this is about 
250,000 cub. ft. per minute. Experiments have shown 
that gas produced on the axis of the free stream is fairly 
evenly distributed across the stream when the stream 
has completed the circuit, and a very extensive mixing 
takes place at the boundaries of the free stream ; hence 
these boundaries form a fitting place at which to remove 
the carbon monoxide from the stream. In the ventilat- 
ing system proposed, fresh air enters through small 
holes in an annulus surrounding the nozzle, and air is 
extracted through holes in the trumpet mouth which 
collects the free stream at the far side of the test 
chamber. The perforated inlet area to the test cham- 
ber is abreast the outlet of the nozzle and is shown in 
Fig. 9. The outlet perforations in the trumpet mouth 
are seen in Fig. 7. Air enters the building through 
a duct above the nozzle communicating with a space 
surrounding it, and is sucked out by centrifugal fans 
above the fan of the tunnel, as will be clear from Fig. 7. 

It has been found that the action of this ventilator 
increases the speed of the stream slightly, and that the 
motion of the stream produces flow through the venti- 
lating system. The draughtiness in the test chamber, 
arising from the picking up of air by the free stream 


liminary experiments by adopting a form which could 
confidently be expected to give a steady uniform flow. 

The models used in these experiments must be 
dynamic copies of actual or potential aircraft, i.e., the 
mass and moments of inertia must be to scale. They are 
constructed of balsa wood with panels cut out of the 
wings, and covered with thin paper, and they are 
ballasted with lead. In this way it is just possible to 
obtain the correct inertia in models of a size suitable for 
a 12-ft. tunnel. It will be possible, by means of a delay 
action incorporated in the model, to observe the 
response of the aeroplane to a movement of its control 
organs after spinning for a roughly predetermined time. 

The spin is not a normal mode of flight and, even in 
fighting, its utility is at least doubtful. It may easily 
occur inadvertently from loss of sufficient flying speed, 
and much work has been devoted to developing aircraft 
with stability and adequate lateral control at the stall 
to prevent the inadvertent spin. The spinning tunnel is 
not, however, of service to this end. Its purpose is to 
investigate, not the entry to the spin, but the established 
spinning motion. Most aeroplanes can be restored to 
normal flight from a spin with little loss of height by 
using the rudder to oppose the rotation and the elevator 





from the test chamber and its | to decrease the angle of incidence of the air upon the 








Fie. 10. Mopet or Spinnina TUNNEL. 


ment is spent in fitting up the model. It may, there- 
fore, be anticipated that the possible output of the 
large am will be two to three times that of existing 
tunnels. 

Figs. 7, 8, and 9, Plate XXII, show the large wind 
tunnel prepared by the Royal Aircraft Establishment, 
after experimenting with a 3, scale model and with 


= 2 
the 5-ft. tunnel described above. The air conduit 





top of the supporting bench which the tunnel pene- 
trates, and the honeycomb a little below the top o 
the bench. 
and the driving motor is on the left. 
aeroplane can be seen through the glass walls in the 
attitude of a 


this within satisfactory limits. 


of its kind. The air flows verti- 
cally upwards and the model is 
not fixed, but is in free flight, in 
a spiral dive of small radius known 
as a “spin.” Some small scale 
experiments in spinning have been 
conducted by dropping models in 
an airship shed. The up-draught 
in the vertical tunnel will annul 
the falling and enable the observer 
to stand close to the model 
throughout the motion. A small 
experimental spinning tunnel has 
already been constructed. The 
up-current is 2 ft. across and the 
models are of a few inches span 
only. The final tunnel will be 
12 ft. across and consist of a tube 
30 ft. long with a flared inlet and 





open window. 


honeycomb, and an airscrew fan | 
at the upper end. An observation | increase in the scale of test which can be made in a 
cabin will adjoin the tunnel and | given building. A tunnel of this type is to be built 
communicate with it through an | large enough to allow the speed and accuracy and 
|analytical scope of the wind-tunnel method to be 
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subsequent shedding from the wings. There are, however, aeroplanes with which the 
collector, is reduced by the venti- | recovery from a spin is difficult, slow, or even impos- 
lation, and the happy result has | sible, once the motion has been allowed to continue for 
been reached that the ventilating a few turns and settle into a fast and flattish spin. It 
system produces other favourable | is for the investigation of this danger that the vertical 
effects in addition to its primary | wind tunnel is being built. 
function. Some consideration has | 
also been given to the probable | is made difficult by the abnormal and extreme nature 
rise of temperature in the tunnel, | of the motion. The radius of a spin is small, and the 
due to the heat produced by the axis may pass through the nose of the body. A turn is 
aero-engine under test, and to the | completed in two seconds or less. The outer wing tip 
heat produced by the motion of | may meet the air at a small angle of attack, while the 
the stream. The rise of tempera- tip of the inner wing is moving nearly at right angles to 
ture would be @ serious matter, |the air and its motion may even have a backward 
but the ventilator will provide a | component. The angle of attack at the centre of the 
very effective means of keeping | wing varies in different spins from 30 deg. to 80 deg. 
; , | The air strikes the tail organs with large upward and 
There is also in course of con- | sideward components and a very important feature is 
struction at Farnborough a wind | 
tunnel which is, perhaps, the first | fin and rudder and makes them almost ineffective. 


Analytical attack upon factors governing spinning 


that the “horizontal” tail screens the ‘‘ vertical” 


The inertia couples are large. 

A technique has been developed, and instruments 
have been produced whereby the motion of an aeroplane 
in a spin can be completely recorded. We can observe 
the facts, full scale, but we cannot analyse and explain. 
Components of the motion have been reproduced in 
wind tunnels, but the data so obtained are insufficient. 
Apparatus is being developed to measure forces in the 
complete spinning motion, but the difficulties to be 
surmounted are great. The vertical tunnel will provide 
a simple means of obtaining guiding information rapidly 
without the risk attendant upon full-scale experiments. 

To summarise briefly the substance of this paper, 
the wind tunnel equipment of the Royal Aircraft 





Establishment is being improved along the following 
lines. The open-jet return-circuit tunnel is being 
introduced in replacement of the N.P.L. type on account 
of the greater facility of access and observation, the 
much reduced power consumption and the smaller 
space occupied, the last two factors permitting an 


Fig. 10, is reproduced from a | applied to actual full-size aircraft. This is the greatest 
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The fan is at the top above a wire net 
A small model 
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‘steep’ spin. The final 12 ft. tunnel 





is a form identical with that of the 5-ft. tunnel. Fig. 7 
is a longitudinal section containing the axis of the free 
stream, which flows from right to left. At the extreme 
right, the air flows towards the reader and is deflected 
by the aerofoils shown broken off near the ground. 
To the left of this are the converging nozzle, test cham- 
ber, collector, fan, swirl removing aerofoils, aerofoils 
for deflection away from the reader and, finally, the 
motor which develops 2,000 h.p. at 250 r.p.m. The 
model-erecting bays and lift are seen overhead. One 
car with model suspended from balances is on the lift 
ready to descend into the stream, and the other car is 
in an erecting bay. The return passage is seen on the 
left of Fig. 9, and the aeroplane-erecting bays appear 
on the right. Fig. 8 is a plan. The position of 
_ balances for tests of full-size aircraft is shown in 
'gs. 7 and 8, and the cranes for transferring aeroplanes 
‘o and from the test position are shown in Figs. 8 and 9. 
A pri /blem has arisen in connection with tests of 
ao ain raft in the large tunnel. Much of the work 
a “4 done with the engine of the aeroplane running, 
Me the production of carbon monoxide would produce 
‘4ngerous atmosphere in the building in a few minutes. 








will penetrate the upper floor which has been built 
into a small airship shed (the ‘‘ Beta’’ shed) now used 
as a store, and a vertical-axis motor will be mounted 
above the tunnel and drive the fan directly. 

The method of launching the models is not decided 
in detail, but it will follow the general lines of the 
method used in the small experimental tunnel. In these 
tests the model, with its control organs set for spinning, 
was mounted in a spinning attitude by means of a pin 
projecting from the model into a capillary glass tube 
fixed vertically in the centre of the honeycomb. The 
wind causes the model to rotate on this simple vertical 
bearing, and raising the speed causes the model to rise 
intoafree spin. Ifthe model is capable of a stable spin, 
the motion will continue for several minutes. Some skill 
is required in setting the model and in manipulating 
the wind speed, especially at the start of the free spin. 

This tunnel has been given a simple and inefficient 
form because the speed required is low (below 30 ft. 
per second), and the power required is therefore small 
(under 50 h.p.). The principal considerations in design 
were minimum cost of construction of a tunnel of rather 
large diameter, and the avoidance of expense in pre- 








photograph of the model tunnel without the model of | advance. Finally, a new use of the wind tunnel is being 
the observation cabin. The flared intake is below the | jntroduced in the testing of model aeroplanes in free 
| spins. The large tunnel especially should make a very 


material contribution to the knowledge required for the 
design of good aircraft. These developments owe their 
conception and execution to so many that the writer 
hesitates to mention names; but it is only right that 
acknowledgment be made of the enterprise of the 
National Advisory Committee for Aeronautics of the 
U.S.A., which erected the first compressed-air and 
large wind tunnels, and a vertical spinning tunnel 
(somewhat different from ours), and also to the pattern 
provided by the genius of Dr. Prandtl, of Géttingen, 
upon which our large tunnel is based. 








British STANDARD SPECIFICATION FOR WATER- 
CisTeRNS.—Public authorities, architects, builders, and 
houseowners will be interested to learn that the British 
Engineering Standards Association has issued a specifica- 
tion for galvanised mild-steel cold-water cisterns. and 
hot-water tanks and cylinders. In addition to providing 
for the standard sizes of tanks and cylinders, two grades 
of thickness are included, enabling the architect or 
engineer to specify the appropriate grade for his purpose. 
Tests for pressure and the quality of the galvanising are 
also provided. Under the new specification, tanks will 
be recognised by their British Standard number, nominal 
capacity, and grade, these details being stencilled on the 
finished article. Copies of the new _ specification, 
designated No. 417—1931, may be obtained from the 
B.E.S.A. Publications Department, 28, Victoria-street, 
London, S.W.1, price 28. 2d. post free. 

















































































































566 





ENGINEERING. 


[OcT. 30, 1931. 








THE DESIGN OF ELECTRIC MOTORS 
FOR INTERMITTENT SERVICE. 


By C. ScHIEBELER. 

THE conversion of electrical into mechanical energy 
is accompanied by the generation of heat, which is 
partly stored in the motor and partly radiated to the 
surrounding atmosphere. The consequent losses are 
approximately proportional to the square of the output 
multiplied by the time the motor is running. To 
appreciate the effect of the time factor on the extent 
to which a motor may be loaded, a distinction must 
be drawn between three types of operation : Continuous 
service, when the motor runs uninterruptedly for 
several hours; short-time service, when the motor 
attains its limiting temperature after running for 
about 30 to 90 minutes and must then be switched off ; 
and intermittent service, in which the periods during 
which the motor is and is not connected to the supply 
follow each other at short intervals. The object of 
the present article is to deal with the conditions in the 
motor when it is operating in the last of these ways. 

The operating periods of the motors used on such 
intermittent services as the driving of cranes, lifts, 
tippers, turntables, capstans, traversers, and rolling- 
mill machinery, as well as on locks and swing bridges, 
can be reckoned in minutes, or fractions of a minute, 
even though they are in use for the whole 24 hours, 
and the same is true of the intervals between them. 
The temperature rise of such motors follows a zigzag 
curve, which approaches the limiting temperature rise 
Tm asymptotically, as shown in Fig. 1, where ¢ is the 
operating time and T the duration of the cycle. When, 
after some hours’ operation, a steady condition is 
reached, the heat generated each time the motor is 
switched on is radiated during the succeeding interval 
of rest. The zero value of the ordinate 7 represents 
the atmospheric temperature, while the abscissa tT», 
denotes the limiting temperature rise*. The lower the 
ratio of operating time to the interval of rest, or to the 
duration of the complete cycle, the more heavily can 
the motor be loaded. This ratio between the operating 
time ¢ and the duration of the cycle T is known as the 
relative intermittency, and the three diagrams given 
in Fig. 2 show three different operating periods, 
designated 1,,, t9;, tg during a cycle of the same 
length, so that 


his | 
T 

These three ratios correspond, approximately, to 
* light,” ‘‘ normal” and “‘ heavy ”’ crane duty, respec- 
tively, and have, therefore, been adopted as standards 
for intermittent motors by the German Institute of 
Electrical Engineers (Verband deutscher Elektrotechni- 
ker). In Fig. 2, the ordinates represent the correspond- 
ing intermittent currents I,,, I,,;, I4), and also the elec- 
trical outputs Ly,,, Ly,;, Ly4, to a different scale, an 
ideal motor being assumed to be one in which the 
current is proportional to the output. In all three cases, 
the motor reaches the same temperature, which is also 
that produced by continuous operation with the currents 
Iinass Imesr Imag and outputs Lyis, Limes, and Lingo, 
where L,, is the mean square output of the cycle, that is, 
the output which would generate the same heat during 
the whole cycle as that produced by the intermittent 
output during the operating period. These currents and 
outputs are indicated by the chain-dotted horizontal 
lines in Fig. 2. 

The mechanical outputs at 15 per cent., 25 per cent., 
and 40 per cent. intermittencies are shown at A, B and 
C, respectively, in the upper part of Fig. 3, while the 
corresponding amounts of heat emitted are shown at D, 
E and F below. If, with a certain type of motor, the 
same emitting capacity is assumed at all intermittencies, 
then the temperature rise at each of the three inter- 
mittencies must be the same. If the loads in the upper 
diagram are referred to an intermittency of 25 per cent. 
as unity, then the outputs at intermittencies of 15 per 
cent. and 40 per cent. are 1-29 and 0-79, respectively. 
Fig. 4 shows the intermittent output L,, the mean 
square output L,,, and the torque A; developed in 
the appropriate period for each intermittent output, 
as a function of the relative intermittency. 

As has previously been pointed out, these relations 
only apply to an ideal motor, in which it is assumed 
that the losses vary exact.y as the square of the output. 
In direct-current and three-phase induction motors, 
however, the iron losses are independent of the load, and 
the effect of these on the heat generated is, therefore, more 
marked the greater the relative intermittency. It has 
also been assumed that, in the ideal motor, the ability 
to emit heat is the same at all intermittencies. Actually, 
however, a motor gives off more heat when it is running 
than when it is at rest, so that its emitting capacity 
increases with the relative intermittency, the amount 
of this increase depending upon the ventilating effect 


t t 
0:15, 2% = 0-25, 4° = 0-40. 
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* See Elektromotoren fiir aussetzende Betriebe und 
Planung von Hebezeugantrieben, by C. Schiebeler. 
Leipzig : S. Hirzel. 
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of the rotating armature. Consequently, the mean 
square output is not a straight line, as shown in Fig. 4, 
but is a curve the shape of which depends on the design 
of the motor. In Fig. 5, for example, the curves Ly, 
and L, apply to a totally-enclosed direct-current crane 
motor, and it will be seen that, with intermittencies 
between 15 per cent. and 25 per cent., such as are 
likely to occur on cranes, the curve L,, is approximately 
a straight line. Ata 40 per cent. intermittency, it falls 
slowly, and more rapidly at the higher values. This is 
explained by the fact that the iron losses in the motor 
form an increasing proportion of the total losses. 

A motor for intermittent service may be designed 
with the help of a mean square output diagram such 
as that given in Fig. 6, which applies to a grab hoist. 
The various occasions on which the motor is switched 
in are indicated by the areas marked I to VI in the 
upper part of the diagram. These are added together 
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in the lower diagram, and the value L,, is calculated 
from the formula 





} (1?) + L,. Ly + L*,).t, + Ly. t, + Ly «ty 
+ L?,.t, + L’5.t; + L*,.% + Ls. ty 
+ Lg. tg + Lig. ty 





where L, to L,, are the-outputs during the various 
portions of the cycle.4;The relative intermittency 
an~ 
7 is the sum of the individual times 
that the motor is switched in, i.¢., t, to t, divided 
by the duration of cycle T. The individual outputs 
L, to Ly) can be replaced by a common intermittent 
output Lys, which gives the same output for the 


for the cycle, 


relative intermittency z. This can be calculated 
from the formula 

Lys ais 

x 

One side of this formula gives the quantity of heat 

which would be developed by the outputs L, to Ly 


in the times ¢, to t,, while the other gives the same 
quantity which would be developed by the mean 








square output L», in the time T. As price lists for 
crane motors only give the equivalent outputs at 
intermittencies of 15 per cent., 25 per cent. and 40 per 


cent., the value Lys at he must be converted to that 


for the nearest equivalent output. For instance, the 
equivalent output L,,, at 40 per cent. intermittency 
is given by the following formula :— 


ts 
Lgso = Logs. / 0-47 
This value enables a suitable motor for a 40 per cent. 
intermittency to be chosen. 

In most cases, it is impossible to determine the 
number of cycles per hour on, for example, a crane. 
In order to obtain an approximate idea of the load 
variations, the relative intermittency must therefore 
be estimated. This estimate must allow for the fact 
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that, in every cycle of operations, one motion occurs 
with a loaded hook, i.¢., with useful load plus dead 
load, and one with the empty hook, i.e., with the dead 
load alone. The hoisting motor heats up less when 
raising the empty hook than when hoisting a full 
load. In this type of service, the output necessary 
for hoisting the full load during a long relative inter- 
mittency may be taken as the constant output. The 
variable loads Ly, and Lye required during the time 
ty for hoisting a full load and an empty hook, respect: 
ively, are represented by the dotted lines in Fig. 7. 
If the variable-load diagram is converted into a constant- 
load diagram of equal mean square value, as shown by 
the full lines, where the constant load Ly during an 
assumed operating time ¢, is equal to the maximum 
variable load L,,,, then the following holds for the 
ideal motor :— 





Lw,?.tw + Lw*2.tw _ Lg?-2-t9 
—_-— 7. — oy ’ 
whence :— 
tw ae 3. Lwi? | 
tg at Lw;? + Lw,? 
If Lys = 2. Lw,, then 
tw s 2 
t 1l+2 
and 2 tg 
c= 7 ae 
tw 
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so that when 


eee 
te 25 

and when 
tg 26 
—_— = — = 0:50. 
tw 40 " 


As a general rule, therefore, it may be said that 
the constant output at a 15 per cent. intermittency is 
ample for a service with 25 per cent. intermittency 
under a varying load, and that the constant output at 
a 25 per cent. intermittency is ample for a similar 
service with a 40 per cent. intermittency. This rule 
is true for ideal motors with loads varying between full 
and approximately half load. On actual motors, the 
load Ly»: must be smaller, but a motor chosen accord- 
ing to this rule will always be suitable for pulley-block 
hoist work. 

The higher the proportion of dead load to total 
load, the smaller will be the ratio a, In order to 


a 
obtain some idea of the variation in this ratio, the 








current machines and by the starting torque on three- 
phase machines. In Series IT, a constant load corre- 
sponds to 15 per cent. intermittency, in series III to 
an intermittency of 25 per cent., and in series IV to 
one of 40 per cent. 

In addition, the output of the motor must be increased 
by an amount determined by the number of times per 
hour that the control gear is operated to accelerate 
the motor to full speed. This amount is given by the 


formula 
om ((E)—] 


econ + 
3,600 ——_— 
° T 





+ 1. 





Lew = Ly 


If the relative intermittency, the relative load and 
the acceleration are known, it is easy to design a motor 
for intermittent service which will be suitable for the 
required full-load output. This, however, is impossible 
when selecting motors for short-time ratings, such as 








30, 45, 60 or 90 min. This short-time method of 


























the emitting power of the motor. This effect is, 
however, only noticeable when the intermittent service 
lasts several hours. The behaviour of a motor on 
intermittent service depends on its output. The 
smallest motor of a series of standard motors radiates 
its heat more readily than the largest motor in the 
series, as on small motors the ratio between surface 
and volume is greater than in those of large size. 
Fig. 8 shows a group of curves for the time-output 
and intermittent-output of the totally-enclosed crane 
motors, Type WDH, manufactured by the Allegemeine 
Electrizitats Gesellschaft. The 60-min. rating of the 
smallest motor corresponds to an intermittency of 26 





per cent., while that of the largest motor corresponds 
to an intermittency of 19 per cent. 

It is interesting to note that totally-enclosed direct- 
current crane motors cool down less rapidly than 
totally-enclosed three-phase motors. In the former, 
the heat is principally generated in the armature, 
which is not in contact with the atmosphere, whereas, 
in three-phase motors it is mainly the casing which 
is in direct contact with the atmosphere, that is 
heated. The result is that, with a 25 per cent. inter- 
mittency, a totally-enclosed direct-current motor with 
a 60-min. rating corresponds to a three-phase motor 
with a 45-min. rating, while with the same short time 
rating, a totally-enclosed three-phase motor in inter- 
mittent service need not be so liberally dimensioned as 
a corresponding direct-current crane motor. 
Recognising that short-time service does not comply 
with the actual conditions, the German Institute of 
Electrical Engineers, in their ‘‘ Standards for Designing 
and Testing Electrical Machines, REM, 1923,” laid 
down, that for intermittent service, the output of the 
motors should be determined on an intermittency basis. 
When the motor is tested on a 10 min. cycle at 15 per 
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term relative load has been introduced. This is given 
by the expression 

Mo | 

M ' ’ 


9 


where M, is the total load and M, the dead load. For 

purposes of design, it is advisable to combine the two 

factors ‘‘ relative intermittency ” and “relative load ” 

z ~ term “ loading series,”’ as shown in the following 
able :— 





Loading series : 
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_ ’s I corresponds to the maximum output of the 
motor, 
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designing crane motors has been the general practice | 
for many years, but in his book, already quoted, 
the author deals with the faults inherent in the 
method, and shows that it does not in the least 
comply with practical conditions. In this method, 
a motor for short-time service is tested by running 
it continuously for its rated time, during which 
time it attains its limiting temperature. The motor 
must then be shut down for some 4 to 6 hours, to 
enable it to cool, after which it is again switched on 
for a period of 60 min. Such a short time rating is 
not applicable to the design of crane motors. During | 
a test period of 30 to 90 min. the motor absorbs | 
rather than radiates heat, and as an open-protected 
motor gives off heat more readily than a totally en- | 


| closed motor, the same short-time rating, say, 30 min., | 
|rating is used as a basis for calculating the output 


corresponds to a higher relative intermittency in open 


| motors than in totally-enclosed motors. For instance, 
| the intermittencies of a totally-enclosed and an open- 
| protected motor with a 30-min. output, are 18 per 
| cent. and 29 per cent., respectively, while at the former 
| intermittency an open-protected motor delivers 25 per 
| cent. more power than a totally-enclosed motor. 
| removal of the covers on the end shields does not | 


The | 


enable any increase in the 30-minute rating to be| 
On the other 





whole day, it is possible by this means to increase the | 
output by about 25 per cent., since the removal of | 


as limited by the commutation on direct- | the covers increases the surface, and, consequently, | quently, when the abscissa is 4, 7.e., there are four 


cent. intermittency, it is switched in for 1-5 min. on 
constant load ; at 25 per cent. intermittency the period 
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is 2-5 min. and at 40 per cent., the period is 4 min. 
(The cycle of 10 min. duration chosen is longer than is 
generally met with in service, but testing is simplified 
by its use.) The intermittent-output rating must be 
developed on the regular cycle and at the stated relative 
intermittency for any length of time. The temperature 
rise and heating must not exceed the prescribed 
limiting values. When the operating times and cycles 
are irregularly distributed, the ratio of the sum of the 
operating times to the sum of the cycles must be taken 
over a maximum working period of 8 hours. 
Short-time service rarely occurs in practice, though a 
characteristic example is met with on slipways in ship- 


‘yards. It also occurs on certain hydraulic plant, where 


the ratio between the pauses and the operating times is 
unusually high. Whether short-time or intermittent 


depends upon the number of times the motor circuit is 
closed per hour. The motor should be designed for a 
short-time rating when the circuit is closed less than 
once per hour, whereas for more frequent operation 
it should be based on the intermittent rating. Fig. 9 
applies to a design based on the short-time rating, 
the abscisse representing the number of times in ten 
hours the motor circuit is closed. The ordinates denote 
the maximum admissible time each motor may operate in 
minutes (50) for each of the four short-time ratings, 
1.e., 30 min., 45 min., 60 min. and 90 min. Conse- 
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operations in 10 hours, a motor designed on the 30 
min. rating (L,,) can be switched in for a period of 
15 minutes, one on the 60 minute rating (L,,) for 
26 minutes, and one on the 90 min. rating (L,,) for 
37 minutes. The number of switching operations up to 
one operation per hour can thus be obtained from 
Fig. 9, for any desired duration of each operation. 
Whether the 30, 45, 60 or 90 minute rating, or some 
intermediate value, should be taken must be considered, 
and the necessary time rating for the power require- 
ments can then be determined. Fig. 10 gives the 
information that is necessary to design a motor for 
intermittent service of more than one operation per 
hour. In this diagram, the number of motor operations 
per hour, z, are given as abscissx, the longest admissible 


time in minutes a ) being read off on the ordinate for 


the three characteristic values for intermittent service 
t.e., 15 per cent., 25 per cent., 40 per cent., from the 
curves marked L,,, L,, and L,). It is then possible to 
determine whether the motor can give its intermittent 
output at 15 per cent., 25 per cent. or 40 per cent. 


intermittency, or at some intermediate value, for | 


any type of operation depending on the number of 
motor operations, and the most usual duration of such 
operation. 

Fig. 10 shows that the motor is used to less ad- 
vantage when the number of operations is between 
one and six per hour than when it exceeds the latter 
value. This i3 due to the duration of the cycle, T, 
of 10 minutes, being exceeded or to the corresponding 
operating time being extended. When the number of 
operations z is greater than 6, the formula of Fig. 10 
holds, but for values of z > 12 the operating time in 
seconds is given by 

3,600 ¢ 
) £ as 


tsec 


According to the above expression, the motor shown | 


would be designed on a thermal basis, each case being 
investigated to discover whether it is satisfactorily 
dimensioned with regard to starting torque, while 
with direct-current motors, commutation must be con- 
sidered. Cases will, of course, occur where the deter- 
mining factor for a particular type is not heating; but 
one or other of these factors. 


THE MANUFACTURE OF OIL LAMPS 
AND HEATERS. 


Many people will learn with surprise that, in these 
days of increasing electrical development and of 
progress in gas consumption, there still remains a field 
for oil lighting and heating. That this is the case, 
however, is shown by the history of Messrs. Aladdin 
Industries, Limited, during the past twelve years. 
In 1919, Mr. J. Imber purchased certain patent rights 
and formed the company, beginning with three em- 
ployees in one office in Birkbeck Chambers, London. 
Later, a move was made to 118, Southwark-street, 
London, 8.E., while on Thursday, October 8, a large 
factory was formally opened at Greenford, Middlesex, 
by Lord Londonderry, First Commissioner of Works. 
In this factory, which has been specially constructed 
for the purpose, 500 men and women are being em- 
ployed, and it is confidently hoped that this figure 
will be doubled within the next three years. 

The new buildings, which have been designed by 
Messrs. Nicholas and Dixon-Spain, 19, Hanover-square, 
London, W.1, are erected at the eastern end of a site 
with a depth of 328 ft. and a frontage of 1,350 ft. 
to the projected prolongation of Western-avenue, one 
of the new arterial roads, and bounded on the north by 
the Grand Junction Canal. The western portion of 
the site is to be laid out as a sports ground. The 
main structure, which is on one floor, contains the 
offices and show rooms along the southern side, 
while behind these is the factory proper. The latter, 
which covers an area of some 30,000 sq. ft., has been 
planned to conform with modern methods of produc- 
tion, its wide spaces being only slightly broken up by 
supporting columas. Excellent natural and artificial 
lighting is provided, the latter being, it may not be 
inappropriate to add, electric. The result is an ex- 
tremely well-balanced illumination in all parts of the 
building. The main cffice block is surmounted by a 
first floor containing further offices and dining accom- 
modation, while in the centre is a tower, 90 ft. high, 
which carries a water tank, into which wateris pumped 
from an artesian well. The building is faced with 2-in. 
multi-coloured bricks, with Bath stone dressings, and 
the floors are of trussed concrete. 

The products of the company include a number of 
types of lamps burning paraffin and fitted with in- 
candescent mantles, and radiators working on the 
same principle, which, we understand, are largely used 
for heating poultry houses. It is also understood 
that tests are being made with a new type of oil- 
burning flares for aerodrome use. This is designed 
to burn for a much longer time without refilling than 
those now in use. 





MULTIPLE DRILLING AND TAPPING 
MACHINE. 


THE multiple drilling and tapping machine illustrated 
in the accompanying figure is a new design in the 
range of machine tools constructed by Messrs. The 
National Automatic Tool Company, Richmond, 
Indiana, U.S.A., and though intended for the double 
purpose indicated by its title, it can be supplied fitted 
either for drilling or for tapping exclusively. The full 
capacity is 10, }-in. drills or 10, ,-in. taps, working in 
mild steel. The drilling area is 10 in. by 5} in., and 
any of the 10 spindles can be put out of action, if 
desired. They are held in place by adjustable arms 
bolted to the flange of the drill head. An unusual 
feature is that a vertical adjustment of 1} in. is pro- 
vided, in order to allow for the shortening of the drill 
by grinding. 

The spindle speeds are variable by transposing 
change wheels in the headstock, while provision is 
also made for changing the speed of individual drills, 
an alteration which can be readily made when the 
spindle arms are removed for setting up purposes. 
All the gears, &c., with the exception of the upper 
spindle bearings, are mounted in Timken roller bearings. 














The upper spindles are of high-grade bronze, and the 
gears of hardened alloy steel. The gears are immersed 
in grease to ensure proper lubrication. 

The spindles are tapped to carry the firm’s new 
form of spring collet, which has a three-point clamping 
action giving an evenly distributed grip when the 
special wrench provided is used. The standard drilling 
spindle may be used for tapping when all the taps in 
use are of the same pitch, but spindles fitted with a 
relief device are used when the pitch of the several 
taps differs. 

As will be seen from the illustration, the drive 
is by motor attached to the headstock casing on 
top of the column. The motor is fitted with ball 
bearings, and is specially designed to withstand the 
effects of frequent reversal without overheating, the 
motor normally provided being capable of 50 re- 
versals, i.e., 25 complete working cycles, per minute, 
without trouble arising. The control equipment and 
wiring is arranged within the column. The limit 
switch for regulating the point of tap reversals is 
mounted on an adjustable arm, which can be altered 
in position so as to bring the trip mechanism as close 
as possible to the tap being used. Cooling fluid is 
circulated by a motor-driven centrifugal pump situated 
at the base of the column and controlled by a toggle 
switch. 

The work table is carried on a post on an adjust- 
able knee. The post is provided with a rack and 
pinion gear for the vertical movement, the pinion 
being operated by a pedal in order to leave both hands 
of the operator free. A channel round the table 
collects the cooling fluid into a reservoir in the base 
of the machine. 





CATALOGUES. 


Coal and Ash-Handling Plant.—Messrs. Robert 
Dempster and Sons, Limited, Elland, Yorks, have 
issued a series of illustrations of plants for handling coal 
and ashes, which have been constructed by them for 
various large power stations. 

Slide Rules.—We have received a new catalogue of 
calculating slide rules from Messrs. A. G. Thornton. 
Limited, King-street-west, Manchester, with specifica- 
tions, prices, and illustrations of the markings or scales. 
Attention is drawn by the manufacturers to the Reitz 
pattern and to the “ Engineers’ New ”’ pattern. 

Oil Piping.—A new catalogue to hand from Messrs. 
The British Mannesmann Tube Company, Limited, 67, 
Queen Victoria-street, London, E.C.4, deals with seamless 
and welded tubes for conveying oil, and with similar 
products, such as well casing, drive pipes, pump tubing 
&c. Seamless tubes are supplied in sizes up to 15 in. in 
diameter by 55 ft. long, and welded tubes from 14 in, to 
72 in. in diameter by 25 ft. long. 

Electric Furnaces.—A new catalogue of electric furnaces 
made by Messrs. The General Electric Company, Limited, 
Kingsway, London, W.C.2, shows examples now in use 
for heat-treatment processes, casehardening and metal 
melting. Ovens also are shown for drying, enamelling, 
japanning, &c., in which very close control of temperature 
and uniform distribution of heat can be automatically 
attained, and there are useful notes on costs, operation, &e, 


Mining Machinery.—A catalogue of mining machinery 
issued by Messrs. Metropolitan-Vickers Electrical Com- 
pany, Limited, Trafford Park, Manchester, deals chiefly 
with electric winding engines ; self-contained turbo-gene- 
rator sets, motors, switchgear, control gear, metering and 
other instruments, and arc-welding equipment for repairs 
at the colliery. A considerable list is given of generator 
sets, rated from 900 to 3,000 kw., supplied for service at 
mines in Africa, Australia, India and at home. 

Electric Welding.—Messrs. The Quasi-Are Company, 
Limited, 15, Grosvenor-gardens, London, S.W.1, have 
sent us two supplementary catalogue publications, 
one of which contains technical information on the pro- 
perties of uranium electrodes for welding such steel vessels 
or structures as are to be subjected to either heavy 
stress or high temperatures near the weld. The other 
deals with electrodes for reinforcing or building up the 
worn surfaces of railway and tramway rails. 


Industrial Plant.—Messrs. George Fletcher and Com- 
pany, Limited, Derby, have issued a new catalogue illus- 
trating machinery forming units of various industrial 
plants, including chemical vessels and machines, evapora- 
tors, filter presses, rotary dryers, centrifugal machines, 
lime kilns, grinding mills, sugar machinery, conveyors, 
storage tanks, and steel frames for buildings. The com- 
pany also supply iron castings. The cooling equipment 
produced is shown in a separate catalogue. 

Rubber Manufactures —We have received several 
catalogues from Messrs. Macinlop, Limited, Cambridge- 
street, Manchester, illustrating and describing many 
articles of special rubber manufacture for application 
in engineering construction, such as vessels for corrosive 
chemicals, internal coverings for tanks and pipes, and 
coverings for rollers, chutes, &c. Pipe fittings with 
ebonite or other hard material bodies and acid-resisting 
linings, are also dealt with, as well as pumps for corrosive 
liquids. 

Two-Stroke Cycle Engines.—The advantages of the 
two-stroke cycle oil engine are explained in a pamphlet 
circulated by Messrs. Atlas Diesel Company, Limited, 
New Oxford House, Hart-street, London, W.C.1, and 
issued by Messrs, Aktiebolaget Atlas Diesel, Stockholm, 
Sweden. The main conclusions are that there is less 
vibration, less space occupied, and less engine-room 
labour required, while the costs of operation and main- 
tenance are also claimed to be lower in comparison with 
four-stroke cycle engines. 

Coal Fuel on Ships.—Messrs. Babcock and Wilcox, 
Limited, Farringdon-street, London, E.C.4, have issued 
a pamphlet of considerable interest on the coal-fired ship, 
showing. that coal-firing by mechanical stokers compares 
fave bly with pulverised coal or oil-firing for ships of a 
certs in class, taking as an example the SS. Beaverbrae, 
of Messrs. Canadian Pacific Steamships, Limited. This 
ship is of 10,000 gross tons, 14 knots service speed, with 
four B. & W. boilers, superheaters and air heaters, and 
is fired with coal by mechanical stokers. Data are 
given for this, and also for a smaller cargo ship. 


Thermo-Electric Pyrometers—A new catalogue ol 
thermo-electric pyrometers for indicating and recording 
temperatures up to 1,400 deg. C. (2,550 deg. F.) has been 
issued by Messrs. The Cambridge Instrument Company, 
Limited, 45, Grosvenor-place, London, 8.W.1. The 
recent developments include a method of supporting 
the moving system of the pivoted indicators magnetically 
and automatic cold-junction compensation for the 
indicators and recorders. Standard, wall, portable and 
other patterns, and single and multi-point recorders are 
described. Specimen chart records and wiring diagrams 
are given. 

Electrical Engineering.—Messrs. Siemens, Berlin, have 
sent us a copy of an illustrated pamphlet describing 
their works and products and giving a history of the 
two firms in which the ownership is now concentrated— 
namely, Messrs. Siemens and Halske, A.-G., and Messrs. 
Siemens-Schuckert A.-G. The pamphlet covers the 
development of the organisation from a workshop in & 
small courtyard in Berlin to the suburban town of 
Siemenstadt, giving work to and housing about —" 
men. The illustrations of buildings, workshops. = 
completed products, such as instruments, machines 20) 
structures, are of excellent quality. 
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HEAT TRANSMISSION RATES ROUND 
A TUBE IN A TRANSVERSE CUR- 
RENT OF FLUID. 

By James SmAxz, B.Sc., Ph.D. 


Mucs the greater part of the work which has been 
done on heat transmission has aimed at investigating 
the conditions governing the transference between 
fluids flowing axially on the outside and on the 
inside of a pipe. In many practical cases, however, 
the outer fluid, instead of passing in an axial direc- 
tion along the surface, flows transversely across it. 

This arrangement gives rise to questions of a 
hydrodynamic nature which are peculiar to the 
state of transverse flow. A great deal has been done 
by experimenters in investigating the conditions of 
flow round a cylinder in an air current, but it is not 
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easy or even possible from a scrutiny of the aerody- 
namic conditions alone to determine in a given prac- 
tical case the characteristics of heat transference 
round such a cylinder, when it is kept at a tempera- 
ture different from that of the surrounding fluid. 

It is true that the relationship between the total 
heat dissipated from hot wires and the velocity 
of the surrounding fluid, particularly in connection 
with hot-wire anemometry, has had careful atten- 
tion, but, so far as is known, no observer has yet 
set out to find the relative rates of heat transference 
at different points round a tube subjected to forced 
convection. 

The brief investigation here recorded, which was 
carried out in the Engineering Laboratories of the 
University of Glasgow, deals only with the special 
case of an isolated tube placed in a uniform air 
current. 

Apparatus.—A cylinder of wood, 8 cm. in diame- 
ter, was used containing a section at the middle of 
its length in which the chief parts of the apparatus 


were situated. This middle section, as shown in 
Fig. 1, consisted of a tube 1 of hard, close-grained 
wood, into a recess in the surface of which was fitted 
a piece of hard red fibre 2, carrying a thermopile 3, 
arranged in the following way. 

A shallow recess was cut on each side of the fibre, 
and along the centre-line of the recesses small 
holes were bored to accommodate wires alternately 
of copper and constantan. These were connected 
in alternate pairs on either side by a small drop of 
solder. A diagrammatic section of the fibre 
piece is given in Fig. 2. The recesses were filled 
in with a cement made by mixing a little plaster 


|in the cylinder. The cylinder was mounted hori- 
zontally in a wind-tunnel of about 2 ft. square 
section. The spindle on which the cylinder was 
mounted extended through the side of the tunnel, 
on the outside of which there was mounted on the 
spindle a cardboard disc with an angular scale. 
The junctions of the thermopile being disposed 
along a generating line, the cylinder could be rotated 
to investigate the rate of heat transmission at any 
angle from the upstream position. The photo- 
graph reproduced in Fig. 3, shows the cylinder 
removed from the channel and the leads connected 
to the instruments, &c. 
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of Paris with Duro- 

{fix. The fibre was 
then fixed tightly 
with screws into its 
recess on the wooden 
section, and the 
whole was finished on the lathe to give it a perfectly 
cylindrical surface at the required diameter. The 
end wires of the thermopile were joined to long 
copper leads. <A small electric heater 4, Fig. 1, 
formed on a tubular piece of slate, was fitted behind 
the fibre, and a single thermocouple was placed 
at the inner surface of the fibre for recording the 
temperature there. The space 5 was filled with 
asbestos wool. 

Assuming the rate of heat transmission across the 
fibre to be proportional to the temperature differ- 
ence between the outer and inner surfaces, we have 
a measure of this rate in the reading of e.m.f. in 
the thermopile circuit. The use of materials of 
low thermal conductivity reduces any errors arising 
from the non-isothermal condition of the surface, 
while giving a measurable temperature-drop across 
the wall; but, of course, only low temperatures 
can be used. 

The leads to the thermopile, to the single couple, 
and to the heater were carried through axial holes 
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In any given test, the wind speed was kept con- 
stant, and also the temperature at the inside of the 
fibre wall. The cylinder was turned to the desired 
position, and after some minutes the e.m.f. in the 
thermopile circuit was noted. The reading was 
later corrected to represent the heat dissipated 
when the outer wall was kept at a constant tempera- 
ture. Owing to the relatively small drop in tem- 
perature across the fibre, this correction was never 
more than 3 per cent. under the given conditions. 

Results.—The temperature difference between the 
surface and the air was maintained at 56 deg. F. 
in the tests which yielded the curves of Figs. 4 and 
5. These tests were run at different air speeds, 
but in all the curves the general characteristics are 
the same. 

The portion of the tube at which the rate of heat 
dissipation is a maximum is not at the front, but | 
in these cases falls between 40 deg. and 50 deg. of 
angle from the front. In all the curves there is a 
rapid drop in the rate of heat transference towards 
90 deg., where it is a minimum. A recovery takes 
place towards the back of the tube, and leads up 
to another maximum at the downstream position. 
The minimum rate of heat transmission which 
falls at the flanks of the tube is only from 0-3 to 





0-4 of the maximum rate. The polar diagram, 
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Fig. 5, gives the typical distribution of the rate of 
heat dissipation round the cylinder, the values of 
the rate being proportional to the radial intercepts 
on the shaded portion. This is plotted from curve D 
of Fig. 4. 

The set of curves in Fig. 4 shows the character- 
istics at different wind speeds. It is noticeable 
that the minimum turning value is sharper at the 
higher speeds, and it is found on integrating the 
curves that the proportion of heat dissipated by the 
rear half of the tube becomes higher with increase 
of wind speed. In the four cases cited, of the total 
heat dissipated, the proportion accounted for by 
the back of the cylinder increases from 0-38 to 
0-43. 

The low values at the flanks of the cylinder seem 
to be associated with the thickening and _ break- 
away of the boundary layer, and the recovery to- 
wards the back is no doubt due to the backward- 
sweeping eddies, which receive by diffusion a con- 
tinuous supply of cold air from the main stream 
and scour the surface. 

The minimum turning value at the upstream 
point, while fairly high, is very clearly defined. 
The upstream position can be accurately fixed by 
testing for the minimum value. This minimum 
value is associated with zero velocity at the up- 
stream generating line of the cylinder, but its 
relatively high value implies a marked degree of 
diffusion through the boundary layer. 

It is hoped to pursue this investigation further, 
and to examine, as far as possible, its hydrodynamic 
implications. 


THE BRITISH ASSOCIATION. 
(Continued from page 518.) 

Havine completed our report of the proceedings 
in the Engineering Section, we now propose to deal 
briefly with those parts of the proceedings in other 
Sections likely to be of interest to our readers. 

THe British FuEL PRoBLEM. 

We may first refer to a symposium on “ The 
British Fuel Problem,” held in Section B (Chemistry) 
on Monday, September 28. This included contri- 
butions by Sir David Milne-Watson on Coal, by 
Sir John Cadman on Oil, and by Mr. H. T. Tizard, 
F.R.S., on Future Possibilities, these contributions 
being followed by a brief discussion. Sir David 
Milne-Watson first explained the present position 
and outlined the causes of its depressed state. He 
attributed this largely to the development of new 
mining areas in foreign countries, the reconditioning 
of the mines in Northern France and Belgium, the 
progress in the use of water power and oil fuel, and 
the more efficient use of coal in industry. In conse- 
quence of these influences, he said, there was a 
world-wide slowing down in the use of coal, especially 
in its raw state. He then gave a statistical analysis 
of the production and use of coal in Great Britain 
in 1913, 1929 and 1930, showing a distinct falling 
off in output, export and home consumption over 
the period. The reduction in the industrial use 
of coal was attributed, in part, to trade depression 
and in part to improvements in methods of employ- 
ment, while with regard to the use of coal for domestic 
heating it was stated that of some 40,000,000 tons 
used for this purpose about 30,000,000 tons might 
be regarded as wasted. It was pointed out, however, 
that an extension of the carbonising and electricity 
supply industries could eliminate the necessity 
for using raw coal for most industrial and all domestic 
purposes, 

While the National Electricity Scheme was of 
the utmost importance and vaiue to the nation 
as a means of transmitting power, electricity was 
inherently inefficient as a source of heat supply, 
and, except for special processes, could be surpassed 
in economy and efficiency, and to the national 
advantage, by the carbonisation of coal and the 
right use of the resulting products. The carbonisa- 


domestic purposes, other than lighting, Sir David had 
estimated that these figures were 4,500 cub. ft. of 
gas and 2} cwt.of coke. The corresponding figures 
for coal and electricity he estimated at 16 cwt. and 
10 units, respectively, and assuming the mean 
average efficiencies in use to be 12 per cent. for coal, 
60 per cent. for gas, 30 per cent. for coke, and 80 per 
cent. for electricity, he deduced that the relative 
proportions of heat usefully employed from these 
sources were 53-4 per cent. from coal, 20-3 per cent. 
from coke, 25-8 per cent. from gas, and 0-5 per 
cent. from electricity. It would be seen from these 
figures that the service received from the combustion 
of raw coal was rather more than that from all other 
sources combined. It was also shown in the paper 
that the use of gas and coke was proportional to 
the quantities manufactured, so that if the present 
consumption of gas and coke for domestic purposes 
were doubled the use of raw coal in this way could 
be almost abolished. This would entail the carboni- 


tar derivatives. 


methods which would be commercially successful. 
He did not think that low-temperature carbonisa- 
tion processes offered any marked advantages in 
connection with the production of solid fuel for 
domestic purposes, and the increased yield of oil 
obtained had become of less importance than 
formerly owing to the development of hydro- 
genation which could be applied to the tar oils 
of any carbonisation process or to certain definite 
classes of coal. 

In Sir John Cadman’s contribution, he first 
referred to the developments that have taken place 
within recent years in the use of petroleum products 
for motor vehicles, for ship propulsion, both for 
boiler firing and in internal-combustion engines, 
and in aviation. He then traced the development 
of the petroleum industry, pointing out that it 
originated from the process patented by Dr. James 
Young in 1850, for ‘‘ treating bituminous coals in 


paraffin.” Nine years later, oil was first struck in 
the United States by means of a mechanically 
drilled well, but 12 years elapsed before the aggre- 
gate production of petroleum in the world reached 
one million tons per annum. Before the war, 
however, the output increased in gradual stages to 
over 50,000,000 tons annually, and at the present 


year. 
After considering the question of future 
the world was assured for a number of years to come 
of a continuance of the relatively cheap supplies 
of oil, notwithstanding its high and increasing rate 
of consumption. In this connection, he pointed 
out that while during the last decade the number 
of motor cars in use had increased by 300 per cent., 
the tonnage of steamships burning oil under boilers 
had doubled, the number of motorships had increased 
by 745 per cent., and the mileage flown in regular 
air services had risen by 3,000 per cent., the world’s 
production of petroleum had been little more than 
doubled, this circumstance being explained by the 
technical progress made, the elimination of waste 
and the conservation of natural reserves in the 
petroleum industry. Crude petroleum, he explained, 
was formerly refined exclusively by straight distilla- 
tion, by which process it was only possible to obtain 
a definite fixed proportion of each product. If this 
process were exclusively employed at the present 
time, however, it would be necessary to produce 
two or three times as much crude petroleum as 
was now actually produced in order to supply 
the world’s requirements for motor spirit. More- 


tion of coal as practised in gas works returned | over, inordinate quantities of fuel oil would have 


over 80 per cent. of the original thermal value of the 
coal to the public in the form of gas, tar and coke. 
The annual sales of gas and coke in this country 
amounted to 6,740 cub. ft., and 4} cwt., respectively, 
per head of population, and although no official 


been produced which would have glutted all markets 
with redundant supplies. New inventions and the | 
development of well-known but little used processes, 
the most important of which was the “ cracking” | 
process, had enabled this state of affairs to be 





figures were available of their use for purely 


avoided. In 1909, only about 10 per cent. of an | 


sation of some 14,000,000 tons of coal per annum | 


such manner as to obtain therefrom an oil containing | 


supplies, Sir John reached the conclusion that | 


average crude oil was converted into motor spir:t, 
whereas at the present time approximately 42 por 
cent. of the crude oil produced in the United States 
was ultimately converted into and used as motor 
fuel. This was partly due to the facts that impro e- 
|ments in carburation now enabled a wider fraction 
to be used as motor spirit and that the process of 
| straight distillation had advanced technically, but 
‘cracking, in conjunction with the production of 
light spirit from natural gas, was mainly responsible, 
In the future, hydrogenation had even greater possi- 
bilities in this connection, since by this process it 
was technically possible to convert the whole of 
a quantity of fuel oil into the lighter product. The 
remainder of Sir John Cadman’s communication was 
| devoted to the question of the competition between 
coal and oil as sources of energy, and his conclusion 
was that the future held out prospects of a gradual 
‘diminution in whatever competitive activities 
might now exist between the two fuels. 


__ In the remaining communication by Mr. H. T. 


in addition to that at present used, giving an addi- | Tizard, the author first considered the position with 
tional yield of 130,000,000 gallons of tar oils and | regard to the home consumption of coal, showing 


that this was likely to decrease in the future. Present 


Finally, Sir David considered the question of | indications with regard to the export trade, he 
low-temperature carbonisation processes, which, he | Said also, were not such as to justify hopes of any 
said, the gas industry would adopt if there were | permanent revival. Taking a long view, however, 
any prospect of an improvement in its own/|he thought it would be agreed that the avoidance 


| of waste of our great national asset was an aim to be 
| Steadily pursued, and that a diminution in home 
/consumption was a good rather than a bad sign, 
| but the position with regard to the export trade was 
different. Mr. Tizard then proceeded to consider 
new developments which might lead to an increased 
demand for coal without denying the principle of 
| conservation. Low-temperature carbonisation, he 
| said, might find a useful place in conjunction with 
| existing gas undertakings, but had ceased to be of 
| outstanding national importance. Hydrogenation 
| of coal, he thought, presented a far more practical 
method of producing oil. By this method, he 
| considered, it would be possible to produce petrol 
| on a large scale at a cost of 9d. per gallon. The cost 
|of producing heavy oil by hydrogenation, however, 
was not likely to be much less than that of pro- 
ducing petrol, and ultimately, if not immediately, 
the competition of manufactured oil with natural 
oil must depend upon the cost of production of 
| the former, and not of petrol. The exclusion, by 
| taxation, of imports of heavy oil would have even 
|more serious consequences than the exclusion of 
|petrol from natural sources, and, in any case, 
the production of oil from coal could only affect 
the home market. It was to be expected of course, 


|that the cost of producing oil by hydrogenation 
time ‘it was approximately 200,000,000 tons a/ would be steadily reduced, but on a thermal basis 
‘he thought it was bound to be greater than the 
/minimum cost of producing electrical energy from 


coal. Hydrogenation was, however, of particular 
interest to the coal industry, since it was one of the 
few new developments which might give rise to a 
substantially increased demand for coal, and also 
because, on economic grounds, it was likely that if 
the industry were to be established on a large scale 
it would be located at the collieries. 

Returning to the question of the bearing on the 
coal industry of electrical development, Mr. Tizard 
stated that in 1930, about 12,000 million units 
of electricity had been generated in public generat- 
ing stations in this country, the average thermal 
efficiency being about 12 per cent., and the coal 
consumption under 12,000,000 tons. It should 
be quite possible, in time, to generate twice as much 
electricity for the same consumption of coal, and 
thus to supply the whole power required for the 
railways, if they were electrified, with a large 
surplus for other purposes. There was, he thought, 
no possibility that domestic heating on a large scale 
by electricity could be effected as cheaply as by gas, 
but there remained the possibility of greatly 
increased use of electricity for power, lighting, 
and certain manufacturing operations which were 
only possible if large supplies of very cheap elec- 
trical energy were available. It was by no means 


|impossible that power from coal might compete 


successfully with power from water for many electro- 
chemical and metallurgical processes which were now 
centred round the chief sources of water power. 
If this were the case, the consequent industria! 
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developments in this country would be large, and 
would not only be of great national importance, 
but would be of direct assistance to the coal industry. 

Finally, Mr. Tizard referred to the export trade, 
pointing out that none of the developments pre- 
viously mentioned was likely to affect it, and 
expressing the view that the cheapening of gas 
production and distribution was the most hopeful 
means of checking the real competition of oil, and 
of giving a new impetus to the export of coal. It 
would depend, however, upon the encouragement 
of scientific research on all the problems of the gas 
industry and also on the removal of restrictions 
which hampered its industrial development. 

In proposing a vote of thanks to the speakers, 
Sir James Irvine said that, in this country, where 
the source of energy was practically confined to 
coal, the outlook was not reassuring. Although 
the extended conversion of coal energy into elec- 
trical energy must remain one of the most hopeful 
developments of the near future, it was a mistake 
to think of coal solely in terms of its fuel value. 
It was essentially a mixture of highly elaborated 
chemical substances, and to regard it merely as a 
fuel was to contemplate the brutal destruction of 
something accumulated through countless ages and 
replenished but slowly. To provide a supply of 
oil under emergency conditions every effort should 
be made to develop the hydrogenation process, 
possibly as an adjunct to other methods of using 
coal, even if the economic margin were precarious. 

Professor W. A. Bone, in seconding the vote of 
thanks, said he thought the stationary condition 
in the world’s demand for coal was due to post- 
war economic maladies and, presumably, would not 
outlast them. The decline in home consumption 
he attributed largely to the fact that whereas in 
1913 a ton of steel had been made from 18 cwt. of 
pig iron and 2 ewt. of scrap, the proportion was 
now 10 ewt. of pig iron and 10 ewt. of scrap. This 
change had applied throughout the world and 
seemed likely to continue. He was not pessimistic 
about the coal trade, especially if, in future, the 
Legislature would leave it freer to deal with its own 
problems. He entirely agreed with Mr. Tizard’s 
views on low-temperature carbonisation, and with 
regard to the production of oil from coal by hydro- 
genation, he thought that while this was now 
technically quite possible as a process, there seemed 
to be no prospect of its becoming commercially 
remunerative within any reasonable period. The 
real solution of our present fuel problem, he said, 
lay, not in converting coal into oil at relatively 
high costs, but in enabling coal to displace oil in 
internal-combustion engines. It should not be 
beyond the resources of science to de-ash coal suffic- 
iently for this purpose, and he urged the need for this 
problem to be tackled forthwith. Its solution, 
he concluded, afforded the only real hope of libera- 
tion from our present dependence upon imported 
oil and of the ultimate restoration to prosperity of 
our coalfields. 


THE Som RESOURCES OF THE EMPIRE. 


In discussing the question of the soil resources of 
the Empire in a paper contributed to Section E 
(Geography), on Thursday, September 24, Sir E. 
John Russell, Director of the Rothamsted Experi- 
mental Station, Harpenden, Herts., said that, in 
recent years, the agriculture of the Empire had 
undergone a fundamental change. In its earliest 
Stages, each region had been self supporting, and 
agriculture was, therefore, general, and resulted in 
the export of some particular commodities. A great 
change had, however, followed improvements in 
transport, the development of refrigeration, and the 
development of plant breeding, the latter allowing 
considerable adjustment of crops to environmental 
conditions. In consequence, each region now 
tended to concentrate on the agricultural commodi- 
Hes it could produce best, and to import all other 
Commodities. Modern agricultural development 
had, therefore, become a study in adaptation of 
‘rops and animals to geographical conditions, 7.e., 
to the soil and the climate. The soil, however, 
Was so profoundly affected by the climate that 
under similar climatic conditions the general 
characteristies of the soil were the same. The 
effect topographical conditions, particularly 








elevation, was also climatic, so that climate was the 
most important single factor determining the type 
of agriculture. In general, under similar conditions, 
similar agricultural systems could be adopted and 
similar products obtained, the necessary small 
changes being made by the plant breeder. 

From rainfall and temperature maps, the 
author said, it was possible to make a good fore- 
cast of the probable agricultural products, 
and he had done this with the following results : 
For tropical climates, plants suitable for the pro- 
duction of oil, fibre and alkaloids, including tea, 
coffee and cocoa, and sugar cane, could be grown, 
and cattle grazing for low-grade beef could be 
carried on except in insect-infested localities. In the 
moist or irrigated regions of sub-tropical climates, 
suitable crops were citrus fruits, bananas, rice, 
lucerne, or certain clovers, and grass, while dairy 
cattle, fed on lucerne, and bullocks could be reared. 
In the drier regions in sub-tropical climates, maize 
could be grown, and where there was a cool season, 
wheat and barley, while grazing sheep for wool, 
especially merinos, could also be carried on. 

In temperate climates of the Continental type, 
with hot summers and cold winters, wheat and barley 


could be grown in arid areas, and sheep could be | 


reared for wool and low-grade mutton, while in 
humid areas suitable crops, in addition to those 
just mentioned, were sugar beet, tobacco, maize, 
lucerne, clover and grass ; beef, dairy cattle, pigs 
and poultry could also be reared. For temperate 
climates of the insular type, having cool summers, 
mild winters and rain in all seasons, suitable crops 
were all British fruits and vegetables, wheat, 
barley and oats, rye in colder climates, and grass, 
while dairy cows, sheep (especially for lamb pro- 
duction), high-quality beef cattle, pigs and poultry 
could be reared. Cool coastal regions were suitable 
for grass, dairy products and lamb production, and 
warmer coastal regions for the production of various 
fruits. In drier inland regions having a cool 
season, wheat and barley, increasingly combined 
with sheep for wool or with tilled crops for dairy 
farming, could be grown, while maize, similarly 
combined, was a suitable crop for those regions in 
which there was no cool season. Valuable crops, 
such as cotton, citrus fruits, grapes for raisins, 
rice and lucerne, could be produced in irrigated 
regions, and dairy cattle raised ; human food crops 
could also be produced in crowded countries. 

For most parts of the Empire, the author con- 
cluded, the British market dominated the demand, 
the extent of which was shown by the inquiries of 
the Empire Marketing Board and the Ministry of 
Agriculture. There was a great need now for a 
survey of the soil resources of the Empire to show 
how much land was immediately available for 
these various products, and how much more could 
be made available should economic circumstances 
justify this course. He finally suggested that the 
Geographical and Agricultural Sections of the 
British Association might well consider the possi- 
bility of collaborating with the Imperial Soil 
Bureau in making a preliminary survey. 


THE Earty Evo.tution oF PowkER ENGINEERING. 


An interesting paper bearing the above title was 
read in Section H. (Anthropology) by Mr. H. P. 
Vowles, on Tuesday, September 29. In this, the 
author stated that the earliest illustration of the 
wheel and axle appeared in a Sumerian plaque of 
between 5,000 and 6,000 years ago. It might, 
therefore, be that the wheel and axle were invented 
in the fourth millenium B.C., at least as far as the 
Sumerians were concerned. Of other applications of 
rotary motion the cylinderseal was said to be more at 
home in Sumerian than in Egyptian culture, and that 
the potter’s wheel was known to the potters of Ur 
before it was used in Egypt. The Egyptians, 
moreover, did not use the lathe, being content to 
imitate by hand the lathe products of Syria, whence 
the earliest known representation of a pulley also 
came. 

Generally speaking, it might be said that the 
invention of the wheel necessarily preceded the 
harnessing of external power, although use had been 
made of the wind for ship propulsion in pre- 
Dynastic Egypt. It was not. known with certainty 
what the next steps were, but they were doubtless 











associated with man’s most fundamental needs of 
water for irrigation and flour for bread. Irrigation 
machines were referred to in Babylonian inscriptions, 
but it was believed that water power had been 
harnessed for irrigation purposes even in Sumerian 
times. Many of the water-raising wheels still to be 
seen on the Euphrates were more primitive than those 
of which the author showed illustrations from other 
parts of Asia. The wheel was constructed of 
rough branches fastened together, with spokes 
joining the outer rims to a roughly hewn axle. 
Earthenware vessels for picking up the water were 
tied to the outer rim, to which paddles were also 
fixed so that the wheel would be turned by the flow 
of the river. The vessels emptied themselves as 
they turned over at the top of the wheel into a 
trough in which the water was led away as required. 

Toothed wheels had to be invented before such 
water-raising wheels could be used for driving 
millstones rotating about a vertical axis. Hero 
of Alexandria referred to a toothed-wheel mechanism 
in his Pneumatics, and Vitruvius also made various 
references to toothed wheels, mentioning that 
Ctesibius used them in some of his mechanical 
devices. The author then described the primitive 
types of watermill, still in use to-day, not involving 
the use of toothed wheels. Continuing, he men- 
tioned that Hero of Alexandria described and 
illustrated in his Pneumatics, above referred to, an 
organ in which air under pressure was delivered to 
the pipes by the agency of wind power. From this 
the author concluded that Hero had knowledge 
of the possibility of obtaining rotary motion by 
means of vanes or sails acted upon by the wind. He 
pointed out that this conclusion, if correct, indicated 
that the windmill was invented at a much earlier 
time than had hitherto been generally realised. 
Apart from this there appeared to be no reference 
to windmills until the Tenth Century A.D., when 
authentic references were made to such mills by 
three Persian writers. Many windmills of a very 
primitive type were still used in Seistan. They were 
used for grinding wheat and barley, and had walls 
of stone and sun-dried bricks. The wind blew in 
one direction only in Seistan and entered through a 
gap at the side of the structure, passing out through 
a larger gap in the other side. By the passage of 
the wind, vanes constructed of reeds were driven 
round a vertical axis, the vanes as they returned 
being sheltered by the construction of the mill 
walls. The upper end of the axle turned in a cross 
beam supported by the walls, the lower end of the 
axle being attached to a mill stone in a room below 
the floor. Another type of windmill, used in 
China, had sails like those of a ship, hung so as to 
rotate about a vertical axis, and arranged to tilt 
automatically and present an edge to the wind on 
the returning side. The author had endeavoured 
to trace the origin of this type of windmill, but 
had found no reference to such machines before 
the Seventeenth Century. 

Turning then to the origin of steam power, the 
author mentioned Hero’s “whirling eolipile” 
which was in effect a small reaction turbine, but 
added that as the stationary eolipile had certainly 
been used for close on two thousand years, it was 
probable that Hero derived his idea from that. 
The stationary eolipile had been widely used to 
provide a blast for fires and furnaces, and for other 
purposes. For many years after the time of Heron, 
however, the author had only been able to trace 
casual references to the use of steam, and it was not 
until Heron’s book had been translated into Latin 
and Italian in the latter half of the Sixteenth 
Century, that practical developments occurred. The 
increasing interest in science and discovery in the 
Seventeenth Century, the foundation of the Royal 
Society in 1662, the fact that scientific works began 
to appear in English, and the growing demand for 
coal and for some more powerful means of raising 
water from mines, had all combined to usher in the 
age of steam with the subsequent development of 
which our readers are familiar. The paper con- 
cluded with a brief reference to the origin of man’s 
knowledge of magnetic and electrical phenomena, 
in the course of which the author stated that Thales, 
in the Sixth Century B.C., appeared to have been the 
first to mention the attractive property of amber. 
Sasruta, a Hindu philosopher of the same century, 
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was credited with having made use of a magnet for | ' 
surgical purposes. The earliest known attempts to | 

investigate the properties of magnets intelligently had 

been made by Petrus Peregrinus in the Thirteenth | ——E= 
Century A.D., and after Peregrinus, came Gilbert | 
in the Sixteenth Century. From that time on, the | 
knowledge of magneto-electric phenomena _in- | 
creased, culminating in the epoch-making discoveries | 
of Faraday and the electric power developments of | 
our own time. 
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(To be continued.) | 





NEW YORK ELECTRIC SUBWAY 
CONSTRUCTION METHODS—VI. 

By Frank W. SKINNER, M.Am.Soc.C.E. | 
The Construction of New Under Old Subway | 
Structures.—In this article it is proposed to give | 
brief descriptions of the work involved at certain | 
points of new construction, at which the subways 
had to be carried under similar structures built 
previously. 

In one instance, Section 14, of Subway Route 
No. 8, at Fourteenth-street, Manhattan crosses at 
right angles underneath the old four-track Seventh | 
Avenue Subway. The clearance between the two 
structures was on'y a few inches. The trench for 
the new subway, about 50 ft. wide and 48 ft. deep, 
was excavated through earth and rock close up to 
the side wall of the old structure. The latter was 
about 90 ft. wide and 20 ft. high, and consisted of 
two station platforms and four railroad tracks. In 
addition to the side columns, there were five rows 
between the tracks, all carrying transverse roof and 
floor beams at 5-ft. spacing. 

The procedure followed is shown in Figs. 70 to 
72, annexed. The first work was to place longitu- 
dinal girders under the side walls of the old subway, 
and post these down to bed rock. These girders 
are shown at A, A, Fig. 71, the rock being from 
3 ft. to 8 ft. below. Next, two plate girders B, B, 
56 ft. long and 6 ft. deep, were set on each side of 
the centre row of columns. These girders are 
shown in side elevation on the right of Fig. 70, 
and are also illustrated in Fig. 72. Close to the 
four remaining rows of columns, truss girders of the 
type shown on the left of Fig. 70 were placed, as 
indicated at C,C, in Fig. 71. These were 11 ft. 
deep and 56 ft. long. The ends of these girders 
and trusses projected a number of feet each way 
beyond the sides of the new subway trench excava- 
tion, and were there supported on concrete piers 
carried down to rock, as indicated in Fig. 70. The 
floor beams of the old subway structure were next Fie. 72. 56-Fr. Pirate Girpers Supporting CENTRE TRACKS OF 
suspended by pairs of screwed rods from the new Otp Susway. 
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girders and trusses, and, supported in this way, 
excavation was carried on underneath by blasting 
and steam shovel work. The new subway structure 
was then built and wedged to bearing under the old 
subway and concreted. 

Another characteristic piece of work carried out 
under the old four-track Seventh Avenue Subway 
was the crossing on Section No. 5 of Subway Route 
No. 101 under Greenwich-avenue, Manhattan. The 
hew subway was of four-tracks, but double deck, 
and required a trench about 62 ft. wide and 50 ft. 
deep, carried down through sand and clay to a 
depth of about 40-ft. below ground water level. 
There was very little clearance between the two 
Structures, and the work involved exposing a 
Tectangle of something like 60 ft. by 80 ft. of the 
underside of the old floor. 

In this instance, when the general excavation 
of the new subway trench had reached about 60 ft. 
away from the old subway, steps were taken to 
underpin the latter by means of tunnels. Figs. 73 
and 74 give two sections illustrating this work, 
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the former being a cross section of the new subway | 
and a longitudinal section of the old, and the second 
a cross-section of the old and longitudinal of the 
new. 

Fig. 75 is an enlarged detail of the extreme 
right hand of the section given in Fig. 73. The 
first step taken was to drift three tunnels, one on 
either side of the trench and one in the centre. 
These drifts, marked 1 in Fig. 73, were 7 ft. high 
and 15 ft. wide, and being carried to a length of 
80 ft. parallel with the axis of the new subway, 
they exposed the underside of the old structure. 
These tunnels were carried forward in lengths of 
20 ft. On each side of each tunnel screw jacks 8, S 
(Fig. 73), were set, supporting a 20-ft. length of 
30 in. by 200 lb. I-beam, C. The latter carried 
transverse beams A, set at 5-ft. centres, bearing 
directly against the underside of the old subway as 
shown in Figs. 73 and 74. 

On the outside of the two outer drifts the ex- 
cavation was carried out beyond the neat line of 
the subway trench, and in the space thus formed 
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solid concrete walls were‘ built on timber floors. 
These gave additional support to the subway 
above, and prevented bleeding of the earth 
under it. 

When the three tunnels, 1, 1, 1, had been carried 
under the old structure ditches 9 ft. wide, marked 
2,2, in Fig. 73, were sheeted down, and in these, 
at 5-ft. intervals, two series of 12-in. joists E, E, 
about 40 ft. long, were driven to rock. On these 
were placed again 30-in. by 200-lb. I-beams D, D, 
in 20-ft. lengths, and these in turn supported 
posts, F, 5 ft. apart wedged to take the load on 
the beams A, A. The first line of beams and jacks 
were then released. In the centre tunnel, drifted 
in a similar manner, no concrete walls were built. 
When these three tunnels had been completed, the 
intervening cores, marked 3 in Fig. 73, were taken 
out, and a similar procedure followed, jacks and 
temporary beams being installed on the sides, and 
then the trenches 4, 4, cut, and piles driven in them, 
all as already described. 

As the tunnels were advanced in 20-ft. sections, 
the 30-in. longitudinal beams were welded together 
electrically, making continuous girders, which, 
supported by the 210 I-beams E, E, carried the 
weight of the overhead subway to rock, about 
35 ft. below the bottom of the trench. The next 
step was to clear out the whole width of the new 
trench to the level marked by the dotted line in 
Fig. 73, this being stage number 5, the level being 
about 4 ft. above subgrade for the new structure. 
The next steps are best illustrated by Fig. 74. 
The continuous 30-in. girders were about 120 ft. 
long, and projected 20 ft. on each side beyond the 
upper subway. As the new work approached, and 
its floor was put in, the 30-in. girders were supported 
on movable timber towers, as shown to the left of 
Fig. 74. 

The water-proofing and its protection were then 
removed from the old concrete, and a short length 
of the last stage, 6, of excavation work carried 
down to final level. Taking one cross row of 
the piles E, E, at a time, these were next burned 
off at sub-grade, and the transverse beams A, A 
removed. In their space was inserted instead the 
permanent steel work of the subway structure 
consisting of roof and invert beams and vertical 
columns. The concrete was then carried forward 
to encase this frame, when the next set of piles E, 
E, was treated in like fashion. The 30-in. longi- 
tudinal girders, D, D, were burned off in sections 
and removed as the work progressed. 
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LITERATURE. 


Simplified Calculation of Statically-Indeterminate Bridges. 
By G. G. KrivosHEIn. Published by the Author: 
Prague, Czechoslovakia. [Price 3 dols.] 

PROFESSOR KRIVOSHEIN has been responsible for 

the design and construction of a number of bridges 

of large magnitude in Russia and elsewhere, and his 
book is a valuable addition to the literature of long- 
span bridges. Convinced of the economy to be 
gained from the statically-indeterminate types, he 








sets forth what experience has taught him are the 
methods by which they can be most easily and accur- 
ately designed. Starting with the assumption that | 
his readers are familiar with strain-energy methods 
and can construct an influence line, he uses the least- | 
work theory to develop the well-known MM’ + NN’ | 
equations, which are used throughout the book ; | 
but in certain cases of multiple redundancy he 
substitutes a method of Professor Miiller, which is 
given in detail. A method (page 77) of treating 
masonry arches by means of statically-indeterminate 
“ surplusses,” which appears to have advantages, 
may be noticed in passing. A “surplus” is the 
difference between a preliminary and the exact 
value of a function, which difference is treated as 
the statically-indeterminate unknown. 

Professor Krivoshein’s aim is so to simplify the | 
calculations for indeterminate structures that they 
can readily be carried through, without the neces- 
sity for more than one preliminary effort. In 
this we think he has succeeded. In particular, 
he attacks the initial difficulty in such considera- 
tions that the areas of the members must be known 
before the forces acting on them can be found. 
He points out that the common assumption, made 
in preliminary calculations, that the areas or 
moments of inertia are constant, often leads to 
results which are so inaccurate that they form a | 
very inadequate basis for the final calculations, and 
more than one re-calculation becomes necessary. 

His own proposal is to assume that the moment 
of inertia varies as the cube of the depth of the 
girder. This is evidently true for a masonry arch | 
with a rectangular cross section, and is shown 
to give good results in braced structures, but in 
certain cases the index is reduced from 3 to 2}. 
On these assumptions, values within 2 per cent. 
of the correct ones are obtained from the pre- 
liminary calculations. It thus becomes possible to 
solve the equations in terms of the depths of the 
girders, which dimensions can be, and usually are, 
fixed empirically at the beginning. Of solutions 
by determinants he will have none, arguing that 
they are complicated, and lead to inaccurate 
results, in that small errors in the separate terms 
may lead to large errors in the evaluation. His 
motto is: ‘one equation, one unknown.” The 
computations are much simplified thereby, but it 
implies a suitable choice of the principal statically- 
determinate system, and, in the case of multiple 
redundancy, particular co-ordinate axes. Some 
pertinent remarks on the former point will be found 
on page 4; we think that a more extended discus- 
sion regarding the latter would have been advan- 
tageous. 

Such is the basis on which the book is built. 
The body thereof consists of detailed consideration 
of practically every indeterminate type of long- 
span bridge, including two-hinged arches, tied 
arches, fixed arches of steel and masonry, canti- 
lever arches, continuous-girder bridges of two or 
more spans, suspension bridges with one, two and 
three spans, and other types involving the com- | 
bination of arch and suspension chain, with worked- 
out examples for nearly all. 

The examples and data are taken from designs 
for actual bridges, largely from bridges actually 
built. The tabular calculations are given, with 
the influence lines. In certain cases, alternative 
designs are considered, with regard to relative 
economy. The data include detailed weights and 
costs of many of the well-known bridges. Each 
type is illustrated with photographs or perspec- 
tive sketches, for the author does not overlook 
wsthetic considerations. It should be understood | 
that the book does not deal with details of con- | 
struction. 


the book has reference to suspension bridges, and 
in Appendix III will be found a theory for three- 
span suspension bridges, based on Melan’s work, 
which the author claims to be more exact than those 
previously given, even than the so-called “ deflec- 
tion-theory,”’ which takes into account the deforma- 
tion of the chain. According to the author, in the 
Delaware River Bridge, the “deflection ’’ theory 
shows a reduction in the bending moment of 38 per 
cent. in the main span, and 25 per cent. in the side 
spans, over that given by the usual theory, which 
neglects the deflection of the chain, whereas the 
“exact ” theory indicates corresponding reductions 
of 43 and 13 per cent. An analysis and comparison 


| of the cost of wire-rope cables, as compared with 
| eye bars, for suspension chains is given on page 116, 


from which it would appear that in a bridge of 
3,200 ft. span the former are 38 per cent. cheaper. 
In conclusion, a type of long-span bridge, origina- 
ted by Professor Krivoshein himself, should be 
mentioned. It is a three-span suspension bridge 
combined with a cantilever arch, which appears to 
show considerable economy over other forms, and 
is of pleasing appearance. Being a self-anchored 
type, the cost of anchorages is eliminated. From a 
comparison of three designs for a bridge of 1,600 ft. 
+ 3,200 ft. + 1,600 ft. span over the Hudson River, 
New York, the author estimates that the relative 
costs of an ordinary suspension bridge with stiffen- 
ing girders, one with stiffened chains, and the 
proposed combination of chain and arch, are 100, 
96 and 57 per cent. The saving is almost entirely 
due to elimination of the anchorages, and if rock 
anchorages were possible, the economy of the third 
type disappears. We cordially recommend this 
book to all those interested in long-span bridges. 


The Vulcan Locomotive Works, 1830-19380. London: 
The Locomotive Publishing Company, Limited. 

A Firm which had its birth in the year in which the 

Liverpool and Manchester Railway was opened, and 

in 1925 constructed its 4,000th locomotive, may 

reasonably be proud of its record ; it well deserves 

that its history should be known. Linked from its 


' foundation with some of the most prominent names 


connected with locomotive history, such as Robert 
Stephenson, Daniel Gooch and Henry Diibs, it was 
founded by Charles Tayleur at Newton-le-Willows, 
six miles from Warrington, amid rural surroundings, 
and though to-day its shops cover an area of 13} 
acres and give employment to 2,500 men, the 
district is still a rural one. In the course of its 
history, the firm has supplied locomotives to every 
continent, orders have come from Japan, Argentina, 
New Zealand and South Africa, and its present 
position can be gauged from the facts that just 
after the war it constructed no fewer than 35 large 
goods engines for the French Railways, while, in 
1926, after the standardisation of locomotives for 
the Indian Railways, it secured contracts for 73 
broad-gauge engines and 52 metre-gauge engines 
for India. 

The Centenary Book opens with a chapter which, 
though headed Early History, gives a sketch of 
the firm during the whole 100 years of its existence, 
and this is followed by a good description of the 
works as they are to-day, a review of the products 
of the Vulcan Foundry with numerous illustrations 
of locomotives, a special chapter on Indian loco- 
motives, and a short account of the shipment of 


‘locomotives. Among the earliest locomotives built 


at Newton-le-Willows were the Firefly for the 
Camden and Woodbury Rail Road, the Cincin- 
nati, for the South Carolina Rail Road, No. 1 en- 


| gine for the London and Greenwich Railway, the 
|earliest of London lines, and others for Russia, 


Austria, Belgium and Germany. The 1,000th 
locomotive built was sent to New Zealand, the 
2,000th to Bengal, the 3,000th was built for the 
Great Indian Peninsula Railway, and the 4,000th 
was a 4-4-0 three-cylinder compound engine, 
No. 1187 of the London, Midland and Scottish Rail- 
way, designed by Sir Henry Fowler. 

In the first chapter is a reference to the Bank 


| Quay Foundry of Tayleur, at Warrington, where 


guns and shot were made and where iron ship- 
building was taken up. The first iron ship con- 


structed here was apparently the Tayleur, an emi- | 
As might be expected, a considerable portion of | grant sailing ship, which was wrecked off Lambay ' 








) 


Island, with great loss of life, on January 2). 
1854. It is also stated that Tayleur constructe:| 
the Sarah Sands, an auxiliary-screw iron shi). 
but a reference to the catalogues of the Scien. 
Museum will show that this vessel, designed |, 
John Grantham, was built by Hodgson and Com- 
pany, at Liverpool, in 1845, and engined by Bury. 
Curtiss and Kennedy. 


Il Cemento Armato. Vol. I, La Tecnica e la Stati: 
ol. II, Le Applicazioni nelle Costruzioni Civili 
Industriali. by Pror. ING. LuIGr SANTARELL\ 
Milan: Ulrico Hoepli. [Price, Volume I, 48 lir:: 

Volume II, 68 lire.] 

THE last twenty-five years have witnessed an 
enormous expansion in the wide applications of 
reinforced concrete in the construction of buildings, 
particularly in the United States of America, 
where the rapid erection of large structures has 
become a feature. Reinforced-concrete construc- 
tional methods have largely replaced the older 
and less rapid methods, and are now, in various 
forms, coming into general use for the construction 
of large buildings. The studies of Professor 
Santarella on reinforced concrete are already well 
known, and these two volumes comprise the third 
revised edition of the author’s textbook on the 
subject. The general plan of these volumes is 
similar to that of the earlier editions, the broad 
scope of the previous editions being again evident 
in the new one, which well maintains the posi- 
tion of Jl Cemento Armato as an invaluable and 
up-to-date compendium of information on the 
recent advances in the applications of reinforced 
concrete. The text has been considerably revised. 
and the progress made in the development of 
reinforced concrete is admirably portrayed. Much 
reference is made to the original technical literature, 
and the text bears evidence not only of critical 
selection and consideration, but also of a native 
talent for lucidity and a wide and thorough know- 
ledge of the subject dealt with. The author has 
well succeeded in the aims outlined in the preface, 
for the facts are placed before the reader unadorned 
and free from any fanciful conceptions. 

In Vol. I the author deals with the numerous 
modern constructional applications of reinforced 
concrete in civil engineering and other industrial 
undertakings. The early part of the volume is 
devoted to the properties of the materials used in 
reinforced-concrete work, the physical and chemical 
actions which influence concrete and reinforced 
concrete, and the constructional aspects. Reference 
is made to the composition and properties of the 
various cements, including graphical comparisons 
of the resistance and compression properties of 
natural, artificial and high-resistance Portland 
cement, with a full discussion of their physical 
characteristics, setting and hardening properties. 
Alumina or fused slag, mineral and Puzzolana 
cements are also dealt with. In the section devoted 
to the properties of cement concretes, valuable in- 
formation is given relating to resistance to bending 
and shearing strain, resistance trials, adhesion and 
elasticity. Physical and chemical influences are 
considered in detail; these include resistivity to 
high and low temperatures, the effect of impact 
and vibration, imperviousness to water, thermal 
expansion and insulating properties. The author 
well describes the modern theories relating to the 
action of chemicals on reinforced concrete, including 
a discussion of the action of organic and inorganic 
acids and alkalies, means of resisting their corrosive 
effects, and details of mixtures for rendering concrete 
impervious to water. In a short chapter dealing 
with modern constructional practice, much practical 
information is given on the casting of concrete, 
pillar and beam shutterings, slab-laying planes, 
and the calculation of timbering. The second 
section of this volume is devoted to the statical 
aspects of reinforced-concrete, a detailed study 
being made of simple and axial pressure problems. 
eccentric pressure and breaking strain calculations 
based on the Euler and Ritter formule. Consider- 
able space is given to simple and compound bending, 
flexo-pressure and flexo-traction with single, double 
and symmetrical reinforcement. Much original ex- 
perimental matter is contained in a section dealing 
with shrinkage, tangential stresses, torsion and the 
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elastic deformations of beams with examples of the 
determination of elastic deflection by the Mohr 
method. The results of numerous torsion experi- 
ments are exceptionally well summarised. Recent 
Italian legislation relating to concrete constructional 
work is contained in an appendix. 

Vol. II comprises illustrated accounts of recently- 
erected Italian structures, built of reinforced concrete. 
The early chapters describe various types of floors, 
including ribbed, cross ribbed, perforated tiles, and 
Stimip, Duplex, Castori, and diagonal Cavallazzi 
floors. Calculation data are given relating to the 
diagrams of moments in a beam under various 
conditions, with a discussion of the three-moments 
theorem and descriptions of the cross reinforced 
methods of floor construction of Grashof, Bach, 
Danusso, Guidi, and Marcus. In dealing with mush- 
room floors, the author illustrates methods of deter- 
mining tangential stresses. The most important 
chapter in the second volume is characterised by a 
detailed consideration of the construction of earth- 
quake-resisting buildings, which includes the design 
and details of buildings of this type, fundamental 
criteria, stability, calculation of stress characteristics 
due to vertical loading and undulatory movement, 
and the correcting of section stability. The remain- 


ing chapters are devoted to the construction of | 


flat and shed-type roofs, the calculation of tensile 
stresses in triangular lattices and in a Polonceau- 
type truss, examples of the calculation of the 
hyperstatic values by applying the principle of 
the virtual work in portals, arches and vaults, 
graphic-analytical calculation of a cupola with 
parabolic profile, and the calculation of side walls, 
bending, tensile and shearing stresses in silo con- 
struction. An appendix outlines the Italian Govern- 
ment regulations governing the technical and 
hygiénic construction of buildings in districts liable 
to earthquakes. 

The volumes survey, in a skilful manner, the 
whole subject of reinforced concrete from the 
theoretical and practical standpoints, examples 
being given of typical theoretical calculations asso- 
ciated with the construction of reinforced-concrete 
buildings, together with numerous examples of 
practical applications, the volumes forming a most 
complete summary of information relating to the 
subject. It is difficult adequately to review these 
two volumes within a short compass, but we have 
no hesitation in recommending the volumes to all 
progressive engineers, as they will not only serve as 
a useful guide in all matters relating to reinforced- 
concrete work, but will also show how closely inter- 
woven are theory and practice in a subject of such 
wide practical utility. 

Die elektrischen Ausriistungen der Gleichstrombahnen. 
By Dr. Ing. Ta. BucuHoxp and Dipl. Ing. F. TRAwnIk. 
Berlin: Julius Springer. [Price 32 marks.] 

A TREATISE on electric traction is of particular 

interest at present, as the publication of the Weir 

Xeport has focussed attention on the possible 

electrification of all Britain’s railways. The scheme 

has been discussed at length in the Press, and various 
bodies have given the scheme their blessing, while 
other equally illustrious bodies have shown strong 
disapproval. Whatever the prospects may be for the 
adoption of the whole report, it seems likely that 
progress will at least be made with suburban 
electrification. Since such developments will be 
carried out on the direct-current system, particu- 
lar interest attaches to this book, which is devoted 
to the electrical equipment of direct-current railways. 

[t is written by two engineers of the Brown, Boveri 

Company, a firm that has done much pioneering 

work, while the text has the hall-mark of a wide 

experience, 

The authors deal both with rolling-stock equip- 
ment ond with the contact line, but not for main-line 
or long-distance railways. The treatment includes a 
technological discussion of relevant matters, such as 
the Characteristics of traction motors and the 
erection of overhead contact lines. 

First, the characteristics of traction motors are 
dealt with, together with their control by voltage 
Variation, series resistance and field weakening. 
Valuable data on the various forms of braking are 
given. A clear treatment of heating and cooling 
18 based on the exponential assumption. Though 


the scope is too wide for an exhaustive elaboration 
of all sections, scrappiness has been largely avoided, 
and it is noteworthy that the mere descriptions of 
motors, control gear, &c., are commendably brief. 
A concise treatment of speed-time and speed- 
distance curves by graphical methods is followed by 
an analytical method in which an ingenious recti- 
linear approximation to the actual torque-speed 
characteristic enables the mathematics to be greatly 
simplified. The same process permits of an accurate 
estimate of the motor heating. It is satisfactory to 
see that the behaviour during braking is treated 
as thoroughly as that during acceleration. Other 
points, such as the calculation of the nose suspension 
springs, are dealt with. 

The second part deals with the calculation of lines 
and feeders, and the mechanical parts of contact-line 
equipment as influenced by wind-pressure, tem- 
perature changes and curves. The book is an 
excellent work, and forms the most useful recent 
addition to the literature on electric traction. 
Catalogue matter has been rigorously excluded. 
The student will find it invaluable, and the engineer 
will be assisted in solving the various technical 
problems that arise day by day. The reproduc- 
| tions, &c., are excellent. 





Uniflow, Back-Pressure, and Steam-Extraction Engines. 
By Ena.-Lieut. Com. T. ALLEN, R.N. (S. R.). 
London: Sir Isaac Pitman & Sons, Limited. [Price 
42s. net.] 

THE design of machinery on a commercial basis must 
always involve two considerations of almost equal 
importance, namely, the proportioning of parts for 
the safe and efficient performance of the required 
duty, and the adaption of the design to meet the 
need of economy in manufacture. In books, the 
second aspect of the matter is often entirely 
|neglected, and it is therefore interesting to find a 
| work in which more than passing attention is given 
to the question of commercial production. 
This book consists of two main sections, one of 
| which is a very complete examination of the prac- 
itical designing of stationary reciprocating steam 
engines, and the other a description of modern 
practice in construction. One of the author’s chief 
purposes in the former section has been to demon- 
strate a method whereby the principle of standardi- 
sation and interchangeability of parts can be applied 
in the manufacture of steam engines. The complete 
standardisation associated with mass-production 
methods is not, of course, possible in this connection, 
on account of the greatly differing requirements in 
the power, speed, and operating conditions of 
individual engines. Nevertheless, a considerable 
degree of standardisation can be carried out suc- 
cessfully, and is in fact adopted as a, matter of 
course by the leading firms of makers. The plan 
here proposed is based upon a range of engines 
having definite lengths of stroke, piston loadings, 
and maximum speeds. For each engine, the sizes 
of the more important components are worked out, 
and the results tabulated so as to form a list of 
standard parts from which any engine of normal 
design can be assembled. It is noteworthy that, in 
this system, cylinders and pistons with their acces- 
sories are tabulated separately from the remaining 
parts, in order to allow of sufficient flexibility in 
assembly to take account of differences in steam 
pressure and similar variations. The possibility is 
also considered of constructing certain parts to fit 
two or more consecutive sizes of engine, thereby 
further reducing costs. To illustrate the use of 
such a scheme in practice, three examples are fully 
worked out; one for each of the three types of 
engine named in the title. The example of a steam- 
extraction engine is particularly detailed, being 
carried through from the customer’s specification of 
his requirements to the performance-curves of the 
finished engine. 

An equal degree of thoroughness is evident in the 
remainder of the design section. The calculations 
of the mean effective pressures obtainable in steam- 
engine cylinders is presented in a form in which 
allowance is made for all the many variables, such as 
superheat, cut-off ratio, throttling losses, and com- 
pression, and the results are given in a series of 
graphs and tables covering all usual cases. In the 
matter of steam consumption, a similar course is 








followed, the variable factors being examined in 
turn and their effects recorded in a graphical form. 
While, at first sight, the number of graphs and tables 
in this section may appear unduly large, there is 
no doubt that they very considerably facilitate the 
calculations of engine sizes, and for this reason they 
should be of value to designers and to all readers 
whose interest in steam engines is more than super- 
ficial. The design and construction ot condensing 
plant is dealt with in a separate chapter. 

The second half of the book contains particulars 
of many different types of engine, as made by the 
various manufacturing firms. The chief features of 
each engine and its component parts are fully 
described and profusely illustrated by line drawings 
and photographs. There is also a chapter on the 
erection and testing of engines. 

The whole book forms a very complete record 
of modern practice in the design and building of 
steam engines of the uniflow, back-pressure and 
steam-extraction types,‘and should be valuable to 
engineers interested in the production or operation 
of steam reciprocating plant. 


Engineering Mechanics. By F. L. Brown. New York : 
John Wiley and _ Sons, Incorporated. London : 
Chapman and Hall, Limited. [Price 20s. net.] 

Tus is a text book for engineering students, and 
covers in a very complete manner the three main 
sections of the subject, viz., statics, kinematics 
and kinetics. The author has aimed throughout at 
rigour in analysis in presenting the fundamental 
principles required by the engineer, and for this 
reason many of the practical applications which are 
usually given in a book of this nature are omitted. 
At the same time, there is a very large number of 
problems both worked out in the text and for the 
student himself to solve, which illustrate the many 
practical applications of the principles involved. 
The problems are distributed throughout the text 
and the articles with which they are most closely 
associated immediately follow. Whilst there are 
obvious advantages in this arrangement, there is 
always the danger that the student will not learn 
one of his most difficult lessons, viz., how to 
decide for himself what principles are involved in 
any particular problem which he is called upon 
to solve. One would like, therefore, to have seen 
a collection of miscellaneous examples at the end of 
the book, particularly when, as is this case, the author 
aims at “lifting from the shoulders of the instructor 
a portion of the burden of explanation and amplifica- 
tion.” One small criticism which may be made 
against many of the numerical questions is the 
sense of artificiality which characterises the use of 
such weights as 322 lb. and 644 lb. Engineering 
students working for a degree should not need to 
have their arithmetical work thus simplified. 

All who have sought to teach kinetics will under- 
stand the difficulties involved in the change from 
the absolute to the engineers’ units of force and 
mass, and although we may agree with the author 
‘in his use of W and non-use of the term mass, many 
of his readers may hold a different opinion. The 
illustrations and general arrangement are excellent, 
and the book may be recommended as giving 
a very thorough grounding in the fundamental 
principles of mechanics. 








British InpustRies FarrR Sates InpeEx.—For the 
purpose of putting prospective buyers in touch with 
manufacturers who could satisfy their requirements, the 
British Industries Fair, Birmingham, authorities are com- 
piling a “‘ Sales Help Index.” This is being formed on a 
card system, comprising from 8,000 to 10,000 items, 
which will be added to continually. With each item in 
the index will be the name of the manufacturing exhibitor. 
The index has been undertaken because complete infor- 
mation concerning every product manufactured by 
exhibitors at the Fair cannot possibly be given in the 
catalogue. To all the exhibitors at the Fair, which is to 
take place from February 22 to March 4, 1932, a book has 
been addressed. This contains lists of articles manu- 
factured, divided up into various groups, such as metals, 
mining and quarrying, engineering, and electricity. The 
exhibitor is asked to make a tick against the articles 
which he manufactures and to write in any supplementary 
| articles not included. He is also asked to give particu- 
lars of his trade names and processes. To facilitate 
the completion of the various forms contained some 
examples are given. The firms concerned are asked to 
return the book complete to the general manager of 
TheBritish Industries Fair, 95, New-street, Birmingham, 
as soon as possible. 














































































DETAILS OF 45-H.P. 


CONSTRUCTED BY MESSRS. 

















[Nov. 6, 1931. 





ENGINEERING. 





12-TON SIX-WHEELED 


ASSOCIATED EQUIPMENT COMPANY, 




















THE COMMERCIAL VEHICLE 
EXHIBITION AT OLYMPIA. 
Stnce the last Commercial Vehicle Exhibition, 

held in 1930, the long-delayed Road Traffic Act has 

been placed on the Statute Book. Some of the 
provisions of this Act directly concern the designer, 
but their influence on design is less than might at 
first sight be anticipated. In the case of the 
change in the speed limit, for example, the Act 

merely legalises practices which were already a 

matter of common habit. For the majority of 

commercial vehicles, the limit has been raised from 

12 to 20 or 30 m.p.h., the higher of the new speed 

limits applying to light goods vehicles. Before the 

Act became law, however, speeds of 40 or 50 m.p.h. 

for both light and heavy commercial vehicles 

were common on the open road, and, if our observa- 
tion is not gravely at fault, they are equally common 
to-day. The effect of the new speed limits on 
design is, therefore, practically negligible at the 
present time, but should they be strictly enforced 
at any time in the future, a demand may arise for 
still higher power-weight ratios, in order to secure a 
minimum difference between the average and the 
maximum permitted speeds. This point has al- 
ready been discussed in our columns, and we may 
therefore pass on to other results of the Act. The 
regulations governing the maximum _ permissible 
load on each axle are being duly enforced, and are 
having a definite influence on the tare weight, and 
on the distribution of load over the various axles. 

The clauses governing the type of tyre employed 

are also affecting design, as the employment of 

pneumatic tyres affects the design of the whole 
vehicle by reducing shock on both the framing and 
transmission, 

The last exhibition was noteworthy for the general 
appearance of low frames and forward control, 
while the keynote of the exhibition which opened 
yesterday is undoubtedly the wide introduction of 
the airless-injection engine. We have referred to 
this development so recently that little more need 
be said on the present occasion. It may be re- 
marked, however, that there were only three 
chassis fitted with such engines at the last exhi- 
bition, all of Continental design, while at the 
present show, it is no exaggeration to state that the 
majority of the leading British makers are exhibiting 
vehicles equipped with British-built engines. One 
of the most interesting developments in this direc- 
tion is in connection with the A.E.C. engine. As 
described in our columns in November, 1930, this 
engine developed 95 brake horse-power at 2,000 
r.p.m., and represented one of the most advanced 
designs on the market. As a result of further 
research work, however, the latest model develops 
130 brake horse-power, and can be run at over 
3,000 r.p.m. The brake mean effective pressure is 
100 Ib. per square inch or more over a wide speed 
range, and the engine thus gives a performance 
fully comparable with that of a modern engine 
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\ (e947, 
running on petrol. The improvements have been 
obtained by a modification in the combustion 
spaces, with a view to increased and more accurately 
controlled turbulence before fuel injection. It will 
be recalled that the original ante-chamber was of 
the usual Acro form, and that the fuel was injected 
into the Venturi passage, but we understand that 
in the new design the ante-chamber is of spherical 
form with the entrance passage tangential to the 
surface of the sphere, and that the fuel is injected 
into the chamber itself. The clearance space in 


the main chamber has been reduced to a minimum, | 


and the general effect is to induce a rotational 
swirl of unusual intensity across the jet. Other 
heavy-oil engine developments which are likely to 
attract special attention are the production of a 
new engine of this type by Messrs. Thornycroft, 
the entrance of the Blackstone spring-injection 
engine into the commercial road-vehicle field, and 


the decision of the Armstrong group of companies | 


to manufacture the Saurer vehicle in this country. 
Turning now to the more general features of the 
exhibition, the design of petrol engines for com- 
mercial vehicles will be found to follow earlier 
practice rather more closely than is the case with 
the touring-car engine. The same incentive does 
not exist to secure an extremely high power-weight 
ratio, and, in addition, reliability and a long useful 
life are a sine qua non for commercial engines, and 
no maker could hope to achieve other than 
ephemeral success by developing performance at 
the expense of reliability. For these reasons, a 
number of makers retain such features as cast-iron 
pistons, while light-alloy connecting rods are very 
rarely used. Side-by-side valves are still employed 
by a number of firms, but weight limitations have 
necessitated the use of overhead valves in a number 
of cases. It is interesting to note that the Daimler 
Company have introduced an overhead poppet- 
valve engine, in addition to their well-known sleeve- 
valve models. The extended use of nickel cast-iron 
for cylinder blocks is common to both touring-car 
and commercial-vehicle practice, and the same re- 
mark applies to the use of centrifugally-cast cylinder 
liners, although these are probably more common on 
the commercial vehicle, owing to the larger engines 
employed. A point peculiar to commercial prac- 
tice is the grouping of all the ancillaries on the near 
side, to meet the requirements of forward control. 
As regards the chassis proper, there have been 
no striking developments since the last show. 
Silent-third drives are incorporated in a few models, 
and their use on commercial vehicles is likely to 
extend greatly in the next few years. The import- 
ance of silent running for such vehicles has scarcely 


























yet received the attention it deserves, except in the 
case of passenger coaches, and ’buses in particular 
frequently still leave much to be desired in this 
respect. Apart from silent-third drives, however, 
quieter running of the gear box is being very 
generally secured by more accurate tooth finishing. 
shorter shafts, and stiffer casings. The fabric 
| universal joint, which was rightly regarded as a 
| marked improvement at the time of its introduction, 
|has largely given way to all-metal or other joints 
‘free from the defects of their prototypes. Auxiliary 
|year boxes to provide an alternative series of low 
|ratios for hilly country or bad road conditions are 
| fitted to some chassis, and, in the case of the Hardy 
|vehicle, the emergency gears drive the front as 
|well as the rear wheels. The great majority of 
the vehicles shown are fitted with single-plate 
clutches, and there is little change in the propeller 
shafting, or in rear axles or springing. Typical 
arrangements of these components will be discussed 
in connection with particular vehicles. 

It has been generally recognised for some time 
that the steam lorry cannot compete successfully 
with the petrol vehicle for long-distance transport 
at high speeds. Until very recently, however. it 
'was still regarded as the most suitable type for 
exceptionally heavy loads, but its advantages in 
this direction are now seriously challenged by petrol 
‘or heavy-oil engined chassis built to meet the 
| Ministry of Transport regulations allowing a gross 
‘load up to 19 tons. An example of such a vehicle, 
embodying the results of a very wide experience on 
the part of the makers, is the “ Mammoth Major 
chassis, manufactured by Messrs. The Associated 
Equipment Company, Limited, Windmill-lane. 
Southall, Middlesex. This vehicle, which is illus- 
trated in Figs. 1 to 13, Plate XXIII, and Figs. 14 
and 15, on this page, although capable of a high speed, 
has the very moderate chassis weight of 6 tons when 
fully equipped, thus allowing a weight of 13 tons 
for the useful load and the body. Forward drive 
is adopted, and this enables a platform 22 ft. 6 in. 
long to be fitted. The design incorporates a trailing 
axle, which gives a considerable addition to the 
‘carrying capacity, while adding relatively little to 
the weight. A further important feature is the 
provision of an auxiliary gear box behind the main 
box, giving five overall forward speeds and two 
reverse speeds. 

The engine, which is illustrated in Figs. 3 to d, 
‘operates on petrol, and is rated at 45-h.p. It 
has six cylinders with a bore of 110 mm.. the 
piston stroke being 130 mm. The engine develops 
60 brake horse-power at 1,000 r.p.m., and the 
‘acceleration is smooth and steady until a poweT 
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output of 120 brake horse-power is reached at 2,400 
r.p.m. A governor is normally fitted to prevent 
the driver racing the engine on intermediate gears, 
and this limits the engine speed to the latter figure, 
the road speed on top gear being then 35 m.p.h. 
Without the governor, a road speed of 40 m.p.h. 
can be readily maintained. The torque at low speeds 
is claimed to be exceptionally good, resulting in a 
wide speed range on top gear. As will be clear from 
Figs. 1 and 2, the engine and gear box are.of unit 
construction. Three-point suspension is employed 
for the unit, and provision is made for its easy 
removal as a whole from the chassis, the front cross 
member being detachable for this purpose. The 
general design of the engine can be readily followed 
from Figs. 3 to 5, and it will be noticed that 
overhead valves with an overhead camshaft are 
employed. The latter is mounted in the detach- 
able head, and runs in a deep oil trough to ensure 
thorough lubrication of the valve mechanism. The 
shaft is driven by a combination of roller chain 
and spur gearing at the forward end of the engine 
as shown in Fig. 3. The arrangement of the bell- 
crank rockers will be clear from Fig. 5. It may 
be mentioned in connection with the valve gear 
that detachable valve seatings are fitted in the 
exhaust ports, as clearly shown in Fig. 4. While 
facilitating renewal, this practice enables an 
alloy to be employed having superior wearing 
qualities to the main casting. The pistons are of 
die-cast aluminium alloy with split skirts. The 
connecting-rods are of high-tensile steel of the usual 
section, and the gudgeon pin is secured in the small 
end, which is split and provided with a stud bolt 
for this purpose. The crankshaft is a one-piece 
forging, and is of very substantial dimensions to 
eliminate the possibility of whip, the bearings being 
23 in. in diameter. As shown in Figs. 3 and 4, it is 
mounted in seven bearings. 

The engine is lubricated under pressure through- 
out, the pump being of the horizontal gear type, 
driven off the end of the crankshaft, as shown in 
Fig. 3. The pressure varies with the throttle 
opening, the accelerator pedal being connected to 
the seating of the by-pass valve spring on the pump, 
and thus varying the compression of the spring. 
The normal pressure, when idling, is 5 lb. per square 
inch, while on full load the pressure rises to 80 Ib. 
per square inch. An easily detachable felt oil filter 
is fitted, in connection with the lubrication system. 
This filter is located in the base of the engine at the 
forward end, as shown in Fig.3,and can be withdrawn 
from the side. The sump holds four gallons. The 
ancillary units are all mounted on the near side of 
the engine to facilitate forward drive. Ignition is by 
magneto with automatic advance, but coil ignition 
can be fitted as an alternative. In the latter 
case, the distributor is mounted in an accessible 
position on the forward end of the cylinder head, 
and is driven from the camshaft. The fan is 
mounted on the intermediate shaft of the timing 
gear, as shown in Fig. 3, and is therefore positively 
driven. The pump for circulating the cooling 
water, shown in section in Fig. 14, is tandem driven 
with the dynamo and magneto, and can be com- 
pletely detached by unscrewing three nuts. It is 
fitted with a spring-loaded gland which auto- 
matically takes up wear. A distinctive modern 
design of radiator has been adopted, of an excep- 
tionally deep pattern. It is fixed at three points 
on to the engine, and is therefore isolated from 
vibration or distortion of the chassis frame. It is 
held at the bottom by spring-loaded hand cotters 
which facilitate easy removal. The top and bottom 
tanks are easily unbolted so that the core can be 
removed. The water temperature is automatically 
controlled by a thermostat. 

_The clutch, which is shown in Fig. 6, is of the 
single-plate type, the plate being 16 in. in diameter 
with a total wearing surface of 360 sq. in. The 
arrangement of the engaging mechanism and 
general construction of the clutch will be clear 
a the figure, but it may be mentioned that a 
“tge clutch brake is provided, and that cooling is 
rat by ventilating holes of ample size in the 
bell housing. The main gear box, which is shown 
: i Se in Figs. 7 to 10, provides four forward 
my with a silent third. The casing, which is 


ciently rigid to ensure quiet running on the lower 





gears, is of magnesium alloy, and to facilitate access 
to the gears, is fitted with covers at the sides. 
These covers are of sufficient size to enable the 
gears to be removed without dismounting the 
whole box, but the latter can be readily removed 
from the cross member to which it is attached by 
taking out seven bolts. As will be clear from the 
figures, the gear box is fitted with short and rigid 
shafts, the diameter being actually 2} in., while 
all the gears and shafts are ground all over, and the 
teeth shaped to ensure a minimum of two teeth 
being always in contact. The third speed is engaged 
by means of a dog clutch, since the gears are in 
constant mesh. The auxiliary box is entirely 
separated from the main box, to which it is con- 
nected by a short propeller shaft with a universal 
joint at each end. The box is not shown separately 
in the figures, but can be seen in position on the 
chassis in Figs. 1 and 2. It is of straightforward 
design with constant-mesh gears, engagement being 
effected with a dog clutch. The gears and shafts 
are ground and the gears are 23-in. wide. It 
has already been stated that the two gear boxes 
give five forward speeds, and as the combination 
of the two boxes would appear to give eight speeds, 
a word of explanation is necessary. The object 
of the auxiliary box is to increase the range of 
gears by giving one additional high gear for high- 
speed work on the level, and this is achieved by 
giving a direct drive through both boxes on this 
gear; while for the four other gears, the drive 
through the auxiliary box is always indirect. 
Assuming, therefore, that the normal top gear in the 
main box is in engagement, the drive through the 
auxiliary box will be indirect, but by moving the 
lever for the auxiliary box, mounted beside the 
main gear lever, the alternative all-direct high gear 
will be brought into operation. The actual gear 
ratios provided are 6-91, 4-25, 2-51, 1-58 and 1 to 1, 
the corresponding road speeds, with the engine 
running at 2,400 r.p.m., being 5-26, 8°57, 14-5, 
23-0 and 36-4 m.p.h. These speeds apply with a 
final reduction of 8 to 1, but alternative axle ratios 
of 9-3 and 10-6 to 1 are available. 

The intermediate axle, shown in Figs. 11 and 12, 
is of the full floating type, and is made from a 
one-piece nickel-steel forging carrying the double 
reduction and differential gear in a separate steel 
case. The crown wheel and pinion are of the 
skew type, while the final reduction gears are 
double-helical wheels, giving a very silent running 
axle. All the gears are of the highest quality 
hardened steel, and as will be clear from the figure, 
are mounted on ball or roller bearings of large 
diameter. Both the crown wheel and pinion are 
mounted in adjustable housings to ensure correct 
meshing. The differential is of the bevel type, as 
shown. The whole of the gearing can be removed 
as one unit from the axle casing. The drive is 
transmitted to the wheels through floating shafts 
of 100-ton steel, 2} in. in diameter. The axle 
tubes are of 4} in. in diameter, ensuring ample 
strength. The wheel mounting and brake gear 
are shown in Fig. 11. The rear axle is of the dead 
type, and is made from a nickel-steel tube 43 in. 
in diameter. One end of this axle is shown in Fig. 
13, and it will be noticed that the wheel and brake 
mountings are generally similar, with the necessary 
modifications, to those employed in the inter- 
mediate live axle. The taper roller bearings are 
adjustable, and are 73 in. in diameter. 

The mounting of the two rear axles will be 
gathered from Figs. 1 and 2. The two springs, 
each 4 ft. 5 in. long by 4 in. wide, and consisting of 
14 plates ~-in. thick, are secured to the axles by 
stout carriers. At the centre, they are mounted on 
a heavy chair which swings in gunmetal bushes on 
an I-section beam. This beam is secured to the 
chassis frame by strong triangular brackets. Torque 
tubes are fitted, one end of each tube being attached 
to a cast bracket bolted to the side frame, and the 
other to the upper end of a torque arm of I-section 
attached to the spring carrier. The tubes have a 
spherical joint at each end. One of the tubes can be 
clearly seen in elevation in Fig. 1, but the corres- 
ponding torque arm is largely hidden behind the 
intermediate axle casing. The front axle, one end 
of which is shown in Fig. 15, only calls for brief 
comment. It allows a steering lock of 45 degrees, 





and the king pin, which is fitted with a roller thrust 
bearing as shown, is designed to reduce steering 
effort to a minimum. The castor angle has been 
carefully chosen with the same object. The arrange- 
ment of the front-wheel mounting will be clear from 
the figure. The hubs are nickel-steel forgings, and, 
as shown, exceptionally large wheel bearings are 
fitted. The front springs are 4 ft. long by 34 in. 
wide, and have 15 plates —-in. thick. Both the 
front and rear springs are of chrome-vanadium steel. 

There are brakes on each of the four rear wheels, 
foot operated through a servo-motor, and, in addition, 
a hand brake is provided, also operating on all 
four rear wheels. The link mechanism can be 
followed from Figs. 1 and 2. As shown in Figs. 
11 and 13, there are two pairs of shoes in each 
wheel, giving sixteen shoes in all. The shoes are 
fitted with }-in. liners and operate on cast-iron 
drums 20-in. in diameter. The hand-brake lever 
is fitted with a rachet of special form which allows 
a series of pulls to be made to take up any lost 
motion. The general form of the main frame is 
shown in Figs. 1 and 2. The channel sections are 
of nickel-steel, 12 in. deep, 34-in. wide, and ¥-in. 
thick. The height of the loaded frame from the 
ground is approximately 3 ft. The standard wheel 
base is 16 ft. 104 in., the front track, 6 ft. 3 in., and 
the rear track 5 ft. 83 in. The overall length of the 
chassis is 27 ft. 7 in. 

As our readers will be aware, Messrs. L. Gardner 
and Sons, Limited, Patricroft, Manchester, possess an 
experience in the manufacture of heavy-oil engines 
extending over many years, and their first engine 
of this type designed for road-vehicle use met with 
immediate success. We understand that over 200 
of these engines are already on the road, mainly 
for passenger work in the north of England, and 
on the basis of the experience gained on these 
vehicles, in conjunction with research work, Messrs. 
Gardner have produced the new engine shown in 
Figs. 21 and 22, page 584. The engine is made in 
three sizes, having four, five or six cylinders, the 
R.A.C. rating in the three cases being respectively 
29, 36-25, and 43-5 horse-power. The six-cylin- 
der model is illustrated in the figures, and the 
performance curves for this engine are given in 
Fig. 20, page 584. It will be noticed that about 102 
brake horse-power is developed at 1,700 r.p.m., and 
as the capacity is 8-4 litres, this indicates a high 
efficiency. It may be mentioned that in the earlier 
series of engines, of which we understand the 
manufacture is to be continued for lorry work, the 
maximum working speed was 1,350 r.p.m. 

In certain respects, the engine closely resembles 
the four-cylinder Gardner marine unit described in 
ENGINEERING, vol. cxxx, page 553 (1930). It is, 
for example, of the direct-injection type, with a 
modified Bosch fuel pump and atomisers of the 
maker’s own design. As the power developed for 
a given capacity is, however, nearly doubled as 
compared with the corresponding six-cylinder 
marine model, it will be appreciated that there 
is a very considerable difference between the two 
engines. These differences can, perhaps, best be 
brought out by describing the new engine in detail. 
The cylinders are in two blocks with separate 
detachable heads, and are of special hard iron. The 
compression ratio is 13 to 1, and the injection 
pressure is in the neighbourhood of 2,000 lb. per 
square inch at maximum power. Careful attention 
has been given to such points as the location of the 
valves to ensure effective turbulence, and the 
contours of the gas passages to avoid eddying, and 
the alterations made in these directions largely 
account for the improved performance over the 
earlier engines. The pistons are of aluminium 
alloy, with four pressure and two scraper rings, and 
the connecting rods are nickel-steel forgings, drilled 
for the oil supply to the gudgeon-pins. The crank- 
shaft is of nickel-alloy steel, machined from a solid 
forging, and ground and lapped on the bearing 
surfaces; it is carried in seven bearings. The 
valve gear is of the overhead type, operated by 
push rods. The camshaft, which is located in the 
crank-case, is driven by a triple roller chain with 
an adjustable sprocket. A cast-steel flywheel is 
employed, and no attempt has been made to save 
weight in the case of this component. The actual 
weight of the flywheel is 200 lb., so that smooth 
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running at all speeds is ensured and the engine can 
actually be started up by hand, if required. The 
total weight of the engine, however, is only 1,480 Ib., 
or approximately 14-5 lb. per brake horse-power, 
and to achieve this figure care has been taken to 
eliminate all unnecessary metal and to employ light 
alloys wherever practicable. The crank-case, for 
example, is of aluminium alloy, and the sump cover 
is of Elektron metal. The total length of the engine 
is nearly | ft. shorter than that of the corresponding 
earlier model, and this in itself represents a con- 
siderable economy in weight. 

Forced-feed lubrication is employed for all the 
working parts, the oil pump being of the gear 
tvpe. Duplicate strainers are fitted, arranged so 
that all oil is filtered before passing to the bearings. 
The cooling water is circulated by a_positively- 
driven centrifugal pump. Governing is effected by 
a_ totally-enclosed centrifugal unit which controls 
the amount of the charge injected in accordance 
with the load. The accelerator pedal acts upon the 
governor spring, the speed being controllable 
between 350 r.p.m. and 1,700 r.p.m. Automatic 
advance and retard of fuel injection to suit the 
engine speed is provided, the timing variation being 
about 8 deg. The spray valves are similar to those 
fitted to the marine engine, and need not therefore 
be described in detail. The makers state that it is 
not necessary to disturb the injectors before the 
vehicle has run from 10,000 to 15,000 miles. 

The development of the petrol engine in the last 
few years has turned largely on the form of the 
combustion chamber, and, mainly as a result of the 
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work of Mr. Ricardo and Mr. Whatmough in this 
country, and of Mr. Janeway in America, forms of 
head have been developed which permit of higher 
compression pressures without the sacrifice of 
smooth running. The form of combustion space 
advocated by Mr. Ricardo is probably well known 
to the great majority of engineers, but that developed 
by Mr. Whatmough is hardly so familiar. One of 
the leading features of the Whatmough “ anti- 
turbulent’ head is the location of the sparking 
plug in the vicinity of the exhaust valve, and the 
chief claims associated with the design are that 
there is a reduction in the initial lag in pressure 
rise due to an increase in flame speed arising from 
the charge being heated by the hot valve; that 
the peak pressure is lowered, due to the continuous 
progress of the flame towards a cooler zone ; and 
that the higher pressure is spread over a wider 
working range, consequent upon delayed burning. 
An interesting example of the application of this 
form of head is given by the new engine exhibited 
by Messrs. Coventry Climax Engines, Limited, 
Friars’-road, Coventry, and illustrated in Figs. 16 
to 19, on this and the opposite pages. 

The engine is a six-cylinder unit, with a cylinder 
bore of 102 mm. and a piston stroke of 140mm. The 
capacity is therefore 6,864 c.c., and the R.A.C. 
rating 38-7 h.p. As will be seen from the power 
curve reproduced in Fig. 19, the engine actually 
develops about 60 brake horse-power at 1,000 r.p.m. 
and 140 brake horse-power at 2,500 r.p.m. These 
outputs would be regarded as highly satisfactory 
for any engine, but are particularly striking for a 
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model designed to stand up to the heavy duty 
implicit in commercial-vehicle use. The com- 
pression ratio is 6 to 1, but the engine is noticeably 
free from harsh running. As regards the torque, 
it will be seen from the curve in Fig. 19 that a 
particularly good top-gear performance should be 
obtainable, as a torque of over 320 lb.-ft. is secured 
over a considerable range. 

Turning now to the general construction, it will 
be clear from Figs. 16, 17, and 18 that the cylinder 
block is separate from the upper half of the crank- 
case. The block itself is a one-piece casting, with 
the usual detachable head. The construction of 
the upper half of the crank-case is of interest. It 
will be observed that it extends for a considerable 
distance below the crankshaft centre, and, in fact, 
constitutes the whole of the lower part of the 
engine with the exception of a light sump. The 
case is of cast iron, and apart from its ample width, 
is stiffened with cross walls at each of the bearing 
centres. The walls themselves are stiffened laterally 
by ribbing. As shown in Figs. 16, 17 and 18, the 
main bearing caps, of malleable iron, are of unusual 
depth, and, in the case of the two end bearings and 
the centre bearing, the bolts are carried through into 
the cylinder flange. Any tendency in the direction 
of lateral vibration of the separate cylinder block is 
effectively overcome by its exceptional width, which 
further ensures a large bearing surface between the 
two main castings. The main moving parts of the 
engine hardly call for special comment, as their 
form can be clearly seen in the illustrations. It 
will be noticed, for example, that the piston is 
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provided with a split skirt, that the connecting rods 
are of the usual H section, and that the crankshaft 
is carried in seven bearings. These are all 3} in. 
in diameter, and the front, centre, and rear bearings 
are, respectively, 2} in., 23 in., and 2? in. in length. 
The remaining bearings are 1% in. long. 

The form of the combustion space, already referred 
to, is shown in Fig. 17, and it will be noticed that 
the gases are driven into a space of approximately 
hemispherical form over the exhaust valve. The 
inlet valve is of the overhead type, and is, roughly, 
in the centre of the cylinder. The piston is given 
only a small clearance, and the sparking plug 
is located in the top of the hemispherical space and 
pointing towards the throat. Both the side exhaust 
valves and the overhead inlet valves are operated 
from a common camshaft located in the crank-case, 
the method of operation being clear from the figures. 
The inlet valves are 123 in. in diameter and have 
sin. lift, while the exhaust valves are 1}? in. in 
diameter with the same lift. The camshaft is 
carried in five bearings, and is 13 in. in diameter ; it is 
driven by a triple roller chain at the forward end of 
the engine, as shown in Fig. 16. The inlet manifold 
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is cast in the cylinder head, and takes the form of 
a square passage running above the cylinder bores, 
as shown in Figs. 17 and 18. The branches to each 
cylinder open directly into the passage, and a down- 
draught carburettor is fitted on another short 
vertical branch at the centre. The exhaust manifold 
is a separate casting, as shown in Fig. 17. 

The oil pump, visible in the sump in Fig. 18, is 
of the vertical gear type, and delivers the oil to 
the Auto-Klean filter shown on the left in the 
same figure. From the filter, the oil passes through 
a horizontal passage in the casing to the main oil 
duct, which consists of a pipe running the length of 
the engine below the camshaft. From this duct, 
which can be seen in Figs. 16 and 18, the oil is fed 
to the various bearings. It will be noticed in 
Fig. 18 that a branch on the horizontal passage 
leads to a release valve, and this can be connected 
to the accelerator pedal to vary the oil pressure 
according to the load, as described in the case of 
the A.E.C. engine. Ignition is by either magneto 
or coil, and the accessories include a centrifugal 
water pump, dynamo, and fan. All these units 
are mounted on the near side and are driven by 
the timing chain, which is provided with an 
automatic tensioning device. The latter is close 
to the main sprocket on the crankshaft, and from 
it, the chain passes over the sprocket on the fan 
shaft, under the camshaft wheel, and over a further 
sprocket on a shaft driving the magneto, water 
pump and dynamo. The sump is an aluminium 
casting and, as shown in Fig. 18, is extended side- 
ways to increase the capacity. The actual capacity 
is 5 gallons, and baffles are fitted to prevent 
surging. 
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LAUNCHES AND TRIAL TRIPS. 


‘* ERRIA.”’—Twin-screw passenger and cargo motor- 
ship for service between Europe and Bangkok; Bur- 
meister and Wain double-acting, two-stroke Diesel 
engines. Launch, September 5. Main dimensions, 
458 ft. by 62 ft. by 37 ft. 3in. Built by Messrs. Nakskov 
Shipyard, Limited, Nakskov, Denmark, for Messrs. The 
East Asiatic Company, Copenhagen. 

“*CarpDIuM.”’—Twin-screw oil-tank motorship; four- 
eycle, single-acting Hawthorn-Werkspoor Diesel engines 
supplied by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Newcastle-upon-Tyne. Launch, 
September 15. Main dimensions, 450 ft. by 62 ft. by 
34 ft. Built by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for Messrs. 
The Anglo-Saxon Petroleun Company, Limited, London. 

“Ber Sap er.’’—Oil tank motorship; propelling 
machinery supplied by Messrs. L. Gardner and Sons, 
Limited, Manchester. Launch, September 29. Main 
dimensions, 132 ft. by 25 ft. by 9 ft. 6in. Built by Messrs. 
Rowhedge Ironworks Company, Limited, Rowhedge, 
near Colchester, Essex, for Messrs. National Benzole 
Company, Limited, London. 

Fruit-CaRRYING STEAMER.—Single-screw steamer 
designed for the carriage of fruit; triple-expansion 
engines. Launch, October 26. Main dimensions: 
length 276 ft. 6 in., beam 40 ft. Built and engined by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Newcastle-upon-Tyne. 








Morris Martine Motor: ERrata,—By an obvious 
misprint, the power of the marine engine manufactured 
by Messrs. Morris Motors, Limited, Cowley, Oxford, 
and described on page 549 ante, was given in the title 
as 18-15 h.p. This should have read 18-36 h.p., and we 
are asked by the makers to state that the engine actually 
develops 18 b.h.p. at 1,000 r.p.m., and 36 b.h.p. at 
2,000 r.p.m., instead of 20 b.h.p. and 37 b.h.p. at these 
revolutions, as stated. We are further informed that 
the date 1926 no longer appears in the title of the firm, 
and finally, that although full particulars of the engine 
were not available at the time of the Shipping, Engineer- 
ing and Machinery Exhibition in 1929, both the six and 
four-cylinder models had already been on the market for 
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FANS FOR COOLING ELECTRICAL 
MACHINERY. 


AtrHoueu the power absorbed in circulating air for | 


cooling a turbo-generator is only a small proportion of 


the total output of the machine, it is not entirely | 
negligible, and any simple and convenient means of | 
reducing the losses incurred in this way is worthy | 


of consideration. Obviously, in circulating a given 


quantity of air in a closed system, the power required | 


will depend upon the efficiency of the fan, and any 
losses in the latter will appear as heat in the air, 
additional to that due to the electrical losses in the 
generator. 
efficiency is desirable. 

Messrs. The British Aerotechnical Company, Limited, 
Astor House, Aldwych, London, W.C.2, have recently 
applied the Aeroto screw fan to the cooling of electrical 
machinery, for which it appears to be well suited, since 
it is of the axial-flow type and can be designed to give 
a high efticiency even in small sizes. The first fan of 
this type to be employed for cooling a turbo-alternator 
was supplied to Messrs. The General Electric Com- 
pany, Limited, in March, 1929, for a 15,000-kw. 
machine, constructed by them for Auckland, New 
Zealand. This fan, which was 32 in. in diameter and 
ran at 3,000 r.p.m., delivered 24,800 cub. ft. per min. 
against a total water gauge of 8-5 in., absorbing 
45 b.h.p. 

As a further example of the application of this type 
of fan to a turbo-generator, we illustrate, in Fig. 1, a 
rotor of a machine of 8,575 kv.-a. capacity, constructed 
by Messrs. Metropolitan-Vickers Electrical Company. 
Limited, and fitted with an Aeroto fan designed and 
constructed by Messrs. The British Aerotechnical Com- 
pany, Limited. The fan, which is shown on a larger scale 
in Fig. 2, is 22} in. in liameter, and running at 3,000 
r.p.m., the speed of the rotor, delivers 9,000 cub. ft. of 
air per minute against a total water gauge of 5-18 in., or 
4-5-in. water-gauge static pressure, absorbing 10 brake 
horse-power. We understand that tests on the machine 
showed that cooling was very effective, and that the 
overall efficiency of the set was increased by } per cent. 
in comparison with that obtained with a fan of the 
centrifugal type fitted to the rotor. 

Aeroto fans have also been applied to the cooling of 
electric motors, an interesting application being in 
connection with the motors driving fans for cooling 
glass furnaces. Since the atmosphere in the neigh- 
bourhood of glass furnaces is usually charged with 


For both reasons, therefore, a fan of high | 
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| dust of a highly abrasive character, the motors used 
|must be totally enclosed, and as they are required to 
}run continuously for periods of several months, the 
squirrel-cage type is most suitable. In the case of a 
motor driving an Aeroto fan, the motor casing is made 
to form a continuation of the fan-rotor hub in order to 
obtain a stream-line flow for the air passing through 
the fan. It is desirable, therefore, to keep the motor 


diameter as small as possible to avoid increasing the | 


fan diameter unduly, and this has been facilitated by 


| the method of cooling adopted, which has enabled a 


|a 45-in. Aeroto fan. 
to the rotor shaft, as shown, the fan being surrounded 


motor designed as an enclosed-ventilated motor to be 
used as a totally enclosed machine. 

Fig. 3 shows the cooling arrangements applied to a 
220-volt, three-phase, squirrel-cage motor made by 
Messrs. Mawdsley’s, Limited, developing 16-5 brake 
horse-power at 950 r.p.m. and employed for driving 
An eight-bladed fan was fitted 


by a streamlined casing to prevent a short-circuit in 
the air flow, the direction of which is indicated by the 
arrows. The air, it will be seen, passes through the 
rotor and back over the stator, returning to the fan 
between a pair of spun-aluminium cowls, of which the 
outer one provides a large area for dissipating the heat 
to the external air. In tests carried out at the Slough 
works of Messrs. British Aerotechnical Company, 
Limited, the temperature rise, after a six-hour run 
with a constant stator current of 38-5 amperes, was 
48 deg. C. in both the stator and the rotor, whereas the 
corresponding figures for a run under similar conditions 
without the cooling device were 53 deg. C. for the 
stator and 62-5 deg. C. for the rotor. These figures 
indicate not only that the temperature rise is con- 
siderably reduced, but also that the temperature 
throughout the machine is uniform. 

The application of the cooling system to a direct- | 
current Mawdsley motor of similar dimensions and 
capacity isillustrated in Fig.4._ The motor, as supplied, 
was of the enclosed-ventilated type, shunt-wound, 
having a speed range from 900 r.p.m. to 1,260 r.p.m., | 
and rated at 13 brake horse-power ; the diameter of the 
casing was 19}in. As will be seen, a fan was mounted 
on an extension of the armature shaft at the commu- 
tator end and a spun-aluminium cowl with a cylindrical | 
inner portion was fitted round the fan and supported | 
on the commutator casing. An outer cowl was fitted | 
over the whole machine, as shown, the diameter of 
the cowl being sufficient to leave a narrow annular 
space round the motor casing to serve as a return 
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path for the air. The direction of the air flow is shown 
by the arrows, and it will be seen that air is drawn 
| round the pole pieces and field windings and returned 
| through the space between the motor casing and the 
| outer cowl, already mentioned. In a test on this 
machine with an electrical input of 15-5 h.p., the 
| temperature rises of the armature, fields, and com- 
mutator were 45-5 deg., 21-5 deg., and 50-5 deg. C., 
respectively, ‘after a run of three hours without the 
cooling fan, while with{the fan they were 23 deg., 
14 deg., and 43 deg. C., respectively. Fig. 5, opposite, 
shows a 47}-in. Aeroto circulating fan supplied for 
| Messrs. Elders and Fyffes’ S.S. Corales and driven 
by a 13-b.h.p. direct-current motor running at a 
speed of 1,260 r.p.m. The motor is cooled in a 
manner similar to that illustrated in Fig. 4, but the 
cowls have been removed in order to expose the 
cooling fan. The main fan is capable of delivering 
35,000 cub. ft. of air per minute against a total pressure 
of 1-75-in. water gauge. 

Another example of the application of the cooling 


| system to a direct-current motor is illustrated in 


Figs. 6 and 7, which show the motor for driving a 
45-in. Aeroto ventilating fan, a number of which were 
supplied to Messrs. Vickers-Armstrongs, Limited, for 
delivering air to the machinery spaces of the P. and 0. 
: The fans 
are each capable of delivering 19,000 cub. ft. of air 
per minute against a total water gauge of 1-3 in. when 
running at 660 r.p.m. The motors were designed and 
constructed by Messrs. Metropolitan-Vickers Elec- 
trical Company, Limited, and are rated at 5} brake 


/horse-power. The method of mounting the cooling 


fan and of securing the inner and outer cowls will 
be clear from the longitudinal section reproduced in 
Fig. 7. In Fig. 6, the motor is shown with the outer 
cowl removed and the inner cowl in position, the 
cooling fan being also visible. It will be noticed that 
windows are provided in the commutator casing to 
enable any sparking to be seen, and to permit these 
windows to be used, easily removable covers are 
fitted on the outer cowl. The arrows in Fig. 7 show 


| the direction of the air circulation, and it will be seen 


that, in this case, the air leaving the fan passes first 
through the annular space between the inner and 
outer cowls and then round the field windings, returning 
through the armature and over the commutator. The 
armature laminations are, of course, provided with 
openings to permit the passage of the air. The motor 
was designed to operate in the vertical position, an 
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it was tested in this position on a 220-volt circuit, | 
running at 660 r.p.m. and developing 5} h.p. It! 
ry — the main fan, the motor being | 
oaded by a belt-driven electric dynamometer. After) « 
running for six hours with an lamatans current of | SELF - ELECTRIFICATION OF COAL 
20:4 amperes and a field current of 0-69 ampere, the DUST. 
machine was stopped and temperatures taken by small| INVESTIGATIONS carried out by Rudge in 1913, and 
mercury thermometers. Obtained in this way, the | confirmed by Beyersdorfer in 1922, established the 
temperature rises for the armature, shunt windings, | fact that dust particles when carried in air currents 
commutating poles, and commutator were 41-5 deg., | become highly electrified. In Paper No. 43 of the 
34°5 deg., 26-5 deg., and 36-5 deg. C., respectively. | Safety in Mines Research Board, published in 1928, it 
It will be noticed that these temperatures do not reach | was shown as a result of experiments that coal dust 
the permissible value of 42 deg. C. for an enclosed- clouds whirled in air generated sufficient electricity 
ventilated machine, although the motor was actually | to enable sparks to be drawn from the containing 
totally enclosed and the permissible temperature rise | vessel. In view of the increasing use during recent 
in the case of a totally-enclosed machine would be | years of auxiliary fans for ventilating headings, &c., 
50 deg. C. | a further investigation has been carried out to ascertain 
In an otherwise identical test made with the cooling | if electricity so generated could under practical pit 
fan Temoved, the temperature rises taken in the | conditions cause the ignition of firedamp. Since the 
Positions mentioned above were, on an average, about | air-current from the fans not only travels at high 
10 deg. C. higher, the actual figures for the armature, | speed, but is inevitably laden with coal dust particles, 
shunt windings, commutating poles, and commutator | the conditions appear favourable to the production of 
being 52 deg. 43 deg., 40 deg., and 40-5 deg., respec- | electrification, and the metal duct through which the 
tively. It is obvious, of course, that the temperature |air travels might thus become sufficiently charged 
= obtained in the first test would have been much | for sparks to pass from it to some adjacent body or to 
— if the main fan had been delivering cold air over earth. 
the surface of the outer cowl, as it would be under| Previous experiments had all been carried out on a 
service ¢ ditions. | small scale in the laboratory, and it was found necessary 
Pg 1s pointed out by the makers, that the use of | to add emery powder to all the coal dusts employed 
the Aeroto axial-flow fan as described above renders | to regularise their flow through the apparatus. In a 
oo : reduce the size and weight of electrical | new series of tests described in Paper No. 71,* carried 
hery tor given outputs, and that, in addition, | ~% spontaneous Electrification é ee ae 
a more unif; ear ear Z : | ontaneous Electrification in Coal-Dust Clouds. B 
a pi pra pty distribution is obtained | gq, Blacktin and H. 5 wom Safety in Mines Rensazch 
‘e conditions are favourable for continuous | Board, Paper No. 71. London: H.M. Stationery Office, 
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Fie. 6. Fan-Cootep Motor with OvuTER CowLiInG REMOVED. 


out at the Buxton Research Station, large-scale plant 
was used and no foreign dust was mixed with the coal 
dust, except when it was desired to ascertain the specific 
effect produced by the addition of stone or other dust. 

A final series of laboratory experiments was first 
made to determine whether the igniting power of 
sparks obtained with the laboratory apparatus could 
be increased sufficiently by means of suitable adjust- 
ment of its capacity to produce ignition of inflammable 
gas. It was found that in the case of an 8-5 per cent. 
methane-air mixture a spark must have an energy- 
content slightly in excess of 0-002 joule to produce 
ignition. Itnow became necessary to ascertain whether 
coal dust alone, unadulterated with emery powder, 
would give a similar result. For this purpose, larger- 
scale tests were required which, further, would have 
the advantage of approximating more nearly to 
underground conditions. 

The plant constructed at Buxton consisted of a steel 
pipe 5 in. in diameter and 18 ft. long, supported 
horizontally about 5 ft. above the ground by two 
ebonite cradles resting on concrete pillars. A small 
fan was arranged at one end, being insulated by a 
section of ebonite piping 10 in. long and 5 in. diameter. 
The fan was direct-coupled to a series-wound motor, 
an adjustable resistance in the circuit enabling the air 
current to be varied continuously between 380 lin. ft. 
and 2,800 lin. ft. per minute. Coal-dust was delivered 
to the fan intake by means of a conical hopper, in 
which a helical worm revolved and could be adjusted 
to any desired speed, and the aperture constricted 
as desired by a sliding shutter. The apparatus was 
erected in the open air. An electrostatic voltmeter 
and an explosion vessel were placed in an adjacent 
building, being connected to the steel pipe by a well- 
insulated cable. The explosion-vessel containing the 
inflammable gas mixture consisted of a glass bulb 
about 3 in. in diameter, provided with four projecting 
tubulures; two of the latter diametrically opposed 
carried pointed brass electrodes set in ebonite bushes, 
one being threaded so that the length of the spark-gap 
formed at the centre of the bulb between the pointed 
ends could be varied. The third tubulure was fitted 
with a tap and used as the inlet for the gas mixture 
the fourth being fitted with a cork which acted as a 
pressure release when ignition occurs. 





It was found that atmospheric conditions had an 
important effect on the development of electrification ; 
on days of low relative humidity, voltmeter readings 
of several thousand volts were readily obtained. If, 
however, the humidity of the atmosphere rose above 
about 65 per cent., the apparatus became “ dead,” and 
no charge could be obtained, even with air at maximum 
speed and heavily laden with coal dust. There was no 
transition ; either the apparatus functioned well with 
intense electrification, or not at all. This pronounced 





effect of hygrometric conditions observed in the early 
tests suggested that, although voltages of dangerous 
magnitude might be developed in laboratory conditions, 
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under those of actual mining they might not be so 
readily attained. 

Experiments made to indicate the effect of varying 
the rate of feed of dust with constant air-current speed 
produced with the initial rate of feed 4,000 volts; on 
doubling the rate of feed, 5,800 volts; and on quad- 
rupling, 7,000 volts were developed. In each case the 
voltage was maintained, so long as the passage of dust 
continued. Experiments made with standard ‘‘stone”’ 
dust gave similar results with copious sparking across 
gaps up to } in. 

Space prevents our giving a full account of all the 
experiments undertaken in the investigation ; suffice 
it to say that the results were such as to leave no doubt 
that even the simplest form of earthing, such as mere 
contact with the earth at a number of points or a single 
deliberate “ earth’’ connection, is sufficient to prevent 
the accumulation of any charge in pipes or metallic 
ducts in which dust-laden currents of air are conveyed. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address. 
the reference number given being quoted in each case. 

Grinding Machine.—The supply of one motor-driven 
vertical-spindle face-grinding machine. The South 
African Railways and Harbours Administration, 
Johannesburg ; December 14. (Ref. No. A.X. 11,168.) 

Centrifugal Motor Pump.—The supply of a light, 
portable centrifugal motor pump, direct driven from a 
petrol motor. The Egyptian Ministry of the Interior, 
Prisons Administration, Cairo; January 12, 1982. 
(Ref. No. G.X. 10,885.) 

Chlorine Control Plant.—H.M. Senior Trade Com- 
missioner at Montreal reports that a local authority 
desires to receive full particulars of chlorine control 
plant. (Ref. No. GX. 10,875.) 

Scientific Instruments.—The supply of drawing 
instruments, slide rules, drawing boards, set squares, 
field glasses, prismatic compasses and tripods, tell-tale 
and other clocks, stop watches and other scientific 
instruments. The Egyptian Ministry of Public Works, 
Cairo ; December 5. (Ref. No. B.X. 7,184.) 








PERSONAL. 


Mr. Davip Smiru, 84, Temple Fortune-lane, Golders 
Green, London, N.W.11, is relinquishing his position 
as manager of the machine-tooi and small-tool department 
of Messrs. T. C. Jones and Company, Limited, 93-95, 
Wood-lane, Shepherd’s Bush, London, W.12, and hopes 
to start on his own account as a manufacturers’ agent. 

Messrs. E, R. anv F, Turner, Liuitep, Ipswich, 
have appointed Mr. A, Leggett director and chairman 
in succession to the late Mr, Pierson Turner. 

Following the recent appointment of Mr. A. N. 
MeQuistan as director and general manager of the 
Furness group of Steel and Iron Companies, Mr. J. H. B. 
Forster and Mr, Ralph Freeman have joined the 
board of Messrs, South Durham Steel and Iron Com- 
pany, Limited, and Messrs, Cargo Fleet Iron Com- 
pany, Limited. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—Increased confidence and more in- 
quiries for a considerable variety of products are newly 
outstanding features of the local steel and engineering 
trades. While there is no instance of idle works re- 
opening, it is not exceptional to find that production is 
covering an extended basis. A significant development 
is that, during the past week, over 1,000 idle operatives 
have been reabsorbed in the various branches. Manu- 
facture of open-hearth steel is still much below normal 
capacity, though a forward movement is shown in the 
starting up of additional furnaces at the largest works. 
Prices are largely in a state of flux. Both in hematites 
and in foundry iron conditions show greater activity, 
while there is a better demand for iron and steel scrap 
at prices representing advances of 4s, to 5s. on quotations 
ruling several weeks ago. Actual sales of scrap are, 
however, restricted, as distributors appear to be of the 
opinion that values will further appreciate in the near 
future. One of the most encouraging signs is the revived 
demand for fire-bricks «nd other refractory materials 
used in steelmaking. Foreign supplies have risen so 
sharply in price that they are no longer competitive to 
pee ll like their former extent. Belgian refractories 
are being ousted by those of Sheffield origin. So sub- 
stantially have orders expanded that several refractory- 
making branches are working day and night. There is a 
freer flow of contracts in various kinds of tools, steel for 
the constructional trades, and agricultural requisites. 
Work is proceeding on orders placed before the General 
Election for discharge only in the event of the return of a 
National Government. Sheftield manufacturers have 
appointed an Imports Committee, embodying many of 
the leading figures in the local steel and engineering 
trades to give detailed consideration to the incidence of 
a tariff as affecting the local trades. It is felt that 
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South Yorkshire Coal Trade.—A slightly better demand 
is reported for house coal, orders for the better grades 
being definitely more plentiful. There is, however, no 
shortage of supplies either at pits or depots, and the 
market generally will have no difficulty in accommodat- 
ing a further expansion in sales. Industrial fuel also 
shows a better tone. Export sales are fully maintained 
at recent values, while the inland demand is opening out 
in conformity with the slightly improved position of the 
iron and steel industries. Better business is being done 
in smalls, there being a healthy demand from the textile 
industries. Quiet conditions prevail in furnace and 
foundry cokes. Quotations: Best branch hand picked, 
24s. 6d. to 25s, 6d, ; Derbyshire best brights, 21s. to 22s. 
Derbyshire best house, 21s, to 22s. 6d.; screened 
house coal, 19s. to 20s.; screened house nuts, 18s. to 
19s.; Yorkshire hards, 17s. to 18s. 6d.; Derbyshire 
hards, 17s. to 18s. 6d.; rough slacks, 9s. 6d. to 10s, 6d. ; 
nutty slacks, 7s. 6d. to 8s. 6d.; smalls, 5s. 6d. to 6s. 6d. 








NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

A Revival in Sight.—While prominent members of the 
iron and steel and allied industries in the north-western 
area discountenance the well-intentioned but exag- 
gerated prosperity reports published broadcast in the 
lay Press recently, they incline to the belief that the 
acute depression of several years’ standing is showing 
signs of passing. A leading manufacturer stated early 
this week that while it would be ridiculous to suggest 
the possibility of a trade boom, there is certainly evidence 
of greater confidence, inspired largely by the National 
Government’s triumphant return to power, and several 
sections could reasonably anticipate a genuine revival 
in the next few months. As usual, manufacturers of 
electrical plant and equipment find themselves most 
favourably situated. Conditions are still difficult in 
the boiler-making and railway-plant manufacturing 
sections, but Messrs. Nasmyth, Wilson and Company, 
Limited, of Patricroft, near Manchester, have sub- 
stantially improved their outlook for the end of the year 
by the receipt of an order for the manufacture of locomo- 
tive boilers for India, at a cost of approximately 18,0001. 


Some Recent Orders.—Messrs. Platt Brothers and 
Company, Limited, textile-machinery manufacturers, 
find themselves more fortunately placed at the moment 
than the majority of firms in this branch, following the 
receipt of orders aggregating several thousands of pounds 
in the last few weeks. The immediate outcome has been 
to provide 2,000 workers with full-time employment, 
following a spell of alternate-week working. The 
Whitecross Wire Works, of Warrington, which recently 
despatched to Glasgow the world’s largest steel-wire 
rope, weighing 56 tons, for use on the Glasgow subway 
railway, have several important orders on hand, and 
generally wire and wire-nail manufacturers in this 
district are hopeful for the future. Messrs. Taylor 
Brothers and Company, Limited, of Trafford-park, 
Manchester, are executing an order for 150 solid carriage 
and wagon wheels and axles for the South African Rail- 
ways and Harbours Department. Textile-machinery 
makers are hopeful of benefiting extensively from the 
scheme mooted by Chinese industrialists, in co-operation 
with their Government, to purchase machinery to the value 
of more than 1,500,000/. from British manufacturers. 

North-West Hematite Trade Improvement.—Manufac- 
turers in this branch hope that very soon they will be 
able to sell their production ahead for quite a long 
period, It is expected that, at Workington, the weekly 
output will shortly be increased by fully 3,000 tons. 
Both at Barrow and Workington the steel industry is 
moderately busy on rails and hoops. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—-Transactions in Cleveland 
pig iron are far from heavy, but the surplus output, 
after producers have made provision for their own 
consuming departments, is very inadequate for market 
needs. Make is still on a very limited scale, and stocks 
have been reduced to a level that is considered necessary 
for ordinary trading so that producers are in quite a 
strong position. Customers are prepared to pay current 
rates for delivery over periods ahead, but are in no hurry 
to make forward contracts as they do not expect prices 
to advance to any extent. A few more sales to Scotland 
are reported, and both producers and merchants are 
doing a little more business with firms on the Continent. 
Ironmasters still retain the right to cover direct the 
needs of principal home consumers. No. | Cleveland is 
6ls.; No. 3 g.m.b., 58s. 6d.; No. 4 foundry, 57s. 6d. ; 
and No. 4 forge, 57s. 
Hematite.—Producers of East Coat hematite pig are 
gradually getting into a stronger position by depletion 
of stocks which however, are still large. Output is to be 
increased shortly by the re-starting of an idle furnace. 
In this branch also occasional export business is reported. 
Home trade includes further small sales to Sheffield 
and to the Midlands, Sellers base market rates on 
ordinary qualities at 66s., but customers claim they can 
buy on rather lower terms. 
Foreign Ore.—There is next to no activity in foreign 
ore. Consumers still have fairly good supplies, and are 
not disposed to pay the prices asked. Best rubio is in 
the neighbourhood of 17s. 6d., c.i.f. Tees. 
Blast-Furnace Coke.—Business in blast-furnace coke 





special regard will have to be given to alloys and raw 
materials imported from abroad which may be necessary 
for local productive purposes, 


is very quiet as local users have their own supplies. 


Manufactured Iron and Steel.—The demand for one or two 
descriptions of manufactured iron and steel is gradually 


and orders are rather urgently needed in certain depart- 
ments. Prices are steady. Common iron bars are 10/. ; 
best bars, 101. 10s.; double best bars, 11/.; treble best 
bars, 111. 10s. ; packing (parallel), 81. ; packing (tapered), 
101. ; steel billets (soft), 51. 15s. ; steel billets (medium), 
61. 12s. 6d. ; steel billets (hard), 71. 7s. 6d. ; iron and steel 
rivets, 111. 15s.; steel ship plates, 81. 15s. ; steel angles, 
81. 7s. 6d. ; steel joists, 81. 15s. ; heavy sections of steel 
rails, 81. 10s. for parcels of 500 tons and over; and 9, 
for smaller lots; fish plates, 12/. 10s.; black sheets 
(No. 24 gauge), 8/.; and galvanised corrugated sheets 
(No. 24 gauge), 91. 15s. 

Scrap.—Scrap is in better demand, and prices tend 
upward. Light cast iron is 33s. 6d.; heavy cast iron, 
42s, 6d.; machining metal, 45s. ; and heavy steel, 40s, 

Imports of Iron and Steel.—Imports of iron and steel 
from overseas and coastwise to the Tees for the twelve 
months ending October 31, totalled 171,740 tons as 
compared with 158,190 tons for the same months a year 
ago, and only 54,564 tons in the corresponding period 
just prior to the war. Unloadings for the period just 
ended were composed of 25,660 tons of pig iron, 125,373 
tons of crude sheet bars, billets, blooms and slabs; and 
20,707 tons of plates, bars, angles, rails, sheets, and 
joists. Arrivals for the same months a year ago com- 
prised 17,262 tons of pig iron, and 106,176 tons of crude 
sheet bars, &c., and 34,752 tons of plates, bars, angles, 
&c.; and imports for the twelve months just prior to the 
war were composed of 1,427 tons of pig iron, 33,655 tons 
of crude sheet bars, &c., and 19,482 tons of plates, bars, 
angles, &c. 

Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees last month totalled 45,447 tons as 
compared with 36,821 tons in September. Pig iron 
cleared in October amounted to 15,901 tons manufactured 
iron to 3,403 tons, and steel to 26,143 tons. The largest 
buyers of pig iron were : Scotland, 5,549 tons ; Denmark, 
2,450 tons ; and Germany, 1,630 tons. The Union of South 
Africa was the chief customer for manufactured iron 
with an import of 867 tons. Principal receivers of steel 
were: The Union of South Africa, 6,127 tons ; Portuguese 
East Africa, 2,507 tons ; Southern Rhodesia, 1,940 tons ; 
Canada, 1,424 tons; Lithuania, 1,312 tons; Argentina, 
1,282 tons ; and India, 1,030 tons. 








NOTES FROM THE NORTH. 

GuasGow, Wednesday. 
Scottish Steel Trade.—While there is a greater feeling 
of confidence on all sides, business does not yet show 
much sign of expansion. Inquiries are more numerous, 
and the booking of more work by Scottish shipbuilders 
has raised the hopes of all connected with the steel 
industry. Improvement, however, cannot be other than 
slow considering the low state of world-wide trade, and 
at present the different steel works are much in need 
of orders. Only a very small proportion of plant is 
now in operation, and producers are looking anxiously 
to the new Government to do something to stimulate 
business. Rather more healthy conditions are now 
prevailing in the black and galvanised-sheet trade, and 
a few makers have quite satisfactory order books. With 
the depreciation of Sterling, the local producers have 
been enabled to offer better terms to overseas buyers, 
and have thus secured quite a fair tonnage in competition 
with Continental sellers. Orders from India and the 
Far East show some expansion, and the present trouble 
between Japan and China has been the means of diverting 
to this country a certain amount of business, which 
China would normally have placed in Japan. Inquiries 
continue to increase, and the outlook generally is much 
brighter. The following are the current market quota- 
tions :—Boiler plates, 91. per ton; ship plates, 8/. 15s. 
per ton; sections, 8/. 7s, 6d. per ton; black steel sheets, 
4 in., 7. 10s. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 11/. per ton, all delivered at Glasgow 
stations. 

Malleable Iron Trade.—Conditions in the West. of 
Scotland malleable-iron trade show no change. Orders 
continue poor, and there is a great want of life in the 
industry. The re-rollers of steel bars are also quiet, 
and are badly placed owing to the rise in the price of 
raw material. Prices are nominally unchanged, and are 
as follow :—‘‘ Crown” bars, 101. 5s. per ton for home 
delivery, and 9J. 15s. per ton for export; and re-rolled 
steel bars, 61. 5s. to 61. 10s. per ton for home delivery 
and for export. 

Scottish Pig-Iron Trade.—A state of depression 18 
still general in the Scottish pig-iron trade, and the demand 
for the local product continues to be of small dimensions. 
At the present moment there are only three furnaces 1n 
blast, which means that about ninety are out of com- 
mission. That, in itself, gives some indication of the state 
of trade, and shows that a very big revival will need to be 
forthcoming before the local pig-iron industry can be 
classed as busy. The current market quotations are as 
follow :—Hematite, 68s. 6d. per ton, delivered at the 
steel works ; foundry iron, No. 1, 72s. per ton ; and No. 3, 
69s. 6d. per ton, both on trucks at makers’ yards. 
Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 31, amounted to 564 tons. Of 
that total, 479 tons went overseas and 85 tons coastwise. 
During the corresponding week of last year, the figures 
were 485 tons overseas and 36 tons coastwise, making & 
total shipment of 521 tons. 

Shipbuilding Contracts.—Another impetus has 
given to the Scottish shipbuilding industry by the 
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Durham good average qualities are quoted 17s. to 17s 6d., 
delivered here. 


report of three further new contracts. Messrs. Lithgow®, 
Limited, Port Glasgow, have received orders trom 





growing, but several commodities are still slow of sale, 





ee ne a eee re en ae a 


fr¢ 


re 


£0 
wi 
of 
1, 
tor 
99 


l 
L 
l 
l 
3 








Nov. 6, 1931.] 





Messrs. J. and C, Harrison, Limited, London, to build 
two further cargo steamers. Each of these vessels will 
be fitted with triple-expansion engines, and will have a 
deadweight carrying capacity of 9.000 tons. Messrs. 
Lithgow’s orders now on hand for Messrs. Harrison 
total 45,000 tons. The Burntisland Shipbuilding Com- 
pany, Limited, have contracted to build a cargo steamer 
of 1,400 tons. This vessels has been placed by North- 
East Coast shipowners, and means the re-opening of a 
closed shipyard, 

Scottish Shipbuilding.—While the shipbuilding in- 
dustry in Scotland has been passing through rather a 
lean time recently, there are now signs of some improve- 
ment. For months orders have been very scarce, and 
many yards have had little or nothing to do, but the 
past week has brought hope to many workers by the 
booking of an order by three companies whose yards 
have been idle for some time. Since the beginning of 
October, Clyde yards have booked seven new vessels, 
and the Forth (Burntisland) one new vessel. These 
contracts are extremely welcome at a time when the 
industry has been at such a low ebb. The following 
figures show very clearly that orders during the past year 
have been very scarce. The six new vessels launched 
during the past month only amounted to 5,956 tons. 
The details for October, and the year to date are as fol- 
lows :— 


Oct., 1931. Ten Months,1931. 

ea. ea_&»_— 

Vessels. Tons. Vessels. Tons. 
The Clyde ... abs 3 5,849 48 140,881 
The Forth ... -. — — 10 2,477 
ihe Day se = 3 24,600 

The Dee and Moray 

Firth re 3 107 17 4,095 
6 5,956 78 172,053 


The Clyde output for the past month is the second 
lowest monthly return for the year, and only brings the 
ten months’ total up to 140,881 tons. That figure com- 
pares badly with the corresponding ten months of last 
year, when the total was 172 vessels of 467,070 tons. 
It is very clear now that the year 1931 will be one of 
the poorest on record in the annals of Clyde shipbuild- 
ing. One interesting point about the most recent new 
contracts already referred to is that six of the eight are 
for cargo steamers, 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The Portuguese State Railway con- 
tract for 125,000 tons of small coal to be delivered over the 
next five months has been divided between three Cardiff 
firms, and has proved a welcome renewal order in view 
of the generally poor demand for smalls. The feature 
of the market, however, is the scarcity of dry nuts and 
cobbles and the comfortable position of dry large coals. 
Dry nuts and cobbles are practically unobtainable, 
with the result, that prices which range from 23s. to 26s, 
for nuts, are more or less nominal, while dry large 
commands from 17s, 9d. to 19s, 6d., according to quality, 
or 3d. to 9d. per ton above schedule, Other descriptions 
of large and small are, however, readily available at 
schedule prices based on 198, 6d. per ton f.o.b. for best 
Admiralty large, and 13s. 6d. for best bunker smalls. 
A number of orders, principally for comparatively small 
quantities, are under negotiation, but new business is 
checked by the fluctuations in exchanges and financial 
conditions abroad, while the desire of foreign countries 
to limit importations is also having an adverse influence. 
Foreign shipments in the past week totalled only 336,540 
tons, exports to France being reduced, from 112,000 tons 
in the preceding six days, to 82,000 tons, and to Italy 
from 79,000 tons to 42,000 tons but increased to Egypt 
from 12,000 tons to 54,000 tons. 

Iron and Steel Imports.—Foreign iron and steel has 
reached South Wales in enormous quantities in the 
past fortnight in view of the expectation that measures 
will be taken by the National Government to minimise 
the use of the foreign commodity in order to provide 
employment for home industries. In the past week 
no less than 38,000 tons of iron and steel were brought 
into South Wales, of which 24,500 tons were landed at 
Newport, steamers carrying cargoes of more than 6,000 
tons, whereas, in the ordinary way moderate sized 
vessels bring parcels. A year ago the imports of iron 
and steel amounted to under 13,000 tons, of which, but 
9,300 tons were landed at Newport. In the last fortnight 
no less than 55,000 tons have been received from Belgium 
Compared with only 5,000 tons in the corresponding 
period of last year. Imports from Germany in the past 
week at 4,000 tons were treble those of a year ago, while 
France also supplied 2,940 tons and Holland 1,330 tons. 


Exports of Iron and Steel.—Exports of iron and steel 
oods in the past week totalled 11,172 tons, compared 
with 9,049 tons in the preceding six days. Shipments 
of blackplates and sheets increased from 624 tons to 
1,426 tons, of galvanised sheets, from 814 tons to 1,881 
tons and of other iron and steel goods, from 595 tons to 
991 tons, but of tin plates and terneplates, fell from 
‘016 tons to 6,874 tons. 

Shipping Activity—One of the encouraging signs 
for the future is the fact that ships which have been 
laid up for periods of from three months to two years 
are being brought back into commission. During the 
last month no fewer than 30 South Wales owned vessels 
Which had been lying idle have resumed trading, and 
created employment for some 800 officers and men. 
The resumption of trading by these and many other 
vessels must result in an improved demand for bunker 


_ and should benefit collieries in the quest for 
SiNess , 
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NOTICES OF MEETINGS. 


PuysicaL Society.—To-night, 5 p.m., Imperial 
College of Science, South Kensington, S.W.7. Presi- 
dential Address, ‘‘ The Expanding Universe,” by Sir 
A, Eddington. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Thomas Hawksley 
Lecture. ‘‘ The Mechanical Aspects of Electricity,” by 
Mr. Li. B. Atkinson. Graduates’ Section, London : 
Saturday, November 7, 6.45 p.m. Informal Meeting. 
Debate on ‘‘ That a College Education is Desirable in 
the Training of a Mechanical Engineer.” Yorkshire 
Branch: Thursday, November 12, 7.30 p.m., Hotel 
Metropole, Leeds. ‘‘ The Production of Large Hollow 
Forgings,” by Mr. E. V. T. Ellis. East Midlands Branch : 
Friday, November 13, 6.30 p.m., Loughborough College, 
Loughborough. ‘ Industrial Conditions in Russia,” by 
Mr. J. Fearn. Southern Branch : Friday, November 13, 
University College, Southampton. ‘‘ The Design and 
Manufacture of a Modern Water-Tube Boiler,’ by Major 
8. J. Thompson. 

INSTITUTION OF ELECTRICAL ENGINEERS.—To-night, 
7 p.m., Victoria-embankment, W.C.2. Meter and Instru- 
ment Section Meeting. Chairman’s Address by Mr. F. C. 
Knowles. Monday, November 9, 7 p.m. Informal Meet- 
ing. Discussion on “‘ Lightning Protection, especially in 
Tropical Counties,’’ by Mr. J. F. Shipley. North-Eastern 
Centre : Monday, November 9, 7 p.m. Armstrong Col- 
lege, Newcastle-on-Tyne. ‘‘ The Electrical Heating of 
Buildings,” by Mr. R. Grierson ; and at North Midland 
Centre : Tuesday, November 10, 7 p.m., Hotel Metropole, 
Leeds. North-Western Centre : Tuesday, November 10, 
7 p.m., Engineers’ Club, Albert-square, Manchester. 
** Recent Progress in Large Transformers,” by Mr. R. M. 
Charley. “The Application of the Induction Voltage 
Regulator,” by Mr. W. E. M. Ayres, Scottish Centre : 
Tuesday, November 10, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘The Design of a Distribution System in a 
Rural Area,” by Mr. E. W. Dickinson and Mr. H. W. 
Grimmitt. London Students’ Section : Friday, November 
13, 6.15 p.m., Victoria-eembankment, W.C.2. ‘“ Short- 
Wave Transmission,” by Mr. W. R. Bishop. 

Juntor INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ The Cooling of the 
Crude-Oil Engine,” by Mr. A. P. Quarrell. Friday, 
November 13, 7.30 p.m. Annual General Meeting. 

Institute OF British FoUNDRYMEN.—Lancashire 
Branch: Saturday, November 7, 4 p.m. College of 
Technology, Sackville-street, Manchester. ‘‘ The Pro- 
duction of Castings in a Modern Malleable-Iron Foundry,” 
by Mr. H. J. Beck. Scottish Branch: Saturday, 
November 7, 4 p.m., Royal Technical College, Glasgow. 
‘High-Strength Aluminium Alloys,” by Mr. W. C. 
Devereux. Wales and Monmouth Branch: Saturday, 
November 7, 6.30 p.m., Merchant Venturers’ Technical 
College, Bristol. ‘*‘ Nickel in Cast Iron,” by Mr. W. T. 
Griffiths. Birmingham, Coventry, and West Midlands 
Branch : Wednesday, November 11, 7.30 p.m., Chamber 
of Commerce, New-street, Birmingham. ‘‘ Some Recent 
Developments in Automobile Cast Iron,” by Mr. T. R. 
Twigger. Middlesbrough Branch : Friday, November 13, 
7.45 p.m., Cleveland Scientific and Technical Institute, 
Middlesbrough. “Survey in the Making of Light 
Castings,” by Mr. F. Harris. 

INSTITUTE OF TRANSPORT.—Monday, November 9, 
5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Annual General Meeting. ‘‘ The 
Influence of Transport on Regional Planning,’’ by Mr. J. 
Paterson. Birmingham and District Section: Tuesday, 
November 10, 6 p.m., Queen’s Hotel, Birmingham. 
“Co-ordination of Rail and Road Transport,” by 
Mr. W. H. Thompson. Newcastle-on-Tyne and District 
Section: Friday, November 13, 7.30 p.m., Station 
Hotel, Newcastle-on-Tyne. ‘“ Proposed Flying-Boat 
Service to Scandinavia,” by Mr. G. Richardson. 

Institute oF MeEraus.—Scottish Local Section: 
Monday, November 9, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘‘ Experiences with some Electric Furnaces 
for Milling Copper and Copper Alloys,” by Mr. W. 
Govier. Swansea Local Section : Tuesday, November 10, 
6.15 p.m. Y.M.C.A., Swansea. “Some Causes of 
Unsoundness in Non-Ferrous Alloys,” by Prof. D. 
Hanson. North-East Coast Local Section: Thursday, 
November 12, 7.30 p.m. Armstrong College, Newcastle- 
on-Tyne. ‘Die Casting,” by Mr. A. Mundey. 
London Local Section : Thursday, November 12, 8 p.m., 
Royal School of Mines, South Kensington, S.W.7. 
‘““Some Recent Advances in Rolling Plant,” by Dr. 
W. J. P. Rohn. Sheffield Local Section: Friday, 
November 13, 7.30 p.m., The University, St. George’s- 
square, Sheffield, “ Engineering Silver Solders,” by 
Mr. E. A. Smith. 

INSTITUTE OF THE RUBBER INDUSTRY.—Monday, 
November 9, 7.30 p.m., First Avenue Hotel, High 
Holborn, W.C.1. ‘The Direct Use of Latex in the 
Manufacture of Rubber Products,’”’ by Prof. G. Bruni. 

Royat Instrrution.—Tuesday, November 10, 5.15 
p.m., Albemarle-street, W.1. ‘‘ Combustion of Gases,” 
by Mr. G. I. Finch. Saturday, November 14, 3 p.m. 
‘“Modern Buildings in Scandinavia,” by Mr. F. E. 
Yerbury. 

INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, November 10, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ The Dilution Theory of 
Detonation,” by Mr. I. A. J. Duff. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Nov- 
ember 10, 6 p.m., 85, The Minories, E,C.3. ** Effects 





of Propelling Machinery on Hull Structures,” by Mr. 
J. L. Adam. Junior Section : Thursday, November 12, 
7 p.m., Exhibition of Kinematograph Films. 


Roya Sanirary InstrruTe.—-Tuesday, November 10, 
6 p.m., 90, Buckingham Palace-road, 8.W.1. ‘‘ The 
London County Council Drainage By-Laws,” by Lt.-Col. 
W. Butler. 


SHEFFIELD METALLURGICAL ASsOcIATION.—Tuesday, 
November 10, 7.30 p.m., 198, West-street, Sheffield. 
“Methods of Determination of Physical Properties of 
Steel,” by Mr. J. Woolman. 


INSTITUTION OF WELDING ENGINEERS.—North- Western 
Branch : Tuesday, November 10, 7.30 p.m., College of 
Technology, Sackville-street, Manchester. ‘‘ Carbon Arc 
Welding,” by Mr. A. Y. Stirrat. Birmingham: Friday, 
November 13, 7 p.m., Chamber of Commerce, New-street, 
Birmingham. ‘“‘ Some Details of the Progress reached 
in Forge and other Welding in Boiler Works Practice,” 
by Mr. E. W. Thompson and Mr, A, Jeavons. 


INSTITUTION OF ENGINEERING INSPECTION.—Wednes- 
day, November 11, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. “‘ Mechanical Testing of 
Materials,’ by Dr. G. H. Gulliver. 


Betrast ASSOCIATION OF ENGINEERS.—Wednesday, 
November 11, 7.30 p.m. Municipal College of Tech- 
nology, Belfast. ‘‘ Hemp and Wire Rope,” by Mr. G. 
Lawrie, Junr. 

INSTITUTION OF PRODUCTION ENGINEERS.—Luton, 
Bedford and District Section : Wednesday, November 11, 
7.30 p.m., Red Lion Hotel, Luton. ‘‘ Material Control, 
Distribution and its Influence on Production,”” by Mr. 
J. G. Young. London Section: Friday, November 13, 
7.30 p.m., Society of Motor Manufacturers and Traders, 
83, Pall Mall, S.W.1. ‘‘ The Allocation of Overheads,”’ 
by Mr. C. W. Summers. 


INSTITUTION OF STRUCTURAL ENGINEERS,—Thursday, 
November 12, 6.30 p.m., 10, Upper Belgrave-street, 
S8.W.1. ‘* Portland Cement,” by Mr. H. Gutteridge. 


INSTITUTION OF CrviL ENGINEERS.—Manchester and 
District Association : Thursday, November 12, 6.45 p.m., 
Manchester Literary and Philosophical Society, 36, 
George-street, Manchester. ‘“ Easements of Light : 
Modern Methods of Assessing Compensation,”? by Mr. J. 
Swarbrick. 

Norru-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS,—Tees-Side Branch : Thursday, November 
12, 7.30 p.m., Cleveland Scientific and Technical Insti- 
tute, Middlesbrough. “ Electric Grid Change-Over,” 
by Mr. S. Burns, Newcastle-on-Tyne : Friday, November 
13, 6 p.m., Mining Institute, Newcastle-on-Tyne. ‘‘ The 
Care and Maintenance of the Industrial Steam Loco- 
motive,” by Mr. J. W. Hobson. 





Farapay Socrety.—Thursday, November 12, 8 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
Discussion on ‘“‘ The Oxidation of Fuel Vapours in Air.” 


MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
November 13, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ A Comparative Study of the Properties 
of British Pig Irons,” by Mr. J. E. Hurst. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
November 13, 7.30 p.m., Queen’s Hotel, Keighley. 
“The Industrial Smoke and Grit Problem,” by Mr. 
E. Clegg. 

Socrety oF CHEMICAL INDUSTRY; CHEMICAL ENGI- 
NEERING GroupP.—Friday, November 13, 8  p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
** Platinum,” by Mr. D. McDonald. 








CONTRACTS. 


Messrs. HartANp AND Wotrr, Lrivirep, Govan, 
Glasgow, have been commissioned by the London, 
Midland and Scottish Railway Company to build a 
sister ship to the Clyde pleasure steamer Duchess of 
Montrose. The new vessel will have triple screws, driven 
by direct turbines taking steam from Scotch boilers. 
The machinery will be built at the firm’s Belfast works. 
Messrs. Harland and Wolff are also supplying the Diesel 
engines for the complete generating equipment of the 
Bank of England. 

Messrs, THE Visco ENGINEERING CoMPANY, LIMITED, 
162, Grosvenor-road, London, 8.W.1, have received an 
order for 29 of their Visco air filters, with a total capacity 
of over 350,000 cub. ft. of air per minute, to be installed 
in a large building in London. 

Messrs. British INSULATED CABLES, LIMITED, 
Prescot, Lancs, have secured a contract from the Central 
Electricity Board for some 230 miles of 132,000-volt 
transmission line for the South Scotland Electricity 
Scheme. 

Messrs. Henry Simon, Limirep, Cheadle Heath, 
Stockport, have received an order from the Leith Harbour 
and Dock Commissioners, for the machinery and equip- 
ment for a new 25,000-ton granary which is to be built 
at the Imperial Dock, Leith, to replace the grain ware- 
house destroyed by fire in January, 1930. The order 
comprises the whole of the conveying, elevating and weigh- 
ing machinery, the necessary electrical equipment, 
electrical grain-temperature indicating apparatus, and 
a complete dust-collecting plant. 

Messrs. THE Parsons O1n ENGINE CoMPANny, LIMITED, 
Town Quay Works, Southampton, have received a 
number of orders from this country and abroad for their 
100-h.p. and 42-h.p. petrol engines, 30-kw. and 4-kw. 
paraffin Board of Trade emergency sets for new ships, 





and a 10-h.p. petrol standby set, 
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ANNUALS AND REFERENCE BOOKS. 


Schiffbau Kalender, 1931.—This German annual is 
intended for students and business men in Germany 
who are connected with, or are interested in, ship- 
building and navigation. It is divided into ten 
chapters, and opens with the customary mathematical 
and conversion tables, this section being completed 
with particulars of the principal ship canals and of 
the German inland waterways, and tables of the 
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distances between Hamburg and the main ports of 
the world. The second chapter contains data on 
plates, sections and other material used in shipbuilding. 
Further mathematical information covering arithmetic, 
geometry, mechanics and the theory of ship and dock | 
construction is given in Chapter III, whilst the follow- | 
ing one deals with the properties of materials and the | 
strength of ships. Chapter V contains an abstract of | 
the laws governing shipbuilding, navigation, and 
insurance. Three chapters are then set apart for | 
detailed particulars concerning ship design, the resist- | 
ance of ships and the distribution of their accommoda- | 
tion, a number of different types, passenger vessels, 
cargo steamers, motorships, &c., being reviewed and 
illustrated. Data on types of machinery, mostly | 
from the operating point of view, are contained in 
Chapter IX, and the book closes with financial figures | 
applicable to German merchant ships and several of | 
the world’s shipping companies. It is of handy pocket- | 
book size, and contains about 500 pages of illustrated | 
information. It is well got up, carefully indexed and 
will prove generally useful for reference purposes. | 
It is edited by Dr. Ing. W. Giitschow and Schiffbau- 
direktor Hermann Hildebrandt, and is issued at the | 
price of 12 marks by the journal Schiffbau, Schiffahrt 
und Hafenbau, Berlin. 


British Empire Trades 


principal business houses, with their cable and postal 
addresses and telephone numbers, in the British 


Commonwealth of Nations, the 1931-1932 edition of | 
the British Empire Trades Index has recently made its 


appearance. The volume, which contains 584 large 
(Crown quarto) pages, is divided into three main 
sections, the first of which is a classified list of buyers 


Index.—Described in its 
sub-title as comprising classified trades lists of the 


| 














Fia. 22. 
| 
| 


and sellers throughout the British Empire, together | Business Dictionaries, Limited, 8 and 9, Johnson’s- 
with their cable and postal addresses, and their tele- | court, Fleet-street, London, E.C.4. 


phone numbers. In section II, the names of firms 
are arranged alphabeticilly and cross-referenced, by 
means of a system of numbers, to section I. The 
third section comprises a list of trade marks and 
brands of British Empire firms, arranged alphabetically. 
At the beginning of the work appear informative 
illustrated articles dealing with the resources and 
import and export trade conditions of the various 
British Overseas Dominions and _ territories. The 
book is well printed and strongly bound in attractive 
blue-cloth covers. We understand that 25,000 copies 
of the volume are annually distributed gratis to 
yovernment departments, Chambers of Commerce, 
libraries, buying houses and business firms throughout 
the British Empire. Additional copies of the work 


may be obtained, price 5s., from the publishers, Messrs, | displacement, speed, radius of action and armament. ! avenue, Washington, on December 10 and 11] next. 





| 
| Les Flottes de Combat, 1931.—The annual, bearing the 
above title, dealing with naval vessels was first published 
about thirty years ago by Commandant de Balincourt ; 
it has been continued of late by Commandant Vincent- 
Bréchignac, and the edition for the current year 
reviews the navies of France and other nations of 
the world. Last year’s edition referred back to the 
Washington treaties; the present one follows upon 
the Treaty of London, and deals with its results, 
and with the various conferences on disarmament 





which led up to it. The information relating to ships, 
as in the former editions, is given in tabular form, 





and includes, opposite the name of each ship, ed 
year it was launched, when it entered the service, the | 


NEAR-SIDE VIEW OF ENGINE. 


All types are dealt with in this way, including special 
and auxiliary vessels. The illustrations are reproduc- 
tions of photographs, and elevation and plans of typical 
units, showing protection and armament. A closing 
chapter contains illustrated data on types of aero- 
planes and hydroplanes belonging to the naval service 
of France, Great Britain, the United States, Italy, and 
Japan. The book has over 700 pages; it contains 
504 views of ships and aircraft and 274 line illustra- 
tions. It is published at the price of 45 francs by 
the Société d’Editions Géographiques, Maritimes et 
Coloniales, 184, Boulevard St. Germain, Paris. 








HicHway RESEARCH IN THE UNITED Srates.—The 
eleventh annual meeting of the Highway Research Board 
of the American National Research Council will be held 
at the National Academy of Sciences, 2101, Constitution- 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
TrLearapPuic f ‘‘ ENGINEERING,’ WESTRAND, 
ADDRESS LONDON. 

TELEPHONE NuMBER—TEMPLE BAR 3663 

(2 lines). _ 








SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 








or three months, pro rata), payable in advance :— Self-Electrification of Coal Dust ............0...0.:cee 581 
For the United Kingdom ..................... ee Cn Oe, (Mea a aod ag coe ca ce ccuk ass u enon ea aaasce cttesh aes cok cc gecaiacce 582 
For Canada— 1 ACTo 1) 2) ee no UNO sree canoe EES ele Oe ence son 582 

Thin paper copies ...................00+ £2 18 6 | Notes from South Yorkshire «0.0.00... cseeseeeee 582 
Thick paper copieg......................+ £3 3 0 | Notes from the North-West  .............:.ccccceeeeeeeees 582 

For all other places abroad :— Notes from Cleveland and the Northern Counties.... 582 
Thin paper copies @ | Notes fvomn the Noeehy: oo... ..-5cc.ccicscceccosccecsjcocesceosesaseses 582 

Thick paper copies 6 | Notes from the South-West................cccccceeseeeseseeees 583 

583 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of Publication. 
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John Menzies 


THE EMPIRE ON A BUSINESS BASIS. 
Now that the excitement is past and it is possible 
to ponder more at leisure over the events of last 
week, two facts seem to stand out more prominently 
than others in the verdict so emphatically given. 
The one is that the country pulled itself together, 
not so much, perhaps, as has been insisted, to face 
a peril from without, as it did in 1914, but to face 
an internal situation much akin to that of 1926. 
The second fact is undoubtedly that, in spite of 
faint hearts who considered that the added dis- 
location of an election should not be piled upon 
our distressed industrialists, the appeal has justified 
itself completely. 

In 1926, when the country was faced by the chal- 
lenge thrown down by the trades unions, it declared 
very decisively in preference of ordered government. 
It has again showed the same preference to dictation 
by one class. The set-back that Labour has now 
received will give the movement ample time to 
reflect upon its failure to commend itself to the 
community. The failure in the present instance 
may have been due to a variety of causes, but a 
party which insists upon continued extravagance 
in the face of the recent critical state of affairs 
can hardly expect to do anything but forfeit the 
confidence of all with even the smallest stake in 





the country ; while the volte face executed between 
Bristol and the Election, on the subject of tariffs, 
was an inconsistency so glaring as to bring those 
responsible into ridicule, if not contempt, in the eyes 
of all, and they are by no means few, who would like 
to see honesty put before party tactics. As events 
have proved, the tactics were badly chosen, for the 


economic whole. 
is to be one, with party policies put on one side, to 
deal with this great problem from the point of view 
of our country and her daughter nations. 


wilderness into which they have exiled themselves» 
the tacticians will have time for reflection. We are 
told that the movement cannot again be an effective 
force in the country for a generation, a period on a 
par with that spent by the Israelites in their wander- 
ings. We may well hope that the interval may be 
equally profitably spent, and that in the end the 
party will emerge, renewed and stripped of the 
predelictions which have led it so greviously astray, 
ready to take an honest part in a righteous cause. 
The aspect of the subject which most interests 
us, however, is the nature of the response to the 
appeal which has been made. ‘The result un- 
doubtedly shows that the Government had behind 
it a far greater strength than was represented in 
the last Parliament, and the fact that it can now 
go forward boldly, instead of treading precariously 
among innumerable pitfalls, outweighs in our opinion 
any small additional and temporary trouble of the 
past month. It is certain that without the appeal 
and its answer, the Government would have been 
greatly hampered ; indeed, before long, might have 
broken down, so that the trouble at best would only 
have been staved off, and accompanying uncertainty 
abroad prolonged. Now, however, we have in a 
measure already regained the confidence of other 
nations. The comments of the foreign Press in the 
past week or so, no less than in that of the Dominions, 
are proof that the result has been a great relief to 
others besides ourselves. And, as all our civilisation 
is built upon confidence, we may expect useful results 
to follow far more swiftly than would have been 
possible had the decision been deferred. With the 
uncertainty swept away and our nation intent upon 
surmounting its difficulties, we shall hearten a 
distressed world in a way which may well do much 
to raise it from the sick bed of late years. Doctors 
insist that they can seldom effect a cure without 
hope and effort on the part of the patient. We 
believe that what has occurred here will give heart 
again to the world, and that stability and confidence 
will spread by what, in modern language, may be 
termed “this gesture.’ We had lost a jewel of 
great price, and, having regained it, we may well 
call to our neighbours to rejoice with us. 
It will naturally take time for the Government to 
formulate its programme. There can be no doubt 
that reform of our fiscal system will be one of the 
most important tasks to which it will set its hand. 
This we may well hope will lead to the re-opening 
of works, or the establishment of branch works in 
this country, with a diminution of unemployment. 
It will, doubtless, have effect in other ways according 
to the measures adopted. The advent of a National 
party, however, should mean much more than this. 
There are many matters in which our Empire has 
suffered from the party system of politics. In the 
present régime there will be the opportunity to deal 
with these on a broader basis. It is satisfactory 
to note that there is every probability of the post- 
poned economic conference at Ottawa being called 
at an early date, when it is to be hoped that the 
disappointment occasioned by the last Imperial 
Conference will be effectively wiped out. It should 
not be impossible under present conditions to begin 
now the work of forging the links of a great Imperial 
economic chain stretching round the world to bind 
us more closely together. It may be that at the 
first attempt all links will not prove equally strong 
and that adjustment will be needed here and there 
as time goes on, but no time would seem to be so 
favourable as the present for setting afoot plans, 
long hoped for by many besides ourselves, for bring- 
ing all parts of our Empire together within an 
Here is the chance, if ever there 


Bound up with this great question is the develop- 


ment of our Empire on sound economic and scientific 
lines. 
effective policy of this kind was impossible owing to 
the hampering effect of our methods of government. 
So recently as during the brief life of the last Govern- 
ment, we pointed out that a national party could 
initiate moves in this direction, as no other might. 
The result of the appeal to the country reinforces 
our contention. 


It has always been contended that an 


If with his precarious hold upon 





simple reason that the cause was not good. In the 





office, Mr. Macdonald even then could have started 
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the ball, the Government can do so now and with 
much greater prospect of success. We are still 
struggling along in a haphazard manner. The 
resources of our great Empire are to a large extent 
at the merey of adventurers, actuated mainly 
by their own hopes of profit. To secure the best 
results, we want our business and scientific men 
to get together, and in the new era upon which we 
are entering, while it may not be easy, it should 
not be impossible to lift our affairs to a higher plane, 
in a broad-minded endeavour to raise ourselves 
and our Dominions out of the difficulties which 
beset us all. 

As is well known, the manner in which these 
matters should be faced has received attention in 
various quarters. Sir Robert Hadfield has suggested 
an Empire Development Board, and has gone some 
way in filling in the details of his scheme. It is 
an essential of this that it should be outside party 
politics. No time, it would seem, could be more 
favourable for its consideration. Other plans have, 
of course, been suggested. In view of the great, 
and to some extent useless, majority which the 
Government possesses in Parliament, it is possible 
that useful occupation might be found for many 
members in something of the form of Mr. Churchill’s 
sub-Parliament. Certain it is that the whole strength 
of the Government will not be required uninter- 
ruptedly to carry on the business of the House. 
Yet the country is entitled to the labour of its 
representatives, and if some of the surplus experts 
in business and economics could be organised in 
a suitable way to break ground in directions in 
which effort has been held up through congestion 
and often deliberate obstruction, the nation would 
feel that at last something constructive was to be 
done. The people are tired of the palliatives of 
which we have had excess since the war, none of 
which has gone deep enough to do lasting good. 
If, instead of facilities for making marine drives 
at seaside resorts, and such like works of no real 
national value, we could concentrate on the essen- 
tials of business, it is possible that at home and in 
the Dominions we would in time set in train schemes 
which would go far to relieve us all of unemploy- 
ment, and this in turn would help to train our men 
in useful work in readiness for world trade when the 
latter shall again gather way. 








FACTORY EFFICIENCY. 


Mass production, as developed in the motor-car 
industry, is impracticable in many other branches 
of engineering. Here, lots to be put through com- 
monly comprise at best, tens of units not hundreds 
or thousands. Designs, moreover, are constantly 
changing, making it difficult to fix standards and 
provide reproduction facilities. There are, in fact, 
not a few instances on record of the ruin of firms 
who, ignoring the threat of progress in design, have 
standardised too early, both their products and 
their processes of manufacture. 

The aeroplane is as yet in a transitional stage 
and changes both in materials and design are 
continual. Types differ widely, and large and 
small machines have to be built in the same estab- 
lishment. The conditions, therefore, approximate 
more closely to those met with in ordinary heavy 
engineering than is the case, say, with the Ford 
plants. Special interest attaches accordingly to 
the recent Wilbur Wright lecture, delivered to 
the Royal Aeronautical Society by Mr. Glenn 
L. Martin, in which he describes the methods 
used to secure economical production at the great 
airplane works of his firm at Baltimore, Maryland. 

The most striking characteristic brought out, in 
his lecture, was the meticulous care taken to esti- 
mate, with accuracy, the cash value of every indi- 
vidual element involved, inclusive of psychological 
factors. In establishing the works in question, there 
was, in short, an extraordinary amount of what 
used in this country to be classed as non-productive 
expenditure. It might, perhaps, not unnaturally 
be expected, where so many elements were in- 
volved, that the curve representing the aggregate 
efficiency of the plant would be of the type of a 
rather flattish probability curve, little affected 
even by wide departures from the optimum condi- 
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states very definitely that in the case of each item 
there is one correct solution, and one only. 

The original works of his firm were situated on 
the Pacific Coast. In view of the threat of war, it 
was decided, in 1916, to move them to Cleveland, 
and in establishing these, efficiency of operation was, 
of course, striven for. As experience was gained, 
however, Mr. Martin states it was found that, owing 
to the war crisis, many important matters had 
been viewed out of their proper perspective, and 
a start was accordingly made towards the formula- 
tion of the requirements of an ideal factory, which 
was subsequently established at Baltimore. The 
materials to be used in such a factory are, he says, an 
important factor in its design. Flexibility of opera- 
tion is a second essential, whilst plant location and 
layout may well be the deciding factor between suc- 
cess and failure. In regard to location, it was found 
that a rather regular relationship existed between 
labour rates and the average distance the personnel 
had to travel. This could be expressed as equal to 
a constant plus a term proportional to the square 
of the mean distance travelled. Collation of 
statistics showed, however, that the wages of 
aircraft employees were less than the formula 
indicated, whilst the percentage of men who 
travelled to and from the works in their own motors 
was much above the average. Hence it was not 
considered essential that the ideal aircraft factory 
should be located within, or immediately adjacent 
to, a large centre of population. On the other 
hand, the factory should be within easy reach of 
a wide variety of mechanical and electrical supplies. 
It was not found essential that the site should be 
near the source of the major materials used. Freight 
rates should be balanced against the cost of main- 
taining stores, and detailed estimates led to the 
conclusion that the works should be within a few 
hours by motor truck of some ample service of 
general supplies. As a prelude to fixing the factory 
layout, a list was made of all conceivable require- 
ments. Following this, detailed estimates were got 
out of the annual cost which would be incurred 
were any one of these requirements omitted. 
The value of each was thus fixed. The next step 
was to assume that if all were ideally met, the net 
gain would be equal to the greatest profit that 
could be expected from operations, and conversely 
that if all were omitted, the increase in cost would 
be equal to the same amount. The relative value 
of each item was then expressed as a percentage 
of this. Thus, if a certain stock room were located 
at A, the increase in cost would be a certain per- 
centage of the base figure, whilst were it at B, the 
percentage would be different. Past experience was 
also called upon to show what gain would have been 
experienced had certain facilities been available. 
In this way, an estimate was made of the cash 
value of each item, with what was considered 
satisfactory accuracy. 

The next step was to fix the flow path for the 
ideal factory, which was intended to have, ulti- 
mately, a floor space of one million square feet, of 
which one-third was to be available from the start. 
Paper discs were provided, each labelled with a 
departmental name, or with that of an important 
operation. The first disc was labelled the material 
receiving platform, and the second the raw material 
stock room. These were placed in position on 
the drawing, and coupled up with a line showing 
the flow of material. A start was then made at 
the opposite end with the delivery platform disc 
and final assembly disc, the diagram being thus 
worked out from each end. When completed, a 
cost analysis of the sequences of operations was 
made. This was followed by a rearrangement of 
the diagram, and by a second cost analysis, the 
procedure being repeated until the most efficient 
layout was determined. 

In view of the far from static condition of aero- 
plane design, provision for flexibility in operations 
was considered essential. To secure this, matters 
were arranged so that machinery, equipment and 
fixtures could be easily moved from one place to 
another. To provide for this, the columns in the 
building were spaced 100 ft. apart (a dimension 
fixed by careful cost estimates), whilst each machine 
is independently driven by an electric motor. Mr. 


floor plans became very interesting, and that many 
months could be spent over them. Aisle-spaces, 
overhead storage spaces, lighting, ventilating and 
heating arrangements all required detailed discus- 
sion. 

Special consideration was given to those influences 
which slowed down output. Of these, much the 
most important was found to be the lack of definite 
specific instructions. Any confusion or misunder- 
standing as to exactly how and when each and 
every part of a job should be done resulted in 
losses of time. Again, jobs might be held up 
waiting for floor space, which was being used for 
other jobs at the moment. Hence, timing of work 
is, Mr. Martin stated, of the greatest benefit. 
Another cause of loss is the failure of pieces to 
go together on assembly, and it pays, therefore, to 
spend money on securing accuracy in all com- 
ponents. In this connection it may be noted that 
all Duralumin is received in sheet form, and worked 
into shapes and tubes in the factory. To secure 
ready interchangeability, it was found that the 
strips of the metal should be sheared true and 
parallel within a limit of 5 mm. Actually the 
18-ft. shears work to a limit of as little as 3 mm. 
In the running of the factory, all departmental 
heads are provided with the detail specifications and 
general arrangements, and the delivery date fixed. 
The entire manufacture is then planned in the 
reverse order, as, for example, boxing, disassembly, 
flight test, ground test, assembly and so on, back 
to the very beginning. Times are allotted to each 
operation fixed, so that the aggregate will make up 
the total available. This planning is done by a 
committee of some twenty-five executives, repre- 
senting every department. A similar schedule is 
arranged for the engineering section, and the two 
are combined in chart form. On this chart every 
item, which can affect in any way whatever the 
overall progress of the job, appears. This shows, for 
example, the day on which the first engine will be 
required, and when further engines will be needed, 
and in what quantity. If special materials will be 
needed, the date of arrival in stock-room is pre- 
dicted far in advance. On the basis of this master 
chart detail charts are drawn up. 

The departmental executives have to study the 
floor space arrangement, and working personnel 
required to meet the dates, which they themselves 
have fixed. 

Individual drawings are necessary for every 
minute piece, some 6,000 to 7,000 drawings being 
needed for some models, and the engineering cost 
is considerable, but Mr. Martin states, has been 
found advantageous. Drawings, as finished, go 
direct into the shops, and each item, as finished, 
goes to the finished parts stockroom, where it re- 
mains until required for assembly. The charts show 
where each piece is at any given time, and enable 
instant action to be taken if there be any falling 
behind the schedule. To provide for this the execu- 
tive committee meets weekly for the purpose of 
anticipating impending delays. It is, Mr. Martin 
says, fatal to wait until these have actually occurred. 
They must be anticipated and prevented. A staff 
is provided whose business is to follow up and 
expedite matters between the weekly meetings. 
Incidentally, the threatened delays may show what 
designs are difficult or costly, what departments are 
crowded, and which have the more efficient heads. 

All work of a technical nature is concentrated 
in the engineering department, which is organised 
on a combination of the group system and project 
system. The groups consist of from two or three 
up to 25 men, under one head who is responsible 
for the design of all details for a given part of an 
aeroplane, such as a wing, hull body, power plant, 
equipment, armament or the like. A project eng!- 
neer is assigned to each model, who co-ordinates 
and directs the work of all group heads, and is 
himself responsible to the engineer-in-chief. All 
groups are directly under the control of the chief 
draughtsman, who serves as liaison officer between 
project engineers, group heads and shop executives. 

Mr. Martin lays great emphasis on cost analysis. 
Cost in manufacture is, he suggests, analogous to 
weight in design, and the latter is commonly con- 
trolled by aircraft engineers. This is generally 








tions in the case of individual items, but Mr. Martin 
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groups, to each of which a certain weight is allotted. 
Each of these is again subdivided and a weight 
allotted to each individual item. After the design 
of any item is completed, the weight is calculated 
and compared with that allotted. If it is greater 
a re-design is ordered, and if this proves ineffective 
a debit weight is accepted temporarily. If, on 
the other hand, the calculated weight is below 
that allotted, a credit is recorded, and goes to 
offset unavoidable debits. If too many of the latter 
accumulate, a searching re-design is undertaken, to 
wipe out the overweight. 

A similar running analysis of cost data may, 
Mr. Martin claims, be profitably employed in manu- 
facture. It is, he states, entirely feasible to budget 
cost in the same manner as weight, and unexpected 
savings have thus been secured. By careful selec- 
tion of the groups to be analysed, the accumulation 
of cost figures may, he says, be greatly simplified. 
In the schemes of this kind so far worked out, design, 
tooling, fixed charges -and overhead expenses are 
separated. Labour, Mr. Martin says, is readily 
divided into groups, assigned to body, wings, 
landing gear, &c., &c. The labour tickets for each 
group may be given distinctive colours. A weekly 
summary is made out for comparison with cost 
allotments previously assigned. In this way any 
group which is over-running its allotment may be 
investigated before much damage has been done. 








THE ECONOMY OF NEW ZEALAND. 


In one of Sir James Barrie’s pleasant comedies, 
a simple-minded young countryman asks of the 
maiden he is courting whether she is certain that 
she loves him truly, and on being given satisfactory 
assurances, remarks in a tone of relief that in that 
case there is no hurry. Though possibly right in 
his conclusion, to the onlooker the young Scotchman 
would seem to have taken an appreciable risk. 
The incident is recalled by a consideration of the 
commercial relations between Great Britain and 
the Dominions. All the Dominions are necessarily 
growing markets. The richness of their natural 
resources, the relative smallness of their populations, 
and the steady determination with which their 
Governments are set on increasing the material 
standard of living, make it certain that, whatever 
set-backs there may be in their economic develop- 
ment, its net tendency will long be steadily upwards. 
One fortunate circumstance of the present rather 
depressing time is that, each to a greater or less 
extent, the Dominions have realised, as the Mother 
Country does, that their several States can gain 
more by co-operative action as part of the same 
Empire than they can as isolated communities, and 
an important element of the co-operation that the 
Dominions contribute is to give a preference to the 
manufactures of this country over those of its 
competitors. It is very questionable, however, 
whether, until now, either British manufacturers or 
legislators have taken the full advantage of this. 
It seems rather as if the disposition of the Dominions 
to give this valuable preference to British manu- 
facturers, who at the present time are in need of 
every assistance they can get, is taken too much 
matter of course. It is, indeed, sincerely 
appreciated, but it seems to be regarded as an 
assured possession, which can be enjoyed without 
taking much trouble to cultivate it. 

The neglect is shown in different ways in regard 
to different Dominions, but in none does it deserve 
More careful attention than in connection with 
New Zealand. Intimate as are the relations between 
the constituent parts of the Empire, there is a 
Special closeness between those of New Zealand 
and the Mother Country. With the exception of 
Newfoundland, it is indeed the smallest of the 
Dominions, but there are many features in its 
Circumstances and economy that make its intimate 
relations with this country particularly suitable to 
the circumstances of both. It shares, in the first 
place, with other Dominions, the generous elbow 
toom which Great Britain no longer enjoys. It is, 
in fact, about the same size as Great Britain, but 
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Its summers are as cool as those of England, while 
its winters are as warm as those of Italy. It can 
cultivate all the produce of the temperate regions 
of Europe and Asia, and it is doing so under condi- 
tions that make it, perhaps, the healthiest country 
in the world. Its fundamental occupations are 
pastoral and agricultural, and, with these as a basis, 
it has developed large and thriving manufacturing 
industries, the products of which amount to not 
far short of 100,000,000/. sterling. Only a small 
proportion of these manufactures offer any appre- 
ciable competition to the imported products of 
other countries. The total, in fact, of all local 
manufactures which may be regarded as more or 
less competitive with imports is less than a fifth 
of the production, only about 5 per cent. being 
included in engineering and allied work. From 
the point of view of engineers in this country, 
no circumstances could make the two countries 
more aptly complementary to each other. A report 
by Mr. L. A. Paish, His Majesty’s Trade Commis- 
sioner in New Zealand, on Economic Conditions in 
the Dominion of New Zealand to March, 1931, which 
has recently been published by the Department 
of Overseas Trade, gives some suggestive figures, 
tending to support this conclusion. The figures 
just quoted are also taken from the same report. 
It appears from these statistics that New Zealand 
imports, roundly, four times as much material 
in the engineering trades, including vehicles, as it 
manufactures for itself, and in the 95 per cent. of 
its manufactures other than engineering, arising 
almost all out of the produce of its agricultural and 
pastoral work, it provides, evidently, a nucleus 
for further demands on the resources of engineering 
exporters, entirely apart from the requirements of 
the general population for the many engineering 
amenities that a rapidly developing country neces- 
sarily demands. 

With the benefit of the substantial preference 
given to British manufacturers, undoubtedly a 
large business is done with the Dominion, but 
this appears to be very much smaller than might 
reasonably be expected. The United Kingdom is 
the only country which buys from New Zealand 
more than it sells to her, the New Zealand exports 
to the United Kingdom being, in fact, not very 
far short of double the latter’s exports to her. The 
disparity is seen more strikingly when the New 
Zealand purchases from various other countries 
are considered in relation to her sales to such 
countries. Roughly, for instance, New Zealand 
bought in 1930 from the United States, between 
three and four times as much as she sold to her, 
but her sales to Great Britain were, as stated 
before, nearly double her purchases. Some of this 
discrepancy, indeed, is due to trade in goods, such, 
for instance, as motor spirit, in which Great Britain 
practically does not compete. Only about a sixth 
of the imports, however, come in this category, 
and in the remainder wide variations are found in 
the extent to which Great Britain participates. 
Dividing it, for example, into two groups, according 
to whether Great Britain supplies more or less than 
60 per cent. of the imports, the total amount of 
these groups is, roughly, equal, but in the one the 
British share in 1930 was under a third of the total, 
while in the other it was about five-sixths. Certainly, 
during last year improvement was shown in the 
important group of meta] manufactures other than 
machinery, of which over three-fourths came from 
the United Kingdom, but in machinery, though 
its share was somewhat better than in previous 
years, it was only just over half the total imports. 
In motor vehicles, though British passenger cars 
are said to be obviously gaining popularity, they 
amount in number to only just over a fifth, and 
in value to just over a fourth, of the total imports, 
and in commercial vehicles to just over a tenth 
in number and just under a third in value. This is 
in spite of the fact that there is said to be nothing 





vehicles seems inadequate is the more striking 
when the amount of the preference is considered. 
For instance, the present composite duty (tax and 
surtax) will be found to work out at about 12} 
per cent. on British chassis as against nearly 50 
per cent. on foreign and 35 per cent. on Canadian, 
and the relative protection of the British product is 
still more marked in the higher rates of duty levied 
on complete cars. Such figures seem to suggest 
that manufacturers can hardly be making the most 
of their opportunities, and may not adequately 
recognise the prudence of getting ahead while the 
going is good. 


THE INSTITUTION OF CIVIL 
ENGINEERS. 

Presidential Address* by Sir Cyrtt KirkKPATRICK. 

THE River Thames rises at Thames Head in the 
Cotswold Hills, about 161 miles above London Bridge. 
The tidal influence extends only as far westward, 
at the present time, as Teddington Weir, but in earlier 
times it probably extended as far up the river as 
Staines, for by a Charter of King Richard I in 1197 
the citizens of London became Conservators of the 
River Thames, and their jurisdiction extended westward 
of London Bridge to Colnie Ditch, now the river Colne, 
near Staines. The boundary stone to mark the west- 
ward limit, dated 1280, is still in existence. 

That this boundary stone marked the end of the 
tidal influence is confirmed by an Act passed in 
1489, wherein it is enacted that the River Thames 
is under the direction of the Mayor and Corporation of 
London, who, as Conservators, have the management 
of all that concerns the navigation from the mouth 
to as high as the flood tide extends. 

The Lord Mayor enforced his powers by water bailiffs 
until the year 1771, when a Committee of the Corpora- 
tion took over the duties, but in 1857 a new Board 
of Conservancy was created and named ‘ The Con- 
servators of the River Thames.” Its jurisdiction now 
includes the whole of the Upper Thames as far as 
Cricklade. In 1908, the Port of London Authority 
was constituted, and the river was divided into two 
sections, the upper section above the landward limit 
(about 265 yards below Teddington Lock), remain- 
ing under the jurisdiction of the Conservators, and 
the lower section coming under the jurisdiction of 
the Authority, who took over the several dock under- 
takings. 

One of the greatest and most important works 
undertaken for the improvement of the river was the 
construction of the river-walls or embankments 
which enclose the large extent of marsh lands on either 
side. There is strong evidence that these were not 
constructed earlier than the reign of Henry II (1154— 
1189). The confining of the river within the limits of 
the embankments has been of immense benefit to the 
tidal flow, owing to the improved alignment of the 
currents, as well as from the increased scour created 
by the addition of the very large quantity of water 
which would otherwise have spread out over the 
marshes. 

Many instances are recorded of the destruction of 
the embankments and the consequent inundation of 
large tracts of land. The most serious occurred 
in 1324, 1376, 1448, 1527, 1690 and 1707. The breach 
which occurred at Dagenham on the north side of 
Halfway Reach, on December 17, 1707, proved the 
most disastrous. About 1,000 acres of the marshes 
were laid under water, and the scouring out of the soil 
formed shoals in the river, endangering the navigation, 
which brought forth protests from the Lord Mayor 
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conditions, and the economy of British engines in | 
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ts entire population would barely fill Manchester 
and Liverpool. The country, moreover, is not only 
Very large in relation to the population it has to 
“upport, but is singularly favoured in its climate. 


in motor-cycles do British machines appear to ha 
captured these markets, now supplying more than 
nine-tenths of the total imports. The extent to 
which the British share of the trade in other motor , 
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and also from the Corporation of Trinity House. The 
breach was temporarily repaired by the Commissioners 
after the expenditure of a large sum of money but the 
great storm of February 15, 1714, again breached the 
wall and let in the water, and an Act of Parliament 
was passed in that year, and was kept in force for 10 
years, to empower the raising of the necessary funds 
by a tariff on shipping. The work of repairing the 
breach was given to Captain John Perry, who succeeded, 
after 5 years of assiduous effort, in constructing a wall 
2 ft. above the level of the highest tide, and that 
wall stands intact to-day as a monument to his 
efficiency. 

The duty of safeguarding the low-lying portions of 
London was placed by the Metropolis Management 
(Thames Prevention of Floods) Amendment Act, 1879, 
upon the Metropolitan Board of Works, and subse- 
quently, under the Local Government Board Act, 
1888, upon the London County Council. An excep- 
tionally high tide occurred on January 7, 1928, reach- 
‘% 5 ft. 9 in. above Trinity High Water 
Bridge. A Committee of Investigation 


decided that the flood-protection works 





* Delivered on November 3, 1931. Abridged. 
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within the County of London should be raised to vary- 
ing heights as under :— 
Above 
T.H.W. 
From the Eastern boundary of the County 
of London to right bank of River Lea 5 ft. 6 in. 
From right bank of River Lea to South 
Shaft of Rotherhithe Tunnel ... at 

From South Shaft of Rotherhithe Tunnel 

to London Bridge pee sxe sus MSE, 

From London Bridge to Putney Bridge... 6 ft. 6 in. 

From Putney Bridge to Hammersmith 

Bridge ... gee sek see ee i 

A system of flood-warnings has also been instituted, 
to be given by telephone from Southend Pier when the 
level of the water reaches Trinity High-Water Mark at 
that point. 

There is no quantitative evidence of the dredging 
carried out for the improvement of the channels prior 
to the constitution of the Thames Conservancy Board in 
1857, or even until 1878. The Select Committee of 1863, 
however, stated that, with but little revenue, the Conser- 
vancy had, in the course of five years, entirely removed, 
or greatly diminished, all the shoals which, between 
London Bridge and Barking Creek, narrowed the 
waterway and obstructed the navigation of the river. 

As the draught of shipping increased, complaints as 
to the deficiency of depth in the channels became 
frequent, and, in 1889, a complaint was addressed to the 
Conservators. As the complaints from shipowners and 
others interested in the navigation continued, the Board 
of Trade, on November 9, 1894, appointed a Commission, 
referred to as the Lower Navigation Commission. 
Ultimately it was decided, in 1908, to entrust these 
matters to the new Port of London Authority. Under 
the Act establishing this body, the jurisdiction of the 
Conservators over the lower part of the river came to 
an end on March 31, 1909. 

The total quantity of material removed from the 
river by the Conservators during the period of 31 years 
from 1878 to 1909, was 11,144,156 cub. yards, as 
measured in the hoppers. A cubic yard of Thames mud 
as dredged in Barking Reach has been found to weigh 
2,380 lb., and the wet material to contain 47-01 per 
cent. of water. The quantity of material removed 
by the Conservators would, therefore, represent approxi- 
mately 5,905,000 cub. yards as an improvement in the 
tidal capacity of the river. 

The dredging of the river was taken over by the 
Port Authority on April 1, 1909, and a programme was 
authorised as shown in Table I. 
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TABLE I, 
ta 
sine Statute | width. | Depth. 
ft. | ft. 
London Bridge to Greenland 
Dock = ai = = 3} 400-500 14-16 
Greenland Dock to Royal Albert 
Dock .. s a ie 4 600 | 20 
Royal Albert Dock to Cold | | 
Harbour Point .. oe hee 6b 600 | 30 
Cold Harbour Point to Gravesend| 9} | 1,000 | 30 


Gravesend to the Nore Lightship | 20} | 1,000 | 30 


This programme has been completed, and dredging 
is now carried out as required to maintain the depths, 
except for the section of the river from the Royal 
Albert Docks to Cold Harbour Point, where the Port 
Authority have authorised the channel to be maintained 
to a depth of 27 ft. The total quantity of material 
removed from the river channels by the Authority to 
the end of the year 1930 was 41,768,747 cub. yards, as 
measured in the hoppers. While dealing with the 
dredging for the improvement of the river, the 
quantity of mud removed from the docks, which 
amounts to about 1,0€0,000 cub. yards annually, must 
not be lost sight of. 

The tidal portion of the River Thames proper may 
be said to end at a line drawn from Southend Pier to 
the end of the Isle of Grain, where the estuary of 
the Thames may be said to begin and where it receives 
the water from the River Medway. The estuary of the 
Thames may be said to extend eastward to the 
meridian of the Kentish Knock light-vessel, its northern 
boundary being the coast of Essex and its southern 
boundary the coast of Kent. The area is upwards of 
1,000 square miles. 

A comparison of the tidai capacity in cubic yards of 
the river proper between the westward limit at Tedding- 
ton and the eastward limit as defined above, for the 
years 1908 and 1925, covering a period of 17 years, is 
as shown in Table IT. 

The statutory datum for all sounding depths and 
levels in connection with the river and for all works 
on the banks and shores of the Thames is Trinity High 
Water or Trinity Standard. This is now generally 
accepted upon the river as being 12-50 ft. above 
Ordnance datum. 

The most important of the engineering works con- 
structed in the Thames for the improvement of its 





facilities are the wet docks, and it is worth recording 
that the building of the first wet dock for commercial 
purposes was, in great measure, due to the desperate 
system of marauding and plunder that took place in 
the river when vessels were obliged to unload in the 
stream into lighters or alongside wharves. 
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Teddington to Lon- 
don Bridge 33,466,000 33,798,000 332,000 
London Bridge to 
Albert Dock 49,128,000 49,906,000 778,000 
Albert Dock to 
Gravesend .-| 140,291,000 142,952,000 2,661 000 
Gravesend to South- 
end sc ..| 575,646,000 584,152,000 | 8,507,000 
Total .. .| 1,564,636,000 | 1,597,087,000 32,451,000 








As a result of an inquiry started in 1796, an Act 
was passed in 1799, which is generally known as the 
Wet Dock Act. Under the powers of this Act, the 
West India Dock Company built the Import Dock and 
Export Dock in the Isle of Dogs, and by a subsequent 
Act purchased the City Canal across the Isle of Dogs 
from the Corporation of London and formed it into 
the South Dock. 

Many other docks were constructed from time to 
time, and a very comprehensive survey of these and 
of the several companies is given by Sir Joseph G. Brood- 
bank in his History of the Port of London, published 
in 1921. From the “appointed day,’ which was 
defined by the Act of 1908 as being March 31, 1909, the 
St. Katherine, London, West India, Millwall, East 
India, Royal Victoria, Royal Albert and Tilbury 
Docks on the north side of the river, and the Surrey 
Commercial Docks on the south side, came under 
the jurisdiction of the Port Authority. At the date of 
transfer, the area of dock water was about 6414 acres, 
and the length of quays about 273 miles. In the 
period of about 22 years since the date of transfer, the 
Port Authority have greatly improved and added to 
the docks, the most noteworthy additions being the 
construction of the King George V Dock, and a new 
entrance lock and passenger landing-stage at Tilbury, 
for which works Sir Frederick Palmer, Past President 
Inst.C.E., has been mainly responsible. The area of 
dock water has been increased to about 723 acres, and 
the length of quays to about 33 miles. The total 
capital expenditure incurred by the Authority on new 
works is over 14 million pounds. The total net register 
tonnage of vessels entering and leaving the port has 
increased from 38} millions in 1909 to 574 millions for 
the year 1930. 

The first historical reference to a bridge at London 
is in the year 994. This bridge was constructed of 
timber and replaced a ferry. The first stone bridge 
was begun in 1176 and completed in 1209, a construc- 
tional period of 33 years. Its demolition was com- 
menced on November 22, 1831, so that it had remained 
for a period of 622 years, and its removal was finally 
completed in 1834. The question of its demolition 
was not, however, allowed to pass without severe 
opposition. It had been in existence for upwards 
of six centuries, and had become a relic very dear 
to the hearts of the citizens of London, and much 
water had passed under it between the times when the 
question of its demolition was first raised and finally 
decided. 

The removal of Old London bridge had an immediate 
effect in deepening the river-bed, and the attendant 
results were the failure of the foundations of Mylne’s 
bridge at Blackfriars in 1836, and the quickly following 
failure of Labelye’s Old Westminster bridge. At 
Blackfriars, 10 years after Old London bridge had been 
removed, the river-bed was 6 ft. lower. The removal 
of the bridge, however, although the main cause, 
was not the sole cause of the altered condition of the 
bed of the river ; contributory causes were the removal 
of Old Blackfriars and Westminster bridges and the 
dredging away of the shoals in the river below, parti- 
cularly the extensive shoal which had grown at Dagen- 
ham in Halfway Reach. 

Waterloo bridge was authorised in 1809, as Strand 
bridge, and its present name was only given to it in 
1816 after the battle of Waterloo. Mr. John Rennie 
was appointed engineer for the work, and the first 
stone was laid on October 11, 1811. This was the 
first bridge to be built on the Thames where coffer- 
dams were used for laying the foundations. The 
bridge was opened on June 18, 1817. In 1882, it 





was discovered that the foundations of the bridge 


were being exposed by the scour of the river, necessita- 
ting remedial measures, which were completed in 1884. 
The recent history of further settlements in some of the 
piers of this bridge is well known to all, and the 
remedial measures have still to be decided upon. It 
is, in my opinion, well within the competence of civil 
engineers of to-day to design a more imposing and 
permanent structure for the purpose of replacing the 
old bridge, and the adoption of a 50 per cent. increase 
in the length of the span would facilitate the navigation 
of the river and restrict in a less degree the flood and 
ebb streams. 

Of the many other road and railway bridges across 
the tidal Thames below Teddington, note may, in 
particular, be made of the Tower bridge, built from 
the designs of the late Sir John Wolfe Barry, K.C.B., 
Past President, Inst.C.E., and completed in 1894; 
and Southwark bridge, a three-arch cast-iron bridge, 
completed in 1819 from the designs of Mr. Rennie, 
and reconstructed before and after the war as a five- 
span structure. 

It occurred to Sir Mare Isambard Brunel, a native 
of France, early in the nineteenth century, to effect 
the crossing of the river by tunnel, but before this tunnel 
was commenced, and as early as the year 1798, Mr. 
Ralph Dodd had proposed a cylindrical tunnel 16 ft. 
in diameter from Gravesend to Tilbury, at an estimated 
cost of 15,9951. The work was commenced by the 
sinking of a shaft at Gravesend, which absorbed all 
the money raised, and as further financial aid was not 
forthcoming, the work was abandoned. 

Another was projected by Mr. Vazie in 1802, from 
Rotherhithe to Limehouse, but after an expenditure 
of 7,000/. on the sinking of a shaft 11 ft. in dia- 
meter to a depth of 42 ft., the work was suspended 
until further funds were available. Eventually Vazie 
succeeded, by means of a caisson, in completing the 
shaft through the gravel to a depth of 76 ft. below 
high water. The work of driving a heading about 
14 ft. in sectional area was then taken over by Mr. 
Trevithick, but the water broke in and flooded the 
heading on four occasions, the last and most serious 
being in 1807, when the work had been advanced to a 
length of 1,118 ft. The face of the heading was then 
timbered and the work abandoned. 

After this event a company was formed in 1823 to 
carry out the Thames tunnel project of Sir Isambard 
Brunel. A Bill incorporating the company received 
the Royal Assent on June 25, 1824, and the work of 
driving a shaft contiguous to Cow Court, Rotherhithe, 
and at a distance of 141 ft. from the river, was com- 
menced on February 16, 1825. The shaft, 50 ft. in 
diameter, was sunk to the required depth of 624 ft. 
below high water on June 6, and the work of boring the 
tunnel, by the aid of a shield which Brunel had invented, 
was commenced on November 28. 

Water broke into the tunnel almost from the com- 
mencement, and became more and more difficult to 
deal with as the tunnel advanced. On April 21, 1827, 
at a distance of about 540 ft., stones, brickbats, pieces 
of coal, bones and fragments of glass and china came 
down into the frames. An examination of the river 
bed, which was made by means of a diving-bell, revealed 
a considerable depression, and the ground proved so 
loose that an iron rod could be pushed down to the 
frames. Subsequently, an iron pipe was passed through 
the ground from the diving-bell into the tunnel and 
some gold pins were passed up the tube to serve as 
mementoes of the singular event. On May 18, the 
water broke in with a roar, carrying everything before 
it, ‘‘ the pent air rushed out, the lights were suddenly 
extinguished and the noble work which only a few 
hours before had commanded the homage of an admiring 
public was consigned to darkness and _ solitude.” 
Another examination was made by diving-bell, when 
the shield was found to be in place, “‘ and by dropping 
almost out of the bell we were enabled to place one 
foot upon the back of the top staves and the other on 
the brickwork of the arch.” By June 11, 19,500 cub. 
ft. of clay and gravel had been dumped in the hole, 
and by November 10 the tunnel had been sufficiently 
restored for the resumption of work. The water broke 
in again on January 12, 1828, and drowned two of the 
miners. As the funds of the company had become 
exhausted, it was decided, in July, 1828, to block up 
the frames and stop the work, pending an appeal to be 
made to the country for the means necessary to complete 
the undertaking. 

In 1835, money was advanced by the Government, 
and a shield was constructed by Messrs. Rennie. This 
was fixed in March, 1836, and the work was resumed, 
and, except for one delay of 6 weeks due to another 
flooding, the tunnel was driven without any further 
serious interruption until its completion in 184°. 
For 20 years afterwards it was one of the recognised 
sights of London, but, in 1865, the company were glad 
to sell it for one-third of its original cost to the East 
London Railway Company for use as a railway tunnel. 

Other tunnels under the river followed, namely, 
the Tower subway from Tower Hill to Tooley Strect, 
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HEAVY-DUTY ROUND-TANK CIRCUIT BREAKER. 


CONSTRUCTED BY 


MESSRS. 


FERGUSON, 


PAILIN, LIMITED, ENGINEERS, MANCHESTER. 








Fie. 1. 


constructed in 1869. It is an iron tube, 7 ft. in diameter, 
and is reached by shafts 60 ft. in depth at each end. 
It was intended for passengers who were to be drawn 
backwards and forwards in a small carriage on rails. 
It is now used to carry water-mains belonging to 
the Metropolitan Water Board. 

Blackwall Tunnel was opened to the public on May 2, 
1897, and Rotherhithe Tunnel followed on June 12, 
1908. 

Footway tunnels were constructed at Greenwich 
and Woolwich, and there are, of course, many other 
tunnels under the river, constructed for the Tube 
Railways and the Metropolitan Water Board. 








HEAVY-DUTY ROUND-TANK 
CIRCUIT BREAKER. 


A sHort time ago we described the oil circuit 
breakers with round tanks which are being manufac- 
tured by Messrs. Ferguson, Pailin, Limited, Higher 
Openshaw, Manchester, for use on inter-connected 
networks.* On these networks, very high short-circuit 
currents may occur if fault conditions develop, and 
it is therefore necessary that the circuit breakers 
installed should be of sufficient rupturing capacity to 
Open the circuit without damage to themselves or 
other equipment. Since the date of our last article, 
certain improvements have been made in the design of 
this apparatus, as will be gathered from the following 
description and from the accompanying illustrations. 
The latter show a 6,600-volt, 4,000-ampere unit, which 
1s to he installed in the Central Electricity Board’s 
substation at Islington. 

_ As will be seen, the entire mechanism of the breaker 
'Ssupported on a pressed-steel frame, the duplicate 
bus-bars, which are of high-conductivity copper, 
being located above this and being arranged hori- 
zontally one behind the other. Where the *bus-bars 
pass thr yugh the barriers they are bakelised, the con- 
hections between the adjacent units being made by 








* See ENGINEERING, vol. cxxxi, page 228 (1931). 


Circuit BREAKER IN NORMAL WoRKING POSITION. 








laminated-copper fish plates. To enable the circuit- 
breaker to be transferred from one ’bus-bar to the 
other the top plates are fitted with four wheels, which 
| are carried on roller bearings and run on the rails of 
| the supporting carriage. The breaker can, therefore, 
be moved from one bar to another simply by lower- 
ing it to the isolated position, and then pushing it 
along under the other set of bars. Stops and a 
dowel-and-socket arrangement ensure that the breaker 
is in perfect alignment when it is being raised to the 
plugged-in position. The breaker is actually raised and 
lowered by motor-operated worm gear, which engages 
with the screws visible on the right in Fig. 1. These 
screws form an integral part of each unit. The bases 
of the tanks are equipped with wheels running on roller 
bearings, so that when the breaker has been lowered it 
can be drawn away from the framework along the 
rails which are laid in the floor. 

Essentially, the breaker itself consists of three 
separate round tank units, in which each phase is 
surrounded by an earthed metal enclosure, so that 
should faults develop, they will be earth faults only, 
the current being limited by the neutral earthing 
resistance. The use of round tanks, it is claimed, 
ensures a good balancing of the stresses, combined with 
a minimum of bulk and weight, while reliability in 
operation is secured by making the actuating mech- 
anism self-lubricating and eliminating those unbalanced 
piston effects which tend to retard the opening move- 
ments of the contacts when operating under heavy 
internal pressure. The air cushion above the oil, and 
the volume of the oil itself, are proportioned to minimise 
oil surging and tank pressure. It may also be men- 
tioned that both the internal and external insulation 
is of bakelite, which is secured to the conductors by 
a special process. 

The potential transformer is located on the feeder 
side of the circuit breaker above the front ’bus-bars, 
and, together with its resistance and fuses, is housed 
in an oil-filled chamber, isolating arrangements being 
provided so that it can be inspected or adjusted while 
the unit is in service. On the other hand, the current 





LYVLISTOGUN GE 





Fig. 2. Crrcurr BREAKER AND TANKS LOWERED. 


the main supporting framework. They are housed in 
a chamber which can be filled with compound, and are 
also connected on the feeder side of the breaker. 
The multi-core cables from the control panel terminate 
on a terminal board in a pressed-steel wiring box on 
the front of the units, links being provided to facilitate 
testing. The contactors for the solenoid operating 
mechanism are contained in this box, which is fitted 
with a swing door on which the indicating lamps 
and circuit labels are fixed. 








FLEXIBLE Coup.ines.—Messrs. R. Hunt and Company, 
Limited, Atlas Works, Earls Colne, Essex, inform us 
that they have recently placed on the market the 
“* British-American ”’ flexible coupling. This coupling, 
which embodies some novel features, was described and 
illustrated in ENGINEERING, vol. cxxxi, page 346 (1931). 

INDUSTRIES AND NATIONAL ReEsoURCES OF NEW 
ZEALAND.—In 1930, over 90 per cent. of New Zealand’s 
total exports, valued at 40,876,833/., were consigned 
to countries within the British Empire, the United 
Kingdom’s share being upwards of 36 millions sterling, 
or 80-17 per cent. On the other hand, 68-77 per cent. 
of New Zealand’s total imports were purchased in 
British countries, the United Kingdom’s share being 
47-27 per cent., valued at 20,329,807/. It appears 
that foreign countries purchased 9-04 per cent. of the 
Dominion’s exports while furnishing 31-23 per cent. of 
her imports. The above data are taken from the “ Facts 
and Figures ’’ supplement to the Wellington Chamber of 
Commerce Annual for 1931. This, like previous issues, 
is a well-produced little paper-covered volume containing 
a wealth of information concerning New Zealand in 
general and Wellington in particular, Many illustrations, 
a number of maps and plans in the text, and a large 
folding railway map of the Dominion are included. The 
book is obtainable, price 28.'6d., from the secretary of the 
Wellington Chamber of Commerce, Wellington, New 
Zealand. Another little work covering much the same 
ground is New Zealand, Facts and Figures, 1930, pub- 
lished by the Dominion Government Department of 
Industries, Tourist and Publicity, at Wellington. This 
profusely illustrated little pamphlet contains a brief 
description of New Zealand and its people, primary and 
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secondary industries, trade, transport systems, scenery, 
and natural resources. 
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LETTERS TO THE EDITOR. 


THE UPPER AND LOWER YIELD 
POINTS IN STEEL EXPOSED TO 
NON-UNIFORM DISTRIBUTIONS 
OF STRESS. 

To THE Epitor OF ENGINEERING. 

Sir,—In the letter he has addressed to you and 
published in your issue of October 30, page 561, on 
the subject of my experiments on the upper and lower 
yield points in mild steel, Dr. Scoble rightly points 
out that there is, at present, insufficient evidence to 
prove the existence of a surface layer of intrinsically 
higher elastic limit. In the original paper to which 
he refers, I have been careful to put forward this 
proposal as a tentative explanation only of facts which 
appear to be definitely established. The reinforcement 
theory advocated by Dr. Scoble also implies a raising 
of the elastic limit of the surface material, but the 
effect is regarded by him as being due to the action 
of the more lightly stressed material. It is, in other 
words, mechanical rather than physical. Dr. Scoble’s 
objection to my proposal on the grounds that no 
explanation is given of the mechanism which provides 
the added strength, may, with equal force, be urged 
against the reinforcement theory. I am not aware 
of any attempt to reconcile the latter with the mechanics 
of elastic bodies. 

The results of Dr. Scoble’s tests with hollow beams 
and beams under central load certainly appear to 
support the reinforcement theory. But it must be 
remembered that, in these cases, other actions may 
influence the results. While, for example, in a 
centrally-loaded beam the deflection is given with 
sufficient accuracy by the simple bending theory, the 
same cannot be said for the local stress at the point 
of application of the load. Again, in the hollow beam, 
questions of stability may arise. A really critical test 
would be to compare the elastic limits in tension of 
a solid bar and thin tube machined from the same 
material. A test of this kind is, I believe, contem- 
plated by Professor Andrew Robertson, and the result 
will be awaited with great interest. 

Yours faithfully, 
GILBERT CooK. 

University of London, King’s College, 

Strand, W.C.2. 
October 30, 1931. 








FINE TESTING SIEVES. 
To THE Epiror OF ENGINEERING. 

Sir,—I have read with much interest the article 
by Mr. P. E. Masters in the May 22, 1931, issue of 
ENGINEERING, and also Mr. Morris’ comments in the 
July 3, 1931, issue, and Mr. Masters’ reply to this 
in the September 4, 1931, issue. 

Although Mr. Morris has called attention to several 
erroneous statements in Mr. Masters’ paper, and has 
pointed out that the U.S. Standard Sieve Series is 
not merely a theoretical table, but a usable series of 
sieves, which has been approved and adopted by 
various American engineering societies, there are 
several technical details on which Mr. Masters has laid 
considerable stress which need explanation. 

The British Standard Specifications for Test Sieves 
(No. 410-1931) contains three series of sieves, of 
which only the Fine Series will be considered here, the 
other two series being very coarse series, one of woven 
wires, and one of punched plates. 

The British Fine Series may be regarded as a modifica- 
tion of the U.S. Standard Sieve Series. As Mr. Masters 
says, “It will readily be seen that the British and 
American apertures are practically identical, as indeed 
they were planned to be.” The tolerances in nominal 
openings are the same in both specifications. The 
British tolerances in maximum openings are grouped 
the same as those of the Bureau of Standards, and 
differ only by amounts that probably are not significant. 
The following list shows the comparison :— 


Tolerances i: Maximum Opening. 


U.S.B.S. B.E.S.A. 
10 | 10 
25 20 
40 35 
60 | 50 
90 | 80 
! 


The British do not have a definite tolerance for wire 
diameter, but state that “the wires used shall be 
of circular cross-section, and shall conform in size as 
nearly as possible to the diameters specified.” The 
first question that arises about this part of the specifica- 








tion is in regard to the meaning. Would sieves made 
by the Newark Wire Cloth Company or by the W. S. 
Tyler Company be considered as meeting this specifica- 
tion, or does it mean that the cloth would have to be 
woven, using wire which was ordered to be the nominal 
size or, perhaps, wire which, after weaving, would be 
the nominal size? If a strict interpretation were to 
be placed on this part of the specification, it would 
seem that many sieves might be rejected for excessive 
variation in wire diameter which would give practically 
identical sieving results as sieves which were exactly 
nominal. Indeed, from the reply which Mr. Masters 
made to Mr. Morris, it would appear that both Newark 
and Tyler sieves would be excluded from the British 
standard. 

Although it is stated in the Foreword of the Specifica- 
tion that ‘‘ the series of Fine-Mesh Sieves is based on 
a ratio of the fourth root of 2 between linear aperture 
measurements of consecutive series,” and this fact 
is emphasised by Mr. Masters in his article, a casual 
examination will show that there are noticeable 
deviations from this law, both in the inch and the 
millimetre values. These are much larger than can 
be accounted for by a “rounding off” of figures. 
The following will show this discrepancy : 





B.E.S.A. | 





Mesh No. | Nominal Size of Aperture. 
| In. | Mm. 

16 0-0395 1-003 

8 0-0810 2-057 


| 
| ' 





Each of these should be twice as large as the one above 
it. These, and similar variations from the basic 
mathematical laws, were apparently made so as to 
specify an opening which would result from using wire 
of exact gauge number woven with an integral number 
of wires per inch. This procedure appears to me to 
be open to criticism, as will be pointed out later. 

The wire diameters of the British specifications differ 
from those specified by the Bureau of Standards for 
two reasons: first, because the British have used wires 
of the Standard Wire Gauge, adding to it, however, 
nine intermediate or half sizes,; and in the second 
place, because the British have preferred to have 
a screening area of the coarsest sieve of the series of 
44 per cent., whereas the U.S. Bureau of Standards 
considered that the American manufacturers were 
sound in using about 60 per cent. Doubtless the 
British were influenced by the I.M.M. Series, but I 
have seen no evidence that American sieve cloth of 
this size was made of too light wire. 

As Mr. J. C. Pearson stated in his article, ‘* Specifica- 
tions for the U.S. Standard Sieve Series,” in the 
Proceedings, American Concrete Institute, vol. xvi, 
pages 49-56, 1920, ‘It was learned further that any 
desired size of wire was as easily produced in the wire- 
drawing process as the stock size, and that a special 
reed was as easily constructed as any other reed of 
similar fineness.”” Hence, in setting up the nominal 
dimensions for the U.S. Standard Sieve Series, the wire 
diameters of sieves, which from previous experience 
had been found most satisfactory, were first selected 
and plotted, a smooth curve was then drawn through 
these points and the wire diameters taken from this 
curve. The apertures were in all cases those found 
from the theoretical basic ratio, and the mesh was 
that resulting from these two quantities. 

Although the British and the American series of 
sieves are very similar, and in some respects identical, 
there is a difference in viewpoint which needs to be 
pointed out. The idea at the Bureau of Standards 
in preparing its specifications was that a series of 
nominal dimensions of wire diameters and openings 
should be set up which would be as nearly ideal as 
could be prepared, and then to provide tolerances 
liberal enough to permit the certification of carefully 
made sieves constructed by different manufacturers 
which would give satisfactory sieving results. This 
seems to be much preferable to the rather common 
practice of adopting a basic law, and then specifying 
a series of nominal values which are labelled as the 
practical values. 

That the procedure of using different mesh with 
different wire diameters so as to produce a given 
aperture, which Mr. Masters considers as unsound, is 
actually satisfactory was shown before the Bureau 
changed its tolerances to make this possible. Refer- 
ence is made to my paper, “* A Study of Sieve Specifica- 
tions,” in the Proceedings of the American Society 
for Testing Materials, vol. xxiv, part 2, pages 1084- 
1090, 1924; also to an article, *‘ Influence of Diameter 
of Wire on Performance of Sieves,” by Duff A. Abrams, 
in the same volume, pages 1091-1096. Although it 
is possible that the effect of diameter of wire in sieves 
of the same aperture may be detected in the case of 
sieving artificial abrasive grains, that is not proven, 
and no other case has come to my attention where 
a variation of wire diameter within the range per- 








mitted by the U.S. Specifications affects the sieving 
performance. 

The statement of Mr. Masters that “It should be 
noted here that the U.S. Bureau of Standards table 
is a theoretical one which does not allow of practical 
application,” is not correct, as Mr. Morris has pointed 
out. The table is, indeed, a theoretical one, but it 
does allow of immediate practical application. A sieve- 
cloth manufacturer has two methods of procedure, 
either one of which he may adopt. He may find that 
a series of sieves which he already makes, and which 
is widely known under his own designation, will fully 
meet the requirements of the Bureau’s specifications. 
This is true in the case of the W. 8. Tyler Company’s 
Tyler Standard Screen Scale Sieves. The other 
alternative is that of equipping the plant with machinery 
designed to make sieve cloth which will be as nearly 
identical with the Bureau’s nominal dimensions as the 
art of sieve making will permit. It may, therefore, 
be of interest, in this connection, to compare the 
average results of a series of tests of a number of 
No. 170 sieves, the case cited by Mr. Masters as an 
example of ‘“‘ an odd weaving specified by the Bureau 
of Standards, but not obtainable in practice.” 











Aperture. Wire Mesh 
— Diameter. per 
(Inch.) (Inch.) Inch. 
Sieves made to manufac- 
turer’s own standard ..| 0-00338 0-00256 168-6 
Manufacturer’s advertised 
standard .. 0-0035 0-0024 170-0 


Sieve made to Bureau’s | 








nominal dimensions 0-00348 0-00239 | 170-4 
Bureau’s nominal dimen- | 
sions ee --| 0-0035 0:0025 | 166-7 


! 





It is obvious from these data, that when one con- 
siders sieves as actually produced, the 166-7 is just 
as practical as the 170. Variations certainly do exist 
in the best reed, and even greater variations will occur 
in the weaving of the shoot or woof wires. There 
are more No. 200 sieves standardised at the Bureau 
of Standards than all other sieves combined. The 
nominal number of wires per inch of this sieve, accord- 
ing to the specifications, may be computed as being 
200 exactly. As far as is known, all American manu- 
facturers aim to have exactly 200 wires in each direc- 
tion. The actual weave of No. 200 sieves, however, 
is found distributed through a range from 195 wires 
to 205 wires per inch in the warp, as well as in the 
shoot. 

Perhaps the final answer to the question whether 
or not the U.S. Standard Sieve Series is a purely 
theoretical specification is found in the fact that 
nearly 5,000 sieves have been certified by the Bureau 
of Standards as conforming to the specifications of the 
U.S. Standard Sieve Series. Undoubtedly tens of 
thousands of other sieves are in use which actually 
meet these specifications, many of which have been 
tested by individuals and firms and found to be the 
same as certified sieves. 

The designation of a sieve is a matter which deserves 
serious consideration. The designation by mesh is 
always a potential source of trouble. As has already 
been said several times, it is the opening or aperture 
which is of particular importance. Two sieves, having 
different meshes, may be the same as far as sieving 
qualities are concerned. American sieve manufac- 
turers are in general accord that the use of the term 
“mesh” is without meaning unless the diameter of 
the wire is also given. In one of the latest catalogues 
of the W. S. Tyler Company (Catalogue No. 53, page 
12), the fact is emphasised that the use of the term 
‘mesh ’’ should be discontinued as far as possible. 

The Bureau of Standards decided upon the use of 
arbitrary numbers for designating the sieves. Later, 
the A. 8S. T. M. adopted a micron designation for these 
sieves, whereby the nominal opening in microns 1s 
used to specify or name the sieve. This latter method 
has my approval. This subject will undoubtedly 
receive further consideration at the Bureau of 
Standards, and if there is any general consensus of 
opinion in America for a change of nomenclature, 
that change can undoubtedly be made very readily. 

Yours faithfully, 
Lewis V. JuDSON, 
Chief, Length Section. 
Bureau of Standards, 
Washington, D.C. 
October 16, 1931. 








CANADIAN PRopuction oF Goup.—According to the 
Canadian Bureau of Statistics at Ottawa, the production 
of gold in the Dominion, during the first six months ol 
1931, reached 1,273,000 fine ounces, valued at 26,321,000 
dols., compared with 976,000 ounces, worth 20,180,000 
dols., produced during the first half of 1930. Canada, 
it is stated, is now second among the gold-producing 
countries of the world. 
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LABOUR NOTES. 


ExacTLy how much in money the recent national 
and municipal elections have cost the trade unions is 
not easy to tell, but when particulars of the political 
funds are available for examination it will be found to 
be a very considerable sum. The local labour parties, 
in the majority of instances, had very little money 
of their own for election expenses and, as a result, had 
to depend for the necessary funds on the organisations 
to which their candidates belonged. One or two of 
these organisations also contributed substantial sums 
to the Labour Party’s central fund. And in return 
for the expenditure, the trade unions have got nothing. 
On the contrary, with Parliament constituted as it now 
is, most of the measures on which the General Council 
had set its heart may safely be assumed to be shelved 
indefinitely. From the point of view of pure trade 
unionism, the expenditure of so much money to so 
little purpose is to be regretted, for sanely conducted, 
soundly organised associations of workers are essential 
to collective bargaining with the employers on wages 
and conditions. But if the result of the elections 
as a whole is to convince the workers generally that 
politics and trade unionism do not mix, good may 
eventually come of the disaster. 





Many men, both inside and outside the Labour 
movement, learned with regret of the death of Mr. A. J. 
Cook, the secretary of the Miners’ Federation of Great 
Britain, for, although he was often difficult to deal with 
in negotiations, nobody ever doubted his integrity 
or his sincerity. ‘‘ No one,’ Mr. W. A. Lee, the secre- 
tary of the Mining Association, said, on Monday, ‘“‘ who 
knew Mr. Cook could fail to recognise the sincerity 
with which he pursued, without sparing himself, what 
he felt to be the interests of the mine workers. Even 
when the differences in our points of view were most 
acute, it was always possible to preserve the friendliest 
of personal relations, and if latterly, perhaps, we found 
more common ground than in earlier years, it is but 
an additional reason for regretting his early and tragic 
end.” 





The Industrial Relations Committee of the Canadian 
Manufacturers’ Association reported to the 60th annual 
general meeting of the organisation that six of the 
Provinces had passed old-age pensions legislation ancil- 
lary to the Dominion Old Age Pension Act of 1926, 
under which the Dominion paid 50 per cent. of the cost 
of the pensions, and that it had been intimated that 
the Dominion proposed, in the near future, to assume 
a substantially larger proportion of the cost. The 
Committee felt that this was an appropriate time to 
reiterate the view which the Association had taken 


when this legislation was first introduced, viz., that the | 


sound type of old-age pensions legislation was not the 
non-contributory deserving-poor type, which had been 
adopted in Canada, but the contributory “ all-in’”’ 
type, under which no distinction was drawn between the 


poor and the non-poor, but both alike were pensioned, | 


provided they contributed. The Committee was 
convinced from its study of the experience of other 
countries that the principle of ‘selecting the poor’’ 
had been proved to be unsound, in that it encouraged 
thriftlessness and fraud, and sapped that spirit of self- 
reliance and independence which was so essential to the 
social and political well-being of any community. 

The Finnish Sawmill Owners’ Agricultural Associa- 
tion has adopted the recommendation of a committee 
to reduce the wages of agricultural workers employed 
by industrial undertakings. The reduction, which 
will take effect from the next hiring day, will apply 
to wages in cash as well as in kind. Where a consider- 
able part of the wage is paid in kind, the reduction 
should apply primarily to this part and the cash wage 
should be maintained or only slightly reduced. If, 
on the other hand, the wages paid in kind are so low 
that a reduction is out of the question, the cash 
wage should be reduced. If the wages in kind in any 
district or on any farm are insufficient to support a 
family of five, they should be increased to such an 
extent that the reduced money wage need not be drawn 
upon for primary necessities. 





Of the fifteen ratifications of the Washington Hours 
Convention, so far registered with the International 
Labour Office, 11 are now unconditional—those of 
Belgium, Bulgaria, Chile, Czechoslovakia, Greece, 
India, Lithuania, Luxemburg, Portugal, Rumania, and 
Spain. In the case of Austria, ratification is conditional 
on ratification by Belgium, Czechoslovakia, France, 
Germany, Great Britain, Hungary, Italy, Poland, 
Switzerland and Yugoslavia ; in the case of France, on 
ratification by Germany and Great Britain ; in the case 
of Italy, on ratification by Belgium, France, Germany, 
Great Britain and Switzerland ; and in the case of 


chief industrial importance,” viz., Belgium, Canada, 
France, Germany, Great Britain, India, Italy, and 
Japan. A Bill providing among other things, for the 
withdrawal of the Italian reservation was presented by 
the Government to the Senate last vear, but has not 
yet become law. 

The reasons for the introduction of piecework in 
Soviet Russia’s metal industry are given in the pre- 
amble to the joint Order on the subject issued by the 
Supreme Economic Council, which is the managing 
body of State industry, and the General Council of 
Trade Unions of the Soviet Union. It is stated that 
the economic development of the country, and _ its 
industrialisation in particular, require an increase in 
the efficiency of undertakings and the productivity of 
labour so as to bring about an increase of profits and 
the establishment of larger capital reserves. The metal 
and coal-mining industries are said to be those in which 
it is especially important to achieve this result. Hitherto 
it has been impossible to obtain a higher efficiency 
owing to the inadequate application of piece work, the 
inadequate difference between the wages of skilled 
workers and those of labourers, the insufficient interest 
taken in workers in the most important industries 
(wages in metal undertakings, for instance, have 
hitherto been lower than in many other industries), 
and the fact that technical workers and engineers are 
neither utilised nor paid in accordance with the needs 
of the industry, and that the new policy of confidence 
in them which was recently initiated is not sufficiently 
practised. With a view to remedying this position 
and contributing to the more intensive development 
of production in coal mines and metal works, the Order 
lays down a number of provisions. 





In future, all workers in the principal workshops of 
the metal industry are to be paid at piece rates or job 
rates according to a graduated scale, and 70 per cent. 
of the workers in the secondary or auxiliary shops at 
piece rates according to a fixed scale. The graduated 
scale will be drawn up on the following principles: If 
the rate paid for the first third of the prescribed task is 
100, the rate paid for the second third will be 120, and 
that for the final third 150, while any product manu- 
factured or any work executed beyond the limits of 
the programme will be paid for at a rate equivalent to 
200. Wages will be paid in strict accordance with the 
work performed, and failure to complete the prescribed 
task will involve a corresponding reduction in the wage, 
even if it is caused by an interruption of work, provided 
that this interruption is due to the worker’s own fault. 
Bad work may entail a reduction in the piece-work 
rate. Auxiliary workers and minor technical staff, 
such as cleaners, pump hands, watchmen, &c., will 
continue to be paid by the hour, but will be entitled 
| to bonuses for good work. The amount of the bonuses 
will be fixed each month by the foremen, and paid out 
of a special fund constituted by payments from the 
undertaking equivalent to 3 per cent. of the total 
amount of wages. Heads of workshops, shifts or 
| groups, and foremen, technical workers and engineers, 
| will also be entitled to bonuses for the satisfactory 
| performance of the work entrusted to them and for 
| any savings they may bring about. 





| saectestany 
| An Order relating to the payment of bonuses to 
wage earners in Soviet State industries, issued by the 
Central Executive Committee and the Council of the 
| People’s Commissaries, provides for the development 
}and extension of the present system of bonuses, and 
the establishment in each undertaking of two separate 
funds, one of which will be used to provide rewards 
for the achievement of results in socialist competition 
and by the “advance guards,” and the other to 
encourage inventions and proposals for rationalisation. 
The first of these funds will be used to pay bonuses for 
work which surpasses the prescribed standard, whether 
in quantity or quality, for the satisfactory completion 
of production programmes, for the prevention of 
| accidents or injury to machines, and also to reward 
| valuable suggestions for the improvement of conditions 

of work, the reduction of costs and the simplification of 
| management. In scientific undertakings, universities 
| and higher technical schools, bonuses will also be 
| granted for exceptional scientific work or for exemplary 
| results achieved in studies. 








Bonuses may be paid not only to workers, engineers 
and technical employees, administrative staff and other 
employees individually, but also to ‘‘ advance guards,” 
shifts, workshops, sections, &c., as a whole. The 
payment of bonuses may be made in cash or in kind, 
in the form of an additional holiday, a tour in the 
Soviet Union or abroad, or a stay in a health resort. 
Candidates for bonuses will be nominated by the 
management and the works committee, or the produc- 
tion conference. The management will take the final 





Latvia on ratification by three of the eight States * of | 


decision in concert with the works committee after 


consultation with the meeting of workers and salaried 
employees. Managers may not receive bonuses from 
the funds belonging to the undertakings under their 
direction ; bonuses will be paid to them by the higher 
institutions and met out of the funds of the latter. 


The fund for the encouragement of inventions and 
rationalisation will be used for the payment of bonuses 
to persons whose plans for rationalisation have been 
adopted, and also for the organisation of competitions 
in this field, the technical study and development of 
the suggestions submitted, the essential practical 
experiments, &c. A further levy of 10 per cent. on the 
amount of the fund will be made for the benefit of the 
Inventors’ Association. In the undertakings the 
managements will dispose of these funds. Funds 
belonging to trusts and groups of undertakings or to 
the People’s Commissariats and their local organs will 
be at the disposal of the institutions concerned with 
inventions. The Committee on Inventions of the 
Labour and Defence Council will decide the amount 
of bonuses and the conditions under which they may 
be paid to inventors. - 

At October 26, the numbers of persons on the 
registers of Employment exchanges in Great Britain 
were 2,127,943 wholly unemployed, 482,553 temporarily 
stopped, and 115,596 normally in casual employment, 
making a total of 2,726,092. This was 11,786 fewer 
than a week before, but 488,591 more than a year 
before. Of the total number, 2,044,853 were men, 
70,634 boys, 557,150 women, and 53,455 girls. The 
number of wholly unemployed persons on October 19 
was 2,119,769. The decrease of unemployment as 
a whole is in the north. In the south there is an 
increase, mainly in the building, transport, and hotel 
industries. So far, there are no signs of an improve- 
ment in the heavy industries. 


Industrial and Labour Information states that the 
German Minister of Finance, Mr. Dietrich, recently 
submitted to the Government a Bill relating to the 
establishment of agricultural colonies for unemployed 
persons on the outskirts of towns. Small-scale settle- 
ment, which the measure seeks to encourage, would 
take the form of a grant to unemployed persons of 
parcels of land of two to four acres each, where they 
might build wooden houses, cultivate vegetables, 
potatoes and fruit, and breed livestock on a small scale. 


The necessary land would be provided in the first 
instance by the State and the towns; timber for 
building would be taken from the State forests. It is 
estimated that by next spring about 100,000 unemployed 
persons might be established in this way, including 
20,000 to 25,000 in the neighbourhood of Berlin, where 
about 50,000 acres would be available. The annual 
saving resulting from the decline in the number of 
unemployed persons receiving relief which would be 
brought about by this method is estimated at 70,000,000 
marks. The cost of a dwelling being estimated at 
2,000 marks, the achievement of the plan would entail 
a total initial expenditure of 200,000,000 marks, to 
which must be added a settlement grant of 500 marks 
for each settler. The necessary funds would be 
drawn from the revenue of the Rent Tax. Until the 
buildings were finished, or even until the first harvest, 
the persons concerned would have to pledge themselves 
to work on these holdings, and would receive the ordi- 
nary unemployment benefit, additional allowances 
being granted in the form of food at the place of work 
and free transport. In addition, the buildings would 
provide work for an approximately equal number of 
other unemployed persons. The settlers would not 
become the owners of the land, but would only have 
the usufruct of it. Unemployed persons in receipt 
of emergency relief and local relief would be settled 
first. 





European Harp-Rock TUNNELLING ReEcorD.—As 
recorded on page 843, of vol. cxxxi of ENGINEERING, 
Messrs. The Francois Cementation Company, Limited, 
the contractors of contract B, Haweswater Scheme, 
Manchester Corporation Waterworks, carried out a fine 
piece of work by advancing the Yewbarrow Tunnel 
181 ft. in one week in June last. This, it is claimed, 
broke the existing European hard-rock tunnelling record 
by 12 ft. We are informed that this record has again 
been broken by the firm, who have succeeded in driving 
the tunnel 220 ft. into solid rock in a week during 
September. The Yewbarrow tunnel, which is of horse- 
shoe section, is 9 ft. 3 in. high, and 9 ft. 3 in. wide to the 
arch haunch, and the achievement involved the extrac- 
tion of 200 tons of rock a day. We understand that the 
compressed-air plant employed consisted of Diesel air 
compressors, supplied by Messrs. Robey and Company, 
Limited, Lincoln, who also provided forced-lubrication, 
horizontal, totally-enclosed Diesel engines for generating 
electric light and power. For all drilling operations, 
“*§$.L.16” drifters, manufactured by Messrs. Holman 





Brothers, Limited, Camborne, Cornwall, were employed. 
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CONCRETE FROM CENTRAL 

MIXING PLANTS. 

Wuen the use of concrete as a constructional 
material extended, the need for central mixing plants 
grew. This concentration of activity, in the prepara- | 
tion of the wet cement-aggregate mixture, resulted | 
in economical production, but it was not known | 
whether the subsequent transportation to site was | 
accompanied by any change in the properties developed | 
by the material, due to segregation, lapse of time or | 
other factors. Experience, however, soon resulted in 
the replacement, in many cases, of the open trucks | 
formerly used, by closed containers, with which it | 
was possible to continue mixing during the journey. | 
Even in this matter the economic value of the change 
of practice has not been determined till recently. 
Some definite data have now been published by Pro- 
fessor Willis A. Slater, of Lehigh University, Bethlehem, 
Pa., and are full of interest to engineers engaged on 
large works. The results of his tests are embodied 
in a paper entitled “‘ Tests of concrete conveyed 
from a Central Mixing Plant,” which he presented at 
the recent annual meeting of the American Society for 
Testing Materials. 

The specific purposes of the work undertaken were :— 
Firstly, to determine the relationship between the 
strength of the concrete and the time of its retention 
in the drum of the vehicle ; and, secondly, to find 
whether a revolving drum without blades could main- 
tain the homogeneity of the concrete during transpor- 
tation, in at least as good condition as that in which 
it was taken from the mixer. 

The vehicle used had a cylindrical drum container, 
mounted upon a chassis. The rated capacity of the 
drum was two cubic yards. Concrete was introduced 
through an opening in the shell, at about the 
middle of the length of the drum. It was discharged 
at the site where used from one end, after tilting to an 
angle of about 30 degrees. Mixing was continued during 
transport, the friction between the mix and the plain 
wall of the drum being depended upon entirely for the 
purpose. The cements chosen for the work were those 
available on the local market, seven in number. 
After preliminary investigation of their properties, it 
was decided to make the full investigations with those 
having the extreme range of properties, in regard to 
setting. Their characteristics were :—Cement No. 1: 
Initial set, 178 minutes; final set, 337 minutes. 
Cement No. 7: Initial set, 140 minutes; final set, 
322 minutes. | 

The sand and gravel, used as aggregate, were 
thoroughly mixed to ensure uniformity in the prepara- 
tion of mixes. Samples were taken of the concrete, as 
coming from the mixer, and also at various times after 
the vehicle had been loaded and the drum put into | 
operation. A set of samples was used to find the slump 
of the fresh concrete, and the compressive strength 
attained by it after curing for various periods. Other 
samples were used to determine the composition of the 
freshly mixed concrete, and thus to discover any | 
tendencies towards segregation. The observed appar- 
ent cement content increased with regularity during | 
the time it was in transit. This amounted to from | 
2 per cent. more to 38 per cent. more than the amount | 
used in the mix, from the time the concrete was put 
in the conveyor until the end of a period of 24 hours. 
This was thought to be due to an increase in the amount 
of fine aggregate resulting from grinding during the 
rotation of the drum. In fact, it was found that the 
observed apparent increase in the amount of cement 
corresponded very nearly to the decrease in sand. 
The churning action, even in a drum without blades, 
was evidently sufficient to pulverise part of the in- 
gredients, and resulted in an increase in the actual 
volume of the aggregate that passed through a No. 100 
sieve. Such an increase in amount of small particles 
might be anticipated to make the concrete appear 
richer, to decrease the slump, and to increase the 
strength of the concrete. 

Visual inspection of the concrete at the time of 
taking samples indicated that the concrete stiffened, 
and gave the appearance of becoming increasingly 
richer, and more plastic, throughout its time in the 
vehicle. As judged by the ease of placing the con- 
crete in the moulds, it was generally as workable 
at the end of an hour as when it came out of the 
mixer, and was less subject to segregation in the 
forms. Similar results were observable with the 
two cements used, and their difference of time of 
initial set seemed to have little, or no, effect upon the 
results arising from transport. 

The strength of the concrete at all ages increased 
quite consistently with the increase in the time the 
concrete had been in the vehicle drum. The aver- 
age increase in strength from the time of placing in 
the drum until the end of the 2} hours’ period was 
nearly 100 per cent. for the ordinary tests, 90 per 
cent. for the two-day tests and about 80 per cent. for 
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Nors.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of the 
London Metal Exchange for “fine foreign’? and “standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted for 


steel plates and rails, and also for hematite and Cleveland pig-iron. 


The prices given, in the case of steel 


plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 1b. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


the four-day tests. The time-strength curves were 
practically parallel after four days. The action of 
carrying the concrete in the revolving conveyor had, 
therefore, a very beneficial effect. The final conclusion 
reached was that this was probably due to the fact that 
the fine aggregate content was increased substantially 
during the time the mix was in the revolving drum. 

It may be added that, after a period of 2} hours 
in the vehicle, the consistency of the concrete was 
such that it could have been used satisfactorily for 
road or pavement work, that is to say, where require- 
ments were very rigid. There was no sign whatever of 
any segregation in the conveyor drum. 

At 28 days the increase of strength shown after 
being 2 hours in transit varied with different samples, 
but was as much as 900 Ib. on a corresponding strength 
for the concrete straight from the mixer of about 
3,000 lb. per square inch. 








Tue InstrrToTION oF CHEMICAL ENGINEERS.—The 
Council of the Institution of Chemical Engineers have 
appointed Mr. H. W. Cremer to be honorary secretary 
of the Institution, in the place of the late Professor 
J. W. Hinchley. 





ILLUSTRATIONS OF Famous Rocxs.—We have received 
a collection of twelve cards, each bearing an illustration 
and a brief description of famous rocks, all of which, 
with the exception of Gibraltar, are in the British Isles. 
The illustrations are reproduced from drawings and the 
descriptions are cleverly written, the whole making an 
attractive and artistic ensemble. The rocks dealt with 
include, besides Gibraltar, Bell Rock; Logan Rock, 
Cornwall; Castle Rock, Nottingham; Eddystone; 
St. Michael’s Mount, Cornwall; Dumbarton Rock; 
Bass Rock; and the Castle Rock, Edinburgh. The series 
is published by Messrs. D. Anderson and Son, Limited, 
Park-road Works, Stretford, Manchester, who are 
makers of Rok Roofing. 
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UNDERGROUND DRAG-SCRAPER PLANT. 


CONSTRUCTED BY MESSRS. 





UNDERGROUND DRAG-SCRAP ER 
PLANT. | 


Tue drag scraper has become a familiar object in | 
gas works and other places, where there are large stocks 
of coal, which have to be collected or distributed 
continually, but its employment in underground work 
such as tunnelling and mining is not so well known. 
The accompanying figure shows such an application, | 
the particular plant illustrated being one in use at the 
N’Kana Mine, Rhodesia. The machine is manufac- 
tured by Messrs. Sullivan Machinery Company. Salis- 
bury House, London, E.C.2, and Chicago, Ill. The 
distinctive features of the design will be readily made 
out in the figure. In the centre is the hauling unit, 
which consists of a four-wheeled trolley for a rail gauge 
of 24in., carrying a heavy angle frame extending canti- 
lever fashion to the rear and carrying a ramp with 
side guards in front. On the top is mounted a double- 
drum winch driven by a compressed-air motor of 
15-h.p., with a pressure of about 80 lb. per square inch. 
At the right of the figure is the scraper itself. This 
is of the box type, with a solid cutting edge. The 
sheaves and wedges alongside it form the gear for the 
return motion, the wedges being driven into the work- 
ing face, to support the sheave through which the 
return rope from the winch is led. The general con- 
struction of the body of the machine is noteworthy in 
that welding has been largely used, thus reducing both 
weight and first cost. Earlier patterns of the machine 
which is employed to a considerable extent in the 
United States and Canada in coal mining and tunnel 
driving, have been riveted and bolted. — 

The function of the machine is to transfer the 
won material from the face to a working in which 
rails are laid, and to fill tubs running on the rails. The 
box scraper, being first drawn by the return rope on 
to the heap of material is then pulled back, dragging 
along with it on the floor a load of the loose stuff. On 
reaching the ramp, the loaded scraper is pulled up it. 
The floor of the ramp is continued well to the rear of 
the machine, but does not extend between the frames 
of the cantilever. When the scraper reaches this open 
part, the load falls out into the tub below, which occupies 
the position shown at the left hand of the figure. 
The discharging pull is, as will be seen, made from the 
end of the cantilever, the rope being returned to the 
winch over a pulley. The tubs in this instance are 
48 in. high, 36 in. wide, and 48 in. in overall length, 
and the height of the apparatus over the hoist is 
approximately 6 ft. The overall width is 50 in., 
while the sides and apron of the ramp can be folded up. 
These dimensions permit the machine to be kept on 
a side track in a 9-ft. by 9-ft. heading. The arrange- 
ment of folding also permits easy handling of the plant. 

The machine is worked by native labour, and has proved 
capable of a high rate of working, upwards of 100 tons 


of material having been handled in a four-hour shift 
under ordinary working conditions. Some particulars 
of performance in other directions may not be without 
interest. {n a coal mine in Northern Michigan, with 
4 single machine, an advance of 934 ft. was made in a 


¢ ) . . . 
Y-ft. by 8-ft. drift in 24 hours, there being four cycles 


| of drilling, blasting and scraping in that time. 
| Canadian Pacific Railroad Tunnel at Vancouver, five 
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In the 


machines were used, each machine having a 54-in. 
scraper and a pull of 300 ft. The material removed 
was clay and shale, wagons with a capacity of 2} cubic 
yards being filled at rates varying from 40 seconds to 
70 seconds. 








NOTES ON NEW BOOKS. 


Tue thirteenth revision of Attwood’s Theoretical Naval 
Architecture, by Professor H. 8. Pengelley, of the Royal 
Naval College, Greenwich, recently published by Messrs. 
Longman, Green and Company, London (15s. net), 
will probably be as popular with all students of naval 
architecture as former editions since the work was 
first issued in 1899. The original work was so complete 
and the principles so simply stated that reconstruction 
has not been possible for the fundamentals, but where 
experimental science has been advanced, full recapitu- 
lation has been given of all published data. The addi- 
tions refer principally to propulsion experiments, 
but there are also important additions in connection 
with strength of structure, wave formation, the influence 
of free surface on stability, &e. The number of examples 
has been greatly extended, and altogether the volume 
is most interesting on account of the advice given 
regarding courses of study and as a reference book for 
many of the abstruse problems which arise from time 
to time. 


A book giving a good account of the mechanical 
properties of wood was published in 1914 by Mr. 8S. J. 
Record. This has now gone out of print and an 
enlarged edition of it has been prepared by Mr. G. A. 
Garratt under the title, The Mechanical Properties of 
Wood. Some of the text and diagrams in the original 
book are reproduced without alteration. The book 
is divided in four parts: (1) The Mechanical Properties 
of Wood; (2) Factors Affecting the Mechanical 
Properties of Wood; (3) Working Stresses for Struc- 
tural Timber; (4) Timber Testing. The intention 
throughout has been to avoid technical language 
and description and so make the subject matter readily 
available to everyone interested in wood. Part I is 
mainly elementary mechanics, written with special 
reference to wood. Tables are included giving the 
strengths of many American woods. Part II deals 
with the effect on the mechanical properties of rate 
of growth, locality of growth, water content, season 
of cutting, weight, defects, &c. In Part III, methods 
of adjusting results of laboratory tests, so that these 
can be used in practice, are discussed and tables of 
working stresses are included. Part IV describes 
methods of timber testing which are mostly those 
followed by the U.S. Forest Service. The methods 
conform with the standard procedure adopted by the 
American Society for Testing Materials. The book 
contains numerous references, mainly to American 
works. It is well printed and the diagrams are excel- 
lent. It is primarily intended for students of forestry, 
but will be of value to anyone who is interested or is 











specialising in the study of wood. It is published by 
Messrs. John Wiley and Sons, Incorporated, New York, 
and in London by Messrs. Chapman and Hall, Limited, 
at the price of 17s. 6d. net. 


To bring about that condition, which is implied in 
the term smoke abatement, it has long been realised 
that a more or less intensive education of the public 
is required by laying before them not only facts about 
the fuels they already use, but about those fuels it 
might be well for them to employ in future. The 
National Smoke Abatement Society, 23, King-street, 
Manchester, have therefore adopted the laudable course 
of collecting the salient facts concerning this important 
subject and have published them in a Smoke Abatement 
Handbook, which can be obtained from the offices of 
the Society, at the price of 6d., post free. A feature 
of this book is its conciseness, which, combined with the 
fact that the various articles are the work by specialists, 
should render it useful to those who are called upon 
to write or speak on the subject to lay audiences. 
To give an idea of its scope we may say that it 
opens with some useful data on the composition and 
consumption of coal in this country, this being followed 
by short articles dealing with the nature of smoke 
and giving a concise account of the sulphur fumes 
nuisance. Dr. J. R. Ashworth discusses “‘ The Measure- 
ment of Atmospheric Pollution,” and this is followed 
by some useful information on ‘“‘ Smoke and Health,” 
by Dr. J. S. Taylor. The domestic side of the problem 
is dealt with by Miss Marion Fitzgerald, who gives 
some practical hints on the various fuels it is possible 
to employ to attain this end, pointing out that the real 
obstacle is the very small house, in which she suggests 
gas coke should be substituted for coal. This, however, 
must be of a good quality and cheaper than coal, while, 
in addition, the consumer must be taught how to use 
it. The first two of these conditions are the concern 
of the gas undertakings, while the latter can well be 
dealt with by the Society itself. 





A work entitled Properties and Mechanics of Materials, 
by Messrs. P. G. Laurson and W. J. Cox. (New York: 
John Wiley and Sons, Incorporated. London : Chapman 
and Hall, Limited. Price 17s. 6d. net.), deals with the 
subject of strength of materials in the manner usually 
adopted by American authors. The use of the calculus 
is avoided as much as possible, but a short appendix 
dealing with the elements of these is included. The 
area moment method is used to advantage in the 
treatment of bending, particularly in the proof of the 
theorem of three moments. Rankine’s strut formula 
is derived, but no mention is made of the fact that it 
involves Euler’s theory. Features of the book are 
what the authors term ‘“‘ comprehensive problems,” 
which are simple problems in design. Problems on 
the bending of curved bars are included, but the theory 
is not given. It is evidently intended that these 
should be solved by the ordinary theory of bending. 
The error so introduced is in some cases considerable. 
The subject of unsymmetrical bending is of first 
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importance in the theory of bending, but no mention is 
made of it. Welded joints are dealt with very briefly 
and a more extended treatment seems desirable. About 
three chapters of the book are descriptive and deal 
with the general properties of engineering materials. 
The book will be of value to engineers and students 
who have neither the time nor the inclination to 
become interested in the calculus. It will give them 
an elementary working knowledge of the subject and 
enable them to solve simple problems in design. 


It seems but a few years since three or four grades of 
steel and iron and a few grades of copper alloys were 
sufficient to meet engineers’ requirements. The 
advent of alloys and special steels, alloy bronzes, and 
non-ferrous metals appropriate to different fields of 
usefulness has called for a more extensive knowledge 
on the part of the engineer using them. As the engi- 
neering materials now available are so numerous, a 
concise encyclopedia that gives in a convenient form 
the chief distinguishing data of such materials is 
welcome. Mr. G. 8S. Brady’s Materials Handbook 
(published by the McGraw-Hill Publishing Company. 
Limited ; price 288. net), in this its second edition, 
gives the characteristics, physical and chemical 
properties of an extensive list of materials used in 
engineering practice. This book is not intended to 
provide a metallurgical treatise, but is submitted as 
a reference guide to the engineer, so that he may 
familiarise himself with the properties of materials 
now available and be able to select the material most 
suitable and most economical for the particular purpose. 
Accuracy, authority, and correct nomenclature are 
claimed to have been the prime considerations for the 
revision. From a survey of various sections this 
claim is justified. To the engineer, designer, and 
purchasing agent, this work is a handy reference book. 


THE NEW GAS INDUSTRY.* 
By Sm Davin Mizne-Wartson, LL.D., D.L. 


Tuis year, as we all know, we are celebrating the 
Centenary of the British Association for the Advance- 
ment of Science. In 1831 (a hundred years ago) 
science was in its infancy, and had been applied to 
few industries. Steam-propelled railways had been 
introduced on a small scale about 1825, and the gas 
industry had been established for twenty years. The 
year 1831, however, has been rendered notable, not 
only by the formation of the British Association, 
but also as containing the date of Michael Faraday’s 
discovery of magnetic induction, the centenary of 
which we have also just been celebrating. It may not, 
therefore, be out of place in this paper dealing with 
the gas industry if I say something of Michael Faraday’s 
connection with it. 

That Michael Faraday was closely connected with 
the gas industry is not, I believe, generally known. 
In addition to the interest which gas and illumination 
naturally excited in the mind of such a versatile 
scientist, the position which he held as _ scientific 
adviser to Trinity House tended to focus his attention 
on such subjects. There was, however, a very much 
stronger reason for Faraday’s connection with this 
industry. His brother Robert, the brother who 
presented him with the shillings which enabled him 
to attend his first scientific lectures, was a gas engineer 
and vendor of gas appliances, with a shop and factory 
in Wardour Street, London, where the gas fittings 
and appliances were manufactured and sold. Michael 
Faraday had a direct connection with this business, 
and in his early days put his savings into it, so that 
at one time he had as much as 800/. invested in the 
business. Robert) Faraday founded the business in 
1815, three years after the establishment of the gas 
industry in London. A number of important houses, 
clubs and public buildings employed him to install gas 
pipes and to supply fittings. It is pleasing to recall 
that this small business grew and prospered, and is 
still in existence after 116 years, and is now controlled 
by a direct descendant of Robert Faraday. One of 
the commissions of the firm in its early days was the 
lighting of the Atheneum Club. The gas lighting, as 
originally installed, was not satisfactory, owing to 
poor ventilation, and Michael Faraday was called upon 
to give his advice. 4Yis work on lighthouse lamps 
enabled him to apply scientific principles of ventilation, 
which resulted in the lights working satisfactorily. 
This work he described in 1843, before the Royal 
Institution, and the Institution of Civil Engineers, 
whilst he made a present to his brother of the patent 
he had secured in respect of the perfect ventilation of 
gas burners. 

Faraday’s connection with his brother's business was 
a most valuable one, for he was a constant source of 
help and influence; his assistance in connection with 





* Paper read before Section G of the British Associa- 
tion, London, on Tuesday, September 29, 1931. 


the lighting of the new Houses of Parliament by gas, | 
in the “forties. and his evidence before various public | 
committees may be cited as examples. His indirect | 
connections with the industry were probably of even | 
more importance because, as the result of his work | 
on a Privy Council Commission and in other ways, the | 
support of gas as a satisfactory illuminant by the | 
leading scientist of the day undoubtedly had a reflec- | 
tion in public opinion, to the benefit of the industry 
as a whole. 

A perusal of Michael Faraday’s records of his 
researches shows that he carried out a considerable 
amount of work on the liquefaction and solidification 
of gases. As an outcome of his interest in gases and | 
their behaviour under pressure, he made his well-known | 
discovery of benzene, which he isolated from portable | 
oil gas in 1825. In a lecture at the Royal Institution 
on November 15, 1844, he reported unsuccessful | 
attempts to liquefy coal gas. In 1851, he delivered | 
a series of lectures at the Royal Institution entitled 
«Upon Some Points of Domestic and Chemical Philo- 
sophy,” which were accompanied by experiments upon 
the production of gas from coal. In 1859, the Lords of 
the Committee of Privy Council on Education appointed 
Michael Faraday and other scientists to report on the 
lighting of picture galleries by gas. Their unanimous 
report is noteworthy for its favourable attitude towards 
the use of gas, which, after numerous practical tests, 
they found to be a perfectly satisfactory illuminant for | 
the purpose. In 1862, Michael Faraday gave the last 
of his Friday evening discourses at the Royal Institu- 
tion, the subject being ‘‘ Gas Furnaces.” 

The Birth of the Industry.—Gas began its career as 
an industry with the granting, in 1812, of a Royal 
Charter to the Gas Light and Coke Company, under | 
an Act of Parliament passed in 1810. 

The fact that the heat treatment of certain classes of | 
coal produced alterations in the coal substance yielding 
coke, tar, &c., had then been known for many years. | 
It is well authenticated that coke was produced from ! 
pit coal in Elizabethan times by allowing it to smoulder 
in heaps. This method, which followed on the lines 
previously employed for the making of charcoal, is still | 
extant in India. In the Seventeenth and Eighteenth | 
Centuries, various patents were granted for the improve- | 
ment of the process. Most of them aimed at treating | 
the coal in brick chambers to conserve heat and obtain | 
better control over the process of carbonisation. These | 
chambers were the direct forerunners of the beehive 
coke oven, and thus of the metallurgical coking industry, 
the sister of the gas industry. 

Up till 1781, the smoke and vapours given off during | 
the process had been neglected, but in that year the 
Earl of Dundonald secured a patent for coal-coking 
apparatus which included means for the recovery of 
tar, pitch, oils, &c. It was not till the end of the 
next century, however, that by-product recovery was 
to be adopted seriously by the furnace-coke industry. 
Contemporaneously with Dundonald, other experi- 
menters were baking small batches of coal in iron pots 
and examining the various products resulting from the 
operation. There were Dr. Clayton in England, Le 
Bon in France, Minklers in Belgium, and others. All 
were interested to find that, in addition to various 
condensible fluids, a quantity of “* inflammable air,” or 
‘** carburetted hydrogen ”’ gas was yielded. 

This they collected in bladders and similar vessels, 
and with the lighted contents performed ‘‘ many 
diverting philosophical experiments,” not entirely free 
from alarming and unintended explosions. It was, 
however, the good sense of a Scotsman, William 
Murdoch, which led to the practical application of 
these ‘‘ diversions.”” Murdoch realised that this gas 
could be transported by pipes from a manufacturing 
plant to any desired point of use, and, further, that 
the effect of the combustion of the gas, after passing 
through fine holes or jets, resulted in a light, not only 
superior to that obtained by burning it at the open 
end of a pipe, but vastly better than the contemporary 
means of illumination by oil or candles. Translating 
these ideas into practice, he lit his own house at Redruth, 
Cornwall, in 1792. Six years later, on the completion of 
his duties in Cornwall in connection with mine-pumping 
plant, he returned to the headquarters of his firm, 
Messrs. Boulton and Watt, in Birmingham, and there 
introduced an installation of gas lighting. In 1802, a 
public display in St. James’s Park of the new light 
was made to celebrate the Peace of Amiens, and 
thereafter the installation of gas-lighting plants in 
factory buildings and large private houses became part 
of the firm’s activities. In 1808, Murdoch delivered a 
lecture before the Royal Society on Gas Lighting. 

Wide as had been Murdoch’s vision, it was now to 
be eclipsed by that of a Brunswicker, Frederick Albert 
Winsor, in whose make up I fear there was no suggestion 
of Scottish caution—he was, in fact, the prototype of 
the company promoter of to-day. In the course of 
travels on the Continent, Winsor had secured from 


| various inventors a modicum of knowledge concerning 


the new gas lighting. After a short period as assistant 
to Le Bon, in Paris, he came to England in 1806 with 





grandiose schemes, not for individual plants, but ** io 
provide streets, squares and houses with gaseous ligh:s 
by means of conducting tubes underground froin 
distant furnaces on the principles as houses are now 
supplied with water.” In one of his writings he says 
in 1807: ‘‘ The thought of introducing the discovery 
for the great advantage of the British realm struck 
me like an electric spark which has ever been kept alive 
in my mind, and added from day to day, from week to 
week, fresh fuel for rendering it generally beneficial.” 

Winsor was an enthusiastic worker, blessed wiih 
a vivid imagination, and the temperament of a super- 
optimist. His balance sheets promised a return of 
6,000 guineas for every 50l. share subscribed for. 
Opposition to his proposals was great; the learned 
gazed with scornful wonder on his claims, vested 
interests were keen and ruthless in resisting him, and 
the timid, the superstitious, and even the Church. 
loaded the balance against him. 

Nevetheless, in 1807, he illuminated Pall Mall as 
an earnest of his intentions, and not only has it 
remained illuminated by gas to this day, but it is, in 
fact, one of the best lit streets in London. In the same 
year he attempted to float the National Light and 
Heat Company, with a capital of one million pounds. 
At the inquiries which followed, Winsor and his wit- 
nesses commended the safety, salubrity, cleanliness and 
cheapness of gas for lighting, the superiority of coke 
over coal as a smokeless fuel, the usefulness of tar for 
shipbuilding, and the value of ammoniacal liquor. 
In 1808, Parliament rejected his Bill, and a similar 
fate met his next application in 1810. Undaunted, he 
continued and ultimately, in 1812, secured the Royal 
Charter for the Incorporated Gas Light and Coke 
Company with a greatly reduced capital of 200,000/. 
In its first year, the company used 4,000 tons of coal. 
To-day that company is the largest gas undertaking 
in the world, treats 3,000.000 tons of coal per annum, 
and has a capital of nearly 40,000,000/. Other com- 
panies began to be formed in London and the principal 
cities, and most of the latter were supplied with gas 
by 1825. 

Growth of Parliamentary Control.—At first, gas under- 
takings had no special districts, and, by 1823, fierce 
competition between the gas companies in London had 
become so acute that they agreed to areas of supply 
amongst themselves. The scheme worked so well 
that, in 1847, Parliament thought fit to include them 


| with waterworks, as being subject to a 10 per cent. 


maximum dividend, whilst at the same time relying on 


| economic conditions of supply and demand and _ the 


effects of potential competition to guarantee the ade- 
quate discharge of the Companies’ obligations to the 
public. 

The attention thus drawn to the finances of gas 
undertakings led directly to the formation of gas 
companies by bodies of consumers and to a renewal 
of competition. Competition now led to serious 
results. Roads were opened needlessly, confusion 


| arose through consumers paying one company for gas 


received from another company’s mains, and the divi- 
dends of the companies fell to nothing. Parliament 
then stepped in, and, in 1860, allocated definite areas 
of supply to each undertaking, giving each a monopoly 
of the sale of gas in its own area, with rights as to the 
opening of roads and the laying of mains, but at the 
same time imposing conditions in regard to the obliga- 
tion to supply gas, the methods of charging, the con- 
struction of gasworks, the raising of capital, the 
limitation of profits, the maintenance of the quality 
and purity of the gas, &ec. The whole scheme, which 
was consolidated in the Gas Works Clauses Act, 1871. 
was devised to ensure that the consumers of gas, the 
shareholders and the community, should all receive 
a square deal. The basis of the scheme, however, was 
the absence of competition in the sale of gas. By 1875. 
public testing of the illuminating quality and purity of 
the gas had been established not only in London, but 
in most of the larger towns in Great Britain. 

Changes in the Uses of Gas.—For the first seventy-five 
years of its existence the industry was concerned 
wholly with the use of gas for lighting, although gas 
fires were introduced in 1846 and gas cookers in 1851. 
It was not till 1879, however, when powers were 
obtained to hire out cookers and similar apparatus. 
that much progress began to be made outside of 
lighting. In 1890, the electric light entered upon 1t6 
career as a public utility. Fears that the gas industry 
would undergo extinction led to much selling of gas 
stock, ultimately, no doubt, to the benefit of the more 
level headed proprietors. 

The incandescent gas mantle invented by Welsbach 
in 1886, came a few years later to the rescue of gas as 
a lighting agent, and helped greatly to maintain 1ts 
position. By 1904, it had almost ousted the flat-flame 
burner as a source of illumination. The increase 
efficiency of the incandescent mantle, which depended 
upon the heat of the gas rather than the illuminant 
quality, together with the increase in the numer of 
uses, other than lighting, to which gas could be put, led 
rapidly in the succeeding years to gas taking '' place 
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asa source of heat energy rather than of illuminating 
power. A further expansion of the scope of the gas 
industry began in 1894, when the automatic or penny- 
in-the-slot meter was invented. This brought gas 
within the means of the smallest householder and now 
over 90 per cent. of the entire population is supplied 
with gas. 

At the present time, the output of an average gas 
undertaking can be allocated in varying percentages 
between (a) domestic heating, cooking and hot-water 
supply ; (6) industrial heating; (c) lighting, and (d) 
power. All of these sources, including lighting, for 
which incandescent mantles are now in almost universal 
use, are dependent upon the heating properties of the 
gas. This state of affairs was first recognised in 1905, 
when Parliament imposed upon the Metropolitan Gas 
Companies a dual standard of illuminating value and 
calorific value. This was later converted to a standard 
of heating value only. 

This greater measure of freedom to meet the require- 
ments of their customers led to improved and advanced 
manufacturing methods. Then came the War. The 
needs of the nation in regard to high explosives neces- 
sitated the removal of just those constituents in the 
gas which contributed most to its illuminating value 
in the flat-flame burner. The experience gained from 
the use of the calorific standard and from war experi- 
ences was summarised in a long report issued in 1919 
by the Fuel Research Board, after an eighteen months’ 
inquiry. The terms of reference of this inquiry were | 
as to the most suitable composition and quality of gas | 
and the minimum pressure at which it should be sup- 
plied, having regard to the desirability of economy 
in the use of coal, the adequate recovery of by-products 
and the purposes for which gas is now used. 

The Board’s recommendations were embodied in the | 
Gas Regulation Act, 1920, wherein the sale of gas on | 
a calorific standard was authorised for all undertakings, 
the new unit of sale being the now familiar “‘ therm ” 
of 100,000 B.Th.U. Gas undertakings were generally 
allowed to choose their own calorific standard, and, 
therefore, to distribute gas of such heating power and 
constituents as best suited their plant, source of coal 
supply and consumers’ demands. 

Early Difficulties—In all its earlier activities the 
industry had perforce to proceed on experimental 
lines of trial and error, as little scientific knowledge 
was available to assist in its development. It is 
worthy of note, however, that one of the first officers 
of the Gas Light and Coke Company was the renowned 
chemist Accum, who afterwards produced the first 
treatise upon the Art of Gas Manufacture. 

Furthermore, progress was limited by the state of 
the arts; for example, although Murdoch had realised 
the advantages of carbonising at a higher temperature 
and experimental clay retorts had been made as early 
as 1820, their adoption in place of cast iron was not 
commercially successful until 1850. It is only during 
the past decade that silica refractories have reached a 
sufficient stage of reliability in physical characteristics 
to render desirable their incorporation in gasworks 
retort furnaces, which have now reached operating 
temperatures of over 1,450 deg. C. The industry 
was compelled to work out in the school of practical 
experience the design of a carbonising plant which 
should be technically efficient and yet capable of 
control and division to meet the diurnal and seasonal 
fluctuations in demand. It had to develop means of 
gas purification that would be commercially successful 
when laboratory processes were non-existent. It had | 
to organise its methods to suit the absence or presence 
of demands for the tar and ammonia necessarily 
produced, and which in its earlier days were valueless 


and in more recent times have had to meet severe 
competition, All the time the raw material, coal, 
upon which its activities depend, remained, and to a 


large extent still remains, as was pointed out by Pro- 
fessor Bone a few months ago, the least understood of 


all the important raw materials of modern industry. 
Further enumeration of the difficulties that had to be 
overcome, of the changes of conditions that had to be 
faced, and of the progress made, need not be pursued, 
except to mention that the failing supplies of cannel 
coal giving gas of high hydrocarbon content led the 
indus' ty, in 1890, to supplement its coal-gas manufac- 
ture by carburetted water gas—a gas having a similar 


Composition to coal gas, but produced from steam, 
coke and oil. The heating and illuminating value of 
this gas was capable of rapid variation by control of 
the quantity of oil used. The plant had other ad- 
vantages, It could be rapidly put in or out of action and 


gave vos undertakings a means of utilising surplus 
set ‘\ has, therefore, continued to be an important 
eature j 


: most large works, although its original purpose 
Thi icher for coal gas has ceased to exist. 

, his sketch of the development of gas manufac- 
brat ready over long, yet it is really only suffi- 
sient 
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| especially when it is realised that no two undertakings 


ortray the difficulties of the pioneers and |} that the similar figure for electricity is 20 per cent. 


controls the industry was devised to meet a state of 
affairs when its staple product was used for a purpose 
which forms a small proportion of its use to-day. I 
have said nothing of the engineering development of 
the industry, or of the problems facing the designer 
called upon to provide gas-holders of 20,000,000 
cub. ft. capacity, carbonising plants treating 1,000 tons 
of coal a day, or gas plants pumping 100,000,000 
cub. ft. of gas daily with velocities in the mains equal 
to that of an express train. Such examples can be 
seen to-day in gasworks, many of them in London 
itself. 

I have now reached the year 1920. The sale of gas 
is established on the basis of its heating value. Gas 
undertakings are doing a large business, not only in their 
original purpose of lighting but in the supply of heat 
and power. They are facing competition from electricity 
and oil, and competition in the disposal of their residual 
products of coke, tar and ammonia, but are nevertheless 
the proud possessors of a record of difficulties sur- 
mounted, progress achieved, and of a reputation of 
110 years’ service that has never once failed. 

A paragraph in the report of the Fuel Research 
Board, referred to previously, says: ‘‘ The sheet anchor 
of the gas industry in the future must necessarily be its 
possession of the cheapest known means of distributing 
potential heat energy in a convenient form. For 
lighting and power production the electricity supply 
of the future may seriously contest the field with the 
producers of gas, but for the supply of heat, gaseous 
fuel ought to remain supreme if its production and use 
are developed on sound lines.” Such is the view of an 
informed and authoritative body. Yet, because of its 
age, popular opinion inclines at times to the view that 
the gas industry is old-fashioned, out-of-date and on the 
decline ; in effect, that it is unscientific and might be 
superseded without loss to the well-being of the nation. 
The action of successive Governments in agreeing to 
an expenditure which will exceed 50,000,000/. in order 
to bring electricity-supply undertakings up-to-date 
has encouraged the impression that gas will one day be 
superseded, and, in fact, that electricity is the one 
utility essential to the well-being of the State. 

I also think that one of the reasons why gas is con- 
sidered by some to be a “ back number ”’ is because it 
is no longer so visible in the houses and shops as it 
formerly was, and therefore that the man in the street 
has come to the conclusion that its day is over and that 
it is on the wane. Nothing is farther from the truth. 
It will interest you to know that to-day in Bond Street 
and Oxford Street more gas is used than ever, and yet 
the ordinary observer would say it was non-existent. 

The New Gas Industry.—I propose to disprove these 
existing fallacies and to show that out of the endeavours 
of the past there is in existence an industry to-day 
of a highly scientific character, employing the best 
technical and commercial methods and fully equipped 
to continue to give useful and essential service to the 
nation. Ido not assign a definite date to the birth of 
this new gas industry, but it has been growing steadily 
for years and to-day it is still on the up-grade. 

There are, in all, 1,315 gas undertakings in the country 
at the present time. Of these, 544 are non-statutory, 
supplying gas to rural districts by agreement with the 
respective local authorities. The non-statutory under- 
takings are of small size with an average coal con- 
sumption of a thousand tons per annum each. Each 
of the 771 statutory undertakings works under legis- 
lative authority in a defined area. The widespread 
availability of gas is demonstrated by these figures, 


supply the same area. 

In 1929, which is the latest date for which official 
figures are available, the industry treated 18,609,448 
tons of coal, and for carburetted water-gas used 949,235 
tons of coke and 233,349 tons of oil. In the same 
period the products sold to the community were :— 


Gas, all undertakings .-- 299,499,000,000 cub, ft. 
Gas, statutory undertakings 292,598,000,000 cub. ft. 
Coke ... . .-- 8,015,437 tons. 


Tar and tar products 223,500,000 gallons. 
Sulphate of ammonia 161,743 tons. 

There were 9,640,853 consumers, giving an average 
consumption per annum per consumer of 30,547 cub. ft., 
or 153 therms, and the annual consumption is 6,100 cub. 
ft., or 30 therms per head of population. Of these 
9,600,000 consumers, 54 million receive their supplies 
from the penny-in-the-slot meter. The present annual 
sales of gas by the industry exceed 300,000,000,000 
cub. ft. Converted into kilowatt-hour units of 3,412 
B.Th.U.. the figure is equal to 44,000,000,000 units. 
The latest statistics regarding the sales of electricity 
show a total of $,596,553,054 units. The energy sold 
to the public in the form of gas is thus over five times 
that sold in the form of electricity. 

On the assumption, from official data, that 70 per 
cent. of the gas sold was for domestic purposes, and 
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e of a chemical industry during a period | of the whole, the proportionate demands become even 
mical science was itself in ‘its infancy. I| more striking, the sales of gas energy to the houses 
‘wn that the legislation which still largely ' of the people being 18 times those of electricity. 


Last year the gas consumption of these islands 
increased by over 8,000,000,000 cub. ft., an amount 
equal in heating energy value to 1,173,000,000 kw.-hr., 
the corresponding increase in electricity, including 
power, traction and similar fields almost untouched by 
gas, was 993,000,000 kw.-hr., and this result was 
achieved during a period of intensive extension of elec- 
tricity supply, supported by Government propaganda. 
The coal consumed for electricity generation is some 
8,500,000 tons annually, and the public receive approxi- 
mately 12 per cent. of the potential energy. This 
figure compares with a return to the community of 
26 per cent. of the coal energy as gas, and over 80 
per cent. of the energy when coke and tar products 
are included, from the coal treated by the gas 
industry. 

The only other coal-treating industry which handles 
our national asset with an efficiency comparable to 
the gas industry is the metallurgical-coke industry, 
which treats some 17,000,000 tons of coal annually. 
An increasing proportion of the gas thus produced is 
used for towns’ purposes, the remainder being employed 
for firing the ovens and industrial uses. The tar and 
ammonia products enter the same markets as those 
of the gas industry, whilst a proportion of the coke 
now competes with gas coke, owing to the depression 
in the iron trades. 

The Development of Gas Manufacture.—During the 
first 75 years of its existence as an industry, which 
witnessed the consolidation of the fundamental princi- 
ples of gas manufacture and supply, the horizontal 
retort reigned alone as the primary carbonising 
apparatus. In the course of time its heating efficiency 
was improved by the application of mechanical methods 
of charging and discharging, by improvements in the 
manufacture of refractories, and in other detailed 
ways, so that even at the present time it remains the 
type of carbonising plant. best suited for use with 
certain classes of coal and for meeting easily fluctuations 
in output. It still remains, in fact, the only kind of 
carbonising plant used by one of our largest gas com- 
panies, and both that company and the Fuel Research 
Board have shown, by close scientific investigation, 
that its possibilities are far from being exhausted. 

Before the mechanical charging of horizontal retorts 
had reached the present stage of development, efforts 
were made to secure reduction in costs by setting the 
retorts on a slope, so that the force of gravity might 
be called into play for charging the coal and discharging 
the coke. The system, although successful, is now 
obsolete, as better methods have been recently 
developed. 

The most oustanding of these is the continuous 
vertical retort. The two principal systems, which 
differ only in detail, were developed in this country 
some years before the war. The coal enters the retort 
continuously and is carbonised in passing downwards. 
At the base of the retort, steam is admitted and the hot 
coke is thereby deprived of its sensible heat, while, at 
the same time, a proportion of water-gas is formed, 
which, passing upwards, sweeps the coal-gas rapidly 
out of the retort, thus avoiding degradation of the 
hydrocarbons. 

The change from an illuminating to a calorific 
standard gave a great impetus to the development of 
this process, as the ‘“‘ natural” calorific value of the 
gas produced is between 470 B.Th.U. and 510 B.Th.U. 
per cubic foot, as contrasted with the 550 B.Th.U. to 
570 B.Th.U. of characteristic gas from horizontal 
retorts. The system has the advantage of utilising 
the sensible heat of the coke, and is therefore of high 
efficiency. It has been shown, in fact, that 86 per cent. 
of the original thermal energy of the coal is commonly 
realised in the products available for sale, and that 
27 per cent. of the coal energy is available in the gaseous 
form. The vertical system also possesses advantages 
in respect of ground space occupied, and in other 
details. Its possibilities and development have been 
the subject of much research by the Fuel Research 
Board, the Fuel Department of the University of 
Leeds, and the Research Committees of the Institution 
of Gas Engineers, as well as the research departments 
of certain manufacturers and many gas companies. 
The size of retort units in large installations has 
been increased from a throughput per retort of 2 
tons a day of early installations to 10 tons a day at 
the present time, whilst the capacity of single indi- 
vidual plants has been raised to over 1,000 tons 
a day. As a proof of the rapid adoption by the 
industry of improved plant, it may be noted that 
60 per cent. of the coal-gas manufactured in gas works 
in these Islands to-day is produced in continuous 
vertical retorts, the majority of which are of post-war 
construction. 

For certain classes of strongly coking coal, diffi- 
culties in the way of steady motion of the charge 
through the continuous retort have recently led to a 
revival of interest in the intermittent vertical retort, 
in which the charge is static, and is removed and 
replaced at intervals of 12 to 14 hours, the steaming 





process being confined to the last 2 hours of coking. 
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This system was developed on the Continent at about | 
the same period as the continuous retort in England. 
Although not generally applicable to gas works, 
being unsuited to all except the largest, the modern 
coke oven used in metallurgical-coke manufacture 
can also be adapted to economical gas making. The 


Gas Light and Coke Company are at present installing | 
at their Beckton Works—which, incidentally, is the | 


largest works of its kind in the world—a plant capable 
of carbonising 1,200 tons a day, and have arranged 
for its extension to 5,000 tons a day. This plant, in 


accordance with the practice now coming into vogue | 


in modern carbonising plants, is provided with coal 
blending and mixing equipment designed to produce 
domestic and industrial coke of the highest quality. 
The coke so produced is screened, washed, and graded 
in special plants so as to yield a product vastly superior 
to the old time coke for the consumers’ service. 

In carburetted water-gas production, development 
has proceeded on the lines of complete automatic 
working, which includes the elimination of hand 
clinkering, formerly one of the most arduous opera- 
tions of a gasworks. This type of plant has been sub- 
jected to close scientific investigation to secure higher 
efficiency, with considerable success. The use of the 
heat of the spent heating gases in waste-heat boilers, 
and its subsequent conversion to cheap power, com- 
menced with this section of the plant, but has now 
been extended to the carbonising plants. By this 
means, gasworks can obtain nearly all their power and 
steam required for process work at a minimum cost. 
Electric transmission is often used, and current can be 
generated at from 0-3d. to Id. per unit in plants, the 
largest of which is under 5,000 kw. 

The application of modern chemical engineering 
principles in gasworks has led to considerable improve- 
ments in the apparently simple and established methods 
of removing tar, ammonia and other impurities from the 
gas. Contamination of tar by ammonia salts and of 
ammonia by the phenolic constituents of the tar, 
has been avoided by tar removal above the dew point 
of the gases. Electrostatic precipitation of the tar by 
high voltage unidirectional current has been found to 
be of considerable value for this purpose. Many efforts 
have been made to improve the process of removing 
the sulphuretted hydrogen, commonly carried out by 
the solid re-agent oxide of iron, but though liquid pro- 
cesses have been tried in America and Germany, none 
has been found commercially suitable to meet the 
exacting conditions imposed on British gas undertak- 
ings. In the past few years, processes for the complete 
removal of naphthalene and moisture from the gas 
have been applied, in addition to the normal processes 
of purification. They have for their object the improve- 
ment of the service to the consumer, avoiding as they 
do the risks of blocking pipes by deposits of naphthalene 
crystals or accumulations of water. 

The encouragement given to home-produced oils 
has stimulated the recovery of benzol from gas. The 
process is either incorporated with naphthalene 
recovery by oil washing of the gas, or, in several recent 
instances, activated carbon is used as an absorption 
reagent; one such plant is being put up at Beckton, 
capable of treating 70,000,000 cub. ft. of gas daily. 


Engineering developments have kept pace with those | 


on the chemical side. Handling plants for coal and 
coke, large-capacity storage bunkers, purifier vessels 
in reinforced concrete have all been devised to meet 


x 


the special conditions of the day. Even the familiar | 


gasholder has undergone alterations in its construc- 


tion, and more recently an entirely new design, | 


giving an approximately uniform pressure and 
requiring no water tank, has been developed. Ex- 
amples of this new type which have been acclaimed 
by many architects and artists to possess symmetry 
and other qualifications of artistic value, are to be 
seen in London and elsewhere, although the largest 
in capacity has been erected in that home of big 
things—Chicago—where such a holder with a capacity 
of 20,000,000 cub. ft. is to be found. 


(To be continued). 


THE MOTOVARIATORE VARIABLE- 
SPEED GEAR. 


WE illustrate on this page an interesting and 
ingenious form of variable-speed gear constructed by 
Messrs. Ing. V. Fachini, 8.A., Viale Coni Zugna, 7, 
Milan, and known as the Motovariatore. It has been 


used, among other applications, for operating the gun | 


training and elevating gear on warships of the Italian 
Navy, and is of the combined friction and epicyclic 


type, giving an infinitely-variable reduction ratio over 


a certain range of speeds in both directions of rotation. 
The gear is combined with a constant-speed motor, 
shown on the left in Fig. 1, and the principles em- 


ployed in its design can be explained with reference to | 


Figs. 2 and 3, which are, however, purely diagram- 


matic. 


MOTOVARIATORE VARIABLE-SPEED GEAR. 


MESSRS. ING. V. FACHINI S.A. ENGINEERS, MILAN. 
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From the plan, Fig. 3, it will be seen that two friction 

discs A and B are mounted on a shaft driven by, but 
not directly connected to, the armature shaft of the 
motor, and that two pairs of rollers make contact with 
the inner faces of these discs and with the outer faces 
of two other friction discs C and D, mounted on 
separate shafts parallel with the main shaft. The 
| rollers, which, like the discs, are of hardened and 
tempered steel, are mounted on four fixed pins set 
at right angles to the main shaft, and can be moved 
along these shafts by the mechanism shown in Figs. 2 
and 3, so as to place the twe pairs either nearer to or 
farther away from the axis of the main shaft. It will 
| be clear that with this arrangement, if the four discs 
and rollers are pressed into contact, the dises C and D 
will be driven in the same direction of rotation as the 
main shaft, but the speed of rotation of the discs 
C and D will depend upon the position of the movable 
rollers, being slow when the rollers are near the axis 
of the main shaft and fast when they are farther 
away. 

The method of pressing the discs and rollers into 
contact is interesting and may here be explained. The 
| disc A, it will be seen, is mounted on a sleeve on the 
main shaft and is free to slide a small distance along 











Fig. 1. 
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this sleeve, the torque being transmitted through a 
flexible disc attached to a flange on the sleeve and to 
the outer face of the disc itself. A set of ball-ended 
levers, two of which are shown in Fig. 3, fit into 
spherical seatings in the flange of the sleeve, above 
referred to, the ends of these levers towards the right 
in the figure being formed with cam surfaces which beat 
against the outer face of the disc A. The ball ends of 
the levers fit into cylindrical holes in a flange on the 
armature shaft, and it will be clear that, with the 
arrangements described, any relative angular movement 
between the armature shaft and the main shaft will 
cause the levers to tilt and apply a pressure to the 
dise A. The disc B being prevented from moving 
longitudinally by abutting against a collar on the main 
shaft, the pressure applied to the dise A presses al 
four discs and rollers into contact, giving the frictional 
drive already described. It will be evident, also, that 
the applied pressure is proportional to the torque 
which is actually transmitted through the ball- nded 
levers, and it is claimed that with this arrangement 
slipping and backlash are entirely avoided. ; 

It now remains to describe the arrangements 
employed at the output end of the gear and shown 
on the right in Fig. 3. At this point, a pimion Ff, on 
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the main shaft, engages with a set of planet wheels 
FF, mounted on pins fitted into a flange formed on the 
inner end of the driven shaft. A geared ring G running 
on outer surface of the driven-shaft bearing is provided 
with internal and external teeth, the former engaging 
with the planet wheels F F, and the latter engaging with 
pinions HH, keyed on to the shafts carrying the 
variable-speed discs CD. It will be clear from the 
description previously given of the friction drive that 
the pinion E retates at a constant speed, while the 
speed of the pinions H H, which always rotate in the 
same direction as the pinion E, is dependent upon the 
position of the rollers with respect to the friction discs. 
Assuming now that the geared ring G has the same 
number of teeth internally as externally, that the 
number of teeth on the pinions H H is equal to that 
on the pinion E, and that these pinions are all rotating 
at the same speed, then the ring G will rotate on its 
bearing and the planet wheels will merely rotate on 
their pins, no motion being transmitted to the driven 
shaft. If, however, the speed of the pinions H H 
exceeds that of the pinion E, the flange carrying the 
planet wheels, and therefore the driven shaft, will be 
rotated in the same direction as the pinions and at a 
speed proportional to the difference in speed between 
them. On the other hand, if the speed of the pinions 
HH is less than that of the pinion E, the rotation of 
the driven shaft will be in the opposite direction to that 
of the pinions, the speed of rotation still being propor- 
tional to the difference between the pinion speeds. 

It will be obvious from the above description that, 
by suitably designing the gearing and friction discs, 
the gear can be adapted to cover a wide range. of 
requirements, including both reversible and unidirec- 
tional drives. Within its range, the speed is infinitely 
variable in all cases, and the control is obtained by 
merely turning a lever on the top of the casing, as 
shown in Fig. 2, and thus moving the rollers over the 
faces of the friction discs. 








A SIMPLE MORTAR TESTER. 
By H. Brrrines, C.I.E., M.I.Mech.E. 


THE importance of the quality of the lime mortar 
used in building operations is well-known to architects 
and builders. Its volume, in ordinary brickwork, is 
some 20 per cent. of the whole and the compressive 
stress to which it is subjected may vary from 2 tons 
per square foot in a cottage to three or four times that 
amount in larger structures, and the consequential 
results of defective quality cannot be other than 
serious. The systematic testing of Portland cement, 
and of the mortar and concrete made from it, is now 
so much a matter of course in engineering practice, 
that it is somewhat remarkable that in this country, 
at any rate, no corresponding tests have been adopted 
as regards lime and lime mortars. The absence of 
such tests is, however, to be attributed to the difficulty 
of applying any existing mechanical test to the material, 
4s in pieces of the dimensions used for neat Portland 
cement (1 in. square tensile, and 4 in. to 6 in. cubes 
for concrete in compression), lime mortar sets slowly 
and irregularly. It may, however, be noted that in 
India, particularly, hydraulic lime mortars, both 
natural and artificial, which are there used extensively 
in engineering structures of the largest size, are designed 
to carry calculated stresses, and systematically tested 
to check the quality of the output, which may reach 
600 tons a day on large works. 

_ In England, so far, the only standard test for mortar 
18 the tensile 3 to 1 standard sand 7 day test of 
the B.E.S.A. specification for Portland cement, and 
though the Building Research Board Special Report 
No. 9,“ Lime and Lime Plaster ” suggests specifications 
for lime embodying tensile tests at 7 days, yet both 
these tests are directed towards the cementing material 
and not to the resulting mortar itself. On large-scale 
building developments in this country, the output of 


mortar reaches 100 tons a day, and as reliable infor- 
mation as to the behaviour of the available com- 
ponents (lime, sand and clinker) is not easy to obtain, 
the inspecting officer for such work may well feel the 
need of a definite standard for the mortar used, instead 
of relying on visual inspection of materials and out- 
put. There has been so far, also, a great lack of 
definite information as to the effect of ‘* knocking up ” 
partially set mortar, and as to how far the addition 
of cement to lime mortar is beneficial. The quality 
of “compo” mortar (Portland cement and sand) 
naturally varies greatly with the proportion of cement 
used. 

Mortar is always used in compression and in joints 
not exceeding at any rate, §-in. thick. With the object 
in view of obtaining a test on mortar in use as soon 
as possible, the tester now described, therefore, uses 
a -in. cube, which sets hard in two days, and then 
gives results strictly comparable with those obtained 
under actual conditions of use, the shortening of the 
test period especially being of very great advantage. 
As the test piece is small, the total crushing pressure 
required is correspondingly reduced, so that a direct 
spring load is used instead of one produced by weights 
and levers or hydraulic pressure. The resulting 
apparatus is only about 2 ft. 6 in. long by 3 in. by 3 in. 
and weighs a few pounds, its construction being 
obvious from the accompanying illustration. 

Test cubes made in the mould are inserted in the 
jaws and pressure is applied at the B.E.S.A. rate of 
loading (100 lb. per square inch in 12 seconds) by 
turning the handle two revolutions in three seconds. 
The results of a large number of tests are remarkably 
consistent and show considerable differences of strength 
due both to composition and to treatment of mortar 
subsequent to grinding. The most important are :— 
(a) variations of strength due to proportions of lime, 
sand and pozzolanic material (clinker, &c.); (b) deteri- 
oration due to “ knocking up”’ after partial setting ; 
and (c) increase of strength due to use of Portland 
cement in ‘“‘ gauged mortar” and “compo.” The 
tester was designed by the writer and is made by 
Mr. Patrick Adie, 45, Horseferry-road, S.W.1. 








HIGH SPEED HEAVY-OIL ENGINES 
AND TURBINES. 


THE use of heavy fuel oils in internal-combustion 
engines has been mostly applied to those of the Diesel 
and semi-Diesel type at low speeds of rotation, between 
100 r.p.m. and 150 r.p.m., occasionally reaching 
400 r.p.m. in special cases such as in submarines, where 
the difficulty of securing good combustion is met. The 
employment of such fuels in high-speed engines has, 
in fact, been regarded in some quarters as not only 
impracticable, but even impossible. Such a view has, 
however, been shown to be incorrect by the many 
applications which have been successfully made in 
practice. A number of interesting papers dealing with 
this subject were presented at the International Congress 
for General Mechanics held at Liége last year, con- 
tained in the Proceedings to which we have already 
made reference. 

M. P. Dumanois, director of the technical branch 
of the Office National des Combustibles Liquides, in 
a communication entitled ‘“‘ Les Moteurs & injection 
Mécanique,” referred to experiments made by the M.A.N. 
company, which showed that there was a critical relation 
between the injection pressure and that in the cylinder, 
below which diffusion ceased. This pointed to the 
desirability of curtailing the period of injection to 
avoid this critical stage. In discussing the use of pre- 
combustion chambers he stated that it can be accepted 
that the view, which he had formerly held in common 
with others, that a portion of the fuel, corresponding 
to the amount of air in the chamber, was completely 


place were much more complicated, and he gave par- 
ticulars of experiments which had been undertaken in 
conjunction with Professor Mondain-Monval, of the 
Chemical School at Mulhouse, and continued by the 
latter in collaboration with M. Quanquin. 

The principle adopted in these experiments was to 
change the time scale and to carry out the processes of 
adiabatic compression in a period of some 40 minutes 
instead of in ;}5 of a second, as in high-speed 
engines. While such tests cannot give results which 
can be applied quantitatively, he held that it was not 
absurd to assume that the two cases were comparable 
qualitatively. The experimental apparatus consisted 
of a bomb containing air under pressure with known 
quantities of the fuel. This was heated slowly, the 
pressure in the bomb being plotted against the tem- 
perature up to the point at which spontaneous ignition 
occurred. Using saturated hydrocarbons, ordinary 
petrols or gas oils, the results obtained were completely 
similar so long as the proportion of fuel was slightly 
less than the theoretical combustion ratio. At about 
120 deg. C. the rate of increase of pressure with tem- 
perature decreased, then at a temperature between 
200 deg. and 210 deg. C., depending on the fuel, the 
rate increased rapidly, with the formation of aldehydes 
and carbon dioxide, ignition taking place some 20 deg. C. 
higher. A typical curve is given in Fig. 1, page 598, for 
a practically pure pentane, the initial pressure being 
6-3 atmospheres absolute with an outside temperature 
of 21 deg. C., the proportion of pentane being six times 
that for theoretical combustion. On increasing the 
quantity of hydrocarbons the curve retains the same 
shape, but the ignition temperature decreases steadily. 
A marked change takes place when the proportion of 
fuel reaches eight times that for theoretical combustion. 
Above this point there is a sudden reduction in the 
heating of the bomb after the explosion, there is 
deposition of soot, while the luminous yellow flame 
disappears, being replaced by a bluish one. This 
experience is similar to that in semi-Diesel engines with 
hot bulbs, in which, when properly regulated, there is 
no deposit of carbon. It is probable that the fuel 
injected into the bulb undergoes a transformation into 
uncondensable products without deposition of carbon, 
owing to the presence of relatively smail quantities of 
oxygen. 

In the introduction to his paper ‘‘ L’emploi des com- 
bustibles peu inflammables dans les moteurs légers,” 
which referred especially to aero-engines, M. Martinot- 
Lagarde pointed out that, while the risk of fire was 
greatly reduced with fuels which did not give off 
inflammable vapours at ordinary temperatures, the 
lubricating oil was easily ignited in the event of mecha- 
nical failure, and the risk of fire was always present. 
He discussed the use of heavy fuel oils under the main 
classifications of the Otto and Diesel cycles. In the 
Otto or explosion cycle, with electric ignition, owing 
to the efficient pre-mixing of air and fuel which can 
be obtained with light oils, it is possible to make use of 
all the oxygen of the air; in fact, to secure maximum 
power it is even customary to use a slight excess of 
fuel amounting to 5 per cent. to 10 per cent. Several 
methods have been adopted to utilise heavy oils on 
this cycle, such as heating the oil in the carburettor by 
means of the exhaust gases. This reduces the weight of 
charge, and consequently the power, and it is only 
employed in certain small engines of low power. 
Interesting results have been obtained through heating 
and atomising the oil by passing it through a block of 
activated carbon, the Le Carbone Company having 
secured regular operation of an engine with a reduction 
of only 10 per cent. in the output. Another method is 
the Bellem-Brigeras system, experiments with which 
were made in 1912 and resumed in 1929 on the per- 
fecting of the atomising valves and ignition pumps. 
The charging stroke is divided into two portions, in 
the first of which the piston produces a vacuum causing 
a violent suction of air past the very fine orifices of a 
small atomising valve. Before the end of the stroke 
a mechanically operated valve opens to admit the 
additional air required for combustion. The atomisa- 
tion of a liquid depends not only on the difference 
between the injection pressure and the pressure in the 
chamber into which the injector opens, but also on the 
absolute pressure in this chamber. In this case the 
difference of pressure is of the order of 1 atmosphere, 
but the actual pressure in the cylinder behind the piston 
is only some tenths of an atmosphere. A 5-ton lorry 
fitted with an engine of this type has been in regular 
service, but at a somewhat lower speed than obtained 
with motor spirit. 

In the Rochefort system a portion of the charge is 
compressed into an auxiliary chamber. At the begin- 
ning of the compression stroke a valve opens to allow 
this compressed gaseous mixture to pass into the 
working cylinder across a very thin layer of oil supplied 
by an injection pump, the resulting atomised rich 
mixture entering the cylinder through fine openings 
and mixing with the air already there. During the 
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partially compressed into the auxiliary chamber, the | 
valve to which is closed shortly before ignition in the 
working chamber or cylinder. In the case of multi- | 
cylinder engines the auxiliary chamber is common to | 
all cylinders. The walls of the auxiliary chamber are | 
kept at a fairly constant temperature by means of the | 
exhaust gases or even by a simple heater. With this | 
system, which is applicable to two-cycle and four-cycle | 
engines, it had already been possible to obtain in a 
motor-car engine the same speed and efficiency with 
gas oil as with motor spirit. Still another method of | 
utilising heavy oils consists in first changing their | 
chemical constitution—for instance, by cracking, | 
giving a rich gas, or by partial combustion in a pro- 
ducer or with deficiency of air, giving a gas of low 


so that there is a different exhaust pressure in different 
cylinder groups, of which advantage can be taken to 
modify the scavenging pressures for the top and bottom 
of double-acting cylinders to secure uniform scavenging 
and charging. 

The clearance volume of a Diesel engine is about 
8 per cent., this being scavenged by about two to three 
times this volume of cold air, and also filled with this 
air, cooling the surfaces of the walls and valves. By 
reducing the temperature of the charge of a four-cycle 
engine from the usual 100 deg. C. to 50 deg. C., the 
weight of charge is increased by about 16 per cent. 
If the charging air is also at a pressure of 1-3 atmos- 
pheres the weight of the charge, and consequently the 
power output, can be increased still further, to about 


heating value, or by a combination of these. M. | 60 per cent. of the original. 


Chilowski converts the gas oil into a gas and the oil 
engine into a gasengine. About one-sixth to one-tenth | 
of the air necessary for complete combustion, heated | 
by the exhaust gases to about 300 deg. C., is used at a 
pressure of about 0-3 atmosphere to inject the fuel oil 
into a chamber in which partial combustion of the type 
referred to by M. Dumanois, described above, occurs. | 
The resulting gas, having a calorific value of about | 
225 B.Th.U. per cubic foot at 0 deg. C., is purified from | 
lubricating oil, &c., and cooled by water to about | 
40 deg. C. before use. It is non-detonating, permitting | 
high compression (114 lb. per square inch with cylinders 
75 mm. to 180 mm. bore). The weight (about 2 cwt.) | 
and bulk of the apparatus can be readily allowed on a | 
lorry, but its application to aviation is more difficult, | 
although it appears possible to reduce the weight to | 
less than 4 kg. per horse-power for a 500-h.p. engine. | 
The thermal efficiency of the Diesel cycle is higher 
than that of the explosion cycle, but the use of it for | 
light high-speed engines introduces problems of airless | 
injection, mixing and rapid combustion, which have | 
been successfully overcome in a number of designs. | 
Reference may be made to the Jalbert system, in which | 
a small cylinder is placed above the main cylinder. 
The piston in this auxiliary cylinder, moving in the | 
opposite direction to the main one, sucks the fuel | 
through a slightly heated carburettor along with a small 
quantity of air, forming a rich non-inflammable mixture. 
The clearance volume is reduced to a minimum, and 
when the pressure in the auxiliary cylinder is sufficiently 
high the mixture, described as a gaseous emulsion, is 
injected into the working cylinder through an automatic 
spring-loaded valve having a lift of only some hun- 
dredths of a millimetre ; the high temperature of this 
valve also serves to improve the vaporisation. <A four- 
cycle engine with 90-mm. bore and 140-mm. stroke 
and an injection cylinder of 40 mm. by 200 mm. (the 
ratio of the stroke-volumes being 0-137) gave 9 h.p. 
at 1,500 r.p.m., 12 h.p. at 1,825 r.p.m., 13-7 h.p. at 
2,000 r.p.m., 14-7 h.p. at 2,200 r.p.m., the mean 
effective pressure being 142 lb. per square inch, and 
the consumption per horse-power/hour from 187 
grammes to 277 grammes. The speed can be reduced 
to 500 r.p.m. This system can also be applied to two- 
evele engines. 
The constructional details of the injection pumps are 
of great importance. In that of the Clerget engine the | 
stroke is 10 mm., but only 2 mm. of this is utilised, as 
a maximum. During the first 8 mm. the piston attains 
a movement which facilitates the discharge of the 
liquid without imposing an excessive stress on the end 
of the cam. The maximum velocity of the piston is 
about 3,300 ft. per second. 
The proposal to use the exhaust gases of an internal | 
combustion engine to drive a turbo-compressor for | 
charging was the subject of a patent application by | 
M. A. J. Buchi as long ago as 1905. In his paper | 
‘“Moteurs & injection mécanique construits par la | 
Société Suisse pour la Construction de Locomotives et 
de Machines, Winterthur,” he describes the develop- 
ment from the experiments with a 20-h.p. Diesel engine 
at the works of Sulzer Brothers between 1911 and 1914. 
The fundamental idea of the author is energetic scaveng- 
ing of the cylinder before charging. Calculations | 
show that even with a very high efficiency of the turbo- 
blower, it is only possible to obtain an air pressure 
about 0-05 atmospheres above that of the exhaust | 
gases, a very small margin to cover the losses in the | 
passages from the blower to the working cylinder, .in 
the admission and exhaust valves, and in the exhaust 
pipes. Better results can be secured by varying the 
pressure in the passayes between the cylinder and the 
turbine during the exhaust and scavenging periods. 
The method of operation is to have during the non- 
scavenging period the nighest possible pressure in front 
of the turbine in order to supply the maximum amount 
of power to it, and to reduce this pressure as much as 
possible during the scavenging. To secure this with 
multi-cylinder engines, it is necessary to take care that 
the rise of pressure when exhaust begins from one cylin- 
der does not interfere with the scavenging of a preced- 
ing one. Regular operation can only be secured by 
dividing up the exhaust passages, grouping certain 
cylinders together, or even using two separate turbine 
wheels. It is possible to group the cylinders together 
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Fig.1. RISE OF PRESSURE WITH TEMPERATURE 
FOR A MIXTURE OF PENTANE & AIR 
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Fig.2. COMPARATIVE CURVES OF THERMAL 
EFFICIENCY & CONSUMPTION OF 
MODERN DIESEL ENGINES 
(1 FRENCH B.H.P.HR.= 0-986 BHP HOUR) 
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More than 60 engines were already in service using 
the Buchi system, including a 3,000 h.p. airless injection 
Diesel engine driving an electric generator, the speed 
being about 187 r.p.m. The results of tests made on this 
engine after it had been in service for some time at 
Seville are given in Fig. 2, which also includes the 


| results of tests on other types of Diesel engines which 


were published last year. The speed of the turbo- 
blower varied from 1,760 r.p.m. at }-load (8074 brake 
horse-power) to 4,771 r.p.m. at 5/4-load (3,505 brake 
horse-power). The blast pressure rose from 32-7 mm. 
to 328 mm. of mercury for the same range of load. 
The fuel used was gas oil having a calorific value of 
18,200 B.Th.U. per lb., and it is noteworthy that the 
maximum efficiency was obtained at approximately 
the rated full load. During the acceptance trials the 
load was taken up to 4,050 brake horse-power, corre- 
sponding to an overload of 35 per cent. In Fig. 2 the 
curve A is for a two-cycle single acting Diesel engine 
with air injector, B for a two-cycle double acting 
Diesel engine with airless injection, and C for a four- 
cycle single acting Diesel engine with the Buchi system 
of charging and scavenging by turbo-blower. 





The success which attended the early construciion 
of steam turbines has led to many attempts to adopt a 
similar design for gas and oil, but the results attained 
in the two cases bear no comparison. The difficulties 
to be overcome in connection with the use of gas and 
oil are primarily those due to the high temperatures and 
the compression of the explosive mixture before ignition 
to secure the maximum efficiency. The decrease jn 
the strength of materials at high temperatures conipels 
one to recognise that pieces having a high rotative 
speed and subject to large centrifugal forces cannot 
be carried to very high temperatures. It is, therefore, 
necessary to first expand the products of combustion 
to reduce them to a temperature suitable for the 
materials employed. If the temperature be still too 
high, then the parts must be cooled by water circulation, 
in the same manner as pistons and other parts of the 
usual internal combustion engines. Experience has 
shown that pulsating delivery of the gases to a turbine 
does not interfere with its operation. In his paper 
‘““Turbine & huile lourde,” Major Brasseur discussed 
the problems involved and described a design embody- 
ing these ideas. Since the expansion of the gases can 
only proceed down to atmosphere, it must start at a 
high pressure, and have a large drop of temperature, 
to give a good efficiency. The proposed solution is to 
have reciprocating pistons for the first stage of the 
expansion, this being completed in a three stage tur- 
bine wheel. Two stage expansion in the turbine would 
give a higher efficiency, but involves the use of excessive 
peripheral speeds. The efficiency of reciprocating 
compressors being much higher than that of rotary 
ones at high pressures, these are used for the fuel 
injection, while a portion of the turbine wheel is used 
as a blower for the scavenging and charging air. 

The cylinders, which operate on the two-stroke 
Diesel cycle with a compression of about 35 atmos. 
pheres, are arranged in four groups around the circum- 
ference of the turbine, being supported by the main 
frame. Each group consists of two cylinders opposed 
to each other on opposite sides of the turbine wheel, 
both pistons being attached to the ends of the rod 
which is parallel to the main shaft. The middle portion 
of this rod has four grooves, two right hand and two 
left hand. These grooves engage with keys in the inner 
rings of two free wheels which convert the alternating 
reciprocation of the piston rod into a continuous move- 
ment of a pinion, rotating around the rod and engaging 
with a gear on the outside of the turbine wheel. The 
pinion makes half a revolution for each stroke of the 
piston. By this means the use of a crankshaft with 
connectiong rods is avoided. The cylinders are provided 
with inlet ports for the scavenging and charging air, 
exhaust ports connecting to the turbine, air injectors 
for the fuel and starting valves. Each cylinder has 
bolted to it two air compressor cylinders, giving four 
stage compression to 70 kg. per square centimetre for 
injection and charging the starting bottles. The turbine 
disc is mounted on the main shaft and carries near 
its periphery the driving blades and also those for the 
scavenging air blower. 








Dr. JoHN ROEBUCK AND THE CARRON Works.—The 
seventh pamphlet of the series, ‘‘ Famous Men and 
Carron Works,” has recently been published by Messrs. 
Carron Company, Carron, Falkirk. This gives a short 
biography of John Roebuck, M.D., and outlines the 
important part played by him in the establishment of 
the Carron Ironworks. 





BritisH STANDARD SPECIFICATION FOR ELECTRIC 
Cut-Outs.—The British Engineering Standards Associa- 
tion has issued a revision of Specification No. 88, which 
deals with electric cut-outs. The scope of the 
new specification is, as in the old edition, confined to 
“ ordinary-duty ’ cut-outs, the term ordinary duty 
being defined as a function of the maximum short- 
circuit current in the circuit. The cut-outs are intended 
for use in two-wire, three-wire and multi-phase circuits 
in which the voltage to earth does not exceed 250 volts. 
Five sizes are standardised, as against four sizes in the 
old specification, this difference being due to the old 
10-ampere size being displaced in favour of a 5-ampere 
and a 15-ampere size, corresponding to the standard 
ratings of plugs and sockets. The most important point 
wherein the new edition differs from the old is the 
introduction of a scientific test for blowing current, this 
test being designed to ensure compliance with the require- 
ments in the L.E.E. Wiring Regulations that the fuse- 
link shall be of such size that it will melt, in one minute 
or less, by a current equal to twice the rating ot the 
smallest cable protected by it. This test, at the same 
time, is designed to ensure that a fuse-carrier and link 
will have a reasonable life when carrying its rat 
current, and provides for the effect of pre-heating of the 
fuse-carrier and tolerances in the size and composition 
of the fuse-link. Further new tests introduced into the 
specification are an insulation-resistance test, u test for 
breaking capacity, and a test for temperature rise. 
Certain general requirements of a constructional nature 
are also included, but the physical dimensions «re = 
standardised. Copies of the new specification, d: sre 
No. 88—1931, may be obtained from the B.E.5.A. 
Publications Department, 28, Victoria-street, London, 
S.W.1, price 2s. 2d. post free. 
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STATE ELECTRIC POWER STATION | The first portion, now practically completed, 
5 MONTE VIDEO | comprises two 25,000 kw. turbo-alternators, with 


eight water-tube boilers, and appropriate electrical 

In considering the generation of electric energy in| equipment. It is this first portion which is here 
the Western Hemisphere, it would appear that there ; described, with the aid of Figs. 1 to 9 on this and the 
is a tendency to assume that modern examples are | following pages, and on Plates XXIV and XXV, 
only to be found in the Northern Continent of and it is a source of satisfaction to be able to record 
America, i.e., in Canada and the United States. | at the outset that the main machinery and electrical 
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Phere are, on the contrary, installations in South | gear was all supplied by two British firms, viz., 
America which are equally well-equipped, as the | Messrs. Metropolitan-Vickers Electrical Export Com- 
bri ' description we now give of the State Electric | pany, Limited, Trafford Park, Manchester, and 
Power Station at Monte Video will show. Further, | Messrs. Babcock and Wilcox, Limited, London. The 
it may be news to many that the public supply of | first-named firm was responsible for the whole of 
erectticity commenced in this city, the capital of | the turbo-alternator sets and all electrical equip- 
[ ruguay, as far back as 1887, which is evidence of | ment and machinery inside the station, as well as 
4 progressive spirit even at that date. The plant, | the cablework and switchgear for interconnection 
Which consists of a new generating station, and not | with the old plant, and some miscellaneous auxiliary 
an extension of a previously existing one, will have | apparatus outside the station. Messrs. Babcock 
an \itimate capacity of 120,000 kw. {and Wilcox, Limited, as sub-contractors to Messrs. 











Metropolitan-Vickers, supplied the boiler equip- 
ment and the oil-fuel supply station. 

The generation of electrical power is a state 
monopoly in Uruguay, control being vested in the 
Administratién General de las Usinas Electricas del 
Estado. The city has, at present, a population of 
over 500,000, of whom some 110,000 purchase 
electrical energy, this figure being subdivided into 
80,000 using it for lighting only, and 30,000 who use 
it both for lighting and power. The electrical 
energy, until recently, was all supplied by a power 
station at Arroyo Seco, which has a total capacity 
of 40,000 kw., and distributes current at 6,000 volts 
to various step-down substations in the city and 
environs. The growth of the city has been so rapid 
of late years that the old power station, though 
enlarged several times, became unable to deal with 
the increasing load, the peak of which reached, on 
occasion, the capacity of the station. As the 
demand for current consistently increased, the 
decision was made to build a new power station on 
a site almost adjacent to the old one and embodying 
the most modern practice. The contract was 
awarded to Messrs. Compafia General de Obras 
Publicas S.A., Buenos Aires, to which firm Messrs. 
Metropolitan-Vickers Electrical Export Company, 
Limited, were main sub-contractors. Work was 
begun on the station in February, 1930, and the first 
turbo-alternator was put on commercial load on 
June 8 of this year, that is, only sixteen months 
from the commencement of the work. The two 
sets now installed operate in parallel with the 
machines of the old station, but sooner or later the 
new station will be extended to the capacity indi- 
cated above and the old station will not be used. 

The general view of the station given in Fig. 1, 
which, incidentally, shows the old station at the 
left hand, indicates its position on the sea front, 
this site being selected to enable a good supply of 
condenser cooling water to be obtained. A main 
railway line runs close by, and either rail or water 
thus offers ample facilities in the way of transport 
of fuel supplies or removal of ash. The new power 
station is, further, very near the centre of its electrical 
load. The view in Fig. 4, Plate XXIV, is taken look- 
ing east, the main axis of the station running north 
and south, i.e., parallel to the sea front. A coal- 
unloading jetty occupies the foreground of the figure 
and the conveyor from it may be traced to the boiler- 
house, its elevated length lying alongside the. coal- 
storage ground, which is behind it. A nearer view 
of the main buildings is given in Fig. 5, which figure 
should be studied in connection with Figs. 1, an- 
nexed, and 4, Plate XXIV, giving, respectively, a 
plan and a longitudinal section. It will be seen that 
the site is approximately triangular and the station 
proper is situated in the south-west corner of the 
area, which is about 8-25 acres in extent. East of 
the newly-erected buildings future extensions are 
indicated by dotted lines, while north of them are 
the fuel stores, viz., coal heaps and oil tanks. The 
main buildings, reading from north to south, com- 
prise the boiler house with its annexe for auxiliaries, 
the engine house, the control house and administra- 
tive offices, and the switch house. 

These different houses can be identified readily 
in Fig. 5, but for their lay-out Fig. 3 should be 
referred to. The coal-crushing plant is situated at 
A, next to it is the ash hopper B, next that again 
the tower C, containing the coal-elevating plant, 
near the bottom of which is the ash conveyor D. 
The coal is delivered into the bunkers E between the 
boilers, and above them. The fans are also housed 
above the boilers at F. The firing platform is 
situated at the level G. The boiler-house annexe, 
of three floors, contains, at the top, the feed tanks H, 
with the control and instrument room J at the firing 
level and the pump room K in the basement. In 
the engine house, the turbines and condensers are 
shown at L and M, respectively, and the pump pit 
at N. The circulating-water intake culverts are 
shown at O, and the outlet culverts at P. At S is an 
auxiliary 750-kw. alternator, and at T the exciter. 
The letters TC in the engine house denote the over- 
head travelling crane. The control house has three 
main floors, the topmost of which is occupied by the 
control room U, with the cable space below it at V. 
A 380-volt substation is situated at W, and the 
transformers are housed at Y below it. The 
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battery room is at X, with a separate cable space V 
above. The main cable well is at Z. The switch 
house has four floors, occupied by the ’bus-bar room 
at AA, the main 6,300-volt switchgear at BB, the 
reactor equipment at CC, the feeder switchgear at 
DD, and the outgoing feeder cables and auxiliary 
*bus-bars at EE. Further details of the several 
houses will be given as they are individually dealt 
with, but the screen house for the circulating water 
may here be noted, as to appearance, in Fig. 5, 
where it is partly completed, and as to situation, in 
Fig.1. Other buildings include a workshop, a stores 
and an entrance lodge in the positions indicated in 
Fig. 1. 

The boiler house and fuel-handling plant will 
be dealt with first. The house is a steel-framed 
brick building, 126 ft. long by 128 ft. wide by 94 ft. 
high, which will be duplicated when the station is 
completed. It is erected on concrete-pile founda- 
tions, and its general construction is well shown 
in Fig. 2. The floor is of reinforced concrete, 
with steel joists where the loading demands. The 
roofing is carried out with asbestos cement material 
(Everite) and a feature not without interest is the 
gutters, which are of cast-iron and, in order to 
meet the seasonal torrential rains, are of a cross 
section approximately 24 times greater than that 
adopted for European buildings. The architectural 
features of the completed house are seen in Fig. 5. 
The small erections on the roof, having somewhat 
the appearance of dormer windows, shelter the 
induced-draught fans. The chimneys, one to each 
boiler, are of steel, lined with Hy-rib reinforced 
cement. They are over 200 ft. in height, measured 
from the ground level, and are cross-braced by 
lattice-girders and guys in the manner shown. The 
relation of the structure containing the bunkers 
and the distributing coal conveyor to the parts 
of the house containing the boilers is best seen from 
the partial cross section in Fig. 6, Plate XXV. 

There are eight boilers of the Babcock and Wilcox 
C.T.M. type, arranged facing each other in two 
groups of four. Each boiler has 10,892 sq. ft. 
heating surface, and is constructed for a working 
pressure of 525 lb. per square inch and a total 
superheat temperature of 820 deg. F. The evapora- 
tion per boiler is 72,800 lb. per hour at normal load 
with a maximum continuous rating of 91,000 1b. per 
hour. They are, however, capable of an overload 
rating of 105,000 lb. per hour. The tubes are 
arranged in two nests with the superheater between 
the nests, the bottom of which contains six rows of 
tubes, and the top one nine rows. There are 35 
headers per boiler, and the tubes are 18 ft. long. The 
steam drum is 48 in. in diameter, with plates 1{-in. 
thick in way of the tubes, and 1,4-in. thick in the 
shell. The superheater is of the double U-tube 
type, the tubes, of solid-drawn steel, being 1} in. in 
diameter. Its heating surface is 5,142 sq. ft. 
The superheater headers are situated outside the 
boiler casing, and are cross-connected to enable the 
steam temperature to be controlled by hand. 

The normal path of the gases is through a flue 
below the drums, which bends downwards to a 
Foster economiser of 5,544 sq. ft. heating surface. 
This consists of 11 horizontal rows of 12 tubes each, 
14 ft. long. The tubes are of steel, with external 
cast-iron corrugated rings shrunk on. The feed 
water is admitted at the bottom. Below the 
economiser is a dust-collecting hopper, in which 
the direction of the gases is reversed to flow upwards 
through a tubular type air heater. In this there are 
1,262 straight tubes, 2} in. in diameter by 30 ft. long, 
which provide a heating surface of 24,600 sq. ft. 
After leaving the air heater, the gases pass through 
a single-inlet induced-draught fan at the chimney 
base. This is of the Davidson Sirocco type, and 
is directly driven by 1 105-b.h.p. variable-speed 
Metropolitan-Vickers  slip-ring induction motor. 
A by-pass flue, to cut out the fan, economiser and 
heater when necessary, will be noticed immediately 
behind the steam drum. The cold air to the heater 
is supplied by a Sirocco double-inlet forced-draught 
fan situated between the chimney base and the 
coal bunkers. This is also driven by a variable-speed 
slip-ring induction motor of 67 b.h.p.  Calorised 
Diamond soot blowers are fitted at suitable points 
for cleaning the boiler, superheater and economiser. 


THE STATE ELECTRIC POWER STATION, MONTE VIDEO. 
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firing, the former by mechanical stokers and chain 
grates. The grates are double, with a total width 
of 17 ft., and are 18 ft. long, the effective area 
being 307 sq. ft. They are, of course, completely 
enclosed when used with forced draught, the duct 
for which can be clearly seen leading from the air 
heater to the underside of the grate. The doors 
can be readily opened when it is desired to run the 
boilers at lower rates of combustion under natural 
draught. The grate is divided into sections, each 
having its own air control, so that combustion may 
be regulated in any of them at will. The coal 
hoppers, fire door and fuel valves are all of cast 
iron, the fire door being faced on the fire side with 
special brick. The fuel valve is segmental and, 
when fully open, seals the front of the grate. For 
banked fire and lighting-up conditions, the coal 





The boilers are arranged for either coal or oil 


valve can be raised by gearing to provide an open 





r 
a 
: 


mea 


— 


a 
| 
an 
e 
} 

il 


4 
oe 


oe 


me 


RAVEF 4a 
OY ea 


eh 









nm 


. ee as 
is ~~ we 
=—~ as 


Coat ELEVATOR AND ASH-HANDLING PLANT, 


| front of suitable depth. The stokers, of which there 
| is one for each half of the grate, are driven by 25 h.p. 
| Squirrel-cage motors. The gearing gives a variable 
grate speed of from 18-4 ft. to 59-2 ft. per hour, in 
four steps. A safety clutch is fitted to avoid risk 
of damage to the drive through sudden stoppage 
of the grate, and the stoker gear can be operated 
by hand in an emergency. Traversing type coal 
chutes are fitted above the stoker hoppers to enable 
large coal and dust to be trimmed over the whole 
width of the hopper, a proper mixture being thus 
ensured. The traversing mechanism is driven 
from the stoker gear. 

Oil firing is effected by 10 burners to each boiler, 
each burner being enclosed separately in a forced- 
draught air-box with control damper, access door, 
lighting and sight door. The burners are arranged 
at the back of the furnaces as shown in Fig. 6, and 
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are, of course, individually controlled. The oil is 
supplied by three steam-driven direct double-acting 
duplex oil pumps situated in the _ boiler-house 
annexe, each pump being capable of delivering 
3,000 gallons of oil per hour against pressures up to 
170 lb. per sq. in. They deliver the oil through ring- 
mains into the heaters, of which there is one to each 
boiler, so cross-connected that any heater may be 
used for any boiler. The heaters have a heating 
capacity of 1,000 gallons of oil per hour from 50 deg. 
C. to 130 deg. C., though the operating temperature 
varies according to the particular kind of oil in use 
at the time. The electrically-driven boiler-house 
auxiliaries are supplied with current from the sub- 
station stepped-down to 380 volts from the 2,200 
volts on the station auxiliary ’bus-bars by means of 
transformers. The control of all the various motors 
involved is centralised in the room J, Fig. 3. It 
is divided among two separate switchboards facing 
each other, each board controlling four ‘boiler 
equipments and comprising an incoming cubicle 
with isolating switches and metal-clad switch 
units for the eight fans and eight stokers concerned. 
One of the switchboards has also an additional 
feeder unit for controlling the supply to the oil- 
fuel transfer-pump motors. Speed variation is ob- 
tained on the fans by means of remote motor-operated 
resistance control, the controllers being placed side 
by side between the two switchboards. Continu- 
ously-rated grid-type resistances are mounted 
behind the switchboards immediately above open- 
ings in the floor which ensure adequate ventilation. 
The main steam piping from the boilers is arranged 
as shown in Fig. 7. It consists of a ring main, of 
pipes 12 in., 14 in. and 16 in. bore, carried overhead 
in the firing aisle. This is coupled to a second ring, 
of 16 in. bore pipes, situated in the annexe. The first 
Ting main is divided by valves into nine sections and 
8 cross-v-onnected, the arrangement enabling any 
one boiler to be taken off the main without interfering 


with the rest. The second ring main has four 
sections, from each of which a 14-in. bore pipe is 
led to one or other of two steam receivers in the 
annexe. !uplicate pipes, of 10 in. bore, convey the 
steam to the two turbine sets. One 14-in. pipe is 
sufficient for each turbine, the second pipe providing 
an alternative supply. The valves in the boiler- 
house rinx main are operated, through reduction 


gearing, from the first gallery above the boiler- 
house floor, whilst all the valves in the annexe 
mg main have spindles, with reduction gear, 
extended into the boiler-house, where they are 
operated from a gallery at the same level. The steam 


| fed from the auxiliary substation. The view given 








supply to the emergency turbine is provided by two 
4-in. bore pipes on two sections of the annexe ring 
main, and two 3-in. bore pipes from the same main 
provide steam for two turbo-feed pumps. The feed 
system, however, can be more conveniently dis- 
cussed in conjunction with the condensing arrange- 
ments, and will, therefore, be described when the 
engine house is dealt with. 

The coal-handling plant is, though elaborate, 
secondary to the simpler oil-storage plant, as oil 
will be, in general, the main fuel, coal firing being 
arranged for as a reserve or stand-by method. It 
may, however, in view of its influence on the con- 
struction of the boiler-house, be taken first. The coal 
supply is water-borne, and a jetty to accommodate 
the transporting barges has, therefore, had to be con- | 
structed. This jetty, prominent in the foreground 
of Fig. 4, from which its general construction may 
be gathered, projects nearly 500 ft. into the water. 
It is equipped with a travelling grab crane, the jib 
of which may be slewed to either side of the jetty 
as required. The grab discharges into a travelling 
hopper astride a belt conveyor which runs along the 
jetty to a second belt conveyor. This latter is 
elevated and arranged to discharge either on to the 
coal-storage heap or directly to the coal-crushing 
plant at the north end of the boiler-house. The 
capacity of the crane and conveyors is about 110 
tons per hour. The elevated conveyor is seen in 
the background of Fig. 9, on this page. It is equipped 
with sequence control and is electrically operated, 
the power being taken from step-down transformers 


in Fig. 9 is somewhat confused, as it was taken 
during the construction of the station, when the 
site of the coal heap was covered by temporary 
erections, but it will be clear that the site is spanned 
by a travelling gantry carrying a covered conveyor 
and a travelling and slewing crane. There are two 
belts in this conveyor, one of which operates in 
conjunction with the discharging carriage of the 
elevated conveyor, that is, it picks up the coal from 
the latter, and distributes it, through a chute having 
telescopic trunking to prevent dust spreading, to 
any desired point on the heap. 

The other belt in the gantry is used for conveying 
coal from the heap to the crushing plant, the coal 
being deposited on the belt by a grab on the crane. 
Hoppers are provided over the belt at convenient 
intervals. The coal-conveying plant is thus very 
flexible. Coal may be taken directly from the barges 
to the station or from the heap to the station, or 





may be unloaded on to the heap for storage. The 


building for the coal-crushing plant is seen in course 
of erection at the right of Fig. 8, on the opposite page. 
The installation embodies a crushing plant with a 
magnetic separator and screens. The screened coal 
falls into a hopper at the bottom of the buildings, 
from which it is picked up by a short conveyor and 
passed into the boot of an inclined bucket elevator 
also shown in Fig. 8. This elevator discharges into 
a hopper feeding the two belt conveyors housed at 
the top of the boiler-house in the position indicated 
in Fig. 6, Plate XXV. The coal is loaded into the 
bunkers, as required, by a travelling chute after it 
has been weighed on a belt weighing machine. From 
the bunkers the coal descends through duplex valves 
and chutes to an Avery weighing machine, and thence 
to the stoker hoppers. The capacity of the coal- 


| handling equipment is such that the whole of the 


quantity required for a twenty-four hour day may be 
transported from the barges to the storage heap in 
four hours, or from the heap to the bunkers in six 
hours. The conveyor equipment is of sufficient capa- 
city for the additional boiler-house involved in the 
future extension of the station, but an additional 
crane will be needed on the jetty to increase the un- 
loading capacity to 220 tons per hour, while further 
conveyors will be needed from the crushing and 
screening plants to the new boiler-house. The coal- 
handling plant was supplied by Messrs. Demag, of 
Duisburg. 

The ashes are collected from hoppers beneath the 
stokers through hand-operated valves discharging 
into tipping wagons running along the basement. 
These wagons are moved by hand, and are tipped 
into the hopper seen at D in Fig. 3, Plate XXIV. 
From this, the ashes are lifted to a hopper holding ap- 
proximately 100 tons and having four chutes through 
which the ashes are discharged into railway wagons 
for removal. This hopper is seen in the centre of 
Fig. 8. The oil-fuel storage tanks, two in number, 
are situated at the north end of the site, in the 
position shown in Fig. 1. The total capacity is 3,580 
cubic metres. Two service tanks, also used for mea- 
suring purposes, are situated near the boiler-house. 
Two oil-transfer pumps of the positive rotary type 
are housed in a building near the storage tanks. 
Each pump is capable of delivering 10,000 gallons 
of oil per hour, and is driven by a 22-h.p. induction 
motor. The tanks are provided with steam-heating 
coils, and an alarm device is fitted to the service 
tanks to notify the attendant when they become 
full. The pipes between the storage and service 
tanks are duplicated. 

(To be continued.) 
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PIONEERING IN ELECTRICAL EN- 
GINEERING HALF A CENTURY 
AGO.* 

By Proressor Exvinu THomson. 

THovuGH the great discoveries of Faraday in 1831 
pointed the way to the use of power for the develop- 
ment of powerful electric currents in connection with 
the operation of arc lamps, it was not until about a 
quarter of a century later that magneto-electric 
machines of the Holmes and Alliance types were 
used in some instances for lighthouses, Faraday 
himself serving as scientific adviser to Trinity House 
in official charge of the lighthouse service in Great 
Britain from 1837 to 1865. Although in very feeble 
health, he took a deep interest in the Ladd and Wilde 
developments for continuous currents. These 
machines may be regarded as the earliest embodi- 
ments of Faraday’s dynamo principles involving 
commutation for direct currents. The writer well 
remembers the thrill he experienced in first witness- 
ing, far back in the early ’seventies of the past 
century, such a machine in operation. There was 
a sense of a mighty future development at its very 
beginning. There is, perhaps, a peculiar fitness in 
recalling these early impressions at this time. 

At the Centennial Exposition, held in Philadelphia, 
Pennsylvania, in 1876, there were but two types of 
dynamo-electric machines shown, one being the 
then famous Gramme machine, for running a single 
arclight. Included in the exhibit, a similar machine 
was reversed and used as a motor to run a pump. 
The other type at the Exposition was a few machines 
of the so-called Wallace-Farmer type. The latter 
machines were shown as arc-light dynamos and were 
built at Ansonia, Connecticut, but only had a brief 
existence, owing to defects in design and low effi- 
ciency. A Gramme machine built at Cornell Uni- 
versity, under the direction of Professor William A. 
Anthony (then the head of the Physics Department), 
completed the list of exhibited dynamo machines, 
meagre as it was. 

During the Paris Exposition of 1878, the chief 
electrical feature was the illumination of the Avenue 
de l’ Opera and Place de l’Opera by the comparatively 
short-lived Jablochkoff or “‘ electric candle ” system, 
run from a type of Gramme dynamos, with stationary 
armature coils and revolving fields, separately 


excited—an alternating current system. In the | 


St. Lazare Railway station at Paris, in 1878, there 
was a lighting exhibit of Lontin apparatus and, 
as reported, eight are lamps operated in series from 
one dynamo. 

In 1875, the writer had personally made for his 
experiments a small dynamo which could also be 
used as a motor. It was provided with a Gramme- 
ring armature and also, for comparison, with a drum 
type, or Siemens, armature. This did not have the 
hollow drum of Siemens with a fixed iron armature 
within, but was a solidly wound structure charac- 
teristic of the later Siemens drum windings. This 
form was preferred to the Gramme ring, as being 
more readily wound, and the armature core could 
contain more iron. But so far as the writer was 
concerned, the fallacy of constructing any drum 
armature long in relation to its diameter, a practice 
usual with constructors in those early days and 


chosen for the purpose of avoiding so-called ** idle- | 


wire’? over the ends, had long been an exploded 
notion, and all his designs were markedly free from 
that misconception. He also constructed, in 1876, 
a dynamo, the only special feature of which was its 
compound field winding, two of its four field coils 
being of small-gauge wire and the other two of coarse 
wire. The two smill-gauge coils, used in series, 
were themselves connected and used in shunt to 
the armature and commutator, and the heavy-wire 
coils in series with the work. This machine would 
furnish current for the operation of a small arc 
lamp. It was in 1877 that the writer, with his 
colleague, Houston, determined to enter more 
seriously the field of electrical engineering, a field 
indeed small and restricted at that time, but he 
felt that there was much original work to do, and 
that the future developments in the electric field 
were likely to call for all his time and energy. He 
was then Professor of Chemistry and Mechanics 

* Paper read before Section G ot the British Association, 
London, on Monday, September 28, 1931. 





in the Boys’ Central High School of Philadelphia, 
and continued in that position until the middle of 
1880. In spare time he had taken up construction 
of electric devices and machines. 

During the middle and latter part of 1878, he 
undertook the construction of a dynamo weighing 
upwards of 400 lb., making the patterns and 
doing practically all the work of construction 
himself, except making the castings. When com- 
pleted, it was operated in the lecture hall of the 
Franklin Institute in Philadelphia, where there 
was a 6-h.p. steam engine, and it was there run for 
testing and experiments. It was of the consequent- 





pole type with four equal field coils, and the arma- 
|ture winding was carried on an armature core of 
about 20 soft cast-iron plates with projections laid 
;up together. The use of iron sheets for lamination 
| was out of the question in those early days, although 
|its advantage was fully appreciated. There were 
/no suitable iron sheets at hand in the market, 
|and punch press work was not readily available. 
Besides, it would have involved heavy cost for 
punches and dies. The scheme of the armature 
winding was that it should constitute a two-phase 
structure provided with a commutator for each 
phase, connected in series and in quadrature so 
as to give a continuous current, which current 
was sent through the field circuit for excitation. 
If the load was an arc lamp, the current passed 
through the arc also in series. But as there were 
four field coils, they were provided with connecting 
| plugs, so as to connect the four in series; or two 
|in parallel and these pairs in series; or again, 
jall four coils in parallel. In like manner, the 
|armature circuits were four, which, by means of a 
|connection disc carried by and revolving with the 
| armature, could be connected all in series, or two 
|in series and two in parallel, or the four in parallel. 
Other arrangements were possible, of course. 
| Virtually, one could, with these circuit arrangements, 
| obtain a wide variation of relative effects of field 
}and armature. On the shaft of the machine were 
|four collector rings and brushes bearing thereon, 
|so that the machine should furnish alternating 
| current of two-phase if desired, or two single-phase 
| 





currents for use separately. 

Of especial importance in this connection is the 
fact that the writer had planned to try out with 
this machine a scheme of which, sometime before, 
he had written out a description, sketching the 
connections. It comprised a pair of transformers 
with the fine-wire primaries connected in parallel 
to one of the pair of alternating-current collector 
rings of the dynamo and with the coarse wire 
| secondaries of the transformers connected to work 
a load. Incandescent lamps not being available 
as early as January and February, 1879, small 
vibrating arc lamps were used, as well as small 
coils of wire heated to incandescence to represent 
lamps. Here then was, so far as known, the 
, combination representing the later highly-developed 
transformer system, the elements of distribution so 
important in the use of alternating-current trans- 
missions. The use made of this machine at the 
Franklin Institute, with its pair of transformers, 
was, it seems, the first combination of the kind, a 
pioneer invention of fundamental importance in the 
art. After a long contest in the U.S. Patent Office, 
priority was awarded to the writer over a number 
| of claimants.* 

The transformers used, as described above, were 
at first called “induction coils,” and the ratio of 
transformation in the original set downward was 
about 8 to 1. The building of the two-phase 
dynamo itself and its operation at the Franklin 
Institute to run an are lamp with direct current, 
one of the purposes for which it was built, was 
indeed an important event, for it drew to these 
undertakings the attention of two gentlemen in 
Philadelphia, Messrs. George S. Garrett and 


and his colleague, Houston, that they enter upon 
the manufacture of arc-light dynamos and arc 





* U.S. Patent 698,156, Claim 1. ‘‘In a system of elec- 
tric distribution, a series of secondary circuits of induc- 
tion coils supplying arc-lights or other devices, the 
primary coils of which induction-coils are multiple-arc 
branches of a single primary circuit, or set of mains A, B, 
through which alternating or reversed currents are 
flowing, as described.” 





Thomas H. McCollin, who proposed to the writer | 





lamps, if assured of the possibility of the successfy] 
building of such apparatus. They had witnessed 
the operation of the machine and lamp at the 
Franklin Institute early in 1879, as above described. 
The writer thereupon undertook the design of a 
dynamo for the operation of four are lights on 
separate circuits from one machine, and in thinking 
upon the subject, there came in a flash the concep- 
tion of the three-coil winding of the armature coils, 
characteristic of the Thomson-Houston are dynamo. 
The first structure, not even preceded by a model 
of small size, was the original three-coil dynamo, 
now at the National Museum in Washington as a 
historic model. Originally it had four three-segment 
commutators, one tor each armature circuit of 
Y winding on the armature core. Completed in 
March, 1879, the machine was employed to light 
an all-night bakery in Philadelphia. At first, four 
20-ampere arcs in separate circuits were run from 
it. Within a few weeks, these were put in series, 
and three of the four three-segment commutators 
were removed, leaving only one. Then came an 
inquiry from Mr. Garrett as to whether more lights 
and smaller ones could not be supplied from such 
a machine. The writer, answering, said, in sub- 
stance, that he had expected such a demand and 
provided for it, as the winding of the machine was 
double, and it could be connected all in series so 
as to halve the current value and double the electro- 
motive force. By doing this, the machine would 
carry twice as many lamps (eight, instead of four 
in series), but he was also told that we did not have 
the lamps to make the test, to which he replied 
that he could borrow for the trial a number of 
Brush are lamps. This done, it was found that 
this original three-coil dynamo, with its single 
commutator of three segments, the first of its type, 
would maintain readily a series of nine arc lamps 
in a circuit of 10 webers (amperes), and without 
raising the speed of driving, which was about 
900 r.p.m. The writer may confess that he felt 
somewhat elated at this pioneer effert being so 
successful. 

During midsummer in Philadelphia the tempera- 
ture may run well up in the nineties, Fahrenheit, 
and the new machine in question was indeed 
operated at times when the thermometer on the 
wall alongside read 140 deg. F., there being two 
large bread-baking ovens in the same room not far 
away, besides the large horizontal steam engine, 
a belt from which drove the dynamo itself. Per- 
haps it was youth and enthusiasm which saved 
the writer from heat prostration. He was then 
24 years of age and was exposed for many hours 
at a time to the high temperature. Professor 
Houston, older by eight years, as was also Mr. 
McCollin, were made ill on short exposures to the 
conditions. The writer had frequent recourse 
to good draughts of ice-water at these times, 
though repeatedly warned by the other victims 
that it was very dangerous. Perhaps, however, 
the ice-water taken before one became overheated 
was an adequate preventative, and was even quite 
the right thing under the circumstances. At all 
events, these ordeals were passed unscathed. As 
with the preceding two-phase machine, all the 
wiring was wound and connections made pers ynally 
by the writer. There were no armature winders, 
or other workmen who could be entrusted with novel 
work on which so much depended. On the basis 
of the results obtained with the so-called * Bakery 
Machine,” Messrs. Garrett and McCollin were well 
satisfied to begin the manufacture and exploitation 
of what soon became known as the “ Thomson- 
Houston system of Arc Lighting.” 

It was soon found that the machines made were 
so flexible in commutation that, with a definite 
driving speed, regulation for constant current In 
the working circuit, irrespective of the number of 
lamps in series, was a possibility, and automatic 
regulating apparatus was soon a characteristic 0 
all the machines installed ; each are lamp, as a0 
original feature, was provided with a shunting 
switch for extinguishing it if needed. Another 
great advantage was conferred by the auton 
regulator. Irregularity or bad governing ©! the 
engine driving the dynamo, had no effect om 
the steadiness or light output of the lamps 1” @ 
circuit. In those early days, the steam engines 
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found at hand for driving the dynamos were not 
characterised by close speed regulation and, in most 
cases, failed decidedly in that respect. Neverthe- 
less, provided only that the fluctuation downward 
was not below that required to maintain the number 
of lights in series at normal current, the lights were 
steady, in spite of fluctuation in engine speed. 

Reference to the valuable treatise of Professor 
Silvanus P. Thompson on Dynamo Electric 
Machinery, may be made for a description of the 
details of this regulation. In a few words, it may 
be characterised by saying that the collecting 
brushes on the commutator were moved so that 
parts of the armature coil winding, on reduced 
load or short circuit of the machine, were generating, 
while others were being used as motor coils, in- 
volving, as a consequence, a reduction of the power 
required to maintain the standard current in circuit 
with a less number of lamps in the circuit or with 
reduced resistance. In this system, as all the arc 
lamps were adjusted to operate on a standard 
current, they were interchangeable from one circuit 
to another, a feature of novelty in such early work. 
No attention at the dynamo was needed. 

From the start, it was fully realised that the 
provision of three collector rings instead of com- 
mutator segments would make the machine an 
alternator of three-phase character, and in the 
original patent papers this construction was 
described. In 1882, a three-coil machine with a 
set of three collector rings, one for each phase, was 
built for a special purpose (U.S. Patent No. 269,605, 
dated December 26, 1882) at New Britain, Con- 
necticut, U.S.A., and constitutes, it is believed, 
the first example of a construction foreshadowing 
the winding and connections of the great three- 
phase generators of to-day*. 

The true function of a very important attachment 
to the arc machines of the Thomson- Houston system, 
has been sadly misunderstood in some cases, having 
often been referred to as a device for ‘“ blowing 
out the sparks at the commutator,” or “ to blow out 
the are and thus prevent its destructive action on 
the commutator segments.” Thus, in Professor 
8. P. Thompson’s valuable treatise, above referred 
to, the author says, “It might be expected that 
with only three parts to the commutator, the 
sparks occurring as the segments pass under the 
brushes would possibly destroy the surface. This 
difficulty has been met by Professor Thomson in 
the boldest manner. He blows out the sparks 
by an air blast delivered exactly at the right place 
and time.” The author of the book then goes on 
to describe correctly the mechanism for obtaining 
the blasts of air required. 

Another author, even Professor E. J. Houston 
himself, in his Dictionary of Electrical Words, Forms 
and Phrases, published as late as 1889, falls into 
the same misconception in this definition. “ Air 
blast °°—an invention of Professor Elihu Thomson 
to prevent the injurious action of destructive 
sparking at the commutator of a dynamo-electric 
machine. A thin forcible blast of air is delivered 
through suitable tubes at points on the three-part 
commutator cylinder of the Thomson-Houston 
dynamo where the collecting brushes bear on its 
surface. The effect is to blow out the are and 
thus prevent its destructive action on the commu- 
tator segment, &c.’’ He also makes the mistake 
of calling the device itself a centrifugal blower, 
when, in fact, it is a true positive blower giving 
comparatively high-pressure jets. These mistaken 
ideas of the function of the air-blast mechanism 
were spread about in other publications. The true 
function of the air blast had, in reality, little to do 
with the blowing-out sparks, but it had emphatically 
to do with the maintenance of the lights in the 
dynamo circuit; it was to ensure their steady 
Operation without sudden interruptions due to 
what was termed “flashing over” at the com- 
mutator, and this was essential to successful 
Operation. 

Experience had taught the writer that not more 
than ten or twelve 50-volt arcs could be expected 
to be worked from a single commutator of three 





ae original patent of Elihu Thomson and E. J. 
ar dated January 13, 1880, No. 223,557, Dynamo 
“lectric Machine, and 223,646 for first example of three- 
coil motor much used in toys, &c., even to-day. 


segments with the three-coil armature winding, 
especially if there was oil on the commutator surface 
upon which the collecting brushes bore. This meant 
that a 20- or 25-light (arcs in series) dynamo of this 
type was not possible, and would need the extra 
complication of two commutators and sets of 
brushes with their separate three-coil armature 
windings connected to work in series. If the 
machine was to run 50 arc lights in series, there 
would be needed at least four commutators and 
windings in series, and for a machine of 75 arcs, 
a correspondingly greater number of commutators 
and windings, &c., would be required—a complica- 
tion so great as not to be thought of. The invention 
of the air blast actually removed all the difficulty 
at a stroke. Machines of this type were later con- 
structed to run from 75 to 80 arc lights in series, 
from a single three-segment commutator and a 
single three-coil winding on the armature. From 
a limit of 10 to 12 arcs of 50 volts each, or say 600 
volts, potential difference across the commutator, 
the largest machines constructed were equally 
simple and operated six to eight times as many 
arcs in series without flashing over or disturbing the 
regularity of the lights by sudden interruptions of 
the circuit current. What, then, was the true 
function of the air blast in the case ? Flashing over 
was the sudden formation of an arc in the slot 
between two commutator segments, due to the 
presence of ionised gas there, when the segments 
and brushes were undergoing quick reversals of 
polarity. An alternating-current arc would thus 
form across the slot between succeeding commu- 
tator segments and short circuit the current, 
interrupting its flow to the outside circuit. The 
air blast, by its insertion of cold non-ionised air 
at the zeros of current as the segments left the 
brushes, prevented the reversal or formation of the 
alternating arc and prevented flashing over, even 
though the commutator surfaces on which the 
brushes bore were liberally oiled. The extended 


use of these three-coil machines was, in fact possible, |. 


owing to the air-blast mechanism for “‘ guarding,” 
as it were, the commutation. 

It was, indeed, no small problem to devise a 
simple mechanism to be run at dynamo speeds and 
deliver without a failure the definite jets of air 
required, and to do this for months and years. The 
writer, in designing the simple mechanism used, 
had, in adopting hard-rubber blades in the air- 
blast chamber, achieved success, whereas with 
other materials failure would have probably 
followed. 

It may be of interest to quote from the original 
U.S. Patent No. 265,936, of October 10, 1882— 
Elihu Thomson, Claim 1, as follows: ‘‘ The herein- 
described method of improving and maintaining the 
insulation of two electric conducting plates or 
surfaces, consisting in forcing between them or 
across the intervening space by which they are 
separated a jet or stream of an insulating fluid of 
sufficient strength to act mechanically, in the 
manner set forth, to prevent the formation of any 
conducting line of particles or to displace or dissipate 
any electric current or stream that may have 
established a path for itself.” The patent describes 
the use of air or oil jets. It will be seen from this 
that much of the later and present work in heavy 
circuit interrupters bears a definite relation to 
this pioneer work of a half-century ago.* The 
production of this device, which was required to 
work effectively and certainly at the high speeds 
of dynamo driving, was, perhaps, a moderate 
achievement in mechanical engineering. 

In the later years, when alternating-current supply 
from large steam and water-power stations became 
more common in America, radical modifications 
were made in the working of arc lights, especially in 
street service. There is no space to enter into the 
details of the development by the writer of the 
constant-current transformer, which, with the 
mercury-are rectifier, displaced the direct-current 
are machines originally used, or how the carbon 
electrodes or “‘ carbons,” as they were called, were 
displaced by electrodes composed largely of magne- 





* For the details of the air-blast mechanism actually 
used refer to Patent No. 273,406, of March 6, 1883, 
filed November 22, 1882. Elihu Thomson, Air-Blast 
Attachment for Commutators of Dynam.o-Electric 





Machines. 


tite, giving rise to the Steinmetz magnetite arc lamp. 
The duration of the electrodes in these magnetite 
arcs was much greater than the duration of any 
form of carbon electrodes, so that the latter were 
gradually replaced, and, later still, the extended use 
of large units of gas-filled incandescent type of 
lamps with tungsten filaments has been growing 
more and more. The old carbon-arc lamp, however, 
still survives for such units as are needed in search- 
lights which are still in vogue. Owing to great 
concentration of the light source and specific modi- 
fications of the carbon electric arc, they will probably 
hold their place for an indefinite period. 








THE IGNITION QUALITY OF FUELS 
IN COMPRESSION-IGNITION 
ENGINES. 

By G. D. Borruaae, M.E., and J. J. Brorze, M.E. 
During the past few years, one of the research 

departments of the Royal Dutch-Shell Group has 
been concentrating on the problems of self-ignition 
and knocking in oil engines. For this purpose, the 
facilities of the Group at Delft, Holland, were 
utilised, where various commercial oil engines were 
available in the engine-testing laboratory, Proef- 
station Delft. In dealing with the problems con- 
cerned, close contact was maintained with the 
Group’s various experts. The necessity for this 
research arose from the fact that no method was 
known of evaluating the ignition quality of any 
liquid fuel for use in oil engines; tests formerly 
used, such as the determination of the self-ignition 
temperature in a heated pot, or of the aromatic 
content, having failed completely. There was a 
lack of sufficient knowledge regarding the connection 
between the characteristics of a fuel and its be- 
haviour in an engine, more particularly regarding its 
ignitability and tendency to cause knocking. The 
ever-increasing use of small oil engines made the 
study of this problem a matter of urgency. 

Ignition and Ignition Quality.—It is not easy to 

define ‘‘ ignition” in internal-combustion engines, 

and the more the phenomenon is analysed, the 
greater the difficulty appears. In engines fitted 
with carburettors, the incidence of the electric spark 

might be called ‘“ ignition,’ but with too weak a 

mixture, this spark will cause only a diminutive 

part of the charge to be burned, and the practical 
effect will be “‘ no ignition.”” Non-effective ignition, 
from this point of view, is no ignition. Ignition in 
compression-ignition engines can only be called 
effective if it causes combustion to propagate itself 
through the charge with sufficient velocity, that is, 
with sufficiently high temperature ; to this end a 
temperature is required much higher than the 
so-called spontaneous ignition temperature, or even 
the compression temperature. Ignition in oil 
engines may be defined as the generation of a flame 
sufficiently potent in temperature and dimensions 
to ensure the propagation of combustion at the 
high temperature necessitated by the short time 
available. Briefly, ignition is starting normal 
combustion. There is a difference between starting 
ignition and starting combustion. For comparison, 
it may be said that the lighting of a fire in a hearth 
is not the mere striking of a match, nor the making 
of contact between wood and flame, but a much 
longer process ultimately resulting in a good fire. 

This point must not be overlooked in connection 

with oil engines, in which it is a matter of primary 

importance. 

In Fig. 1, page 603, representing the top of an 

out-of-phase diagram of an oil engine, a beginning of 

a pressure rise above the compression line may be 

observed, which leads either to an important 

pressure rise (line a bc d), indicating practically 
ignition at the point c, or to no important press- 
ure rise (line a 6 c e), indicating practically no 
ignition. In many cases the difference between 
the points b and c is not so clear as in the figure. 
Apparently point ¢ is a critical point, as it deter- 
mines an ignition delay, and it will be shown how, 
in a series of diagrams with increasing ignition 
delays, the successive delay points form a line, 
which it is proposed to call the “delay curve,” and 
which is typical for any fuel. On the other hand, 
point b was found to give no useful indication. 





Good ignition is not only a fuel problem, but also 












































































604 





ENGINEERING. 


|Nov. 13, 1931. 








an engine maker’s problem ; apart from the essen- 
tial high temperature, the main constructive factors 
are pressure, mixture formation, and time. Ignition 
in oil engines is largely dependent on the tendency 
of the fuel to self-ignition, a property which is 
undesirable in petrol, but desirable in Diesel fuel, 
and may be called the ‘‘ignition quality.” This 
ignition quality is a function of the characteristics of 
the different components which constitute the fuel. 

Combustion in oil engines includes, in part, the 
self-ignition stage, but it is more practical to 
separate it from ignition, and in this article ‘‘ com- 
bustion ” is to be understood as the burning of the 
fuel after its ignition. From the points of view 
of both engine design and fuel, the requirements 
for good combustion in oil engines may be quite 
different from those for good ignition. 


than by means of a comparison between paraffin 
wax and benzol, the first being extremely easy to 
ignite but difficult to burn, and the latter extremely 
difficult to ignite, but easy to burn. Tests have 
shown that once effective ignition has been obtained, 


the burning of the charge, as a rule, presents no | 


particular difficulty. Most of the troubles to-day 
with incomplete combustion are due to faulty 
ignition, and this applies especially to the high- 
speed type of engine. 

Knocking.—Knocking in oil engines has proved 


to be intimately related to ignition, and for this | 


reason the fuel research was directed principally to 
the investigation of ignition. 

Laboratory Research.—The investigations in this 
field have been mainly in two directions, viz. :— 


(1) The chemical and physical direction, with the | 
object of determining the reactions taking place | 
nding the | 
relation between these reactions and the constitu- | 


during ignition and combustion, and of 


tion of the fuel. As examples may be taken the 


early hydrogen and oil gas theories of Rieppel™*, | 


the modern peroxide theories of Professor Callendart 


and of Tau3z and Schultet, the hydrogen-carbon | 


ratio, molecular structure, separation into different 
hydrocarbon groups, and so on. 

(2) The more practical direction ; an endeavour 
to obtain an insight into the phenomena governing 
ignition and combustion by means of laboratory 
tests more or less representative of engine conditions, 
such as the heated pot tests employed for the deter- 
mination of the lowest temperatures of spontaneous 
ignition at atmospheric pressure of 8.I.T. (Moore§), 
at high pressure (Tausz and Schulte||), the measure- 
ment of ignition lag (Professor Hawkes, A. L. 
Bird**, Professor Neumannj#f), and the calculations 
of Professor Neumann. Although much informa- 
tion has been gained in this way, very little was 
found to be of practical applization, and conclusions 
in many cases proved to be unreliable. For example, 
Fig. 2 gives the spontanzous ignition temperature 
values determined in heated pot tes‘s for 20 different | 
fuels, in comparison with their ignition qualities, as 
determined in engines. It will be seen that fuels 
having a S.LT. of approximately 270 deg. C. 
cover a large part of the range of normal Diesel 
fuels, and that, on the other hand, fuels of the same 


quality may show differences in 8.1.T. of as much | ~~ 
lt is therefore clear that no con- | 


as 100 deg. C. 


clusion relating te ignition quality may be drawn | - 


from thes? 8.1.T. figures. 

Engine Research.—It was felt necessary to carry 
out tests under actual engine conditions in view 
of the fact that, in practice, there are so many 
unknown variable factors that there is little chance 
of all being taken into account in a simple labora- 
tory test. 


work having so far been done. Recently, an inter- 
esting paper has been read by Messrs. Le Mesurier 
and Stansfield,t} and in the following matter points 


* P. Rieppel, Forschungsarbeiten, vol. i, 1908, No. 55. 
+ Callendar, ENGINEERING, vol. cxxi, pages 475, 509, | 
542, 575 and 605 (1926). 

t Tausz & Schulte, Ueber Zundpunkt und Ver- 
brennungsvorgange im Dieselmotor, Knapp, Halle, 1924. 
§ H. Moore, ENGINEERING, vol. cix, page 151 (1920). 

|| Tausz and Schulte, Ueber Zundpunkt und Ver- 
brennungsvorgange im Dieselmotor, Knapp, Halle, 1924. 
“| Professor Hawkes, ENGINEERING, vol cx, pages 127, 
749 (1920). 
** A. L. Bird, Proc. I, Mech. Engrs., 1926, page 955. 
tt Professor Neumann, Zd. Vd. J., 1926, page 1071. 
tt Journ. Inst. Pet. Tech., July, 1931, page 387. 





Little was known about the behaviour | 
of various fuels in engines, little technical research | 


of agreement with this paper will be found. 


for the grading of fuels. 


petrols in knock-testing engines. 
| 


obtained with tests on other types of engines. 





| 
| t 


in the different engines. (2) The 












Our 
work, however, has been conducted on other lines 
and has, we feel, led to a practical routine method 


It is necessary to compare the behaviour of fuels 
in engines by means of clear and reproducible tests. 
What is required is a method of rating ignition 
quality which will be directly applicable in practice, 
similar to the determination of the knock rating of 
In what follows, 
the method for rating ignition quality, as developed 
ifrom our tests, will first be described, and subse- 
quently a series of correlating results will be given, 


The engines listed in Table I were at our disposal. 
| Choice of Type of Engine.—After some preliminary 
From the | tests with commercial and special fuels, it was 
fuel point of view, this cannot be better expressed | decided to concentrate for the main research on 
|the Thomassen direct-injection engine, using the 
|other engines mainly for correlation purposes, for 
he following reasons :—(1) Tests showed a reason- 
able agreement in the relative behaviour of the fuels 
method of 
injection, atomisation and mixing was most clearly 


vertical superimposed valves. The automatic needle 
valve injector is placed horizontally at right ancles 
to the cylinder axis and delivers fuel at a pressure 
of about 150 atmospheres through a horizontal siit. 
In this engine, quite a number of fuels run smoothly, 
whilst others show more or less roughness. 

Making Smooth Fuels Run Roughly, and \ ice 
Versa.—In order to obtain a relative rating of the 
fuels, an endeavour was made to find one or more 
important, quickly variable, engine factors, which 
would make it possible, by changing them, to vary 
the behaviour of the fuel in the engine, #.e., to make 
smooth fuels run roughly, and vice versa. This was 
all the more important as equally smooth-running 
fuels in one engine did not, in all cases, behave in 
the same way in other engines, and there was the 
analogy with petrol detonation research to show 
that petrols which are all non-detonating in a certain 
engine may yet have quite a different H.U.C.R., 
benzol equivalent, or octane value. Easily variable 


2. RELATION BETWEEN 
SPONTANEOUS IGNITION TEMPERA- 















































a TURE & IGNITION IN AN ENGINE. 
marked in the direct-injection type of engine. 3 o 
(3) Differences in behaviour between various kinds 
of fuel, as observed in other engines, could be 5 
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reproduced in the Thomassen engine, and were 


| observed by noticeable differences in smoothness of 


| running and in shapes of indicator diagrams. 

Of the other engines, the air-injection type is 
less suitable for the purpose, atomisation and mixing 
' being influenced by viscosity ; it shows, moreover, 
|little sensitiveness to ignition quality once the 





TaBLeE I, 
—— H.P. | Cyls. |Cycle| Revs. 
Air-injection Werkspoor Diesel 
| engine oe “= on --| 50 1 4 250 
| Direct injection Thomassen engine, 40 | 4 250 
| Precombustion chamber Deutz 
| _ engine 5% Me a 25 1 2 400 
| Semi-Diesel Kromhout engine 25 1 2 375 
| Brons engine oe ae so] 2o 1 4 | 375 
| Direct injection Gardnerengine ... 25 1 4 240 
| Precombustion chamber Deutz | 
high-speed engine ye A 2 4 (1,000 
| Semi-Diesel Gardner engine < 7 1 2 600 


Further check tests were made, by kind permission of various 
; owners, on Ricardo and Acro engines. 


‘in The pre- 


injection is adjusted to this viscosity. 


|combustion-chamber type is very insensitive to 


changes in the fuel; the Kromhout semi-Diesel 
engine is also rather insensitive and does not give 
quite constant diagrams. The Brons engine was 
not suitable, as its working process is very com- 
plicated ; the high-speed engines made _ higher 
demands on the measuring apparatus and were on 
that account alone less suitable for accurate measure- 
ment, other circumstances being equal. 

The Thomassen engine is a horizontal engine with 


factors were fuel pressure, fuel timing, fuel quantity 
and fuel temperature, air temperature and air 
pressure. As the fuel system consisted of a cam- 
controlled pump, regulated by a by-pass valve and 
injecting through an automatic needle valve, it 
was not deemed advisable to try to vary the injec- 
tion conditions so as to control the fuel pressure ; 
too many factors were involved, and the analysis 
of results as well as reproducibility was doubtful. 
Variation of timing gave, in many cases, unreliable 
results. Varying the quantity of fuel had but little 
effect. It was also found advisable to maintain a 
large excess of air in order to avoid all burning 
problems not connected with ignition. Most tests 
were carried out at about one-quarter load. 

Fuel temperature, when viewed from a strict 
S.I.T. standpoint, might be expected to influence 
the time necessary to heat the fuel in the engine 
up to its S.I.T. and should, therefore, determine 
the ignition delay to a great extent. It was found, 
however, that the effect of a variation of as much 
as 100 deg. C. in the fuel temperature was in- 
sufficient for the purpose in view, which in the 
light of the later results obtained will be easily 
understood. Neither could any appreciable effect 
be noticed with more viscous Diesel fuels ; from this 
it appears that, within a wide range, injection 1s 
not influenced by viscosity. Moreover, practical 
difficulties connected with the measurement of 
temperatures at the nozzle and the relatively larze 
masses of metal made quick changes impossible. 

Air temperature governs heat transmission to the 





fuel as well as reaction velocity, both determining 
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ignition delay. Actually, heating the inlet air to 
almost 100 deg. C. reduced the roughness of some of 
the more resistant fuels to some extent, but not 
sufficiently. Moreover, in the case of the fuels which 
showed smooth running, it was considered impractic- 
able to cool the inlet air in order to produce rough 


variable factors change simultaneously with pres- 
sure, e.g., mixture formation, penetration of jet, 
air temperature and turbulence, but this is no 
objection, as these factors are constant at each 
throttle position, irrespective of the fuel. After 
prolonged running with throttled inlet, other 




















Fig. 4. 

















Fia. 


runnin’. Finally, the same difficulty in attaining 
equilibrium was found as mentioned for the case 
of varying fuel temperature. 

Throitli ng.—Varying the air pressure by throttling 
produc the desired effect. By throttling the air 
inlet an extremely important effect on ignition was 
produc:!, and this method was found to give typical 
and absolutely reproducible results in a very short 
lume. ‘Throttling produces instantaneously a change 
in the fuel behaviour. Of course, certain other 





“ 


variable factors might change, e.g., wall tempera- 
tures, but this is avoided by throttling only for 
very short periods. According to measurements of 
S.I.T. at varying pressures (Tausz and Schulte), 
and in accordance with a theory of heat transfer 
and the influence of pressure on atomisation, 
throttling might be expected to have a considerable 
effect on ignition delay and probably also on rough- 
ness. This was found to be the case. The effect 
of throttling is very definite. The smooth-running | 


fuels started knocking quite distinctly, each at a 
definite amount of throttling, whilst those which 
were already rough increased in roughness. Fig. 3a 
shows how a slight knock increases with throttling. 

Supercharging.—Having attained this result, the 
reverse of the process was tried on rough fuels by 
attaching a supercharger to increase the compression 
pressures ; so far as the limit of safety, imposed by 
the construction of the engine, allowed of supercharg- 
ing, the authors succeeded in “ blowing the knock 
out’ of these fuels. Fig. 3B shows how a slight 
knock disappears with supercharging. It is very in- 
teresting to note that supercharging improves igni- 
tion, not only from the theoretical standpoint, but 
also because it may lead to practical applications. 

Rating.—In this way the liability to roughness of 
each fuel could be judged in a crude, but simple and 
reproducible way. At first this was done by ear, 
by determining the compression pressure at which 
the limit of smooth running was reached. This 
compression pressure, obtained from an _ out-of- 
phase diagram, served as the “knock figure” for 
the fuel concerned, after dividing it by the normal 
compression pressure of the engine, corrected to 
760-mm. barometer reading. For commercial fuels, 
these knock figures ranged from 0-60 (i.e., smooth 
running ceased at 0-60 x 35 atmospheres = 21 
atmospheres), to over 1:2 (42 atmospheres), at 
which compression pressure the combustion pressures 
reached levels which it was thought unwise to exceed. 
This first means of rating fuels developed into the 
method now in use at Delft; the analysis of the 
diagram and the determination from the diagrams 
of the ignition quality was much improved in the 
course of time, as will be described later. 

Delft Fuel-Testing Engine.—The first investiga- 
tions were carried out, as stated, on the 40-h.p. 
Thomassen engine. Figs. 4 and 5 show the 20-h.p. 
fuel-testing engine, built by Messrs. Thomassen, De 
Steeg, Holland, in order to obtain a wide range, as 
well as a high accuracy, of measurement. With 
this engine, it is possible to determine the ignition 
quality of some 12 fuels in a day with the desired 
accuracy, this work not being attended by any 
special difficulty. 

The 20-h.p. engine is easier to operate than the 
original laboratory engine of 40 h.p., on which 
most of the work wasdone. The various accessories 
are arranged in a more suitable way, providing a 
testing set with which reliable results can be 
obtained after a few hours’ practice. The air inlet 
throttle, which is provided with a graduated scale 
and a thermometer, can be seen mounted on an 
elbow at the top of the breech in Fig. 5, and below 
this, at the end of the breech, is the variable- 
compression plug with a large hand wheel. This 
enables the compression to be varied between 
600 lb. per square inch and 375 lb. per square inch, 
but is only used in exceptional cases. The set is 
provided with a hydraulic turbulence brake with a 
manometer for indicating the torque, the readings 
being given on the dial attached to the instrument 
board in Fig. 4. To the left of this dial is the 
arrangement for measuring the fuel by weight, and 
for giving a quick change-over from one fuel to 
another. The governor can be seen in the same 
figure, with a horizontal hand wheel at the top for 
giving a speed variation between 100 r.p.m. and 
350r.p.m. The pressure and needle valve indicators 
can be seen on the front of the breech in Fig. 5. 
These indicators work on one drum employing an 
eccentric movement for normal diagrams, and a 
cam movement for out-of-phase diagrams; pro- 
vision is made for an instantaneous change over. 
The pipe connection to the automatic starting valve 
is shown passing over the top of the variable- 
compression device in Fig. 4, the same figure 
showing the lubricating-oil pump to the right of, 
and below, the governor, the fuel pump in the 
centre of the engine, and the tachometer above the 
crankshaft. The engine is of a modern type, 
embodying forced-feed lubrication, and is easily 
operated by one man. 

Cetene Equivalent Rating.—It is evident that 
reproducibility of results is extremely important. 
Actually when the engine is in good working order, 
results are reproducible from one day to another. 
Carbonisation or dirt on the nozzle will, of course, 





result in small changes in injection, involving 
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differences in ignition delays ; under normal rating 
conditions of low load this trouble does not occur. 
The important point to notice, however, is that 
these differences affect absolute values only, and 
not the relative values necessary for rating. Typical 
standard fuels have therefore been introduced for 
reference. Further development has resulted in the 
rating of ignition quality in terms of mixtures of 
two standard fuels with extreme ignition qualities, 
such as is done for petrol anti-knock rating with the 
benzol equivalent method. For the moment, a 
special gas oil and a coal tar oil have been taken, 
and investigation is being made of such chemically 
well-defined pure substances, e.g., cetene and mesi- 
tylene. Pure paraffins and pure aromatics which 
might serve the purpose, have inter alia, the draw- 
back of being solid at normal temperature. 
(T'0 be continued.) 





THE COMMERCIAL VEHICLE 
EXHIBITION AT OLYMPIA. 
(Continued from page 579.) 

Messrs. VickeRS-ARMSTRONGS, LiMiTED, Vickers 
House, Broadway, Westminster, S.W.1, have had 
an exceptionally wide experience in the design and 
manufacture of tanks and military and commercial 
tractors, and for this reason, special interest will be 
taken in the two roadless vehicles exhibited at 
Olympia. These consist of a Carden-Loyd tractor 
truck with a 30-cwt. trailer, and a heavy cross- 
country lorry. The tractor truck with its trailer 
is illustrated in Fig. 23, opposite. The special 
suspension and _ short-pitch track with smooth 
shoes enable the truck to run on roads at speeds up to 
25 m.p.h. without damage to them, and the articu- 
lation employed for the track gives a very high trac- 
tive power without the necessity for spuds. The 
machine can turn round in its own length, and is 
therefore particularly suitable for work in congested, 
areas such as docks and railway yards, while its 
tractive power and ability to negotiate the roughest 
country renders it of great value for forestry and 
similar work. 

The engine, which is mounted within the frame on 
the off side, is a six-cylinder unit with a cylinder bore 
of 3 in. and a piston stroke of 43 in. The Treasury 
rating is 21-6 h.p., and the engine develops up to 
50 brake horse-power. Water cooling is employed, 
with pump circulation and a Still tube radiator. 
As the engine may be required to operate for long 
periods in hot climates with the vehicle moving 
at a low speed, the air circulation through the 
radiator is assisted by a rotary blower, and _ it 
is claimed that the cooling is effective under 
the most exacting conditions. The clutch is of 
the single-plate type, and the gear-box, which forms 
one unit with the engine, gives five forward and 
one reverse speeds. From the gear-box, the drive 
is taken through bevel gearing to a cross shaft. The 
latter is coupled to the tracks by multi-plate clutches 
with spur-reduction gearing to the track sprockets, 
and steering is effected by declutching one or other 
of the tracks. The cross shaft is also provided with 
brakes, which assist in the steering or, if both are 
applied together, stop the machine. It will be 
noticed from the figure that the driving sprockets 
for the tracks are well clear of the ground, where 
they are free from shocks. From the sprockets, the 
tracks are carried over two sets of sprung bogies, 
on each side of the machine. The mounting of the 
springs is somewhat unusual. One of the idler 
wheels in each spring bogie is mounted on the end 
of a stiff bracket pivoted on a tubular axle which 
passes through the frame, and the other idler wheel 
is mounted on the end of the leaf spring, which is 
clipped to the bracket as shown in the figure. The 
pivoting of the bogie irames allows the bogies to rise 
and fall independently when passing over rough 
ground, and the suspension ensures that each bogie 
wheel will take its proportionate share of the load 
at all times, giving an equal distribution of pressure 
between the track and the ground. The approximate 
weight of the truck is 2 tons 15 ewt., and it has 
a load capacity of 1 ton 10 ewt. It will haul a load 
of 6 tons 11 cwt. up a slope of 93 deg. on a fair 
surface, or 2 tons 2 cwt. up a slope of 18 deg. The 
overall length is 12 ft., the width 6 ft. 2 in., and the 
height to the top of the truck sides is 4 ft. 9 in. It 


will cross a trench 4 ft. wide, and ford water to a 
depth of 2 ft. 6 in. The petrol consumption is 
approximately 1 gallon to 6} miles. The trailer 
will carry 30 cwt., and consists of a channel-steel 
frame carrying a tipping platform body. The track 
units are fully sprung, and as in the case of the 
truck, are mounted on a tubular steel axle. The 
length inside the body is 7 ft. 4 in., the overall 
width 6 ft. 2 in., and the height 4 ft. 4 in. 

The cross-country lorry which Messrs. Vickers- 
Armstrongs are also showing, is fitted with an 
80-h.p. four-cylinder engine, the Treasury rating 
being 36 h.p. The engine is cooled by a fan which 
draws air through the oil radiator and over the 
cylinder heads. A five-speed gear-box forms one 
unit with the engine, and gives a range of speeds up 
to 18 m.p.h. at a governed engine speed of 2,400 
r.p.m. ‘Tracks are fitted both front and rear, the 
front suspension being fully articulated in all planes 
and provided with a centre pivot and turntable. 


The rear suspension is by pivoted frames housing 


the adjustable rear wheels and an eight-wheeled 
bogie assembly, which is spring and independently 
pivoted. The steering is hydraulically operated. 
The weight unloaded is 7 tons, and the load capacity 
is from 6 tons to 7 tons. The overall length is 
21 ft. 4 in., the width is 7 ft. 6 in., and the height to 
the top of the cab 9 ft. The vehicle will ford 
streams or rivers up to a depth of 3 ft. 

Up till the present, the vehicles which we have 
described have been in the heavy class, and it may 
be of interest to deal with a modern example of 
one of the lighter vehicles in order to compare the 
arrangements adopted with those on larger models. 
The Raider 1$-ton chassis, which is illustrated 
in Fig. 24, page 607, is one of the latest models 
to be put on the market by Messrs. Commer 
Cars, Limited, of Luton. The engine is a six- 
cylinder unit with a cylinder bore of 78 mm. and 
a piston stroke of 106 mm. The R.A.C. rating is 
22-6 h.p., and the engine develops 32 brake horse- 
power at 1,500 r.p.m., 44 brake horse-power at 
2,000 r.p.m., and 56 brake horse-power at 3,000 
r.p.m. Ample power is thus available for maintain- 
ing as high an average speed as may be required. 
The engine has side-by-side valves, a four-bearing 
crankshaft, and cast-iron pistons. Pump circulation 
is adopted for the cooling water, and the fan is 
belt-driven from the crankshaft. Ignition is by 
coil. As shown in the figure, the gear-box forms one 
unit with the engine. It provides four forward 
speeds with the usual reverse, and is of the central 
change type. A disc clutch is fitted, and the 
transmission from the gear box to the rear axle is 
by means of an open-type propeller shaft, with a 
Hardy Spicer joint of the oil-retaining type at each 
end. The rear axle is of the semi-floating variety, 
having all the shafts mounted on Timken roller 
bearings. The springing is semi-elliptic throughout, 
the rear springs being underslung to give a low 
loading level. The construction of the frame and 
position of the fuel tank will be clear from the 
illustration. The chassis sells at a very moderate 
price, but is completely equipped, the accessories 
including 12-volt starting and lighting units with 
dipping headlights, rear stop light, electric horn, 
petrol gauge, and front bumper. The tyres are 
32 in. by 6 in., the rear tyres being of the reinforced 
type; the wheelbase is 10 ft. 6 in., and the track is 
4 ft. 9} in. The road clearance under the rear 
axle, with the vehicle fully loaded, is 9 in. The 
turning circle is approximately 45 ft., the overall 
length of the chassis is 16 ft. 0} in., and the overall 
width is 5 ft. 8 in. The chassis weight, excluding 
oil, water or petrol, is 26 ewt. 

The design of omnibuses for long-distance 
passenger traffic has been receiving considerable 
attention on the Continent, where the journeys 
undertaken are frequently greater than those in this 
country. The primary object aimed at by the 
designers of this class of vehicle throughout the 
world is to secure comfort for the passengers while 
maintaining a high average speed. To ensure the 
latter, the engine must be capable of very rapid 
acceleration, and must be sufficiently powerful 
for long hills to be negotiated with a minimum 
falling off in speed as compared with the speed on 
the level. In addition to these characteristics, it 








is important that the vehicle should be easy to 


handle in order not to tire the driver, and this 
involves not only brake and gear mechanism 
which is conveniently placed and can be operated 
without strain, but light steering. The latter 
requires particularly careful attention to design on 
account of the large tyre sizes employed on modern 
vehicles. 

An excellent example of the manner in which 
these requirements have been met in Continental 
practice is afforded by the six-wheel long distance 
*bus chassis exhibited by Henschel and Sohn, A.(., 
of Kassel, Germany, who are represented in this 
country by Messrs. Gossell and Son, Limited, 
110, Cannon-street, E.C.4. This vehicle, which is 
illustrated in Figs. 25 to 28, pages 607, 608 and 612, 
is fitted with a 12-cylinder petrol engine developing 
250 h.p. It is designed for a paying load of between 
12,500 lb. and 13,200 lb., according to the size of 
tyres used, and is suitable for single or double- 
deck ’bus bodies accommodating up to 98 passengers. 
The engine, which is illustrated in Figs. 26 and 27, 
and can also be seen in Figs. 25 and 28, is of quite 
exceptional interest, as the two groups of six 
cylinders, instead of being arranged in the usual 
V-formation, are located side by side, with the 
bores parallel. The cylinder bore is 4? in., and the 
piston stroke 6,5, in., giving a piston displacement 
of 1,312 cub. in. and an R.A.C. rating of 107 h.p. 
The maximum power of 250 brake horse-power is 
obtained with a crankshaft speed of 1,500 r.p.m. 
It will thus be noticed that the policy, previously 
followed by the makers, of utilising a low piston 
speed has been retained in this engine, in spite of 
the exceptional power developed. Both the cylin- 
der block and the crankcase are common to both 
groups of six cylinders. Each group of cylinders 
has its own crankshaft, and as will be seen from 
Fig. 27, which is a view looking up into the crank- 
case with the sump removed. The two shafts are 
located as closely as possible to one another, and 
are coupled together by double-helical gearing. 
The result of this arrangement is to reduce the total 
width of the engine to a minimum, while producing 
an extremely rigid assembly. Each crankshaft is 
carried in five main bearings, as shown in the figure. 
The camshaft is driven by skew gearing from one of 
the crankshafts at the forward end of the engine, 
and is located in the crankcase centrally between, 
and above, the two shafts. It operates all 24 
valves through push rods on the centre line of the 
engine between the two cylinder groups, the valves 
themselves being of the side-by-side inverted 
overhead type, located on the centre line of the 
cylinders. Apart from these common features, the 
two groups of cylinders may be regarded as two 
engines side by side, as each group has separate 
oil pumps, oil filters, water pumps, ignition circuits 
and carburettor. 

Four oil pumps are provided, two at each end of 
the oil well in the sump visible in Fig. 26. The 
pumps are driven by skew gearing from the cam- 
shaft. After passing through two filters, the oil is 
delivered into the main lead, which can be clearly 
seen in Fig. 27. It will be observed that the lead is 
straight, and that both it and the side branches are 
of large size. By-pass valves are provided to 
ensure an uninterrupted supply to the bearings 
should the filters become clogged. The exhausts 
manifolds, which can be seen in Figs. 25, 26, and 
28, are of novel design. They are provided with a 
central passage, through which a strong air current 
is driven by the main cooling fan. After leaving the 
rear end of the tube, the air can be utilised for 
heating the interior of the car body. The position 
of the carburettors, water pumps, and ignition 
units will be gathered from Fig. 26, it being under- 
stood that, as stated, there is a second carburettor 
and water-pump on the other side of the engine. 

It will be clear from what has already been said 
that the engine exhibits exceptional originality 1m 
its design, and the same remark applies to the trans- 
mission. It is evident that the great reserve of 
power possessed by the engine will only be called 
upon in exceptional circumstances, and this has 
been kept in view in designing the gearbox. AS 
the engine will operate more economically 0? 
light loads with a moderate throttle opening and 
low crankshaft speed than with a small opening and 





higher speed, the gearbox has been provided with 
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EXHIBITS AT 


THE COMMERCIAL MOTOR EXHIBITION. 

















Tractor TRUCK, WITH TRAILER; Messrs. VICKERS-ARMSTRONGS, LIMITED. 
































Fie. 24. 14-Ton 22°6-H.P. Goops Cuassis ; Messrs. CoMMER Cars, Fic. 25. Stx-WHEELED 107/250-H.P. Coacn Cuassis ; MEssrs. 


LIMITED. 


special high gears, in which the speed of the driven 
shaft is greater than that of the driving shaft. The 
usual direct drive is omitted, thus dispensing with 
the intermediate shaft and corresponding gear- 
wheels. Actually, therefore, there are only two 
shafts in the box. The box has four normal forward 
gears, all of the silent type, together with special 
low forward and reverse ratios for manceuvring. 
The four normal gears are in constant mesh, one 
Wheel in each gear pair running freely on its shaft 
onaroller bearing. The gears are engaged by means 
of dog clutches, the particular roller bearing on 


the wheel engaged then becoming inoperative. | 


The two shafts in the gear-box are each carried on 
two roller and two ball bearings. The forward 
end of the shaft which transmits the drive to the 
tear axles carries a governor, which is coupled up 
‘o the enyine throttle to limit the maximum speed. 
The clutch is of the multiple-dise type. 

The drive is transmitted to the rear axles through 
“1 open-iype propeller shaft, as shown in Fig. 25. 


HENSCHEL AND Soun A.-G. 


The universal joints are totally enclosed, and operate | more powerful in action. The frame members are 
in an oil bath. Both of the rear axles are driven, | of nickel steel, and are free from rivets in the upper 
being coupled by a short shaft with universal | and lower flanges. The side members are greatly 
joints, and the final transmission is of the bevel-gear | increased in depth on the rear axle centres, and 
type. The axles are of the full floating type, and | are of banjo section at these two points, the axles 
are coupled to the springs through rubber-fabric | passing, as stated, through clearance holes at the 
| joints. The torque is taken on the springs, no centre of the banjos. The steering is of the power- 
torque rods being fitted, and the axles pass through | operated worm type. The worm-wheel is of 
openings in the main frame. There are two sets of exceptionally large diameter, and can be used in 
springs, above and below the axles respectively, | three different positions before requiring replacement. 
and it is claimed that the design permits of the |The servo-motor is vacuum-operated, and relieves 
| roughest roads being traversed without any tendency | the driver of all effort. The arrangement is so 
to frame distortion, and without discomfort to the| simple that it is unlikely to get out of order, but 
| passengers. The foot brake operates on all six | should the power steering fail from any reason, the 
|'wheels, the action being assisted by a separate | vehicle can be at once steered in the ordinary way. 
vacuum cylinder for each axle. The hand brake|The net weight of the chassis is 14,300 lb. or 
|operates on the four rear wheels, and is operated | 14,850 Ib. according to the tyres fitted, and the 
|by the successive movement of two separate | petrol consumption on long journeys over hilly 
ilevers. Since by this means the travel of each | country is about 1 gallon to 6} miles. An average 
| lever is reduced by half, the mechanical advantage on | speed of about 36 m.p.h. can be maintained without 


each lever is doubled, rendering the brake much difficulty on typical Continental roads. 
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As stated in our previous issue, Messrs. Armstrong- 
Saurer Commercial Vehicles, Limited, 21, Augustus- 
street, Albany-street, N.W.1, are exhibiting a four- 
wheel chassis, fitted with an airless-injection engine, 
of the Saurer type, the complete vehicle having been 
manufactured at the Armstrong-Saurer works at 
Scotswood. The chassis is designed to carry a 
paying load of 6 tons, and closely follows the design 
of the corresponding vehicles made in Switzerland 
by the Société Anonyme Adolphe Saurer. Over 
1,400 of the latter, fitted with airless-injection 
engines, are already in use, and a number of these 
have given satisfaction under the exceptionally- 
severe service arising from their use on Swiss 
roads. 

The engine, which is illustrated in Figs. 29 and 30, 
page 612, is a six-cylinder unit, with a cylinder bore 
of 110 mm. and a piston stroke of 150 mm. It 
develops 83 brake horse-power at 1,600 r.p.m. The 
combustion space is of the Acro type, with the auxi- 
liary chamber in the cylinder head, and the nozzles 





arranged to inject the fuel upwards into the Venturi | 


passage. The cylinder block is cast in one piece 
with the crankcase, and has a detachable head. 


The cylinder bores are fitted with separate cast-iron 


liners. Alloy pistons are employed, with four gas 
and two scraper rings. 


full floating type. The connecting rods do not call 


The gudgeon pin is of the | 


for comment, but the crankshaft is of special interest, | 


as it is built up of seven short sections bolted together. 
The ends of each section are in the form of flanges 
and carry the main roller bearings. The sectional 
construction of the shaft facilitates the correct 
heat treatment and case hardening of each section, 
and the resulting shaft, being extremely stiff and 
carried in seven large roller bearings, is claimed to 
be entirely free from whip. Overhead valves are 
employed, operated by push rods and rocking 
levers from the camshaft, which is located in the 
crankcase and runs immersed in oil. The valve gear 
is completely enclosed in a detachable cover. The 
Bosch system of fuel injection is fitted, the pump 
being driven through reduction gearing, and located 
on the off-side of the engine, as shown in the figure. 
The engine is lubricated on the pressure-feed system. 

The oil pump, of the gear type, is located in the 
timing case, and delivers the oil through large 
channels to the crankshaft, valve gear, and timing 
gear bearings. The crankshaft is drilled through in 
the usual way to feed the lubricant to the connecting- 
rod bearings. The oil sump is readily detachable, 
and the oil passes through a filter mounted in an 
accessible position on the dashboard. The cooling 
water is circulated by pump, the pump being mounted 
at the forward end of the engine and driven from 
the timing gear as shown in Fig. 30. 

The gear-box forms one unit with the engine, and 
gives four forward speeds with the usual reverse. 
A gate change with central control is fitted, and the 
gear-box houses the front universal joint. The 
clutch is of the multiple dry-plate type, and the 
transmission to the rear axle is either through an 
open-propeller shaft, with a central universal joint, 
or through a Maybach auxiliary gearbox. The 
latter is a separate unit mounted behind the main 
box. The gears are of the constant-mesh type, 
and are engaged on the Maybach semi-automatic 
principle. De-clutching or synchronisation of the 
wheel-tooth speeds is unnecessary, engagement being 
effected by a momentary release of the accelerator 
pedal in conjunction with the movement of the 
control lever. The auxiliary box in effect gives an 
increased overall ratio for use when the road condi- 
tions favour a high speed. With the engine running 
at 2,000 r.p.m., the road speed on normal top gear 
is 23 m.p.h., and with the auxiliary box in use, 32 
m.p.h. The rear axle is of the full floating type, 
the live shafts being of chrome-nickel steel. The 
final drive is through a double reduction gear with 
ratios of either 8-8 to 1 to 10-8 to 1, according to 
the class of work for which the vehicle is required. 
As in the case of the front joint, the rear universal is 
within the housing and runs in an oil bath. Vacuum- 
operated brakes are applied to all four wheels, being 
engaged by pedal, while the hand brake operates 
on the rear wheels only. Semi-elliptic springs are 
fitted to both axles, the drive being taken through 
the rear springs. The steering gear is of the worm 
and sector type, with a drop arm of specially soft 
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CONSTRUCTED BY MESSRS. HENSCHEL 


12-CYLINDER ENGINE. 
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Fie. 26. 








Orr-SIDE VIEW. 





te) h a fa 
e a | eee 


| S/H we 
Oe ~~! 
a 


a 

















Fia. 27. 


steel to eliminate the risk of fracture in the event 
of a collision. 

Although, as stated in our introductory remarks, 
the Road Act has led to an increase in the number 
of six-wheeled vehicles with a dead axle at the 
rear, it has not affected the position of chassis with 
two live axles, and many vehicles incorporating 
this arrangement are to be seen at the Exhibition. 
A good example of the application of twin-rear 
drive to a steam waggon is afforded by the rigid 
six-wheeler exhibited by Messrs. Richard Garrett 
and Sons, Limited, Leiston, Suffolk, and illustrated 
in Fig. 31, page 612. As will be clear from the 
figure, the waggon is fitted with pneumatic tyres, 
the front-wheel tyres being of the single giant 
low-pressure type, 20 in. by 12 in., while those 
fitted to the rear wheels are of the twin high-pressure 
type, 40 in. by 8in. Apart from this feature, which 
is entirely new, the design of the waggon generally 
follows earlier six-wheel models, one of which was 
described in ENGINEERING, vol. cxxvi, page 40 
(1928). The boiler, for example, is of the vertical 
cross-tube type, designed for a working pressure of 
250 Ib. per square inch. There are 62 straight 
tubes, which are readily accessible for cleaning, 
expanding and replacing through a large inspection 
door fitted at the front. The firing is carried out 
from a chute at the side of the boiler, obviating the 
necessity of taking up tube heating surface, and 
leaving the smoke-box free to accommodate the 
superheater. The grate area is 4-27 sq. ft., and 
the heating surface 63-59 sq. ft., and either coal 
or coke may be employed as fuel. The superheater 
is made from solid drawn steel tubes, expanded into 
cast-steel headers, and has a sufficient surface to 
superheat the steam up to 100 deg. F. 

The engine consists of two high-pressure, double- 
acting cylinders cast in one block, each cylinder 
being fitted with four steam valves of the poppet 





Virw OF CRANK CASE FROM BELOW, 


type, and an equal number of exhaust valves, all 
eight valves being operated from a single camshaft. 
The engine is reversible, with variable cut off. The 
gear box, which forms one unit with the engine, 
provides two speeds, with a neutral position for 
driving the pump while the waggon is standing. The 
gear wheels are machined from mild-steel blanks, 
and have case-hardened teeth. They engage with 
sprockets on the countershaft, from whence the drive 
is taken to the forward rear axle by roller chains. 
A further pair of chains transmits the drive to the 
second rear axle. There are three independent 
brakes, a hand brake operating four pairs of shoes 
on the forward driving wheels, a foot brake operating 
corresponding shoes on the rear driving wheels, 
and a steam brake which operates all the shoes 
simultaneously. Roller bearings are fitted through- 
out, including both the engine crankshaft and 
countershaft. The model illustrated is fitted witha 
flat platform body 17 ft. 6 in. long by 7 ft. wide. It 
has hinged sides and tailboard 1 ft. 9in. wide. The 
drivers’ seat is beside the boiler where he has an 
unobstructed view of the road, and both he and the 
fireman are completely protected from the weather 
as shewn. 


(To be continued.) 








British STANDARD SPECIFICATION FOR PHOSPHOR- 
Bronze Castines.—The British Engineering Standards 
Association has issued a specification providing for the 
chemical composition and ps eres properties of phosphor- 
bronze castings and gear blanks. The «specification 
covers centrifugal, chill, and sand castings, and the 
manner of providing test samples for each of these 
methods of casting, and for castings of various weights, 
is detailed. Tensile and Brinell hardness tests are 
specified, whilst general clauses dealing with testing 
facilities, and the freedom of castings from defects are 
included. Copies of the specification, which is designate 
No. 421/1931, may be obtained from the Associations 
Publications Department, 28, Victoria-street, london, 
8.W.1, price 28, 2d.. post free. 
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48-IN. OPEN-SIDE CRANK PLANER. 


CONSTRUCTED BY MESSRS. BUTLER MACHINE TOOL COMPANY, LIMITED, 


HALIFAX. 








48-IN. OPEN-SIDE CRANK PLANER. 


THE: open-side planer often offers advantages in 
machining work not presented by other tools, and its 
presence in a shop may frequently render unnecessary 
the uneconomical use of a large machine for a small 
piece of work. The figure annexed illustrates a 
recent example of this handy type of machine produced 
by Messrs. The Butler Machine Tool Company, Limited, 
Victoria Works, Halifax. This machine has a table 
movement of 48 in. The table is 4 ft. long and 26 in. 
wide, and the width of work which can be planed is 
32in. The vertical movement of the cross-rail admits 
work 2 ft. in depth on the table. 

As will be seen, the machine is designed with a single 
pulley drive, with a direct single belt drive from line 
shafting. This fact alone makes it possible to locate 
the machine where counter-shafting would be impos- 
sible. The driving pulley is provided with a cone 
brake operated instantaneously by the starting and 
stopping lever and bringing the table to rest in any 
desired position. In conjunction with the single 
pulley drive there is a six-speed, self-contained gear- 
box, giving, with normal belt speed, 3, 5, 84, 124, 21, 
and 35 cycles per minute. The table motion is derived 
from a crank, the stroke being quickly adjustable 
from 6 in. to 48 in. The working stroke can be set 
for any part of the table and the stroke may be altered 
as regards length and position while the machine is in 
motion. ‘The stroke movement has a quick return, 
and is said to be so definite that no clearance allowance 
18 necessary. 

From the foregoing it will be gathered that the new 
machine combines valuable characteristics of a shaper, 
lm ease of operation and speed, with the capacity of a 
planer and, it is claimed, the accuracy of the latter. 
Its usefulness is enhanced by the side tool-box on the 
column which is capable of vertical adjustment to the 
extent of 21 in. The feed motion, which can be used 
with both the cross-slide tool-box and the side tool-box, 
rn of the firm’s self-acting type, capable of being engaged, 
thrown out, or changed within the'complete range of the 
machines hy a single lever while the machine is in 


motion, 
~ table runs on Vee-slides automatically lubricated, 
and is heli down by gibs on both sides. Automatic 


lubrication is provided in this model. 








Bririsiz STEELWORK ASSOCIATION.—At the annual 


ge meeting of the British Steelwork Association, 
at, Caxton House, Westminster, London, 8.W.1, 
an : ember 4, Mr. J. H. Humphryes was elected presi- 

or the year 1931-32, and Mr. B. Walmsley, OBE, 


Vice-president, 
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ELECTRICITY SUPPLY AT 
BRIGHTON. 


THE Southwick power station of the Brighton 
Corporation was opened in 1905, the equipment con- 
sisting of six Babcock and Wilcox land-type boilers 
with separately fired superheaters and three 1,800-kw. 
Westinghouse turbo-alternators. Although these early 
turbines have now been entirely superseded by larger 
units, a certain amount of the original boiler plant is 
still in operation. In addition, two Yarrow marine- 
type boilers with an output of 40,000 Ib. of steam per 
hour were installed in 1924, and two Wood steam 
generators with an output of 77,000 Ib. of steam per 
hour and fired pulverised fuel in 1927, while in 1928 
two Yarrow stoker-fired boilers with outputs of 
60,000 Ib. were ordered. The more modern generating 
plant consists of a 6,000-kw. Metropolitan—Vickers 
set which dates from 1924 and a 6,000-kw. unit by the 
same makers which was installed in 1927. In 1928, a 
15,625-kw. Richardsons, Westgarth machine was also 
added, and on Wednesday, November 4, a further set, 
manufactured by Messrs. Richardsons, Westgarth and 
Company, Limited, West Hartlepool, and Messrs. 
Metropolitan—Vickers Electrical Company, Limited, 
Manchester, was formally inaugurated by the Mayoress. 
It may be added that three years ago new high-tension 
switchgear of the Metropolitan—Vickers cubicle type 
with a rupturing capacity of 750,000 kv.-a. was 
installed. 





The latest addition was necessitated by the rapid 
increase in the electrical load of the town and by the 
forthcoming demand that will be made by the electrified 
lines of the Southern Railway. The contract was let 
at the end of October, 1930, but as, owing to shortage 
of plant, it was not possible to release an existing 
2,500-kw. turbo-alternator, the site for the new machine 
could not be cleared until March 18 of the present year. 
Nevertheless, the turbine was available for load on 
September 25, an erecting feat the speed of which is 
worthy of being placed on record. Simultaneously, 
the boiler pressure was raised from 200 lb. to 350 Ib. 
per square inch at the turbine stop-valve, an additional 
impulse wheel being added to the first 15,625 kw. set 
to enable it to operate at that pressure. 

The new turbine is designed to have a maximum 
output of 15,000 kw. when supplied with steam at a 


| pressure of 320 lb. per square inch and a temperature 


of 750 deg. F. It consists of a high-pressure cast-steel 
cylinder with an impulse stage and reaction blading, 
an intermediate-pressure cylinder with reaction blading, 
and a double-flow low-pressure cylinder with a disc 





rotor carrying seven rows of reaction blading. The 








high-pressure and intermediate-pressure cylinders are 
arranged on the opposite-flow principle. In view of 
the high efficiency (83 per cent.) and the consequent 
high moisture content (15 per cent.) at the exhaust, 
the stages of the low-pressure cylinder are self-draining. 
The governing system is of the oil-controlled type. 
Steam is extracted at two stages to a low-pressure and 
high-pressure heater respectively, the latter being 
equipped with hairpin-bend tubes and fitted with an 
automatic by-pass valve. The condenser is of the twin 
type with duplicate three-jet air-extraction plant and 
duplicate motor-driven condensate pumps. The system 
is equipped with a closed-feed control valve, so that 
the whole of the feed, whether drawn from the surge 
tank or from the evaporator, is de-aerated. The 
alternator has an output of 18,750 kv.-a. at 8,000 volts 
and 50 cycles when running at 3,000 r.p.m. 

The alteration in the steam pressure mentioned 
above has necessitated the re-arrangement of the pipe 
lines and the connection of the high-pressure and low- 
pressure system through a reducing valve and de- 
superheater. Two electrically driven Mather and Platt 
feed pumps with an output of 18,000 gallons per minute 
have been installed to supply the high-pressure boilers, 
and these are supplemented by two 20,000-gallon 
steam-driven Weir pumps which come into action 
automatically if the electrically driven pumps fail. 
A gas washer utilising sea water has also been placed 
between the outlets of one of the Wood boilers and the 
induced-draught fan inlet, and has been designed to 
set up a negligible resistance to the gas flow, and also 
to prevent the gas temperature being reduced to dew- 
point. This plant has operated so satisfactorily that 
a duplicate is being installed on the second boiler. 

The extensions we have just described have been 
carried out to the requirements of Mr. W. N. C. Clinch, 
the borough electrical engineer and manager. 





PERSONAL. 

Messrs. Cox AND DANKS, LIMITED, Stevenson-road, 
Sheffield, have opened a new office in Birmingham, at 
Newton Chambers, Cannon-street, and Mr. F. Rollinson, 
jun., from their Manchester office, is the manager. 
Company, LIMItED, 

L. Tester, Windsor 
S.W.1, to be their 


Messrs. Spurr, INMAN AND 
Wakefield, have appointed Mr. A. 
House, Victoria-street, London, 
representative. 

Messrs. TRAILER APPLIANCE ComMPANY have opened 
an office at 44, Pall-mall, London, 8.W.1, to deal with 
all correspondence connected with the steadily increasing 
sales of the Neate Patent adjustable trailer brake con- 
trol. 

*“R.N.” Dikset ENGINE Company is the name of 
the firm which has been formed to take over the sales, 
advertising and service of the “‘ R.N. ” high-speed Diesel 
engines. The offices are at 24, Harrison-street, London, 
W.C.1. 

MEssrs. SHEFFIELD STEEL PrRopucts, LIMITED, 
Templeborough Works, Sheffield, have recently specialised 
in the manufacture of files for machines similar to the 
‘* Thiel ’ and other standard filing machines. 

Messrs. Frepk. BrasBy AND CoMPANY, LIMITED, 
Eclipse Steel Works, Petershill-road, Glasgow, recently 
secured the sole rights of a new process for metal-covered 
plywood, in which galvanised sheet steel, or other sheet 
metal, is cemented by hydraulic pressure on one or both 
sides of thin sheets of plywood. Messrs. Braby have 
just equipped a special factory at their Glasgow works 
for a large output of this product, which is to bear the 
mark “ Eclipse.” 


Tests oN CoNcRETE KeEerRBS AND CHANNELS.—The 
B.E.S.A. Specification No. 340, for concrete kerbs and 
channels, lays down tests for transverse strength and for 
absorption of water and weight per cubic foot. For the 
convenience of highway authorities, the Ministry of 
Transport has now provided, at the National Physical 
Laboratory, Teddington, the apparatus required for 
making these tests, and the Director of the Laboratory 
has arranged to make them. Applications for tests 
should be addressed to the Assistant Secretary, Roads 
Department, Research Branch, Ministry of Transport, 
7, Whitehall-gardens, London, 8.W.1. 





Ramsay MemorraL LABORATORY OF CHEMICAL 
ENGINEERING.—The new Ramsay Memorial Laboratory 
of Chemical Engineering at University of London 
University College, Gower-street, London, W.C.1, is to 
be opened by H.R.H. Prince George, on November 26. 
The laboratory is designed to provide a post-graduate 
training on the principles underlying the design, manu- 
facture, and operation of all kinds of chemical plant. 
Special features of the building are a large industrial 
laboratory, in which semi-large scale plant can be erected 
and tested, a well-equipped machine shop in which plant 
units may be assembled or repaired, a drawing office, and 
a general experimental laboratory. Special laboratories 
are devoted to the study of fluid flow, heat transfer and 
the examination of fuels. Provision is also made for the 
original investigation of chemical engineering problems, 
either on a small or semi-large scale. The building is 
designed to accommodate 50 post-graduate students. 
Its erection and equipment have been made possible by 
the generous contributions of a number of chemical and 
chemical-plant manufacturers. 
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TENDERS. 
WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Bridge.—The construction of the Stockholm Western 
Bridge. The Stockholm Harbour Board ; December 23. 
(Ref. No. G.X. 10,897.) 

Railway Wheels and Axles.—The supply of 456 pairs 
of steel wagon wheels and axles complete. The South 
African Railways and Harbours Administration, Johan- 
nesburg ; December 21. (Ref. No. G.X.10,904.) 

Turbo-Driven Pump.—-The supply of one steam tur- 
bine, direct-coupled or geared to a multi-stage centrifugal 
pump, complete with condenser, air pumps, hot-well 
pumps, air-pump discharge meter and all steam-exhaust 
and water piping and valves. The Rand Water Board, 
Johannesburg, December 30. (Ref. No. G.X. 10,908.) 

Boiler, Superheater and Mechanical Stoker.—The 
supply of one water-tube boiler, together with super- 
heater, mechanical stoker, steam meter and all acces- 
sories. The Rand Water Board, Johannesburg; Janu- 
ary 5, 1932. (Ref. No. G.X. 10,909.) 








CONTRACTS. 


MeEssrs. REDPATH, BROWN AND Company, LIMITED, 
Edinburgh, have received the contract for the steelwork 
for Messrs. Glyn Mills and Company’s Bank in Lombard- 
street, London, E.C.3. Some 2,000 tons of steelwork are 
involved. 

Messrs. PETER BROTHERHOOD, LimiTED, Peterborough. 
have received from Messrs. John Brown and Company, 
Limited, the order for two air compressors, for the new 
72,000-ton Cunard liner. The compressors are of their 
latest two-crank single-stage double-acting type, each 
delivering 300 cub, ft. of free air per minute at 120 1b. per 
square inch, when running at 415 r.p.m. They will be 
driven direct by 70-h.p. Laurence Scott motors, with 
automatic electric control gear. 

Messrs. W. T. HENLEY’s TELEGRAPH Works Com- 
PANY, Liurrep, Holborn-viaduct, London, E.C.1, have 
received a contract from the Central Electricity Board 
for the supply and erection of 48 miles’ run of steel- 
cored aluminium conductors on lattice steel towers, for 
a working pressure of 33,000 volts. This is an extension 
to the contract for the South East England Scheme, 
which was placed with Messrs. Henley’s last year, and 
on which work is proceeding. 

Messrs. C. A. PARSONS AND Company, LIMITED, 
Heaton Works, Neweastle-on-Tyne, have recently 
received an order for a 12,500-kw. turbo-alternator for 
Pretoria, South Africa, and for two of their Uniplane 
turbo-generators for China. These machines bring the 
turbine plant now in hand at the Heaton Works to an 
aggregate of 257,500 kw., of which 90,750 kw. is on 
foreign account. 


Tue Instirute or Fuet.—tThe fifth annual dinner of 
the Institute of Fuel was held in the Connaught Rooms, 
Great Queen-street, W.C.2, on Wednesday, October 21, 
the President, Sir Hugo Hirst, Bart., taking the chair. 
In the course of his speech in proposing the toast of the 
Fuel Industries, Sir Arthur Duckham referred to the good 
work done by the Fuel Research Board, but said he 
thought this should now be taken over and supported by 
the industry. In replying, the President referred to the 
importance of efficiency in industry and to the problems 
relating to the eflicient utilisation of fuel, which it would 
be for the Institute to solve. Sir John Cadman, in 
proposing the toast of the Visitors, referred to the 
circumstances, to which attention had been called by Mr. 
H. T. Tizard, that every ton of petrol imported for motor- 
car service involved the use of a ton of coal, and in 
replying, Lord Gainford called attention to the alter- 
nating periods of prosperity and depression in the coal 
industry during his lifetime. He did not quite agree 
with Sir Arthur Duckham’s views on the Fuel Research 
Board, as in the present state of the coal industry it was 
difficult to find money for research. The toast of the 
President was proposed by Sir David Milne-Watson, 
and Sir Hugo Hirst briefly responded. 


THE ARMSTRONG-SAURER COMMERCIAL VEHICLE,— 
At an inaugural luncheon, held on October 29, to intro- 
duce the Armstrong-Saurer commercial vehicles, it was 
announced by the chairman, Major-General Dawney, 
that Messrs. Armstrong-Saurer Commercial Vehicles, 
Limited, 21, Augustus-street, N.W.1, had commenced 
production of an al -British Saurer model. The first 
completed vehicle is described elsewhere in this issue in 
connection with the Commercial Vehicle Exhibition at 
Olympia. This will be followed by 6-wheel 12-ton vehicles, 
and later by a 4-ton high-speed chassis for both passenger 
and goods work. The company is associated with the 
Armstrong-Whitwerth group of companies, and a portion 
of the Armstrong-Whitworth works at Scotswood has 
been set aside and equipped with the latest types of 
machine-tools for the exclusive production of these 
vehicles. The Saurer lorry is equipped with an airless- 
injection engine, and the models made by the Société 
Anonyme Adolphe Saurer in Switzerland have earned 
a very high reputation. Over fourteen hundred vehicles 
of this type, equipped with airless-injection engines, 
are actually in use, and it is interesting to note: that 
Saurer commercial vehicles have been granted no fewer 
than fifty gold medals, first prizes, and other awards, 
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10s, 6d. net.]} 
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Association. 
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Deschutes River Basin, Oregon. By H. T. STEARNS. 
[Price 35 cents.] No. 638-A. A Preliminary Report 
on the Artesian Water Supply of Memphis, Tennessee. 
By F. G. Wetts. No. 642. Surface Water Supply of 
the United States, 1927. Part Il. South Atlantic Slope 
and Eastern Gulf of Mexico Basins. [Price 20 ccnts.] 
No. 651. 1927. Part XI. Pacific Slope Basins in 
California. [Price 45 cents.] No. 652. 1927. Part 
XIl. North Pacific Slope Drainage Basins. A. Pacific 
Slope Basins in Washington and Upper Columbia 
River Basin. [Price 20 cents.] No. 653. 1927. 
Part XII. North Pacific Slope Drainage Basins. 
B. Snake River Basin. |Price 85 cents.] No. 654. 
Part XII. North Pacific Slope Drainage Basins. 
C, Pacific Slope Basins in Oregon and Lower Columbia 
River Basins. [Price 20 cents.] No. 661. 1928. 
Part 1. North Atlantic Slope Drainage Basins. [Price 
35 cents.| No. 664. 1928. Part 1V. St. Lawrence 
River Basin. [Price 20 cents.] No. 666. 1928. 
Part VI. Missouri River Basin. [Price 35 cents.] 
No. 667. 1928. Part VII. Lower Mississippi River 
Basin, |Price 15 cents.] No. 669. 1928. Part IX. 
Colorado River Basin. [Price 20 cents.] No. 670. 
1928. Part. X. The Great Basin. [Price 20 cents. ] 
No. 671. 1928. Part XI. Pacific Slope Basins in 
California. [Price 45 cents.] No. 672. 1928. Part 
XII. North Pacific Slope Drainage Basins. A. Pacific 
Slope Basins in Washington and Upper Columbia 
River Basin. [Price 25 cents.] Washington: Govern- 
ment Printing Office. 

Society of Chemical Industry. Chemical Engineering 
Group Proceedings. Vols. 11 and 12. 1929 and 1930. 
London: Otlice of the Chemical Engineering Group. 
| Price 10s. 6d. | 

The Association of Engineering and Shipbuilding Draughts- 
men, The Solution of Triangles. By E. N. Digwrep. 
London: The Draughtsman Publishing Company, 
Limited. [Price 2s. net.] 


Engineering Experiment Station. 
Belt Drives with Cast-Iron Pulleys 
By C. A. NorMAN and G. N. 
Ohio State University. [Price 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Though a brighter tone is manifest 
in the local steel and engineering trades, and orders are 
more numerous, a large amount of plant still stands 
idle. Gross output tends to increase, however, and, 
judging by the number of inquiries in circulation, an early 
improvement is likely. The leeway which the steel- 
producing sections have to make up before anything 
like normal working is restored can be gauged from a 
comparison of current monthly output with that for 
the average post-war period. In September last, 
Sheffield was responsible for an approximate output of 
61,000 tons, as against 67,900 tons in August, 75,700 tons 
in September last year, and an average post-war monthly 
output of 96,000 tons. September’s total included 
20,000 tons of acid steel. Pig-iron production in Lincoln- 
shire has been put on a slightly extended basis. Rolling 
mills, forges, and press shops are more busily engaged 
than a month ago, but nothing like full-time working is 
in operation. The depreciation of the pound has helped 
to stimulate the demand, but fears are expressed as to 
whether this improvement will be maintained. The 
demand for steelmaking materials is fairly steady, while 
scrap values show a further rise. Complaints of a 
shortage of railway rolling-stock orders are heard on every 
hand. Makers, however, are not without hope of an 
early revival. The current requirements of overseas 
railways are on a low level. Political and general un- 
settlement in India and China has been responsible for 
a marked decline in orders from those markets. The loss 
of Indian business has been keenly felt by Sheffield 
works. Orders have been received locally from South 
African and Egyptian railways for wagon axles. Lincoln 
ri nanyacies has just put in commission a large gas- 
holder which has been constructed by a local concern. 
It is of the three-lift, spiral-guided type, with a capacity 
of 1,500,000 cub. ft. Nearly 1,000 tons of steelwork 
were used in its construction, There is a consistent 





call for automobile steel and fittings. The output of 
stainless steel and rustless iron increases weekly. The 
high quality of Sheffield-made tool steel is attracting 
new customers. - Keen competition is reported from the 
Saar, but local makers have been successful in booking 
contracts from Egypt. A Sheffield firm which has for 
long specialised in the manufacture of steel-wire umbrella 
frames is experiencing a renewed demand, and has 
engaged extra hands. The tool trades do not appear to 
make much headway, though there are signs of increased 
activity in some sections. Orders have been received 
from Australia and South America for sheep and garden 
shears, but the general demand for such products leaves 
much to be desired. There is a weak market for saws, 
files, and plantation tools, but twist drills and hacksaws 
and blades continue to forge ahead, 

South Yorkshire Coal Trade.—While a certain amount 
of uncertainty exists in some directions, the general 
position tends towards improvement. Export require. 
ments are on a steady level, and inquiries are more 
abundant. Industrial fuel is in better demand, but there 
is ample room for further expansion. Coking smalls 
are more active, while electricity concerns are taking 
bigger tonnages of best quality slacks. The improvement 
in the Lancashire textile and Yorkshire woollen industries 
has also been responsible for an increased call for slacks, 
Considering the time of the year, house coal is only in 
moderate demand, Substantial stocks are held both at 
depots and colliery sidings. Coke for central heating 
purposes is finding a ready market, while the recent 
improvement in foundry and furnace varieties has been 
more than maintained. Gas coke is firm. Quotations: 
Best branch hand picked, 24s. 6d. to 25s. 6d.; Derbyshire 
best brights, 21s. to 22s.; Derbyshire best house, 
21s. 6d. to 22s. 6d.; screened house coal, 19s. to 20s, ; 
screened house nuts, 18s. to 19s. ; Yorkshire hards, 17s, 
to 18s. 6d.; Derbyshire hards, 17s. to 18s, 6d.; rough 
slacks, 9s. 6d. to 10s. 6d. ; nutty slacks, 7s. 6d. to 8s. 6d. ; 
smalls, 5s. 6d. to 6s. 6d. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—New features are few. 
The volume of trade passing is below expectation, but the 
market remains firm, and gradual expansion of inquiry 
continues. Home customers are still the chief buyers, 
but overseas firms are taking more interest in this 
market, and confidence in the future is quite marked. 
Scotland is buying a little more Cleveland pig, and occa- 
sional export sales are reported by both merchants and 
makers. Stocks have been reduced to dimensions 
little more than essential for ordinary trading, and are 
still steadily decreasing. Ironmasters are thus in a 
strong position, and prices are more likely to rise than 
otherwise, but advance of moment is not expected. 
Customers are prepared to buy for supply over periods 
ahead at the following fixed minimum figures for early 
delivery. No. 1 grade, 6ls.; No. 3 g.m.b., 58s. 6d. ; 
No. 4 foundry, 57s, 6d.; and No. 4 forge, 57s. 

Hematite.—Very limited output of hematite pig does 
not meet current requirements, and consequent calls 
upon stocks are materially strengthening the statistical 
position, which, however, is still unsatisfactory. Further 
sales of hematite to Sheffield and to the Midlands have 
been made, and a few transactions with Continental 
buyers have occurred recently. Though producers are 
encumbered by the rather large quantities stored at the 
blast furnaces, they are taking quite a firm stand. For 
ordinary East Coast brands 66s. is generally asked, and 
No. 1 hematite is put at 66s. 6d., but customers claim 
they can satisfy their needs at a little below these prices. 

Foreign Ore.—-There is no movement in foreign ore. 
Consumers are not in the market, as they still have 
rather considerable supplies on hand and large quantities 
to accept against contracts already made. The nominal 
price of best rubio remains at 17s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is in 
only moderate request for local use. Good medium 
qualities are on sale at 17s. delivered to works in this 
district. 

Manufactured Iron and Steel.—Business in finished iron 
and steel matures only slowly, but one or two branches 
are busier than for a long time past, and orders in 
departments much needing work are gradually coming 
forward. Specifications for shipbuilding material promise 
to be distributed on a fairly good scale, as the result of 
a few recent orders for steamers. Quotations, all 
round, are steady. Common iron bars are 10. ; best 
bars, 101. 10s.; double best bars, 11l.; treble best 
bars, 111. 10s. ; packing (parallel), 87. ; packing (tapered), 
101. ; steel billets (soft), 5/. 15s. ; steel billets (medium), 
6l. 12s. 6d. ; steel billets (hard), 7/. 2s. 6d. ; iron and steel 
rivets, 11/. 5s.; steel ship plates, 8/. 15s.; steel angles, 
8l. 7s. 6d. ; steel joists, 8/. 15s.; heavy sections of steel 
rails, 8J. 10s. for parcels of 500 tons and over, and 9. 
for smaller lots; fish plates, 12/. 10s.; black sheets 
(No. 24 gauge), 8. 5s., and galvanised corrugated sheets 
(No. 24 gauge), 91. 15s. 

Scrap.—Demand for scrap is increasing, and values 
are moving upward. Borings are 22s. ; turnings, 268. 5 
light cast iron, 35s.; heavy cast iron, 43s. ; machinery 
metal, 46s. ; and heavy steel, 40s. to 42s. 6d. 








Tue INstTITUTION OF ELECTRICAL ENGINEERS, 5COT- 
TISH CENTRE.—The annual dinner of the Scottish Centre 
of the Institution of Electrical Engineers will be held 
on November 24 at the Grosvenor Restaurant. Gordon- 
street, Glasgow. Tickets are. obtainable from the 
Convener of the Entertainments Committee, Uare 
74, Waterloo-street, Glasgow, C.2. 
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NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

Improved Trade Outlook.—Although one must accept 
with reservation the exaggerated reports of sudden 
business expansion, and the nebulous statements about 
the erection of large factories in this country by foreign 
firms fearing the introduction of tariffs, there is, neverthe- 
less. definite ground for stating that the outlook in most 
sections of the north-western iron and steel and heavy 
engineering industries is very much. healthier than it 
was a month or six weeks ago. This is shown by the 
regained confidence which is encouraging a number 
of undertakings to re-start plant which has been idle 
for considerable periods, the opening of new establish- 
ments by other concerns, and the growing number of 
orders which are being booked by some sections. A 
particularly encouraging announcement is that Messrs. 
Sake Summers and Sons, Limited, are contemplating the 
re-opening of their steelworks at Shotton, near Chester, 
after a lengthy period of idleness. At Stockport, Messrs. 
Craven Brothers, Limited, are equipping a large new 
service depot for Messrs. Armstrong-Saurer Commercial 
Vehicles, Limited, of London and Newcastle-on-Tyne ; 
and Messrs. Fildes, Limited, coppersmiths, of Collyhurst, 
Manchester, have acquired premises at Stalybridge, 
for use as a branch establishment. Another compara- 
tively new industry to that district is Messrs. The Staly- 
bridge Stampings, Limited, who have taken over a portion 
of the ironworks formerly occupied by Messrs. John 
Summers and Sons, Limited. 

Large Orders for Road Vehicle Manufacturers.—Manu- 
facturers of road vehicles have been particularly fortunate 
lately. Messrs. Fodens, Limited, of Sandbach, Cheshire, 
have just been favoured with a contract for 68 Foden- 
Diesel tipping wagons—claimed to be the largest indivi- 
dual order for Diesel road motor vehicles placed in this 
country. The machines are for the Broad Plate Syndi- 
cate, Limited, quarry owners, of Regent-street, W.1, 
and comprise 46 six-wheeled 10 to 12 ton, and 22 six-ton 
wagons. Messrs. Crossley Motors, Limited, of Gorton, 
Manchester, too, have received substantial orders for 
heavy-oil engined motor omnibuses and other vehicles. 
Orders have been received, it is stated at Crewe Railway 
Works for the construction of 55 new locomotives, which 
will keep the establishment busy for several months. 


Other Signs of the Times.—One of the most important 
contracts of the week is that placed with Messrs. Henry 
Simon, Limited, of Cheadle Heath, near Manchester, 
for machinery and other equipment for a 25,000-ton 
granary at Leith for the Leith Harbour and Docks 
Commissioners. The value of the contract is in the 
vicinity of 40,0007. The firm is also constructing milling 
plant for shipment to Brazil and Denmark, and is working 
full time. Messrs. The Corrugated Iron company, 
Limited, of Ellesmere Port, Cheshire, are manufacturing 
sheeting for a new G.W.R. erecting shop at Wolver- 
hampton. 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Much quieter conditions have devel- 
loped in the Welsh steam coal trade. Though a fair 
volume of business has been fixed up for delivery next 
year, current commitments are insufficient to keep 
collieries working anything like regularly. In fact, the 
export trade has fallen away to such an extent that 
stoppages throughout the coalfield have become rife, 
because of the impossibility of clearing loaded wagons 
and returning empties to the pits to transport current 
output. This position has been largely brought about 
by the restrictions imposed by France on the importa- 
tion of coal, and the stocks held in other countries, which 
has caused a falling-off in requirements. Last week, for 
instance, exports to France amounted to only 72,000 tons, 
the smallest quantity taken in any normal week this year, 
while shipments to Italy were only 44,000 tons. The 
aggregate exports from all the Welsh ports at 293,000 tons 
were 43,000 tons below those of the preceding week. 
Even allowing for the fact that, of late, shipments have 
been held up because of delay to steamers caused by bad 
weather, current clearances cannot be regarded as other 
than disappointing. Dry nuts and cobbles, the make of 
which is negligible, were booked up and extremely scarce, 
while dry large coals, too, were in a comfortable position. 
Other classes of large, however, moved off quietly, and 
were readily obtainable on the basis of the schedule, 
while smalls of all varieties were in abundance. In fact 
the position of smalls was so unsatisfactory that it was 
receiving the constant consideration of the South Wales 
Coal Marketing Association. 

Foreign Iron and Steel.—Imports of foreign iron and 
steel into South Wales from 4 seine 1 to October 25 
amounted to 616,681 tons, or about 15,000 tons a week. 
Since the National Government was returned, the arrivals 
have been nearly treble the normal quantity in view of 
expected measures by the new Government to minimise 
foreign importations, either by way of tariffs, or embar- 
goes. in the past week, 21,195 tons of iron and steel 
were landed, of which 9,680 tons were brought to New- 
port, 5,750 tons to Port Talbot, and 2,320 tons to Swan- 
Sea. Oi the total, Belgium supplied 17,090 tons, making 
an aggregate from that country of 71,000 tons in three 
Weeks, while Holland last week supplied 2,175 tons, and 
France 1,458 tons. 

Wages of Ships’ Officers—The National Maritime 
Board have put forward an application to the different 
panels of ships’ navigating and engineer officers for 
reductions in the standard rates of pay which have been 
'N operation since August, 1925. Recently, the rates for 
Motor-ship engineer officers were reduced to bring them 
more into line with steamship rates, and it is understood 
that th. present application wil] also affect the new 
Mocor-ship rates, 











NOTICES OF MEETINGS. 


INsTiITUTION OF ELEcTRICAL ENGINEERS.—London 
Students’ Section : To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. ‘‘Short-Wave Transmission,” by Mr. 
W. R. Bishop. Mersey and North Wales (Liverpool) 
Centre : Monday, November 16, 7 p.m., The University, 
Liverpool. ‘‘ Oscillographs,’’ by Prof. E. W. Marchant. 
London: Thursday, November 19, 6 p.m., Victoria- 
embankment, W.C.2. ‘The Design of a Distribution 
System in a Rural Area,’”’ by Mr. E. W. Dickinson and 
Mr. H. W. Grimmitt. 

Junior InstituTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. Annual General 
Meeting. Friday, November 20, 7.30 p.m. ‘*‘ Modern 
Pressed Brick Manufacture,” by Mr. H. G. Brown. 

Society oF CHEMICAL INDUSTRY. CHEMICAL ENGI- 
NEERING GRouP.—To-night, 8 p.m., Chemical Society, 
Burlington House, Piccadilly, W.1. ‘‘ Platinum,” by 
Mr. D. McDonald. 

BRADFORD ENGINEERING Socrety.—Monday, No- 
vember 16, 7.30 p.m., Technical College, Bradford. 
“* Lubricated Bearings,’”’ by Dr. H. W. Swift. 

Society or GLAss TECHNOLOGY.—Tuesday, November 
17, 4.30 p.m., King Hotel, Sheffield. Refractories and 
Standards Committees Meeting. Wednesday, No- 
vember 18, 2 p.m., The University, St. George’s-square, 
Sheffield. ‘‘The Future of Glass Melting,” by Mr. E. 
Meigh. ‘‘ Regeneration in Glass Furnaces,” by Mr. 
T. P. Colclough. 

INSTITUTION OF CiviL ENGINEERS.—Tuesday, No- 
vember 17, 6 p.m., Great George-street, S.W.1. “‘ The 
Treatment of Sewage Sludge by Bacterial Digestion,” 
by Mr. H. C. Whitehead and Mr. F. R. O’Shaughnessy. 
Wednesday, November 18, Students’ Meeting. Chair- 
man’s Address by Mr. E. H. Ely. 

INSTITUTE OF TRANSPORT.—Tuesday, November 17, 
Institution of Electrical Engineers, Victoria-embank- 
ment, W.C.2. Informal Meeting. ‘‘’Bus Traffic Pub- 
licity,’” by Mr. W. H. Gaunt. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, November 17, 7.15 p.m., Junior Institution 
of Engineers, 39, Victoria-street, S.W.1. ‘‘ Modern 
Wiring Systems and Accessories,” by Mr. F: C. Raphael. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaAnD.—Tuesday, November 17, 7.30 p.m., 39, 
Elmbank-crescent, Glasgow. ‘‘The Application of 
Low-Temperature Coal Distillation to Modern Require- 
ments,’’ by Mr. E. H. Smythe and Mr. E. G. Weeks. 

Royat Society or Arts.—Tuesday, November 17, 
8 p.m., John-street, Adelphi, W.C.2. ‘‘The Pressure 
Cable : An Advance in the Construction of High-Voltage 
Cable Installations,’ by Mr. M. Hochstadter, Mr. W 
Vogel, and Mr. E. Bowden. 

Royat METEOROLOGICAL SocreTy.—Wednesday, 
November 18, 5 p.m., 49, Cromwell-road, S.W.7. 
** Report on the Phenological Observations in the British 
Isles, from December, 1929, to November, 1930,” by 
Mr. J. E. Clark and Others. ‘“‘ The Forms of Stratified 
Clouds: Part 1, Experimental; Part 2, Discussion,”’ 
by Sir G. F. Walker and Mr. A. C. Phillips. “* Eighty 
Years’ Rainfall at North Craig Reservoir, Kilmarnock,” 
by Mr. W. Dunbar. 

TntuminaT:NG ENGINEERING Socrety.—Wednesday, 
November 18, 6.30 p.m., Worshipful Company of Tallow 
Chandlers, 4, Dowgate Hill, E.C.4. “The Tallow 
Chandlers’ Company and Their Craft,” by Mr. R. H. 
Monier-Williams. ‘‘The Historical Development of 
Gas Lighting,” by Mr. W. J. A. Butterfield. ‘‘ The 
Early Days of Electric Lighting,” by Mr. J. Swinburne. 

LIVERPOOL ENGINEERING Socrety.—Wednesday, 
November 18, 6.30 p.m., The Temple, Dale-street, 
Liverpool. Joint Meeting with Institution of Mecha- 
nical Engineers, North Western Branch. ‘‘ The Main- 
tenance of a Dredging Fleet,” by Mr. R. J. N. Willcox. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, November 18, 7 p.m., 
Chamber of Commerce, New-street, Birmingham. 
Informal Discussion. ‘‘ Machine Tools from a User’s 
Point of View.”’ Glasgow Section : Thursday, November 
19, 7.30 p.m., Institution of Engineers and Shipbuilders 
in Scotland, 39, Elmbank-crescent, Glasgow. ‘* Produc- 
tion Methods for Small Quantities,” by Mr. W. 
Buchanan. 

INSTITUTION OF MECHANICAL ENGINEERS.— Western 
Branch : Wednesday, November 18, 7 p.m., Merchant 
Venturers’ Technical College, Unity-street, Bristol. 
‘* Works Organisation and Control,” by Mr. F. Pearson. 
South Wales Branch : Thursday, November 19, 6 p.m., 
South Wale& Institute of Engineers, Cardiff. ‘ The 
Training of the Future Engineer,” by Mr. A. W. 
Loveridge. Midland Branch : Thursday, November 19, 
6.30 p.m., Grand Hotel, Birmingham. ‘ Die Forging,” 
by Capt. F. W. Spencer. North-Western Branch : 
Thursday, November 19, 7.15 p.m., Engineers’ Club, 
Albert-square, Manchester. Thomas Hawkesley Lec- 
ture. ‘‘The Mechanical Aspects of Electricity,” by 
Mr. Ll. B. Atkinson. London: Friday, November 20, 
6 p.m., Storey’s-gate, S.W.1. Sixth Report of the 
Marine Oil-Engine Trials Committee, by Eng.-Vice 
Admiral Sir G. G. Goodwin. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Graduate Section: Wednesday, No- 
vember 18, 7.15 p.m., Bolbec Hall, Newcastle-on-Tyne. 
“Turbine Gearing,” by Mr. W. Pratt. 

Roya AERONAUTICAL SocrEeTty.—Thursday, November 
19, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. “Aircraft Vibration,” by Mr, 
Constant. 











INSTITUTE OF British FouNDRYMEN.—London Branch: 
Thursday, November 19, 8 p.m., Junior Institution of 
Engineers, 39, Victoria-street, S.W.1. ‘“‘The Manu- 
facture of Pig-Iron in Relation to the Foundry Industry,” 
by Mr. J. Crawford. Sheffield and District Branch : 
Friday, November 20, 7.45 p.m., Albany Hotel, Sheffield. 
‘Further Experiments with Air and Oil-Hardening 
Cast Irons,” by Mr. J. E. Hurst. Wales and Monmouth 
Branch : Saturday, November 21, 6.30 p.m., University 
College, Cardiff. ‘‘ The Microscope in Metallurgy,” by 
Prof. A. A. Read. Lancashire tBranch, Junior Section : 
Saturday, November 21, 7 p.m., College of Technology, 
Sackville-street, Manchester. ‘‘ Non-Ferrous Founding,” 
by Mr. A. Hopwood. 

Roya Instirution.—Friday, November 20, 7 p.m., 
Albemarle-street, W.1. ‘Oil and Petrol from Coal,” 
by Dr. C. H. Lander. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade have not changed much over the week, but while 
makers of lighter material are somewhat better off for 
work, the demand for heavier stuff continues poor. The 
booking of a few shipping orders during the past week 
or two has improved the outlook to some extent, and as 
there are more inquiries for new tonnage in the market, 
local steel makers are hopeful that the demand for plates 
and sections will show a welcome increase in the near 
future. None of the works are at all well employed and 
output is on a very low scale. In the black steel sheet 
trade the improvement in conditions is very noticeable, 
and some makers are well covered for the next few weeks. 
That applies chiefly to the lighter gauges, as orders for 
the heavier kinds are not of such good volume. For 
galvanised sheets, there is once again a very good outlet 
and recent bookings amount to quite a satisfactory 
tonnage. Prices overall show little change, and are as 
follow :—Boiler plates, 97. per ton ; ship plates, 8/. 15s. 
per ton ; sections, 8/. 7s. 6d. per ton; black steel sheets, 
4 in., 7/. 10s. per ton ; and galvanised corrugated sheets 
(No. 24 gauge). 107. 10s. to 111. per ton, all delivered 
Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade the amount of business going through 
is very disappointing and hand-to-mouth conditions are 
the general rule. So far, there is little sign of the indus- 
try getting any direct benefit from the depreciation of 
sterling, and the outlook is not very promising in the 
meantime. The position of re-rollers is not changed, 
and they have to fight hard for business. The following 
are the current quotations :—‘‘ Crown ”’ bars, 101. 5s. 
per ton for home delivery and 91, 15s. per ton for exports ; 
and re-rolled steel bars, 67. 10s. per ton for home delivery 
or export. 

Scottish Pig-Iron Trade.—The state of trade in the 
Scottish pig-iron industry is no better, and orders are 
very limited, both on home and export account. The 
import of pig-iron to the Clyde continues, and this is 
having some effect on local production. Consumers of 
hematite and foundry iron are not in a position to place 
many orders meantime, and like others are living in hope 
of the early appearance of a revival in generai trade. 
The number of furnaces in blast remains at three. 
Current market quotations are as follow :—Hematite, 
68s. 6d. per ton, delivered at the steel works ; foundry 
iron No. 1, 72s. per ton, and No, 3, 69s. 6d. per ton, both 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, November 7, amounted to 249 tons. Of that 
total, 215 tons went overseas and 34 tons coastwise. 
During the corresponding week of last year the total 
amount shipped was only 62 tons. 


Shipbuilding Contract._-Within ten days of securing 
an order for a small cargo steamer, which meant the re- 
opening of their yard after a period of idleness, the 
Burntisland Shipbuilding Company, Limited, have re- 
ceived another contract. This is for a cargo steamer of 
the ‘‘ Economy ” type for London owners, and she wiii 
have a deadweight tonnage of 7,000. 





NortuH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—The forty-seventh annual report of the 
Council of the North-East Coast Institution of Engineers 
and Shipbuilders, covering the session 1930-1931, has 
recently been issued. The members on the register on 
July 31, 1931 totalled 1,201; during the session, 100 
new members were enrolled, but the Council had to 
deplore the death of 24 members, among whom were 
Sir C. A. Parsons, Mr. Andrew Laing, and Sir Hugh 
Bell. Thirteen meetings were held during the session, 
and gold medals have been awarded to the authors of 
two of the papers read, namely, to Mr. S. F. Dorey, the 
author of ‘‘Some Factors Influencing the Sizes of 
Crankshafts for Double-Acting Diesel Engines,” and 
to Admiral D. W. Taylor, who was the author of “‘ Varia- 
tion of Efficiency of Propulsion with Variation of 
Propeller Diameter and Revolutions.” The Institution’s 
efforts towards the establishment of an engineering and 
industrial museum on the North-East Coast have been 
successful in so far as the Newcastle-upon-Tyne City 
Council decided, on May 20, 1931, to establish the 
museum. This is to be housed in the building on the 
Town Moor, which was the Palace of Arts during the 
1929 Newcastle Exhibition. It is proposed to hold the 
summer meeting of the Institution in Germany from 
June 17 to 26. The income of the Institution for the 
year ending July 31, 1931 amounted to 4,084/., and the 
expenditure to 4,229/, 
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EXHIBITS AT THE COMMERCIAL MOTOR EXHIBITION. 





(For Description, see Page 606.) 





























Fig. 28. TRANSMISSION OF SIX-WHEEL VEHICLE; Messrs. HENSCHEL Fie. 29. Engine anp Grear Box; Messrs. ARMSTRONG- 


AND SOHN. 


THE LATE MR. HARRY HALL. 


WE regret to note the death, after a very short illness, 


on October 31 last, at Hampstead, of Mr. Harry Hall, | 


an engineer of considerable experience, who had latterly 
served as resident engineer, under Mr. H. H. Dalrymple- 
Hay, on the reconstruction of the Piccadilly-circus 
tube station, of the London Electric Railway Company, 
and on other works of a similar nature. Mr. Hall was 


born on September 30, 1861, and received his general | 
! , g 


education at Thorn House Academy, Ealing. After 
studying engineering at Victoria University, Manches- 


ter, he received practical training under the late Mr. | 


Edmund Olander, bridge engineer to the Great Western 
Railway Company. From 1882 until 1884 he was an 


assistant in the Engineering Department of the | 
Lancashire and Yorkshire Railway Company, and | 
during the succeeding two years he occupied a similar | 
position on the staff of the Great Western Railway | 
Company. In 1885, Mr. Hall joined the firm of Messrs. | 
Galbraith and Church, civil engineers, Westminster, | 
and remained one of their principal assistants until | 


they retired, more than twenty years later. While 
with them, he was engaged on various new railway 
works in connection with the Devon and Cornish lines 
of the London and South Western Railway Company. 
He afterwards became engaged on works connected with 
the Holsworthy and Bude line and the Meon Valley 
line, of the London and South Western Railway, and 
the Basingstoke and Alton Light Railway. Subse- 
quently, he was employed on the construction of the 
Waterloo and City Railway, his activities including 
heavy underpinning work at Waterloo Station, and 
later he took on work in connection with the construc- 
tion of the Baker Street and Waterloo Railway, and 
the Charing Cross, Euston and Hampstead Railway. 
His services were also required when two graving docks 
and a number of quays were being built at Southampton. 

In 1907, he commenced practice as a civil engineer on 
his own account, and became engaged on various 
constructional works and in the preparation of schemes 
for the New South Wales Government. These in- 
cluded an underground railway, and a sewer of con- 
siderable length through water-logged sand, at Sydney, 
and the rearrangement of the docks at Newcastle, 
New South Wales. In 1910, he was appointed civil 





engineer to the Cleveland Bridge and Engineering | 
Company, Limited, of Darlington, but returned to | 


private practice in 1912. Some years ago Mr. Hall 
joined the staff of Mr. k. H. Dalrymple-Hay, Regent- 
street, London, 8S.W.1, and was placed by him in charge, 
as resident engineer, of che construction of escalators 
at the Underground Railway stations at Oxford-circus, 
Tottenham Court-road, Trafalgar-square and Picca- 
dilly-cireus. At the time of his death, Mr. Hall was 
in charge of the escalator works at Warren-street 
and Leicester-square stations, and of the works in con- 
nection with a new escalator at Tottenham Court-road 
station. He was also the resident engineer on the 
construction of an additional underground passage at 
Oxford-circus station. Mr. Hall became an associate 
member of the Institution of Civil Engineers on 
December 6, 1892, and was elected to full membership 





on February 11, 1913. He was the author of a contri- 





SAURER COMMERCIAL VEHICLES, LIMITED. 
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Fie. 30. Orr-StpE View oF AIRLESS-INJECTION ENGINE; MEssrRs. ARMSTRONG-SAURER 
COMMERCIAL VEHICLES, LIMITED. 

















Fie. 31. Rierp Srx-WHEEL Steam Waaon; Messrs. RIcHARD GARRETT AND SONS, 
LIMITED. 


bution to the Proceedings of the Institution, entitled, | April 9, 1929. For this paper: he was awarde:! 
“The New Piccadilly Circus Station,” presented on} George Stephenson Gold Medal. 
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(For Description, see Page 599.) 
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35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC { ‘‘ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 
a 





SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 
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For Canada— 
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guaranteed. 
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advertisements should be received 10 days 
previous to the day of Publication. 
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THE MANUFACTURERS’ 
OPPORTUNITY. 

Wiru the completion of the Cabinet, the setting- 
up of a National Government is complete and one 
may hope that the heavy task of setting our national 
finances in order may be taken in hand at once. 
Normally, a new Government may demand a little 
time to look around and consider its policy, but 
this occasion is hardly one for leisurely contempla- 
tion of the nation’s affairs. Nor should this be 
necessary ; every individual concerned in the new 
Government must have had the whole question 
in mind for months or years past, and while the 
details of procedure may require discussion, its 
general trend should be clear. The situation is 
stark enough; we are buying some 100,000,000/. 
worth of goods a year, for which we are now paying 
in a depreciated currency. As long as the paper 
pound and the pound sterling were the same thing, 
our customers were satisfied and would have been 
prepared to let our tale of unbalanced imports grow 
indefinitely. Recent history suggests that some of 
our schools of political thought shared that satis- 
faction. Simple arithmetic has at last, however, 
shown that the system is unsound, and we have 
been forced to devaluate our money. 

For how long we could continue to pay for the 
material we receive from abroad, of which a con- 
siderable part consists of unbalanced imports, with 
a sixteen-shilling pound, before it became a ten- 
shilling pound, or a five-shilling pound, is a problem 
which few would wish to see solved experimentally. 
It is clear, however, that the situation is not only 
unsound, but dangerous, and when a member of the 
new Cabinet gives us six months in which to bring 
our spendthrift policy to an end, if we are to avoid 
a crash, it is clear that the Government has little 
time for leisurely contemplation of its difficulties. 








This time-limit of six months was set by Sir Hilton 





Young, in replying to the toast of “Trade and 
Commerce,” at the Cutlers’ Feast in Sheffield, on 
Thursday of last week. He painted the general 
situation much as we have described it above, and 
definitely stated—‘‘ we have six months at most 
in which to save our bacon.” 

It is neither possible nor desirable, here and now, 
to attempt to forecast the steps which the Govern- 
ment will put in hand to retrieve our situation. 
Some things have already been done in the direction 
of economy, and it may be that it may be found 
desirable to assist the trade balance by temporary 
heavy duties on certain luxury imports. Neither of 
these measures, however, can do much towards 
increasing our export of manufactured goods and 
bringing our trade balance to the condition which 
is necessary for a healthy financial state. The 
essential matter, and the one of most direct interest 
to engineers, is that our manufacturers should be 
put in a position in which they can fairly compete 
with the manufacturers of other countries. So far 
as matters have gone, they have received some 
assistance in the international market from the 
depreciation of the pound, and if this condition 
endures, it will form an indirect method of weaken- 
ing the rigidity of wages in the sheltered industries. 
The ultimate effect of this depreciation is, however, 
impossible to estimate, and in any case it is probable 
that any advantage our manufacturers have received 
from it has been largely nullified by the increases in 
taxation which have been a necessary feature in the 
measures taken to stabilise our financial position. 

As we have said, the main interest to engineers 
is that steps should be taken to put our manufac- 
turers in a fair position as compared with their 
competitors abroad. Their position has for long 
been an almost impossible one. Sir William Larke, 
proposing the toast of ‘‘The New Parliament” at 
the Cutlers’ Feast, to which we have already referred, 
said, ‘‘ Only those concerned in the almost impos- 
sible task of maintaining industry in operation 
against overwhelming odds could ever realise what 
that task had been, both of employers and 
employed.” The industrial policy of this country 
has been such that some lines of manufacture have 
hardly been developed here, so that the imposition 
of protective duties could initially do little to check 
imports. In other cases, however, a large part 
of the work represented by the imports could be 
transferred to this country in a comparatively 
short period. Matters have been allowed to drift 
to such an extent that the immediate effect of any 
steps which may be taken to foster home industry 
is of importance, but clearly the full effect of a new 
procedure on our manufacturing industries cannot 
be seen for a number of years. 

It is frequently asserted that the effect of protec- 
tion is to bolster-up inefficient industries. The 
example of Germany might in itself be sufficient 
to refute this idea, but if an example nearer home is 
required it is only necessary to consider the case 
of the motor industry. The effect of the McKenna 
duties in giving this industry control of at least its 
home market has been the building up of a powerful 
and growing body of manufacturers who are 
gradually taking an important position in our export 
trade. So far from bolstering inefficiency, the duties 
have resulted in efficient firms, by enabling them 
to manufacture on an adequate scale, eliminating 
the weaker ones, so that the industry is now 
mainly confined to prosperous and enterprising 
organisations, instead of being divided among a 
larger number, all struggling to make an indifferent 
livelihood. 

There is every reason to suppose that what has 
happened in the motor industry would be repeated 
in other trades, and that the present time may 
prove the manufacturers’ opportunity. There is, 
however, one aspect of the matter which should 
not be overlooked, and that is, that instead of the 
possibilities of the new situation being left free for 
our manufacturers to develop, they may be utilised 
to a considerable extent by foreign firms building 
works in this country. No one could criticise a 
foreign firm for doing this, and the procedure would 
at least retain work and wages at home, but such 
a development would be neither to the credit nor 
profit of British firms. Some examples of this kind 
of development have’ already been seen in the 
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motor trade, but it is conceivable that it might be 
considerably accentuated in some other lines of 
work. Those who are familiar with machine shops 
and manufacturing establishments of almost any 
kind will be familiar with cases in which foreign 
machine tools and plant have been installed, not | 
because the proprietors did not wish to encourage 
British industry, but simply because they could not 
purchase what they required at home. Such 
examples are in no way confined to complicated 
automatic machines for which the demand in this 
country is so comparatively small that they could 
not economically be manufactured here. Unfor- 
tunately, foreign machines have, all too frequently, 
been purchased because no British machines of 
equal quality were available. 

An aspect of this matter is dealt with by Mr. 
H. O. Wraith in our correspondence columns this 
week, and although we would not like to associate 
ourselves with everything he says, it is to be feared 
that in some lines of work the gravamen of his 
charge is justified. Mr. Wraith exonerates the 
motor and electrical industries from any necessity 
for criticism. This is an important point. The 
advantage which the motor industry has had owing 
to the protection behind which it has been working 
we have already referred to, but it must be noted 
that the electrical industry has also been favoured 
by working under a kind of indirect preference. 
This has been furnished by the contracts which have 
been placed in connection with the construction 
of the grid, and which up till the present have 
amounted to some 20,000,000/. These orders have 
all been deliberately placed in this country. It is 
further to be observed that this figure does not 
include the large amount of power station work 
which the construction of the grid has necessitated, 
and in the orders for the manufacture of which our 
makers have usually had a sentimental, but at the 
same time very practical, preference. 

These various conditions have made the positions 
of the motor and electrical industries somewhat 
special, and it is not merely probable, but certain, 
have assisted them in reaching the leading places 
they now hold. Similarly, some preference would 
assist other branches of the engineering industry 
to improve their positions. To say this, however, 
is far from suggesting that the electrical industry 
owes the main part of its success to the incidental 
advantage it has had. It has established itself 
by hard and enterprising work, by research, and 
by utilising every possibility of scientific advance. 
In the same way, while fairer conditions will assist 
other branches of engineering work, some of them, 
it is to be feared, will require greater changes than 
a tariff if they are to take a leading position in the 
engineering world. They require a change of 
method and a change of outlook. If they do not 
so change, then orders will continue to be placed 
with foreign firms, but for manufacture in this 
country instead of abroad. 

A glance down the list of research associations, 
fathered by the Department of Scientific and 
Industrial Research, will show how few of them are 
connected with the engineering industry. This is 
not a good sign. The immediate future will be the 
manufacturers’ opportunity only if he takes advan- 
tage of the new conditions to utilise every modern 
method to produce machines up to the standard of 
those turned out by our most progressive manufac- 
turers. In some industries this cannot be done at 
once, but a start can be made with a confidence 
which was not possible in the past. What was good 
enough for our fathers is certainly not good enough 
for the world to-day, and firms which fail to realise 
this are likely to >e eliminated by their more 
enterprising competitors, and by foreign firms who 
may no longer have to labour under the sentimental 
handicap of manufacturing abroad. 

As the Cutlers’ Feast at Sheffield has taken a 
prominent place in this article, it is but fair to say 
that Sheffield and the methods of Sheffield have 
in no way been in mind in our latter remarks. 
Its troubles are not due to inefficient ways, and 
the steel industry is one in which the whole of 
our imports could within quite a short period be 
supplied from home. Its troubles result from 
the general economic position of the country. That 


by the remarkable advances it has made in special 
steel manufacture over recent years. That it has 
faith in the future is illustrated by the happy 
coincidence that the Master Cutler, Mr. Joseph 
Ward, who entertained his many guests so graciously 
and well last week, was able to invite his visitors 
to inspect the large new machinery hall which his 
firm, Messrs. Thomas W. Ward, Limited, has just 
completed. 








SAFETY IN FLIGHT 


StupEents, both of classical history and of the 
brighter literature which ‘‘ astounds us on a railway 
journey,” cannot fail to have remarked, among 
authors, a widespread and unfortunate tendency to 
associate safety in flight only with those imper- 
fectly heroic characters in whom valour is over- 
weighted with discretion. For the unenlightened 
ancients there was some excuse for this attitude, 
but the modern man of letters, not unacquainted 
with aerial excursions, is wholly unjustified in 
following such a lead, and his methods tend actually 
to misrepresent a highly deserving body of tech- 
nicians. The quest after safety in literal flight 
calls, indeed, for qualities—mechanical ingenuity, 
patient endeavour, unassuming courage—with which 
the more admirable figures of history have commonly 
been endowed ; and, if these attributes prove less 
irresistible in fact that in fiction, their certainty of 
ultimate achievement is not diminished. A typical 
example of the difficulties which beset the road to 
safe flying, and of the way in which they are gradu- 
ally being surmounted by patient and systematic 
investigation is provided by the spinning of air- 
craft. Fifteen years ago the pilot who contrived 
to recover from a spin was justly regarded as 
singularly lucky, and the early full-scale spinning 
experiments of Dr. F. A. Lindemann and others 
are remarkable, therefore, as much for the intre- 
pidity of their authors as for the value of the 
information they yielded. Nowadays, new types 
of machine are tested for spinning in the course of 
routine, but the number of spins which terminate 
in parachute descents is eloquent testimony to the 
still hazardous nature of these manceuvres. The 
mere fact that recovery from spinning is always 
attended by a considerable loss of height points to 
a situation of sufficient gravity to warrant the 
vigorous prosecution of research by all practicable 
means. It has been demonstrated, not surprisingly, 
that the impressions of even the most experienced 
pilots and observers are not merely unreliable, but 
often totally incorrect under the mental and 
physical strain to which they are subject while 
spinning. Even when visual observation is re- 
placed by mechanical records the attainment of 
steady spinning conditions susceptible of subsequent 
analysisis seldom easy and never certain. At present, 
moreover, full-scale spinning trials are greatly 
hampered by the lack of any direct means of measur- 
ing sideslip, with the consequence that no analysis 
of the rolling and yawing couples is possible save by 
a complete determination of the motion, involving 
the measurement of six independent quantities by 
somewhat cumbersome instruments which cannot 
readily be fitted to small machines. 

In experiments with scale model aeroplanes, 
fortunately, the defects of full-size tests are avoided 
to a degree which is justified by results, despite the 
introduction of some uncertainty arising from scale 
effect. A paper entitled ‘‘ Safety in Spinning,” was 
presented to the Royal Aeronautical Society a few 
days ago, by Messrs. H. B. Irving and A. V. Stephens, 
which brought out very clearly the value of model 
experiments in revealing structural features of 
importance in spinning and, generally, in providing a 
rational basis for anti-spinning design. Up till the 
end of last year, the force and moment tests carried 
out in wind tunnels had been supplemented by free 
flight trials of balsa wood models launched in a 
spinning attitude into still air. The results of such 
launching tests are not altogether satisfactory, 
since the ensuing motion is so rapid as to present 
great observational difficulties leading to inaccurate 
data. This mode of experiment is, accordingly, to 
be replaced by free flight tests in a vertical glass- 
walled wind tunnel in which the descent of the 
spinning model is neutralised by the upward speed 





it has lost neither heart nor enterprise is illustrated 


of the airstream, At the Royal Aircraft Establish- 





ment a 12-ft. diameter tunnel, capable of accom). 
modating models up to 2-ft. span, is now being 
constructed on lines similar to those of the sm:i|| 
demonstration apparatus,* which was an attractiye 
exhibit at a number of engineering and scientific 
meetings during the past year. 

The most striking feature of the spinning problem 
in its present stage of partial elucidation is un- 
doubtedly its complexity, nowhere better exemplified 
than in the number and variety of the agents con- 
tributing to the equilibrium of a spinning aeroplane 
and in the close—even critical—interdependence of 
those agents. On no single aspect of the problem 
is it possible to lay down a simple, hard and fast 
recommendation applicable to aircraft in general. 
In one or two directions, however, conclusions of a 
fairly unqualified nature are beginning to emerge 
from the accumulated results of some years of work 
and are of sufficient importance to warrant the 
closest attention of aeronautical engineers. The 
most definite of these takes the form of the general 
principle, that in any consideration of factors con- 
ducive or otherwise to safety in spinning, aero- 
dynamic and inertia characteristics must always be 
regarded in relation to one another. Thus, aero- 
dynamic properties which are proved favourable in 
one machine may be found detrimental in another 
where the mass distribution is different. In this 
connection a particular significance attaches to the 
difference, A-B, between the inertias of an aeroplane 
about the longitudinal and transverse axes. With 
respect to the spinning propensities associated, for 
example, with stagger, any general conclusion must 
be regarded as unreliable. If A-B is positive, 
stagger will usually be found beneficial ; whereas if 
A-Bis negative, stagger may prove disadvantageous, 
This principle of the relative importance of inertia 
and aerodynamic quantities throws light on many 
puzzling features of spinning aircraft. Instances of 
suddenly facilitated recovery after spins of long 
duration may be explained on the grounds that, 
with increasing air density due to loss of height, 
aerodynamic forces and couples are increased sufti- 
ciently to assume control over the unchanged in- 
ertias. Similarly, the not uncommon occurrence of 
a dangerous spin being arrested when the pilot is on 
the point of taking to his parachute may be ascribed 
to a favourable change of inertia due to the new 
position of the pilot’s mass. 

One further general inference, from the results of 
recent experimental work, is that the most effectual 
control for producing recovery from an established 
spin, isthe rudder. The actual corrective is yawing 
moment against the direction of spin. Aileron 
control fails adequately to meet this requirement by 
virtue of the rolling couple produced by aileron 
action. Wing-tip fittings, such as interceptors, in- 
tended to produce simple yawing free from roll, are 
certainly advantageous, but this quality is restricted 
mainly to steep spins at relatively low incidences 
and falls off perceptibly for dangerous flat spins. 
Poyerful elevators, again, will occasionally effect 
recovery ; but the initial result of setting elevators 
against a spin is always a tendency to initiate 
another and faster spin, and it is by no means 
certain that reversal of elevators invariably assists 
recovery during the flat spin stage. There remains 
only the rudder: and even here no unqualified ruling 
applies. The mere addition of fin and rudder area 
is not sufficient. It is most important that the 
rudder area should be so disposed as to remain as 
far as possible unshielded by the rest of the tail 
unit, due regard being paid to the incidence of the 
relative wind which may be at anything from 20 deg. 
to 70 deg., according to the type of spin developed. 
So far, the most promising results have been achieved 
with models having a deep fuselage near the tail, 
and carrying the tail plane mounted on top of the 
fuselage, well out of the way of the rudder. 

Whilst, at the moment, it is idle to speculate on 
the measures which spinning research may eventu- 
ally evolve, the present trend of modification, mainly 
concerned with safety, suggests that quite apprec!- 
able departures from conventional design may be 
demanded by aerodynamical considerations before 
aircraft can be regarded as unspinnable. How far 
such innovations can be reconciled with structural 
requirements is a matter for conflict and p: sssible 





* See ENGINEERING, October 30, 1931, page 569. 
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compromise, and must be left to designers. Happily, 
there is little doubt that the engineering half of the 
designer willsolve its share of the problem once the 
aerodynamic half has made up its mind. 


MECHANICAL ASPECTS OF 
ELECTRICITY. 


THE eighteenth Thomas Hawksley Lecture of 
the Institution of Mechanical Engineers was given 
on Friday, November 6, at- Storey’s-gate, St. 
James’s Park, by Mr. Llewelyn B. Atkinson, F.K.C., 
his subject being *‘ Mechanical Aspects of Elec- 
tricity.” The chair was occupied by Mr. William 
Taylor, vice-president. 

Mr. Atkinson commenced his lecture by a lucid 








magnets. In contrasting the simple and enclosed 
types of solenoid he pointed out that in the former 
the mechanical force exerted on the windings was 
equal and opposite to the pull on the core, whereas 
in the enclosed type it diminished indefinitely, and 
was replaced by a mechanical force between the 
moving and fixed parts of the core, a matter of 
considerable importance where the forces were 
large or constantly repeated. The mutual action 
of two circuits then received attention, and based 
on this, the method of producing mechanical forces 
by changing the relative positions of two electrical 
circuits having mutual magnetic circuits, this 
consideration leading to an examination of the 
elements of dynamo and motor design. A short 
account of the law of electro-magnetic induction 


historical survey of the investigations of the nature | followed. 


of electricity and magnetism from Gilbert to the 


The magnitude of the mechanical forces set up 


present day, and then examined the modern view | by electric circuits and their magnetic fields could 
of electricity. This, he said, was that it consisted | be illustrated by considering a pair of circuits 


of the individual entities, called electrons, of which 


10 cm. radius, 1 cm. apart, with 10-ampere currents, 


The proper physical import was that an external 
magnetising force in iron made effective an internal 
magnetising force which not only sufficed to increase 
the magnetic flux through the iron, but produced a 
flux in the magnetic circuit externa! to the iron. 
Evershed and du Bois and others had calculated 
that the equivalent current circulating in an iron 
magnet when at the maximum magnetisation, which 
had been produced experimentally, was 17,000 
amperes per centimetre of length, and this was the 
magnetomotive force provided by the iron. So the 
idea of permeability, which had been held to imply 
a magnetic conductivity with its reciprocal called 
magnetic resistance, should represent a magneto- 
motive force, depending in the case of soft iron on 
the applied external magnetomotive force, or in 
the case of a permanent magnet, on a state of 
internal organisation set up by an original applica- 
tion of magnetomotive force, and modified by the 
actual flux through the magnet itself. This had a 
bearing upon the physical fact behind the pheno- 
menon, namely, the rotational energy of electrons. 


the atoms of matter were built up. These atoms} when the attraction between them would be 125 
consisted of a nucleus, made up of hydrogen, with | dynes, i.e., about } gramme weight. Though this 
or without associated electrons, with other electrons | force was small, it became very large in the case of 
revolving in a planetary manner round it. Some] heavy currents, such as arose from short circuits 
of the outer electrons could move from an outer to} on large generators, as it increased as the square of 
an inner orbit and vice versa, and could also be| the current. If the current in the 10-cm. circuits 


moved from one atom to another. Electrons} just referred to were 10,000 amperes, the force 
removed from their atoms constituted what was| would be about 12,000 kg., or 12 tons. The coils 
known in the older theory as negative electricity, | of transformers had, therefore, forces amounting to 


positive ions now being held to be atoms which had | tons exerted between them, as had also reactor 
lost an electron. The two together gave rise to the| coils. There was also a radial force on every such 


phenomena known as electrostatics. Electrons in| coil tending to enlarge the circumference. In the 
motion resulted in the phenomena of electro-| coils of about 6 in. in external diameter and } in. 


dynamics. Investigation of the mechanical pro-|in internal diameter used by Dr. Kapizka for 


perties of the electron and of the atom detached from | studying the effects of strong magnetic fields, the 
the nucleus had shown that electrons at rest repel| pressure inside the coils tending to burst them, 
one another with a force varying inversely as the | was equivalent to an hydrostatic pressure of about 
square of the distance between them. Electrons at| 14 tons per square centimetre on the inside of the 


rest were attracted by positive ions according to a| winding, which gave a tensile stress on the sup- | ™! i 
Another | Picture of electro-magnetic phenomena. It would 


. : . . l¢ ¢ ¢ thile > » ¢ 19 910e 
illustration might be taken from modern practice | ®PPeat that whilst the electron had made easier 


similar law. The motion of electrons in the same | porting binding of the coils of 100 tons. 
direction set up an attraction between them with a 
force inversely as the square of the distance between | in constructing dynamos and motors. In the 
them. Both electrons must move relatively to} obsolescent type where the conductors were on the 
their surroundings, relative motion between them | surface, the force on the wire itself would be about 
was not sufficient. The motion of an electron and | 245 grammes with a current of 300 amperes. The 
a positive ion in the same direction set up a repul- | wires were, however, now generally buried in slots, 
sion, and at the velocity of light this repulsion would | and the mechanical force on the conductor was 
balance their mutual attraction when at rest. greatly diminished, as most of it came upon the 
The magnitude of these attractions and repulsions | enclosing iron. In large generators this was taken 
was then examined and compared with gravitational | into account, but as the end connections of the 
attraction on similar masses, and experiments were | Conductors were not buried, but were in the open 
described showing that the electrons possessed |in the leakage field of the magnets, special sup- 
inertia. The mechanical forces exerted by electrons | porting structures were necessary to avoid damage 
at rest had not been made use of for purposes of | under short-circuit conditions, where the forces 
motive power, but a limited application had been| might be of the order of } ton to $ ton per inch 
made of the inverse action for gas lighters and Rént- | length of conductor. 
gen-ray apparatus. The force of attraction due to| Mr. Atkinson then proceeded to examine the 
the motion between two electrons moving parallel | theories of magnetism, particularly in relation to 
to one another with differing velocities was called| permanent steel magnets. Under a_ generally 
a magnetic force. Its existence has been proved| accepted theory the act of magnetisation of a 
by using a rotating wheel with insulated sectors | permanent magnet consisted of orienting elementary 
charged with electrons, the magnetic force thereby | molecular electric currents from indeterminate 
set up deflecting a magnet. The practical way of | directions to a common direction. Modern views 
moving electrons in quantity so as to produce | of atomic structure lent support to this theory, and 
measurable mechanical (magnetic) force was, of | it had been suggested that the nucleus, and not the 
course, the mode of electron motion known as an| planetary electrons were the cause of the magnetism, 
electrical current. This force might be indicated|or that the electron was itself spinning and was 
in direction by a line or lines surrounding the electron | the elementary magnet. The common element in 
in planes at right angles to the line along which| the various theories was that something was i 
the electron was moving, and in the case of parallel | rotation. Experiments by Professor S. J. Barnett 
wires carrying electron streams (electric currents) | showed that iron could be magnetised by rotation, 
the resultant circles became concentric tubes. Using | the gyroscopic action resulting from rotation presu- 
this conception it might be said that an electric con- | mably orienting the rotating elements in the iron, 
ductor conveying a current was surrounded by lines} so that their axes of rotation lay parallel to its 
of magnetic force, so also was a dielectric during | axis of rotation. The experimenter had assumed 
the time that electric charges on its surface were | that the atomic rotation was that of the electron. 
varying. In an electric field the lines of force|An inverse experiment by Einstein and De Haas 
started on an electron and ended on an atom which| was to the same effect. Suspending a thin cylin- 
had ‘ positive charge. In the electro-magnetic | drical rod so that it could turn on its own axis, | 
field the lines were closed curves; there were no| the magnetisation of such a rod caused it to rotate | 
ends, the curves surrounding the moving electrons. | momentarily on that axis, a result which would 
From this general treatment Mr. Atkinson then | follow from the change in the angular moments of 
examined in a very detailed manner the electro-|the rotating magnetic elements. Passing to the | 
Mechanical actions of a single electric circuit, and, | subject of magnetic permeability, a discussion on | 
later. in those of two circuits, from which he passed | the convention of magnetomotive force used in de- | 
on to a discussion of the practical application of the | signing electro-magnets led to the conclusion that the | 
mechanical action of electric currents as exemplified | magnetic effect of iron was something active, not | 
by changing magnetic circuits, solenoids, and electro- | something passive as was a resistance or reluctance, | 








In solenoids greater electro-magnetic energy with 
a given magnetising force existed when the core 
was of iron. There was, however, perhaps no real 
difference between this case and that of the action 
of one coil upon another, and the first might be 
viewed as the action of one electric circuit with the 
current supplied from an external source acting upon 
another circuit having an inherent current. 

The question of what lay behind the exercise of 
mechanical forces between electrons themselves or 
between electrons and positive ions was akin to 
what caused the mechanical attraction called gravi- 
tation. Maxwell had attempted to visualise a 
mechanism which would illustrate the conception of 
the function of a cellular ether having the properties 
of mass and kinetic energy, but had finally aban- 
doned the idea, and the attempt represented the 
first and nearly the last effort to give a definite 





| the conception of what went on in material bodies, 
| it had also made it more difficult to conceive what 
| happened in the electric or electro-magnetic field in 
/a vacuum. Mathematical physicists had at present 
| abandoned the attempt to give a mechanistic inter- 
| pretation of what lay behind the phenomena of 
| attractions and repulsions, and the purely mathe- 
matical treatment which employed symbols convey- 
ing no physical meaning must appear very nebulous 
to the mechanical engineer. To the engineer there 
| seemed to be no escape from the fact that the actions 
discussed involved the interchange between visible 
{motion and invisible motion. Potential energy in 
| a raised mass was a fact, but no mental conception 
|could be had of anything having happened except 
| that some invisible motion remained in the space 
| between the earth and the body, which would cease 
| when motion was again given to the mass as it fell 
|to the ground. So, when electrons were removed 
|from positive ions by mechanical motion, it seemed 
| that there must be some motion somewhere as the 
| equivalent, representing the mechanical work, which 
| would reappear from the surrounding field when it 
| collapsed by the return of the electron to the atom 
| to which it belonged. The fact that proof had been 
| obtained that magnetic fields were due to electron 
rotations premised again rotational energy as the 
form of energy hidden from sight but, nevertheless, 
| existing and which could presently be recovered 
‘from the magnetic field. These ideas might in 
some way incorporate themselves in the explana- 
tions which would emerge in the future. 


| 








PANEL WARMING SystEM, British Empassy, WASH- 
INGTON.—Messrs. Jaros and Baum, consulting engineers, 
of New York, have recently issued a lengthy report on 
the operation of the ‘‘ Panel ” warming system, installed 
recently in the new British Embassy at Washington, 
U.S.A. They conclude that if a high-grade steam-heating 
installation had been put in, instead of the ‘“ Panel ” 
system, the fuel-oil consumption for the season September 
1, 1930 to May 1, 1931, would have been in the neighbour- 
hood of 75,000 gallons. Further, using a modern hot- 
air heating system of the conventional type, the con- 
sumption would have been about 65,000 gallons. 
Actually, with the ‘‘ Panel ’’ system, the total consump- 
tion of oil was about 50,000 gallons, and the Embassy 
was ‘‘ comfortably heated.” It will be recalled that the 
rights of the ‘“‘ Panel” system of warming are in the 
hands of Messrs. Richard Crittall and Company, Limited 
43, Bloomsbury-square, London, W.C,1, 
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THE CENTENARY MEETING OF 
THE BRITISH ASSOCIATION. 


(Continued from page 572.) 
Woop PRESERVATION. 


THE morning of Thursday, September 24, in the 
Department of Forestry, a subsection of Section K 
(Botany), was devoted to a discussion on wood 
preservation, to which contributions were made by 
members of the staff of the Forest Products Research 
Laboratory, Princes Risborough. Mr. R. 8. Pear- 
son, C.I.E., dealt with research in wood preservation, 
giving a brief review of the different lines of approach 
necessary to investigate the problem of prolonging 
the life of timber by antiseptic treatment, and of 
controlling the attack on timber by either fungi 
orinsects. He laid stress on the need for co-ordinat- 
ing research work carried out by the different 
groups of investigators, and briefly reviewed the 
means of obtaining co-operation between investi- 
gators in wood preservation, chemistry, entomology, 
mycology and utilisation. 

A contribution by Mr. K. St. G. Cartwright gave a 
short general account of the damage to timber 
caused by fungus decay, and called attention to the 
increased importance of wood preservation owing 
to the shortage of the world’s timber supplies. The 
author then described some of the methods used for 
testing the relative values of different wood preser- 
vatives in the laboratory. He also discussed the 
comparative value of tests on an artificial medium 
and on wood blocks, emphasising the necessity 
for amplifying laboratory tests by service or large- 
scale ones. 

Dr. R. C. Fisher said the damage to structural 
and manufactured timber in this country was of 
three distinct types : that caused by longhorn beetles 
and pinhole borers, both groups being essentially 
forest insects ; that caused by powder-post beetles 
occurring in partly seasoned and recently seasoned 
hardwoods ; and that due to the death-watch beetle 
and its allies, the furniture beetles, in long matured 
and old timber. The paper described the occur- 
rence of these different types of insects in timber at 
different stages in its utilisation, and discussed the 
food relations of the insect at each stage. The 
development of preventive and control measures 
based on a knowledge of the biology of the insects 
was then dealt with, and the use of wood preserva- 
tives and insecticides against wood borers in this 
country was discussed. Particular attention was 
given to the problem presented by the death-watch 
beetle, details of the life history and ecology of which 
were lacking. The author pointed out that the 
acquisition of fuller knowledge of the biology and 
physiology of this insect was the most hopeful 
contribution that could be made towards a solution 
of this problem, and would afford a sound Basis 
for the application of improved control measures. 
Until such data had been acquired, he said, tests 
of wood preservatives and insecticides were strictly 
limited, but he indicated the type of test at present 
possible, and finally drew a parallel with similar 
work in progress in India, Australia and other 
countries where white ants presented the most 
serious timber insect problem. 

The next contribution was one by Mr. J. Bryan, 
dealing with methods of applying wood preserva- 
tives. Assuming the necessity of deep impregna- 
tion of the antiseptics, the author described various 
standard methods of impregnation by pressure 
difference, and also methods depending on the 
diffusion of water-soluble preservatives. He men- 
tioned that, as an aid to the impregnation of refrac- 
tory timbers, incising had been introduced com- 
paratively recently, and discussed different methods 
of incising and their application. 

In the final contribution, by Mr. W. G. Campbell, 
the author stated that the natural durability of 
certain woods was explained by the presence in them 
of extraneous components which were toxic or 
otherwise intolerable to wood-destroying organisms. 
It would appear, he said, that the majority of these 
natural preservatives were merely specific in their 
action, since, with but few exceptions, all woods 
were susceptible to decay in one form or another. 
He suggested that the scientific investigation of the 
problems of wood preservation could be materially 
aided by concomitant studies of the intimate bio- 








chemical relationships which existed between the 
decay organism and its host. The author also 
gave an account of the chemical methods used to 
indicate the ultimate effect of insects and fungi 
on wood substance. 

An exhibition of wood preservation was also 
arranged in this section by the British Wood Pre- 
serving Association. 


RAILWAYS AS CONSUMERS OF TIMBER. 


Another paper in the Department of Forestry to 
which reference may be made was one by Mr. J. 8. 
Corbett, O.B.E., bearing the above title. The 
paper referred particularly to the marketing of 
Empire timbers, the author pointing out that 
although careful studies had been made during the 
past ten years on the scientific side of forestry, little 
or nothing had been done to improve the con- 
ditions under which home-grown and Empire- 
grown timbers were marketed. With regard to 
home-grown timbers, there was always a demand for 
first-grade hardwoods, but it was difficult to find 
buyers for lower-grade varieties, and also for soft 
woods. There was evidence of an increasing de- 
mand for Empire-grown timber, but, as was the 
case with home-grown timbers, supplies could not 
be secured at short notice. It was useless to 
show a potential buyer a sample of timber, unless 
the material could be delivered from stock with a 
guarantee as to quality and condition. To obtain 
information about what proportion of the timber 
used in this country was Empire-grown, he had 
selected the British railway companies as being 
probably the largest individual timber consumers, 
and, from data supplied, had found the annual 
consumption of soft woods to be 16,868,588 cub. ft., 
valued at 1,742,287/. Of this, 76 per cent. of the 
quantity and 80 per cent. of the value was foreign, 
while 20 per cent. of the quantity and 18 per cent. 
of the value was Empire grown, the remainder, 
of course, being home grown. In the case of hard- 
woods, the total volume consumed was 4,273,600 
cub. ft., and the value 1,036,400/., 49 per cent. of 
the quantity and 33 per cent. of the value being 
home grown, 32 per cent. of the quantity and 47 per 
cent. of the value, Empire grown, and 19 per cent. 
of the quantity and 20 per cent. of the value foreign. 
These quantities, the author pointed out, did not 
represent the total consumption, since much of the 
constructional and building work, as well as the 
manufacture of rolling-stock, was put out to tender ; 
neither were veneers and plywood included in the 
figures. In reply to questions submitted by the 
author, railway engineers had stated that they were 
using more Empire timber than in previous years, 
and would use still more if they could rely on the 
specification being adhered to, and prompt and 
regular deliveries being given at a price which 
would compare favourably with foreign timbers. 
They would also be prepared to use home-grown 
Scots pine and Douglas fir for sleepers under the 
same conditions. 

The remainder of the paper constituted an 
analysis of the annual consumption and value of 
the different species of hardwood and softwood 
timbers by various departments. Within the 
Empire, he stated, there was plenty of hardwood 
timber, which could compete satisfactorily as to 
quality, beauty and price with those varieties 
coming from foreign countries, and to ensure their 
use it was only necessary to see that seasoned 
stocks were readily available in this country. 
Softwoods, however, were a more difficult problem, 
supplies being confined to Canada and Great 
Britain. Home-grown softwoods might not be 
of sufficiently good quality for general construc- 
tion and rolling stock, but he suggested that a 
larger percentage of this class of timber might come 
from Canada. For sleepers, fencing and scantlings 
of lower grades, however, home-grown timber 
might play a prominent part, but some central 
selling agencies would be essential, as under- 
takings such as railway companies could not deal 
with sellets scattered throughout the country. 
Although he had referred particularly to railway 
companies, the author expressed the view that 
it was only the lack of organisation with respect 
to marketing that precluded other large con- 
sumers, such as the colliery, shipbuilding, building 








and furniture industries, from placing orders for 
Empire timbers. In conclusion, the author stated 
that in the foregoing he had neglected the effect o! 
the unfair competition from Russia. Timber for 
box-making and sleepers from that country had 
been sold here at a cost which barely represented 
the labour cost of felling, conversion and transport 
of home-grown timber, amounting to about 9d. 
per cubic foot. 
(To be continued). 








THE TREATMENT OF SLUDGE BY 
BACTERIAL DIGESTION.* 


By H. C. Wurreneab, M.Inst.C.E., and 
KF. R. O’SHavucunessy, F.I.C. 


In a cesspool, sludge undergoes digestion in the 
presence of a large mass of water, say 98 per cent., 
and smell nuisance is caused by volatile sulphides. 
Restriction of the water content to 95 per cent. or less 
produces volatile materials yielding a faint tar-like 
odour. For inland towns which require relatively 
simple and inexpensive works, an inoffensive process 
and an innocuous final product, sludge digestion is the 
best and cheapest method. At present the major 
issues in the application of sludge treatment by diges- 
tion -are somewhat confused, due to the statements 
connected with the great mass of results obtained in 
research work being partial only and failing to cover 
the whole ground. Complete information is necessary 
regarding the disposal of the whole mass of the sludge. 
Disposal at sea or as manure may be regarded as final, 
and sludge-digestion should be directed to facilitate 
such methods. The results of investigations on sludges 
from different localities show a surprising uniformity 
in the behaviour of the organic matter therein, the 
greatest variant being the amount of inorganic matter. 
Probably this means that while the percentage of 
non-fermentable matter may vary, the gross quantity 
of fermentable matter per head of population varies 
little in different parts of the world. 

While substantial errors arise from assumptions 
that laboratory experiments will work when carried 
out in large-scale plants, others arise from incomplete 
statements concerning the treatment of the crude 
sewage itself. In this country, Ministry of Health 
requirements usually involve the separation of at 
least 90 per cent. of the sludge-forming material 
present in the sewage, while frequently in Germany 
and America the only sewage-treatment considered 
necessary is the provision of sedimentation tanks 
having a capacity of two hours’ dry-weather flow, 
resulting in the separation of merely 50 per cent. of 
such material. Therefore the basis of true comparison 
of results obtained is the relative amount of sludge per 
head of population extracted from the sewage and 
digested, as against the criterion so often applied, 
namely, the digestion tank capacity per head. 

A further source of confusion lies in the lack of 
satisfactory standards for comparing the digested 
sludge from various works, where local circumstances 
influence the economic aspect of the treatment adopted. 
Sludge taken by farmers permits of a shorter period of 
digestion with a relatively high water-content (50 per 
cent. to 60 per cent.), while a high degree of digestion 
and low water-content (20 per cent. to 35 per cent.) 
are required when the sludge is used as a base for 
fertiliser or merely tipped. While it is agreed that 
the optimum temperature for digestion is about 
25 deg. C., it is doubted whether the economic tempera- 
ture is so high. 

Dr. Imhoff has shown that in temperate climates, 
with domestic sewages and skilled supervision, a dense 
sludge of low water-content (85 per cent.) can be 
obtained from two-storey tanks with deep digestion 
chambers. Some American experience is otherwise, 
but this may be partly due to faulty design and 
unskilled control. The practical significance of tem- 
perature varies greatly at different stages of the 
digestion process. Temperature at the beginning of the 
operation (the most critical stage) is of the greatest 
importance, but when the sludge is stabilised, tempera- 
ture is of minor importance. ; 

Birmingham experience shows that separate digestion 
tanks are more elastic than two-storey tanks, the 
former, in relation to volume, having larger superficial 
area permitting free egress of gas and giving little 
foaming. Again, the provision of horizontal flow in 
the digestion chamber, and the division into primary 
and secondary stages, furnishes conditions which allow 
for biological zoning. 

One further point which has been insufficiently 
stressed is that as the biochemical attack on the 
materials in the crude sludge proceeds, exhaustion of 
the gas-forming constituents in the sludge occurs, an‘ 


* Abstract of a paper to be read before the Institution 
of Civil Engineers, on Tuesday, November 17, 1931. 
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the digested material, losing its mobility, settles down 
in the chamber to cause abundant trouble unless 
removed. In countries where the native population 
is subject to parasitic infection, such as “‘ Hookworm,” 
single-stage digestion is insufficient. 

The main factors influencing the design of a sludge 
digestion plant are :—(1) The quantity to be treated. 
(2) The proportions of organic and inorganic matter 
in the sludge. (3) The fermentability of the sludge. 
(4) The water-content of the sludge as delivered into 
the digestion tanks. (5) The water-content of the 
sludge during digestion. (6) The temperature which 
can be maintained in the digestion tanks. (7) The 
method of disposal of the digested sludge. (8) The 
utilisation of gaseous products. 

Factors (1), (2) and (3) are determined by laboratory 
analyses and trials. The water-content of crude 
sludge has a marked influence upon the size of the 
digestion tank to which it is delivered, and the lower 
such water content, the higher will a given quantity 
of heat raise the temperature with a longer period of 
heat retention. Modern practice, which tends towards 
frequent—almost continuous—emptying of a sedi- 
mentation tank, cannot produce a sludge with less 
than 95 per cent. water-content, while by conserving 
the sludge in a horizontal flow tank for 2 or 3 weeks, 
an 85 per cent. water sludge is obtainable. The dis- 
advantages of being compelled to receive a 95 per cent. 
water sludge into a digestion tank may be minimised 
by the adoption of two-stage treatment, and the 
provision and intelligent use of facilities for removal of 
surplus water from the digestion tanks. In two-stage 
digestion it is practicable to operate the first and 
second stages with average water-contents of 90 per 
cent. and 88 per cent. respectively. 

Raising the temperature may be achieved in various 

ways, and it is suggested that surplus water drawn 
from the secondary tank be heated and discharged 
into the inlet end of the primary tank. This method 
will also maintain alkaline conditions throughout the 
digesting sludge. The degree to which temperature 
can be maintained depends upon the cost of heat, 
the water content of the sludge, the nature of the 
insulation, and whether power production is under- 
taken. Under most favourable conditions, about 
33 per cent. of the heat in the gas consumed for power 
purposes can be utilised for raising the temperature 
of the sludge. A plant with a short digestion period 
possesses a lower reserve of alkalinity, and is therefore 
much more sensitive in operation. 
‘The utilisation of gaseous products should be con- 
sidered from an economic standpoint, and the most 
promising outlet is usually to be found on the sewage 
works site, for power purposes and for raising the 
temperature of the digesting sludge. In many German 
towns the gas is taken to the local coal-gas works and 
mixed with the town’s supply, often resulting in a 
handsome profit to both municipality and gas company. 
It may be assumed that the sludge gas which can be 
collected from a digestion plant will furnish 1 therm 
per jcrson per annum, bearing in mind that it is not 
usuatiy economical to recover those portions evolved 
during secondary digestion and on drying beds, 2.e., 
about one-third of the total. 








_,, CONFERENCE ON WELDING IN THE UNITED STATES.— 
The seventh annual Conference on Welding will be held 
in the Engineering Extension Department, Purdue 
University, Lafayette, Indiana, U.S.A., on December 
10 and 11 next. 
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3,000-GALLON TANK MILK WAGONS 
FOR THE GREAT WESTERN RAILWAY. 


THE Great Western Railway has lately turned out 
of the Swindon Works four tank wagons of the type 
illustrated in the above illustration. They have 
been constructed for the West Park Dairy Company, 
and have a capacity of 3,000 gallons, the glass-lined 
tanks having been supplied to the railway by the 
Dairy Company. The underframes, which have been 
specially built, have six wheels. The length over head- 
stocks is 20 ft. 6 in., and over buffers 23 ft. 1l in. The 
wheelbase is 13 ft. The tank, which is 18 ft. 0} in. 
long by 6 ft. 1 in. diameter, is held down by four 
straps, and given endwise support by blocking on the 
underframe and crossbeams on the centre line, carried 
by angles on the headstocks and braced by diagonal 
ties carried down to the solebars. The wheels are 
3 ft. 2 in. in diameter, and the journals 9 in. by 4} in. 
The total height is 11 ft. 7% in., and width overall 
7 ft. 9 in. 

The glass-lined tank is fitted with an outlet cock at 
each end, and a manhole in the centre at the top. 
On the top there are also two 4-in. inlet cocks, a 2-in. 
air cock and safety valve. These valves, &c., are 
reached by a ladder on each side. The glass tank is 
insulated by 2 in. of cork slab, and the whole is 
enclosed in a thin sheet welded container. As a 
further protection a canopy of thin sheet metal extends 
over the whole of the upper half of the tank, a 14-in. 
air space being left between the two for circulation. 
The ends of the canopy are flared slightly to encourage 
the passage of air. 

The underframe is fitted with vacuum and with 
either-side hand brakes, the blocks acting on the end 
wheels. The vehicles are piped for steam heating, 
and have screw couplings, and can be used on fast 
passenger trains. The tare load is 14 tons 9 ewts., 
and weight, filled, 28 tons 5 cwts. We are indebted to 
Mr. C. B. Collett, Chief Mechanical Engineer of the 
Great Western Railway for our illustration and the 
above particulars. 


LETTER TO THE EDITOR. 


BRITISH MANUFACTURING 
METHODS. 


To THE Eprror or ENGINEERING. 








Si,—Now that the turmoil of the election is over, 
and there seems to be nothing to stop the National 
Government from taking real steps to aid in the return 
to prosperity of this country, let us look ahead in 
another and probably more important direction. Ata 
dinner in London a week or two ago, Sir Hugo Hirst 
is reported in the Press to have said, “ but I warn 
you that tariffs are not a solution unless tariffs are 
accompanied by efficiency in industry. Inefficient in- 
dustries cannot shield themselves behind tariffs.’’ Are 
the manufacturers and industrialists of this country 
going to follow that up? Unless they do, we are not 
greatly better off. 

There appeared in the daily papers recently a notice 
which is extremely significant in view of the present 
state of things, political, industrial and financial, in 
this country. I refer to the statistics published by 
Austin Motors, of Birmingham, one of the leading 
motor-car manufacturing concerns in the world at the 
present time, and I would draw particular attention 





to the following sentences which appear among the 


statistics relating to their record year. “Cars sold 
in home markets, 26 per cent. more than previous 
years. A safeguarded industry. Selling prices reduced 
65 per cent. since McKenna duties were introduced. 
Productive wages paid averaged 2} times Trade Union 
rates.” The impression made on the “man in the 
street ’’ who reads the very satisfactory announcement, 
probably is that the McKenna duties are wholly respon- 


|sible for the increased and growing prosperity of the 


firm, but the matter goes much deeper than that. The 
drop in selling prices (and paying high wages) could 
never have exceeded the advantage due to the imposi- 
tion of the McKenna duties as it must have done 
unless the directorate of the firm had adopted the 
mentality that they would sell their cars in face of all 
competition, home or foreign, that is to say, on a price- 
for-equal-merit basis, and organised their factory 
methods to anticipate that state of things. Protective 
duties give a sense of security to the manufacturer, 
give him a leg-up in the home market, and a clearer 
incentive to organise for meeting the foreigner on his 
own ground and price, but by themselves they would 
not bring a great deal of business to the manufacturer. 

In all this welter of argument and discussion, political 
financial, international, it is easy to lose sight of the 
fact, for fact it is, that it isthe manufacturers, and the 
manufacturers only, that can bring real industrial 
prosperity back to this country. The Government, 
by protective duties and other means can and should 
protect him against the unfair competition of dumped 
goods in our home market, but it cannot assist him in 
selling British goods in foreign countries, as he will 
have to do if we are ever to regain our position as the 
premier industrial nation of the world. What are 
dumped goods? In crude language they are goods 
which are sold at a price that covers the total cost 
of wages and material, and only as much of general 
factory expenses as will keep the selling price well 
below that of competitors. If the manufacturers 
of the country as a whole will realise: (1) That the 
idea ‘* British goods are best’ is as dead as the Dodo ; 
(2) that they have to seli in this country or abroad, 
at prices which are equal to or lower than foreign com- 
petitive prices, or they will not sell at all; and (3) that 
they must organise their manufacturing to meet that 
competition, or go out of business; then, and not till 
then, shall we have turned the corner and be in a 
position to regain prosperity. 

At present, some manufacturers (notably in the motor 
car and electrical industries) have realised this, but 
far too many are still thinking on the lines of 40 to 
50 years ago, many are using methods of that period 
—I know of one big firm which is using productive 
machines made in 1865 and wondering why their trade 
is going—and when a period of depression like the 
present comes, all they do is to whine that the Govern- 
ment should protect them with tariffs, and that the 
wages they pay must be reduced as they are so much 
higher than continental wages. Rubbish! Here is the 
Austin Company paying wages well above the average 
in this country, let alone the Continent, and reducing the 
selling price of their cars, and yet they can pay a 100 
per cent. dividend to their shareholders. They know 
their business. Look at the Ford Company who are 
supposed to pay the highest wages of any engineering 
manufacturing business in the world, and sell their 
products at enormous profit all over the world. Look 
at some of the big electrical engineering concerns. 
Plenty of work, paying good wages, selling all over the 
world, and yet paying dividends which, if not large, 
at any rate are well up to the standard of a prosperous 
engineering copcern in my younger days. Why can 
these people get business and keep going, even in times 
of acute depression like the present, in face of the lack 
of tariffs and high wage rates which others say make it 
impossible for them to get trade? ‘Tariffs are only a 
partial reason, wage rates are not the answer, salesman- 
ship does not account for it, for no salesman can sell 
goods which on account of their high price are unsale- 
able. 

The real kernel of the matter is that our manufac- 
turers are, as a whole, out-of-date, and management 
bad. His Royal Highness the Prince of Wales, after his 
recent visit to South America, pointed this out, and 
showed a clearness of vision about it far ahead of the 
men to whom he was talking—the manufacturers 
themselves, the specialists in production. The trade 
unions realise it to some extent and resist reduction 
of wages, though the various extremist elements of 
those organisations manage so to obtrude their unrea- 
sonable demands that this and other aspects of the 
question realised by the saner elements are almost 
entirely obscured. What is the real cure for our lack 


and loss of trade? It may be summed up: (1) 
Re-organise our manufacturing methods. (2) Estab- 
lish branch works inside tariff-protected foreign 


countries, staffed as largely as possible with British 
labour. (3) Impose protective tariffs to give an 





advantage in the home market. And (4) Keep taxa- 
tion of industry down to a minimum. 
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How can (1) be carried out ? It is a difficult question 
to answer, but it has got to be faced or we shall lose our 
place in the industrial nations and be unable to sustain 
our population, of whom many, and those the won’t- 
workers, are already being kept on the nation’s charity. 
The fault undoubtedly lies largely with the directing 
bodies, usually a board of directors, of the manufac- 
turing firms. It is noticeable that public companies 
where the board is exposed to the slings and arrows of 
the shareholders if things go wrong, form the bulk of 
the successful concerns. The crying evil still exists 
of the “ guinea pig,” the director who gets his job 
without any qualifications, because he has an attractive 
sounding title or is a relation of existing directors, and 
often has not even a substantial financial interest in 
the concern. One notices also that the evils of incom- 
petent directors and bad management are much more 
prevalent in private companies where the shareholders 
are selected by the directors and there is no outside 
means of protesting against incompetence. Why not 
then, abolish the private company? Wherever 
shareholders exist, permit them to deal with their shares 
as they will, publish the company accounts and throw 
the directors open to trouble from the shareholders if 
things are going wrong; indeed, | should advocate 
giving shareholders more information and power 
than they have at present. I believe the move would 
be of very great benefit to the country and would do 
away with a lot of the incompetence which is the real 
cause of the industrial decline of this country. It 
will be argued that it will be dangerous to put more 
power in the hands of the shareholders. Why should 
it? They are the real owners. If a majority of 
shareholders wishes to take action which is going to 
prejudice the company, surely that is better than incom- 
petent directors doing so. And there is no reason 
to suppose that shareholders are any more stupid than 
anybody else. Given competent management, the 
shareholders will back it up. It is only incompetent 
directors of unsuccessful companies that will feel the 
draught. 

Remedy (2) is a matter of individual action. 
Remedies (3) and (4) will, we hope, soon be accom- 
plished facts. 

Yours faithfully, 
H. O. Wraltu. 

82, Victoria Street (Grosvenor Mansions), 

Westminster, London, 8.W.1. 
November 4, 1931. 


PROGRESS OF THE CENTRAL 
ELECTRICITY BOARD. 


Ir the period of better trade, to which the country is 
now looking forward with feelings equally composed 
of hope and anxiety, is actually to be realised, a great 
deal will depend on the presence of adequate power 
resources in those areas, where it will be necessary to 
rejuvenate old and establish new factories. That being 
so, it will not be out of place to refer to the present 
position of wholesale public electricity supply in Great 
Britain, and to record what is being done to increase 
its availability in both industrial and rural districts, 
The position, broadly speaking, is not unsatisfactory. 
For though our own electrical development, in common 
with that of other countries, has been adversely affected 
by the world economic crisis, the fact that we had 
considerable leeway to make up has at least prevented 
an actual decrease in consumption, such as has been 
common elsewhere, 

This may be illustrated by reference to Table I, 
which shows the amount of electricity generated in the 
six leading industrial countries during 1929 and 1930 
and during the first seven months of 19380 and 1931 
respectively. It wi'l be seen that as regards the latter 
figures, Great Britain was the only countey to show an 
increase, and that in 1930 the position of Germany and 
the United States was worse than it was in 1929. 
Our satisfactory position is largely due to the efforts 
made to increase consumption in the domestic field, 
and to the rapid industrialisation, which is now taking 
place in south-east England. Nevertheless, there has 
been a slowing up since, in 1928, when the output was 
nearly 11 per cent. greater than in 1927, and it is 
sincerely to be hoped that with the revival of trade 
this growth will soon again be equalled, if not ex- 
ceeded. Fortunately, even this check has its bright 
side, since it has enabled the Central Electricity Board 
to carry out its work of re-organisation without unduly 
accelerating its programme in any one part of the 
country. This has been an important factor in keeping 
down the capital cost of the work and has, we under- 
stand, rendered it possible for the original estimates 
made by the Weir Committee in 1925 to be fairly closely 
adhered to. 

The work, which the Board is doing, may be conve- 
niently divided into three sections: Wayleaves and 
construction of the transmission lines; frequency 
standardisation ; and the determination of tariff agree- 
ments with authorised undertakers. As _ regards 


the first, by the end of 1930 nine schemes covering 
76-7 per cent. of the area of Great Britain, 98-2 per 
cent. of the population, and 99-5 per cent. of the 
output from public stations had been published by 
the Electricity Commissioners. Eight of these schemes 
had been adopted by the Central Electricity Board, 
while the other, that relating to South Scotland, was 
also adopted after considerable negotiation on July 31, 
1931. This only leaves North Scotland, an area which 
the Commissioners still have under consideration. To 
all intents and purposes, therefore, the country has 
been mapped out, and the ten years’ programme of 
development can be considered as a whole. This 
programme envisages the use of 135 selected stations, 
16 of which are new and include Battersea and Fulham 
in London with an ultimate capacity of 400,000 kw. 
each, Clarence Dock at Liverpool with the same 
capacity, and Tir John North at Swansea with 
300,000 kw. During 1930 the existing selected stations 
generated nearly 11,000,000 kw.-hours. 





The principal difficulty in the way of the construction 


| Annua! Generation. 
Country. | 

1929. | 1930. 
Canada 17,625-9 17,856-1 
France —_— — 
Germany. . 16,904 -6 16,213-9 
Great Britain re a 10,294-0 10,869-0 
Italy as * sr | 9,501-°5 10,024-9 


United States - 26 aol 90,084 -0 88,592-0 


Approx. Total | 
Area. Mileages | 
. of Routes. 
At Dec. 30, 





1930. 
(i) Primary Lines 
Central Scotland 240-6 
North-Kast England .. 70-0 
North-West England 231-2 
Mid-East England 198°8 
Central England as oat 320-4 
East England ee ae 14°3 
South-East England .. sail 520°5 301-9 
South-West England és 647-0 14-0 
Totals ms ..|  2,668-7 1,391-2 
(ii) Secondary Lines 
Central Scotland a <a) 19-7 | | 
North-East England . . ve 80°6 | 30-2 | 
North-West England os 263-8 129-0 
Mid-East England | 201-1 97-6 
Central England ay adil 18-0 17-8 
Kast England i a 24-0 | 
South-East England ., re 209-9 71-9 
South-West England te 110-0 8:5 
Totals sie | 925-1 $55°0 
Grand Totals | 8,603°8 | 1746-2 


of the transmission lines has been that of obtaining 
wayleaves, since public opinion does not yet recog: 
nise that electrical development is essential to the 
prosperity of the country, It is all too frequently 
mistakenly and illogically, related to the question of 
landscape amenities. The Board has therefore had 
to carry out the work of education and conversion, as 
well as actually negotiating with the land-owners. 
Nevertheless, by the end of 1930 wayleaves covering 
1,391-2 miles of 132-kv. lines and 1,746-2 miles of 
secondary lines had been negotiated, and this had been 
increased to 2,222-7 miles of 132-kv. lines and 2,882 
| miles of secondary lines by September 30, 1931. Ina 
number of areas, notably Central Scotland, North-east 
| England, Mid-east England, Central England, East 
| England and North-west England, negotiations are 
almost complete, while even in South-east England, 
where the position has been complicated by the 
numerous housing estates round London, more than 
80 per cent. of the wayleaves have been obtained. In 
South-west England it is hoped that the negotiations 
will be complete by the early spring of 1932. 

The position as regards construction is shown in 
Table I, from which it will be seen that on September 
30, 1931, 1,730 miles of lines had been erected, with 
a corresponding number of sub-stations. Of this, 
1,363 miles were primary and 367 miles secondary line. 
It will also be seen that, in addition to Central Scotland, 
North-east and Mid-east England are nearly completed 
and that Central England is not far behind. By the 
end of the year it is estimated that 2,100 miles of 
line will have been erected, an increase of 1,200 miles 
during the year, and that 3,246 miles of wayleaves, an 





Wayleaves Negotiated. 








increase of 1,500 miles, will have been negotiated. dt 


is, in fact, expected that construction will be completed 
by the end of 1932 or the beginning of 1933. 

As regards frequency standardisation, the areas 
mainly affected are Central Scotland, North-east 
England, and Central England. By the end oi 
September, 1931, nearly half the expenditure required 
for the conversion of the first of these areas had been 
sanctioned, in North-east England about 40 per cent. 
and in Central England rather less. It is estimated 
that this work will be completed in about two years’ 
time. The total expenditure so far incurred by the 
Board, inclusive of frequency standardisation, is aboui 
28,000,000/., of which the main transmission lines, 
sub-stations and frequency standardisation each 
account for about 7,000,000/., and lower voltage trans- 
mission lines and sub-stations of 3,500,000/. and 
1,500,000/. respectively. Excluding frequency stan- 
dardisation, 36 per cent. of the expenditure has been 
incurred in South-east England with 7,000,000/.. 
followed by North-west England with 3,000,000]. and 
Mid-east England with 2,500,000/. 


TABLE I.—GENERATION OF ELECTRICITY IN THE LEADING INDUSTRIAL CouNTRIES, (MILLION KW.-HR.). 





j 
| Total Generation for the first seven months. 





| 
‘are, a ae a= a | ea 
| Percentage | | Percentage 
| Increase (+) or}| 1930. 1931 Increase (+-) or 
Decrease (—) || Decrease (—) 
Shabana | ee eee ee ea 
(+) 1-3 || 10,875-6 | —9,585-5 (—) 8-1 
— | 5,881-6 | 5,338-4 (-) 9-2 
(=) at 9.495:0 | 8307-9 (ite 
(+) 5:6 6,207-0 | 6,415-0 (+) 3:4 
(+) 5-5 5,840-0 | 5,592 °8 (—) 4-2 
Pay, le? 52,377 -0 49,637 -0 (=) 5-2 





TABLE II.—Proaress MADE IN THE CONSTRUCTION OF THE “‘ GRID ” IN THE First THREE QUARTERS OF 1931. 


Lines in operation. 
Total Towers | _ : 
Erected Route | 


Circuit 


_ a (Miles) | Ae bt 
at Sept. 30, (Miles) } (Miles) 
At Sept. 30, 1931. ae ee 
1931. | At Aug. 31, 1931. 
240-6 240-6 240-6 296-5 
91°3 82-9 | — — 
299+7 140-8 — _ 
319-3 251-3 | — 
392-6 286-1 } 76:1 83:9 
137°1 40-4 | -~ = 
442-3 307°7 149-1 159-3 
299-8 13-7 | — - 
2,222-7 1,363-5 465°8 | 539-7 
18-1 0-4 
84-8 36-7 
177°8 100°6 | 72-9 | 135°6 
191°5 117-9 39-9 39-0) 
17-9 17-9 15°7 313 
7:5 on 
146°4 80-2 67:4 | 100°8 
15-2 13-2 86 17-2 
O50°2 866°0 204°5 333°8 
2881-0 1,730°4 | 670°3 873-5 


The third phase—namely, negotiations with autho- 
rised undertakers—has, except in Central Scotland, not 
yet reached a stage when anything can usefully be 
said. In this area, however, a grid tariff has been 
introduced, though negotiations are not yet complete. 
In the other areas provisional agreements only have 
been made with isolated undertakers, though it is 
hoped to arrange a tariff for South-east England during 
1932. 

In conclusion, it may be said that the Central 
Electricity Board is well ahead of its programme and 
that few technical difficulties have been encountered. 








THE INSTITUTION OF GAS 
ENGINEERS. 


THe third Autumn Research Meeting of the Institution 
of Gas Engineers was held, under the chairmanship of 
the Vice-President, Mr. R. E. Gibson, at the Institution 
of Mechanical Engineers, London, on Tuesday and 
Wednesday, November 3 and 4. At the opening 
session on Tuesday morning, after the transaction of 
formal business, the Chairman presented the Report of 
the Gas Education Committee, which detailed the 
progress made in the provision of facilities for instruc- 
tion in gas engineering and gas supply during the 
year, and afforded statistics of the successes ol the 
students in the examinations, which now serve as the 
recognised means of entry to the various classes of 
membership. The Charles Hunt Memorial Medal in 
Gas Engineering, the premier award available, was 
won by Mr. Samuel McGown, of Glasgow, for the year 
1930, and by Mr. Alexander C. Rea, of Edinburg), for 
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1931. After the adoption of the Report, diplomas 
were presented to the successful students. 

The Report of the General Research Committee was 
then presented by Mr. Harold E. Copp. It dealt 
generally with all the investigations undertaken by the 
Institution, either alone, or in association or co- 
operation with other organisations. The principal 
combination for the prosecution of research work 
was with the University of Leeds, and separate reports 
on these activities formed items in the agenda of the 
meetings. There were some phases of the work 
covered by this report, which were not the subjects of 
special consideration. Progress was intimated in all 
of these inquiries, and a clear indication was apparent 
of the valuable assistance afforded by Institution 
Committees to the members, and to the industry 
generally. The first of these concerned the use of 
recording calorimeters, the installation of which, of 
approved design, has now been made compulsory for 
all works of certain specified outputs. Inquiries were 
instituted with regard to the experiences of users with 
the selected appliances, and enabled the characteristics 
established in the test houses of the largest concerns 
to be made available to those who had previously 
not been able to obtain such information. This 
accumulation of knowledge of the instruments was now 
to be extended by investigations conducted by the 
research staff. The corrosion of pipes embedded in the 
sub-soil was the subject of reference of another com- 
mittee, which has collected a great amount of informa- 
tion from specific cases brought to their notice, and has 
tested protective coatings of various types and studied 
similar practice in Germany. The Gasholders Sub- 
committee has recommended systematic periodical 
inspections of such structures, and the preservation 
of records of all repairs. They have now under con- 
sideration proposals for the inspection and insurance 
of gasholders under contract, as has been effected with 
boilers. The Meters Sub-committee reported the con- 
tinuance of their deliberations on the technical aspects 
of a periodical verification of gas meters. Mr. Thomas 
Hardie emphasised the principal contents of the report. 


PRoDUCTS OF COMBUSTION FROM GAS APPLIANCES. 


Professor J. W. Cobb introduced the 28th Report 
of the Joint Research Committee of the Institution 
and Leeds University. This report was the sixth of 
a series dealing with the products of combustion from 
typical gas appliances and concerned particularly the 
oxides of nitrogen. These constituents were of 
concern to designers of gas-using equipment, because 
of their physiological effects and their corrosive 
action. An important reason for the thorough 
investigation of the presence of these substances was 
that many earlier determinations of carbon monoxide 
in outlet gases must have been rendered, to some ex- 
tent, unreliable by the unrecognised interference of 
oxides of nitrogen. It was found that, with reliable 
methods of analysis, the amounts of oxides of 
nitrogen formed were very small, being but of the 
order of 1 to 2 parts in 10,000 by volume on the basis of 
combustion free from the use of excess air, and corre- 
spondingly less in the diluted products found with actual 
appliances, under the usual conditions of operation. 

Mr. James W. Wood, who was in charge of the 
Investigations, detailed the experimental work and 
referred to the conclusions deduced. It was found that 
a solution of chromic acid in concentrated sulphuric 
acid would hold back hydrocarbons and the oxides of 
nitrogen, but was entirely without action upon carbon 
monoxide, Under suitable conditions, the oxides of 
nitrogen could be caught in a relatively small quantity 
of the chromic-sulphurié acid reagent, in which they 
could subsequently be determined by reduction to 
ammonia, with an alkaline reducing agent, distillation 
and determination of the ammonia with Nessler’s 
reagent. The tests were made with an Argand burner 
taken from a flueless heater, two flat-flame geyser 
burners, a laboratory type of Bunsen burner, and one 
of the Meker type. The results obtained varied from 
071 parts, expressed as nitric oxide, in 10,000 by 
volume for the Meker burner to 1-40 parts in 10,000 
for the geyser burners. No exception whatever could, 
therefore, be taken to the presence of oxides of nitrogen 
in the outlet gases from gas appliances on hygienic 
grounds, 

_Protessor Arthur Smithells commented upon the 
difficulties involved in the detection, with accuracy, 
of small amounts of particular gases. This work was 


an excclicnt example of such activities. Its importance 

— ve found in the negation of all the contentions 

ra © tegarding the presence of toxic gases in the 
ues oj 


Las appliances, 
. Pat (. A. Masterman suggested that the presence 
—_ * of nitrogen in flue gases had been known for a 
a but it was important to discover, if possible, 
. source of the nitrogen—whether it was derived from 
€ air, or from constituents in the gas. 
Mr. A. 2. Pearson thought that the oxides of nitrogen 


determination of the small quantities of gases in these 
tests that the appliances did not contain materials, 
for example, rubber, which might upset the conclusions. 

Mr. J. G. Clark expressed the satisfaction that the 
workers in the laboratories of the large gas producing 
undertakings felt, in regard to the thorough and 
fundamental way in which the problems tackled at 
Leeds University had been dealt with. The work 
had certainly afforded authoritative evidence that gas 
appliances were free from all the charges levelled 
against them as being responsible for carbon monoxide 
and other toxic gases. 

Mr. T. F. E. Rhead referred to the fact that although 
the amounts of the nitrogen oxide in the flue gases were 
small, they were present with sulphur dioxide and 
steam, the conditions existing in sulphuric acid works. 
They desired to know to what extent the corrosion of 
fittings was due to this. 

Mr. J. W. Wood, in reply, thought that the oxides of 
nitrogen were formed with nitrogen taken from the air, 
as similar effects were produced when pure hydrogen 
or methane were burnt. Such gases were produced 
in many ways, during fogs, and in places dense with 
motor traffic their presence in the atmosphere was 
marked. Are lamps could produce them in quantity. 
Trouble had been found with rubber connections in 
chemical plant for gas analysis, but the effect dis- 
appeared after a few days. 

Dr. J. S. Haldane, called upon from the chair to 
address the meeting, expressed his deep appreciation 
of the work done to find the extent to which toxic 
gases were given off by gas appliances. It was a great 
satisfaction to note how small the contents were, but 
he was impressed with the point that the mixture of 
gases might be the cause of corrosion of appliances. 
He had been suspicious for some time of the possibility 
of the production of the oxides of nitrogen in the 
cylinders of gas engines. 


ComBUSTION STANDARDS OF GAs APPLIANCES. 

When the meeting was resumed on Tuesday after- 
noon, Mr. F. P. Tarratt presided, and a report on the 
Combustion Standards of Gas Appliances was submitted 
by Mr. C. A. Masterman and Mr. E. W. B. Dunning, 
on behalf of the Watson House Laboratories of the Gas 
Light and Coke Company. This contribution dealt 
with the results of combustion tests on more than four 
hundred gas appliances of various types :—Geysers, 
wash boilers, other forms of water heaters, cookers, 
gas fires, radiators and other devices classed as miscel- 
laneous. In the early part of the report the physio- 
logical effects of the various constituents in the products 
of combustion of gas, whether complete or incomplete, 
were reviewed. When all the combustible constituents 
united with the requisite quantities of oxygen, water 
vapour, carbon dioxide and small quantities of sulphur 
dioxide resulted. If, however, the combustion was 
incomplete, other substances that were formed had 
to receive consideration. They were carbon monoxide, 
hydrogen, aldehydes, acetylene, sulphuretted hydrogen, 
and oxides of nitrogen, Extremes of humidity must 
be avoided if health and comfort were to be maintained, 
The symptoms of discomfort following the use of 
unventilated gas appliances of high combustion were 
often undoubtedly due to high humidity. It had 
been usual to judge the degree of air vitiation by the 
concentration of carbon dioxide. The origin of this 
method of estimation was the presumption that this 
carbon dioxide, being of human origin, was an indicator 
of associated bacteriological matter. The gas was of 
itself by no means toxic. Indeed, the whole respiratory 
mechanism depended upon the presence of carbon 
dioxide in the air in the lungs. Normally, this was 
about 5:6 per cent., and a small increase speeded up 
the respiratory mechanism to an extent which made 
its use possible in the treatment of certain gas poison- 
ings, for example, that due to carbon monoxide, when 
increased lung ventilation was desirable. The smells 
of the sulphur compounds, dioxide and sulphuretted 
hydrogen, caused definite discomfort long before the 
maximum safe concentration for prolonged exposure 
was reached. Nitrogen peroxide was the most toxic 
of the substances that were produced in combustion. 
It had a serious effect upon health at a concentration 
of less than 0-01 per cent. Neither the aldehydes, 
nor acetylene, were present in sufficient quantity to 
have any physiological significance. Incomplete com- 
bustion might be dangerous to health through the rela- 
tively large quantities of carbon monoxide produced. 
Although the toxicity of this gas was much less than 
many others, such as ammonia, chlorine, sulphuretted 
hydrogen, or sulphur dioxide, its unsuspected presence 
was possible in dangerous concentrations, since it was 
unlike the other gases referred to, which had charac- 
teristic, or intolerable, smells. There was no evidence 
of any cumulative effect through successive exposures 
to small concentrations of the gas, and indeed, it was a 
common experience that some degree of acclimatisation 


given out through perfect or imperfect combustion, 
it had to be recognised that there was some evidence 
that the toxic effect of mixed gases might be somewhat 
greater than the sum of the effects of the several gases 
separately considered. Even so it required abnormally 
bad conditions of combustion and ventilation, before 
the products from gas appliances could be anticipated 
as likely to have ill effects upon health. Incomplete 
combustion had to be carried to a very great length 
before the margin of safety disappeared. Stress was 
laid upon the production of carbon monoxide by gas 
appliances, but it was often forgotten that the flue 
gases from a coal fire, during ignition or stoking, 
might often exceed 0-1 per cent., and the exhaust 
from a motor-car engine might contain over 5 per cent. 
Motor traffic on the streets had led to an increase of 
carbon monoxide in the atmosphere, especially in the 
busy thoroughfares of large cities, such as frequently 
resulted in concentrations comparable with those in 
the flues of gas appliances. 

Incomplete combustion was the root cause of any 
possible trouble due to the use of coal gas. It could 
be caused by inadequate oxygen supplies ia, or 
immediately adjacent to, the combustion zone, or by 
the chilling action of neighbouring metal. This 
flame chilling of the reacting gases in the final stage 
of combustion might lead to the presence of carbon 
monoxide in the products, unaccompanied by the 
characteristic odour, referred to as the “smell of 
incomplete combustion.” Investigation had shown 
the importance of sufficient primary aeration, as a 
means of avoiding incomplete combustion from flame 
contact, whether due to true chilling or local smothering. 

Gas appliances could be divided into three types: 
First, those with free-burning flames; second, those 
which, by reason of restricted air inlet, or flue-ways, 
allowed reduced excess air to pass through the com- 
bustion zone, an example of which was afforded by 
geysers; and third, those with flames which made 
contact with solid surfaces. The rate of production 
of carbon monoxide from free-burning flames was 
generally less than 0-03 cub. ft. per therm, a high 
degree of dilution that made routine tests of little 
significance, because of the comparable concentration 
in the ordinary atmosphere. With the geyser-type of 
appliance, increased carbon dioxide production resulted 
from the use of flues of insufficient length, or from a 
restricted flue, or from a defective baffler, which 
allowed down draughts to reach the appliance, and so 
diminished the excess air below the minimum require- 
ments. Flame contact with aerated burners was 
possible with small carbon monoxide production. 
Poor aeration under flame contact conditions might 
lead to increased carbon monoxide production, owing 
to an inadequate amount of oxygen reaching the hot 
zone. After testing over four hundred appliances, the 
authors of the report concluded that the maximum 
safe concentration of carbon monoxide (0-02 per cent.) 
was above the value found in the undiluted flue pro- 
ducts from gas appliances. Under aeration, or 
inadequate flame space, could seriously prejudice the 
combustion of flame contact appliances, which were 
otherwise quite as good as any other type of appliance. 

Mr, F. Firth commented on the fact that had now 
been fully established, that discomforts from the 
product of combustion from a gas appliance in an 
ill-ventilated room were far greater than the risks from 
poisoning. It seemed that the proportion of hydrogen 
in the residual combustibles near the end of combustion 
was responsible, due to its rate of flame velocity, for 
the completeness of combustion, He asked whether 
the service capacity of a water heater could be increased 
by using aerated burners instead of luminous flames. 

Mr. Arthur Forshaw said that in earlier days they 
had emphasised the ventilating properties of a gas 
fire. Commonly the flue was so wide that all the 
convected heat passed up the flue. Thus designers 
had gone too far. Higher efficiency could be obtained 
from gas appliances, as heating devices, by limiting 
their ventilation action. 

Professor J. W. Cobb thought that nothing should be 
done which would sacrifice the ventilating charac- 
teristics of a gas fire. Dr. A. Parker also contended it 
would be a mistake to attempt to limit ventilation by 
increasing the efficiency of a heater by a small per- 
centage. 

Both Mr. Dunning and Mr. Masterman replied to 
the discussion. The points brought out showed the 
difference in the time of combustion of the hydro- 
carbons, hydrogen and carbon dioxide in town’s gas. 
The later stages were concerned with the last two 
gases mentioned, and were the more important. The 
products of combustion from supposedly similar geysers 
were often different, due to some small deviation in 
the dimensions of the flue space. Aerated burners 
were not necessary in geysers. To expect a gas 
appliance to work normally in an atmosphere contain- 
ing 1 per cent. of carbon dioxide was going to extremes. 





was acquirable. Exposure to 0-2 per cent. carbon 





on turn out to be important as the principal cause 
Corrosion of fittings. Care had to be taken in the 





monoxide for one hour was definitely dangerous. In | 
considering the effects of the various component gases 


Variations within the compass of normal experience 
were unlikely to have any effect. 
(To be continued.) 
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LABOUR NOTES. 

At a joint meeting in London, on Tuesday, of the 
General Council of the Trades Union Congress and the 
Executive Committee of the Labour Party, it was 
resolved to “‘ begin at once an energetic effort to extend 
the influence of the organised Labour Movement, and 
to promote the closest and most continuous co-operation 
between the political and industrial sides.’ The 
National Joint Council, representing the Trades Union 
Congress, the Labour Party, and the Parliamentary 
Labour Party, were instructed to frame “a practical 
scheme of co-operation and joint propaganda”’ in the 
country. In the light of the General Election results, 
‘‘a practical scheme of co-operation and propaganda” 
will not be easy to frame. 





At October 26, there were approximately 9,436,000 
insured persons, aged 16 to 64, in employment in Great 
Britain. This was 109,600 more than a month before, 
but 145,500 less than a year before. At November 2, 
the numbers of persons on the registers of employment 
exchanges in Great Britain were 2,129,699 wholly 
unemployed, 467,321 temporarily stopped, and 113,924 
normally in casual employment, making a total of 
2,710,944. This was 15,148 less than a week before, 
but 447,817 more than a year before. The total com- 
prised 2,049,334 men, 70,509 boys, 538,732 women, 
and 52,369 girls. On October 26, the number of wholly 
unemployed persons was 2,127,943, and the number of 
persons temporarily stopped, 482,553. 





During October, 1931, the average numbers on the 
registers of employment exchanges in Great Britain 
were 2,119,158 wholly unemployed, 521,276 temporarily 
stopped, and 115,125 normally in casual employment, 
making a total of 2,755,559, of whom 1,896,150 were men 
aged 21 and over, 153,781 men aged 18 to 20, 72,288 
boys aged 14 to 17, 490,675 women aged 21 and over, 
87,202 women aged 18 to 20, and 55,463 girls aged 14 
to 17. 





During the five weeks ending October 26, the number 
of vacant situations filled through the employment 
exchanges and juvenile employment bureaux was 
185,607. Since the beginning of the year, 1,620,124 
vacant situations have been filled, an increase of 196,085, 
as compared with the corresponding period of last year. 





Writing in the 128th quarterly report of the General 
Federation of Trade Unions, Mr. W. A. Appleton, the 
secretary, says :—** It is yet too early to see how far the 
inability to maintain the gold standard of the £ will 
affect employment. Obviously, this movement should 
reduce the immediate costs of production, and, by 
bringing British prices in closer relationship to those 
of competing countries, enable British merchants to 
effect sales in markets which, for years, have refused 
to pay what the British salesman was compelled to 
demand. It is equally plain that those competing 
countries which had previously deflated their currency, 
will have difficulty in repeating that procedure ; 
but it will not be safe to assume that these countries 
will quietly acquiesce in the loss of any markets or 
commercial advantages. If, therefore, we would, in 
any way, counterbalance the disadvantages of our 
inability to maintain the gold standard, we must 
intelligently seek to consolidate every position the 
departure enables us to gain or recover.” 


The number of trade unions affiliated to the General 
Federation is 94, of which 60 are on the higher scale, 
31 on the lower scale, and three on both scales. The 
gross membership is 497,108, of whom 273,235 are on 
the higher scale, 211,604 on the lower scale, and 12,269 
on both scales. Contributions received during the 
quarter which ended on September 30 amounted to 
8,2517. 1s., and benefits paid to 4,240/. 18s. 4d. 





Official figures issued in Berlin show that out of 
Germany’s 21,000,000 workers, 4,500,000 are unem- 
ployed. Between July and September, unemployed 
workers in industrial occupations increased by nearly 
270,000, the total including 81,000 in the building 
trades, 60,000 in the metal industry, 27,000 in the 
stone industry, 19,000 in the textile industry, and 
14,000 in the mining industry. There was a seasonable 
decrease of 25,000 in the clothing industry, but in 
the foodstuffs trade there was an increase of 17,000, 
and in the traffic services an increase of 20,000. 





In a circular issued by the Weavers’ Amalgamation, 
it is stated that from the beginning of the controversy 
on the “ more looms” question, the organisation has 
made it clear that it is not opposed to the system where 
automatic looms are in use or where automatic attach- 
ments are fixed to the ordinary Lancashire looms. On 
the contrary, the Amalgamation declares that it 
welcomes the scientific development because its effect 


should be to reduce the strained drudgery of weaving. 
“The Amalgamation’s policy,” the circular goes on 
to say, ‘is to try and obtain the more extended use of 
automatic looms and/or semi-automatic looms, and in 
this development the weaving operatives would readily 
lend themselves to make such introductions a success. 
Its whole object, however, is to obtain a wage com- 
mensurate with the service which the operatives 
render to the industry, and conditions which will 
remove from their minds the dread of under-employ- 
ment, the manipulation of low-grade qualities of yarn, 
the imposition of fines for unmerchantable cloth, and 
to secure a fall-back wage which will give adequate 
protection to the operative.” 





The Supreme Economic Council of the Soviet 
Republic issued on September 28 an Order providing 
for the gradual introduction of piece work in the build- 
ing trades. The system is to be applied in the first 
place to excavating work, the transport of materials, 
whitewashing walls and ceilings, and joinery, roofing 
and glazing work. Payment at group piece-work 
rates for two to three workers engaged on the same 
jobs will be introduced mainly for bricklaying, lock- 
smiths’ work, carpentering, plumbing and painting. 
Where it is not possible to apply either of these systems, 
payment at collective piece rates for an entire shift of 
15 workers will be introduced. The shift boss will then 
distribute the total wage among the members of the 
shift. 

A joint congress held at Rotterdam last month, 
under the auspices of the Netherlands Federation of 
Trade Unions and the Social Democratic Labour 
Party, adopted resolutions declaring (a) that measures 
should be taken to ensure that where the working 
week is longer than 48 hours the maximum of 48 
should be fixed as soon as possible ; (6) that overtime 
should be reduced to a specified minimum and only 
worked under exceptional circumstances when urgently 
necessary ; (c) that the Netherlands should ratify as 
early as possible the Washington Hours Convention 
and also the Convention concerning the hours of 
work of commercial employees adopted by the Inter- 
national Labour Conference in 1930; (d) that the 
problem of the 48-hour working week should be sub- 
mitted to the International Labour Office as early as 
possible, and that any attempt to arrive at an inter- 
national regulation of working hours on the basis of the 
decisions of the International Federation of Trade 
Unions and the Labour and Socialist International, 
should be supported as strongly as possible; (e) that 
attempts should be made to raise the school-leaving 
age, and also to make further provision for old-age 
pensions as a method of reducing the present surplus 
on the labour market. is 

A communication received by the International 
Labour Office at Geneva states that the Italian 
Ministry of Corporations has published a long report 
giving the outlines of a proposed reform of the system 
of insurance against industrial accidents. The Ministry 
expresses its intention of taking into account the 
provisions both of the Italian Labour Charter and of 
the International Convention and Recommendations 
concerning compensation for industrial accidents 
adopted by the International Labour Conference in 
1925. The legislation at present in force exempts 
from the compulsion to insure certain undertakings 
which do not involve serious risks of accident, or do 
not make use of machinery or employ fewer than six 
workers. The report suggests that the limitations 
dealing with non-dangerous work, the absence of 
machinery and the minimum number of workers em- 
ployed should be abandoned, and that compulsory 
insurance should be extended to all undertakings in 
which the workers and salaried employees are in fact 
exposed to any risk of industrial accident. It is 
proposed to insert in the text of the Act a detailed 
list of the forms of work covered by compulsory 
insurance; this list coald be changed by a simple 
administrative regulation, and constantly adapted, 
without the intervention of Parliament, to the develop- 
ment of the technical conditions of labour. 





Considerable improvements in respect both of 
benefits and of their administration are proposed. 
Simplification of the system is also recommended. At 
present accident insurance in Italian industry is 
administered by the National Accident Insurance 
Fund, the voluntary insurance associations combined 
in a national Consortium, and four associations for 
compulsory mutual insurance. Three of the latter are 
for maritime transport and the fishing industry, and 
the fourth for the sulphur mines of Sicily. The report 
pronounces in favour of the management of com- 
pulsory insurance by a single central institution on a 
national basis. This solution is considered the more 








appropriate because the development of trade union 
and corporative organisation is gradually establishing, 





mainly through collective agreements, an increasing 
uniformity of accident risks for undertakings of the 
same class situated in different parts of the State. 
Moreover, the National Fund, which would be the 
nucleus of the new institution, possesses a district 
organisation endowed with sufficient independence 
and possessing all the advantages of an exclusive 
district organisation, without any of the disadvantages. 
Several exceptions to this monopoly would, however, 
be allowed. Thus the associations for compulsory 
mutual insurance for maritime transport, the fishing 
industry and the sulphur mines of Sicily would be 
retained. 





The Swiss Federal Parliament adopted, on June 17, 
an Act establishing a general system of compulsory 
insurance against old age and death. Under the 
Constitution of the Swiss Confederation, all Federal Acts 
must be submitted to popular vote, if demanded by 
30,000 citizens or eight Cantons. The new compulsory 
insurance legislation, which gave rise to considerable 
opposition, was the subject of a popular application 
for which about 62,000 signatures were obtained. 
Consequently the Act will be the subject of a referen- 
dum, the date of which has been fixed by the Federal 
Council for December 6. 





According to Industrial and Labour Information, 
compulsory insurance is extended by the Act to all 
persons residing in the territory of the Confederation, 
without any limit of earnings or property. The 
obligation to insure begins to run from January 1 
of the calendar year in which the person concerned 
reaches the age of 19. It expires on December 31 of 
the calendar year in which the insured person com- 
pletes his sixty-fifth year. Temporary residence abroad 
does not exempt the person concerned from the obliga- 
tion to be insured. The system adopted by the Federal 
Parliament is thus that of national insurance, the 
effects of which are not limited to the working class, 
but extend to the whole population. The adoption of 
such a system appeared necessary owing to the large 
number of small-scale independent workers in Switzer- 
land, whose resources are often not greater than those 
of wage earners, and who have the same need of social 
insurance. The number of contributors is estimated 
at 2,500,000. Any person of Swiss nationality who 
becomes domiciled abroad may remain affiliated to the 
insurance system. 





At a conference in Prague last month of the Inter- 
national Painters’ Secretariat it was resolved to call 
for the speedy ratification of the International Con- 
vention prohibiting the use of white lead in painting, 
particularly by Germany, Great Britain, the Nether- 
lands and Switzerland. A draft recommendation 
which it was decided to forward to the International 
Labour Organisation for consideration proposes that 
in countries which have ratified the Convention of 
1921, the transport, purchase and sale of products 
containing white lead, the use of which is prohibited 
for inside painting, shall be subject to the following 
rules for all purposes other than those mentioned in 
the Convention: (a) The sale to private persons and the 
purchase without authorisation of white lead and its 
compounds, including ready-made white lead paints, 
shall be prohibited. (b) The conditions and restrictions 
under which the sale, purchase, transport and use of 
white lead and its compounds are permitted for pur- 
poses other than those stipulated in the Convention, 
shall be determined by each nation which ratifies by 
public administrative regulations. The draft regula- 
tions are to apply equally, it is suggested, to paints 
sold in tubes weighing less than 500 grams. 





During the discussion on unemployment at the 
fifty-fifth session of the Governing Body of the Inter- 
national Labour Organisation, the Workers’ Group 
expressed the opinion that it was essential to aim defi- 
nitely at a shortening of the hours of work. They had 
intended, they said, to request the Governing Body 
to enter the question of a 40-hour week on the agenda 
of the 1932 conference. As, however, there was no 
chance of that request being acceded to, they proposed 
that the director should be authorised to get into 
touch with Governments, with a view to calling an 
unofficial conference at which Governments, employers 
and workers should be represented, to secure an 
agreement for a general shortening of hours of work, 
if possible on the basis of a 40-hour week. This pro- 
posal was rejected by 8 votes to 6. The Governing 
Body, by 14 votes to nil, adopted a proposal authoris- 
ing the director to call together the unemployment 
committee before the end of the year in order that it 
might be informed of the development of the work 
begun, and consider the question of securing a better 
arrangement of hours of work by means of international 
agreements, either on a general basis or for individual 
industries. It was decided that the unemployment 
committee should meet on December 7. 
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THE NEW GAS INDUSTRY.* 
By Sm Davin Mizye-Warson, LL.D., D.L. 
(Concluded from page 596.) 

The Modern Use of Gas.—Underlying the whole 
scheme of operations, whether chemical, physical, or 
mechanical, the fundamental principles of gas manu- 
facture have been absolute freedom from impurity 
and a constancy in regard to quality, which to-day only 
varies on an average of 0-2 to 0-4 per cent., with a 
normal variation from the declared standard not 
exceeding 2 per cent. in either direction, and, what is 
perhaps most important of all, assured continuity of 
supply at all times. Civilisation becomes yearly more 
mechanised, and any service, such as the provision of 
heat-energy, must to-day be capable of precise regu- 
lation. 

The gas has to be conveyed to the consumer’s 
burner or apparatus so that he may secure a supply 
at a pressure which will ensure correct aeration of the 
burner, and adequate volume for the duty demanded. 
The working conditions must be as reliable, regular 
and automatic as possible. This requirement applies 
to all the uses of gas, whether for lighting, cooking, 
room heating, water heating, ironing, fire lighting, 
refrigeration or the thousand uses of gas in industry. 
This has been a great feature of the development of 
the past decade. 

Intensive research work upon gas and coke burning 
appliances by Leeds University, the leading makers of 
gas appliances, and in the laboratories of the principal 
gas undertakings, has resulted in a real revolution in 
the art of gas utilisation, whilst a similar rapidity of 
development is now commencing in the utilisation of 
coke. 

Distribution of gas has been made more efficient by 
the provision of high-pressure arterial mains from the 
works feeding low-pressure distributing mains so as 
to ensure an ample supply of gas at times of peak load. 
Control of pressure by automatic boosters actuated 
by distant recorders is being further supplemented 
to-day by the use of individual house governors, and 
even pressure regulating devices at the appliance itself, 
as experience dictates. 

Appliances themselves have been largely improved 
in efficiency, reliability and utility as the result of 
researches into the principles of the working and design 
of the Bunsen burner, and of the nature of combustion. 
In connection with the latter, it is interesting to note 
that the precise regulation of heat supply by the control 
of the tap, which is peculiar to the gas industry, is being 
supplemented to an increasing extent by the use of 
thermostats. Cooking operations can thus be con- 
trolled in accordance with predetermined conditions, 
while the gas consumed for hot-water supply is precisely 
balanced against the amount of hot water used. In many 
modern types of water-heater, the gas is lighted when 
the appliance is installed and is afterwards left alight 


indefinitely under thermostatic control which guaran- | ¢ 
Where | gas amounts to some 300,000,000,000 cub. ft. annually, 


the hot water is to be circulated for central heating | and its complete absorption will double the consump- 
purposes, it is often convenient to regulate the heat | tion of gas in Germany. Other grids or networks of 


tees a maximum efficiency and fuel economy. 


by a thermostat operated by the temperature of one 
of the rooms. It is thus possible to maintain the 
exact temperature required, and this high overall 
efficiency often leads to so great a saving in fuel that, 
with the accompanying economies effected in regard 
to labour and space and the gain in cleanliness, a 
considerable saving in cost results, as compared with 
those obtained from the use of less flexible fuels. 
Washing machines and drying cabinets, gas irons and 
fire lighters are among the many other domestic 
aids depending upon gas as a fuel, while the develop- 
ment of a simple and effective switch control is leading 
to a revival of interest in gas lighting generally, and 
its merits for street illumination have at no time 
suffered eclipse. 

A degree of control of industrial gas appliances, 
impossible to attain by hand regulation, is now provided 
by automatic controllers for maintaining temperatures, 
oxidising or reducing atmospheres, and humidity. 
Thus, conditions important to many industries may, 
if required, be varied by clock controllers to any 
predetermined cycle. 

As a result of research and experience in the con- 
ditions governing thermal insulation and accelerated 
heat transfer, it is possible to claim that in the most 
modern apparatus, whether for domestic or industrial 
use, every heat unit can be accounted for as serving 
a definite and useful purpose, whether it be for the 
primary object of heating or for some collateral 
advantage such as ventilation. : 

Many new alloys and materials having special 
properties are now available for particular purposes, 
and these find application in gas appliances and fittings 
wherever they appear appropriate. In consequence, 
external finishes of better appearance and more 
labour-saving character are common, while corrosion 
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* Paper read before Section G of the British Associa- 
tion, London, on Tuesday, September 29, 1931. 





of the concealed parts of appliances and fittings has 
been greatly reduced and _ replacement greatly 
facilitated. 

Smokeless Solid Fuel.—Whilst the gas industry 
provides an almost ideal service for any need requiring 
clean, controllable and cheap heat, there are still many 
situations where a smokeless solid fuel, such as coke, 
can render efficient service. For cheap supplies of 
hot water, for central heating, for foundry work and 
many industrial uses, the demand for prepared coke 
continues to grow, some 10,000,000 tons annually being 
already used for these purposes. Quite recently, coke 
in open grates has begun to be recognised as an excellent 
smokeless fuel now that grates specially designed for 
its use have found a place on the market. These grates 
are provided with a gas lighting device, control of rate 
of burning, and arrangements for removing the ash 
without spreading dust. Some of the developments I 
have mentioned may be not generally known, but this 
state of ignorance is passing rapidly away. The gas 
industry of to-day has realised the great importance 
of giving good service. Gone are the “take it or 
leave it’’ days of the past. The new gas industry 
employs highly trained staffs of salesmen, experts, and 
demonstrators, supported by organisations for research, 
well-equipped showrooms and demonstration rooms. 
Organisation for the maintenance and adjustment of 
consumers’ appliances, and for the replacement of out- 
of-date and inefficient apparatus, has been introduced, 
| and the latest office machinery is being installed for the 
making up of accounts. The gas service of to-day is 
full of vitality, enthusiasm and keen scientific endea- 
vour in every one of its manifold activities. 

The Gas Industry Abroad.—The active development 
of gas is not confined to Great Britan. It is advancing 
successfully in other countries, notably the United 
States and Germany, countries which are so often 
quoted as being the homes of intensive electrification. 
In the United States, the sales of gas amount to 
2,348,000 million cub. ft. annually, or seven and a-half 
times the quantity sold in this country. The sales have 
increased 110 per cent. in the past ten years, and the 
capital invested in the gas industry in the States exceeds 
1,000,000,000/. As evidence of the progress of gas it 
is interesting to note that 1,000,000/. worth of gas-fired 
refrigerators were sold last year in New York alone, 
whilst in the whole of the States the consumption of 
gas for the central heating of houses amounted to 
25,000,000,000 cub. ft., a development which is but 
five years old. A considerable proportion of the gas 
distributed was natural, whilst that manufactured in 
gasworks was supplemented by supplies from coke- 
| oven installations. 

The extension of the sources of gas supply is well 
| illustrated by recent progress in Germany, where a 
| network of 1,800 miles of high-pressure mains has been 
installed to link up the huge modern coke ovens in the 
Ruhr, so as to render the gas produced available for 
lomestic and industrial uses elsewhere. The surplus 














gas mains have been, or are being, installed in connec- 
tion with other German brown and bituminous coal- 
fields. 

In Sweden, where a plentiful supply of electrical 
energy derived from water power has so favoured 
electrification that a considerable mileage of the main- 
line railways has been electrified, we find that Stock- 
holm is registering a 10 per cent. increase per annum 
in the demand for gas, and that coke is the universal 
fuel for house heating. Similarly, in Switzerland a very 
active gas industry is to be found. 

Gas Grid Scheme.—The use of coke-oven gas in this 
country has shown steady growth. For various 
reasons, the quantity distributed has formed but a very 
small proportion of the total sales of gas. This state 
of affairs has not arisen from any lack of enterprise on 
the part of either gas or coke-oven undertakings, but 
rather from various economic causes and from the 
difficulties encountered by coke ovens in the past in 
making gas of the uniform quality, combined with that 
absolute continuity of operation, which is so funda- 
mental a characteristic of the gas industry. 

The interest aroused by the German schemes led to 
the appointment, in 1929, of the Government Area Gas 
Supply Committee, to. consider the technical and 
economic aspects of the grid system for industrial 
districts. The report showed that existing British 
practice could not be improved by a general extension 
of grid mains, but it did recommend the setting up of 
such a scheme in the neighbourhood of Sheffield, 
realising that “‘ industry must have cheap gas” and 
that gas is the ideal fuel for steel production. A Bill 
to sanction the construction of the grid has passed 
through Parliament. 

In the course of its investigations, the committee 
found, as has been the experience of other Government | , 
committees and Royal Commissions, whose inquiries | ; 


legislation. I quote from the Area Gas Supply Com- 
mittee’s report—-‘‘ The greater the load on gas under- 
takings, the lower are their overhead costs per unit of 
gas sold, so that if a large market can be attracted 
by offering cheap gas, the effect is to bring down gas 
prices all round. The introduction of a more scientific 
method of charge based not only on quantity but also 
on the commodity value of the gas and service given, 
and, if possible, also on the load factor, is vital if an 
expanding market for gas is to be found. The gas 
industry should be granted the greatest possible free- 
dom consistent with the need for a certain measure of 
control over its operations by virtue of its possession 
of a regulated monopoly.’ This authority to sell on a 
more scientific communal basis, and to enter into 
schemes of rationalisation with other gas and allied 
industries, is of the utmost concern to the gas industry 
of to-day. 

Co-Partnership and Welfare——For many years most 
of the larger undertakings have adopted co-partnership 
schemes, whereby the employees receive a bonus, a 
considerable portion of which is invested in the under- 
taking. To-day, over 44,000 gas employees have an 
interest amounting to 3,000,000/. in their undertakings, 
and thus have every inducement to further the common 
interest of consumers, shareholders and themselves. 
The intimate concern of the employees with their under- 
takings has resulted in the most friendly relation 
between employers and employed, and for a very long 
period no note of discord has interrupted them. This 
friendly and intimate atmosphere has engendered the 
formation of Works Committees, organisations of 
employers and employees working in complete harmony 
to secure the best conditions for efficient, healthy and 
comfortable work. The provision also of facilities for 
healthy pleasure on sports grounds after the day’s 
work is over is very general in the industry. 

Future Developments.—I cannot conclude this paper 
without reference to the frequently discussed proposals 
for low-temperature carbonisation. The gas industry 
has been unkindly and unjustly criticised for viewing 
these proposals in the same spirit as a vegetarian 
would judge a meat diet. Nothing could be farther 
from the truth. It is not a question of meat or no 
meat, but simply how the meat should be cooked. 
We in the gas industry may be said to prefer it grilled, 
and the others may be said to prefer it stewed. All 
we are concerned to find out is which is the cheaper 
and more efficient method, and we are only too willing 
to adopt that method, whichever it may be. The 
industry has always striven, for smokeless skies, for a 
clean atmosphere, and for the minimisation of labour 
and dust in the necessary provision of heat and other 
forms of energy to the community. It has had one 
hundred and twenty years’ experience in the heat 
treatment of coal, during which long period it has 
explored all the avenues of low and high-temperature 
carbonisation under the guiding principle of commercial 
success. 

The industry has closely watched every development 
in low-temperature carbonisation; it has tried out 
many processes on the large scale at a financial loss, 
and whilst the production of a suitable smokeless fuel, 
and of oils, from our home coal are technically quite 
possible, the cost of so doing is usually prohibitive. 
Much research work is being actively pursued within 
the industry, and what is impossible to-day may be 
the system of the future; the industry realises the 
importance of home-produced oil. 

It is well to bear in mind, however, that enormous 
strides are being made in the application of the process 
of hydrogenation. Gas contains nearly 50 per cent. 
of hydrogen. Here we have vast potential sources 
of hydrogen, easily obtainable. This hydrogen reacting 
with the existing oils produced by high-temperature 


carbonisation, may well be the source of our own oil, 
although at present we have to rely on imported 
natural oils. 


In the provision of solid fuel for the open grate, 


research has shown that a high volatile content is 
unnecessary to meet the conditions at present satisfied 
by raw coal. 
combustibility of coke fuels produced by high-tem- 
perature carbonisation of coals prepared by cleaning, 
sizing and blending before carbonisation, can be equal, 
if not superior, to either coal or low-temperature cokes. 


The reactivity, physical structure, and 


The progress in recent years of the industry, there- 


fore, shows a bright outlook, whether in regard to its 
gaseous or solid products. 
scientific endeavour, and incorporate the very finest 
methods of affording service to its clients. 
ence, both at home and abroad, demonstrates its ability 
to meet its competitors on a fair field, be they electricity, 
oil or coal. 
tific, modern and progressive. 


Its activities are rich in 


Its experi- 


The gas industry of to-day is virile, scien- 





AIRCRAFT APPRENTICES.—The Air Ministry informs 
1s that, in view of the urgent need for National economy, 
t is regretted that it will not be possible to enlist more 


than 180 boys, as Royal Air Force aircraft apprentices, 





have included any phase of the gas industry, that its 
operations and functions are fettered hy out-of-date 'i 


n January next. 
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PORTABLE MERCURY-ARC 
RECTIFIER SUBSTATIONS. 


THE majority of mercury-are rectifiers in service 
throughout the world have been installed in stationary 
plants, but recently a number of these rectifiers have 
been employed for portable substations. Two equip- 
ments of this type have been in use for many 
years in Calgary, Canada, while two have recently 
been delivered to the Italian State Railways and one 
to the German State Railways. Portable substations 
are used, in a general way, for supplying current to 
networks on which the load varies periodically, such 
variations in loading occurring on the occasion of 
general holidays, and on Sundays in Continental coun- 
tries. Variations in the load depending on the season 
of the year must also be taken into consideration. For 
example, on railway lines to holiday resorts the traffic 
in summer is very heavy whereas in winter thera is 
practically none. To meet load variations of this 
kind, portable substations are very suitable. They 
can be moved from one section to another, thus 
enabling the requisite number of permanent substa- 
tions to be reduced and considerably assisting in the 
economical operation of the railway. Portable sub- 
stations can be employed advantageously not only for 
tramways and urban or interurban railways, but also 
for main railway systems which can adopt them on 
lines having large peaks with a low average load. Such 
portable plants can be used temporarily to increase 
the output of stationary substations distributed along 
the railway track, while, in the event of a disturbance, 
they can also be used to replace the unit which is out 
of order. 

Such portable substations have given every satis- 
faction and have proved to be very suitable for railway 
service; it has been possible in systems where they have 
been adopted to reduce the number of stand-by sets to 
a minimum and improve the load factor of the whole 
system. Portable plants equipped with motor genera- 
tors or rotary converters have been in use for some 
years. The disadvantage of these plants, however, 
is that the converters installed in them are heavy, 
which limits the output for which the equipment can 
be built. Moreover, since motor generators and rotary 
converters can only be adapted to automatic service 
by the use of a large number of relays, which is gener- 
ally an undesirable complication in portable plants, it 
has not been usual to provide this system of control 
in portable substations of this kind. Mercury-arc 
rectifiers, however, enable these disadvantages to be 
avoided, and owing to their considerably smaller weight 
allow much larger plants to be built. 

The first portable, fully automatic metal-clad arc 
rectifier plant, which is illustrated in Fig. 1, was put 
into service in Calgary, Canada. It is designed for 
a continuous rating of 600 kw. at 550 volts. The 
plant is used to supply current to the tramway network 
of Calgary. A standard type Brown-Boveri rectifier 
has been used for that purpose, a special method 
of mounting it on the base frame being, however, 
adopted. 

As is shown in Fig. 2, two frameworks built up of 
channel sections are used, the lower one being rigidly 
secured to the truck while the upper one is allowed a 
certain amount of vertical movement which is damped 
by strong springs. The rectifier, mounted on insu- 
lators, rests on the upper frame. Six tie rods hold the 
evlinder during transport. Since it is not always pos- 
sible to obtain a direct water supply for the cooling 
of the rectifier and the high-vacuum pump, the plant 
was provided with a closed-circuit cooling set. This 
consists of a radiator cooler, a circulating pump and a 
fan. The whole equipment is of compact design and 
takes up very little space. 

On account of the satisfactory results obtained 
with the first portable metal-clad mercury-are rec- 
tifier plant, in operation in Calgary, it was de- 
cided to adopt the same system, but for much 
larger plants, in Italy, and early in 1930, the Italian 
State Railways placed an order for two completely 
equipped portable mercury-arc rectifier substations. 
The electrical equipment of these portable substations 
comprises a rectifier set consisting of one outdoor 
rectifier transformer of special design, connected to the 
60 kv., 45 cycle, three-phase system, and one rectifier 
having an output of 2,000 kw. at 2,900 volts, capable 
of an overload of 20 per cent. for two hours, 50 per cent. 
for one hour and 100 per cent. for 2 minutes. On the 
high-tension side, the rectifier is protected by outdoor- 
type, three-pole, single-tank oil circuit breakers, and 
on the direct-current side by means of high-speed 
circuit breakers. For the cooling of the rectifiers each 
equipment is provided with a combined closed-circuit 
cooling set. The oil circuit breaker with the corres- 


ponding disconnecting switches as well as the rectifier 
transformer are, as mentioned above, of the outdoor 
type, while the rectifier, the cooler, the switchboard, 
and the direct-current high-speed circuit breakers 
are mounted inside the cabin. 


Exterior and interior 
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Fig. 2. 


views of one of the substations are given in Figs. * 
and 4, on the opposite page. 

As in the case of Calgary, complete automatic service 
has been adopted for the Italian substations, thereby | E 
obtaining important savings in operating costs. Wave | 
filters for the suppression of disturbances on the | 
adjacent communication lines were not required. In 
the case of the plants at Calgary, however, complete | 
wave filter equipments, each consisting of one main series | 
coil and four shunt circuits for the sixth, the twelfth, the 
eighteenth and the twenty-fourth higher harmonics, 
were adopted. The largest portable mercury-arc rec- | 
tifier substation is, at present, the 2,400-kw., 800-volt | 
plant of the German State Railways, which will supply | 
direct-current to the network of the Berlin suburban 
and city rapid transit service. The plant can be 
connected to the 30,000 volts, 50 cycles, three-phase 
terminals, available in the different substations as 
well as along the track. It will be used as a stand-by 
set for stationary substations and emergency plant on 
suburban lines. 








RaILway CONSTRUCTION IN CHINA.—The Lingpoa-- 
Tungkwan section of the Lung-Hai Railway in western 
Honan, China, was opened fof passenger and goods 
traffic on October 1. The section is 40 miles in length, 





and construction work was begun about six months ago. 





Brown-Bovert Mercury-Arc RECTIFIER. 


THE DRAWING OF NON-FERROUS 
WIRES.* 


E. L. Francis, M.Sc., and Professor F. C. THompson, 
D. Met., M.Sc. 


In two earlier papers,t it has been shown that there 


| are good reasons for the belief that the power required 


to draw wire is, amongst other factors—such, for 
instance, as the space-lattice in which the metal 
crystallises—directly proportional to the first power of 
the maximum stress, to the speed of drawing, to the 
area of cross-section of the wire, and to the reduction 
of area per cent. Experimental evidence of a fairly 
conclusive nature has confirmed the truth of the first 
of these relationships for a reduction of area of 20 per 
cent. For a metal or an alloy which crystallises in the 
face-centred system, this reduction of area, starting 
from 15 s.w.g. wire, using a tungsten-carbide die of 
6 deg. straight taper, and the most perfect hand-lubri- 
cation, the pull required in tons per square inch on 





* Paper read before the Institute of Metals, Ziirich, on 
Tuesday, September 15, 1931. Abridged. 
7 F, C. Thompson, Sixth Sorby Lecture, Sheffield, 
1930. 
} F. C. Thompson and E, L. Francis, Journal Iron and 
Steel Inst., Carnegie Schol. Memoirs, vol. xx (1931). 
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PORTABLE ARC-RECTIFIER SUBSTATIONS. 


(For Description, see Opposite Page.) 








Fig. 3. 


ExtTERIor oF 2,000-Kw. SussTaTION FoR THE ITALIAN StaTE RAILWAYS. 








Fia. 4. 


the reduced section is 0-28 of the maximum stress of 
the original annealed material. It will be clear that 
such conditions of lubrication are not at present attain- 
able in practice, and that, in the industry, a correspond- 
ingly greater pull on the wire must be provided. 

In Fig. 1, on this page, are plotted some new results, 
particulars of which are given in Table I. These 
results show that the same relationship holds for 35 per 

















TaBLe I. 

Diameter. Drawing | Maxi- 
i Reduc- | Load. | Pm 
Material. | tion | Tons | “Pons, 
! Original. Final. ——— Lease per 
| In. In. ee cen] ig | square 
| | * | inch. 

| 
Aluminium ..| 0-0803 | 0-0647 | 34-9 | 3-26 | 6-44 
Copper | 0-0803 — 34-9 | 9-52 16-30 
Bronze ++! 0-0793 — 33-3 | 10-80 19-90 
70: 30 brass ..| 0-0797 _— 34-0 10-86 21-90 
7 per cent. | 0-0797 — 34-0 14:80 | 27-30 

nickel-brass | 
20 Af 0-080 -- 34-5 18-60 | 32-45 











cent. reduction of area, the pull required being for 
this reduction 0-54 of the original maximum stress. 
Further, some experimental evidence was obtained in 
support of the second and the last of the other relation- 
ships cited above, but in neither case could the proofs 
be regarded as complete. The first portions of this 
paper, therefore, are devoted to a consideration of 
further results which placed the effects of the speed 
and the reduction of area beyond reasonable doubt. 
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INTERIOR OF 2,000-Kw. SUBSTATION FOR THE ITALIAN State RAILWays. 


The apparatus employed has already been described,* 
and it is sufficient for present purposes to say that the 
work at very low speeds was carried out on a dead- 
loaded draw-bench where the rate of drawing could be 
accurately measured down to something of the order 
of 0-0001 ft. per minute. At higher speeds another 
machine was used, on which wire could be drawn up to 
600 ft. per minute, the pull required being measured 
with an accuracy of about 1-2 per cent. Unless the 
experimental conditions are otherwise stated, the 
lubrication was performed by hand with a special 
soap, the dies were of sintered tungsten carbide with a 
6 deg. taper, and the reduction of area was around 20 
per cent. from about 15 s.w.g. to 16 s.w.g. All angles 
recorded in this paper are the semi-angles, i.¢., half of 
the total apical angle of the cone. 

The Rate of Drawing.—When a wire is drawn at in- 
creasing speed, the load required, as Fig. 2 shows, at 
first rises fairly rapidly. With steel dies, Fig. 2a, at 
a certain, quite low, rate of drawing, which is somewhat 
variable, and depends on the material and on the 
lubrication, the process becomes unstable, the wire 
commencing to draw at a rapidly increasing rate under 
a constant, or even under a markedly reduced, load. 
Once this stage is passed, the tension necessary to con- 
tinue the drawing is almost, although never perhaps 
quite, independent of the speed of drawing, which latter 
is dependent merely on the power available. During 
the second, the practically interesting, section of the 
curve, drawing takes place under a load which is in 





* F. C. Thompson and E. L. Francis, loc. cit. 


many cases distinctly lower than that required at_a 
fraction only of the speed. 

Using tungsten-carbide dies, Fig. 2B, this instability 
has not been found, and the authors have little doubt 
that the phenomenon is connected with the difficulties 
of adequate lubrication at these very low speeds. With 
such dies, a slight, but quite clear, maximum is found in 
all the curves, a fact which is shown in part in some of 
the curves of Fig. 3, and has been confirmed by other 
work using a modification of the original draw-bench 
in which the power is applied dynamically. As the 
final speed of drawing is increased above a small 
minimum value, the load, measured on a spring balance, 
gradually increases, attains a maximum, and then falls 
to its constant final value. In Table II are recorded 
a set of figures representing these changes for 7 per 
cent. nickel-brass as the machine gathers speed from 
rest. 

TABLE II. 
Time in seconds 0 5 10 15 
Load in Ib. -- O 20 52 63 

The curve B of Fig. 2 for a carbide die is almost 
exactly the reverse of that for the coefficient of friction 
of a bearing when plotted against the speed, and may 
be compared, for instance, with the results of work on 
this subject by Goodman. There can be little doubt 
that the differences between the results of the measure- 
ments at low and at high speeds are almost, if not en- 
tirely, due to differences in the lubrication of the die. 
The results obtained at very low speeds have little 
direct interest for the wire-drawer, but they are recorded 
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here, since, when the whole question of the lubrication of 
| the draw-plate is investigated, they may well be found, 
|owing to their very abnormalities, to have a real 
bearing. 

It may also be pointed out that the fact that the 
results, at low and at high speeds show certain material 
differences, renders it dangerous to place too much 
weight on researches carried out at very low rates of 
drawing, in, for instance, tensile-testing machines. 
Such data require confirmation at some rather greater 
speed, which, however, need not be very high. Once the 
maximum in the speed-load curve is passed—a matter of 
perhaps 20 ft. per minute—the general nature of the 
process appears to be much the same at all speeds up 
to 600 ft. per minute, which is the highest the authors 
have as yet used. In none of the work to be dealt 
with subsequently in this paper do the results refer to 
speeds of less than about 30 ft. per minute. 

Above 20 ft. or so per minute, the load required is 
essentially independent of the speed of drawing. That 
it should be possible under a constant load to draw 
wire at a few feet only, or at 600 ft. or more per minute, 
is at first so unexpected that complete confirmation 
is required. It may be pointed, out that Giraud* had 
previously suspected that this was the case, and the 
results plotted in Fig. 3 would appear to settle the 
point finally. With efficient lubrication, carbide dies, 
and within the range of speeds here examined, the 
load, if anything, tends to fall rather than to rise as 
the speed increases. This seems to suggest that the 
lubrication is more satisfactory at high than at lower 
rates. Where, however, the lubrication is inadequate, 
the load demanded increases somewhat with the speed. 
This also always occurs, so far as the authors’ work is 
concerned, when steel draw-plates are employed. 
In connection with the independence of speed and load, 
it is of special interest to note that the top curve of 
Fig. 3 refers to a 7 per cent. nickel-brass which had 
already been reduced 20 per cent. by cold-drawing 


* Revue de Métallurgie, vol. xxv, page 175 (1928). 
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and had not been annealed. In addition to the series 
of measurements recorded in Fig. 3, many others have 
been made over shorter ranges of speed, and the 
essential constancy of the load in all cases has been 
confirmed. 


nickel-brass respectively, are in complete agreement 
with the earlier work. The relationship thus applies 
to non-ferrous as well as to ferrous materials, and, in 
fact, may do so rather more exactly for the former 
than for steel. For ferrous wires above about 30 per 


| For. smaller reductions, however, a smaller angle 
| than that proved to be the best in the present work may, 
|in practice, be found to be superior. As the angle 

becomes smaller the bearing surface increases for a 
| given reduction, and the danger of the die pulling out 


The fact that with tungsten-carbide dies the power | cent. reduction of area the observed curve bends away |is diminished. 


required, and therefore the frictional loss, are greatly | 


lightly from a straight line, the power needed being 


In view of the extent to which dies are used, the holes 


reduced as compared with those for steel dies, is of | slightly less than that which would be demanded by in which are trumpet-shaped—the so-called “ radial 


This applies particularly to high 


especial interest. 
with the “‘ composition ” | 


rates of drawing, whence 


dies higher speeds can be employed with far less heating | which has been done on wire-drawing, there is, so far | hitherto employed. 


of the die and the wire. This is of importance, since 
carbide dies are: susceptible to flaking and cracking 
under thermal stresses if their temperature is allowed 
to rise at all rapidly. As a result, for large reductions | 





or, alternatively, be gently preheated prior to use. | 


As typical examples of the reduction of the load | 
required when tungsten-carbide dies are used in place | 
of steel, the following figures may be quoted. For a} 
20 per cent. reduction of area from 15 s.w.g., using, | 
in both cases, the soap which required the minimum 
pull, the power at a given speed was reduced by 36 per 
cent. for aluminium and by 43 per cent. for 70: 30 
brass, and similar reductions have been measured for | 
mild steel. The structure of such a die, which is shown | 
in Fig. 5, on this page, offers an explanation of the 
improved lubrication obtainable. The hard, white 
particles of the carbide stand out in slight relief against | 
the softer metallic matric, and thus provide innumer- | 
able channels through which the lubricant can flow to | 
all parts of the bearing. Tungsten carbide itself has a | 
hardness which has been estimated at 9-8 on Mohs’ | 
scale, and sintered products of this type have been | 
produced with a hardness approaching 3,000 on the 
Brinell scale. The hardness of the material actually | 
used in the authors’ own dies has been measured 
by Dr. H. O'Neill, who reports that, using a 1-mm. ball | 
and a load of 50 kg., the hardness was 1,250 on the | 
diamond Brinell scale and 1,350 on the Vickers machine. 

In every case which the authors have investigated, | 
with good or with bad lubricants, the pull necessary | 

' 





Fig. 5. 


to effect a given reduction of area was less with a 
carbide than with a steel die of the same angle. It 
was clearly of interest, therefore, to inquire how the 
tungsten carbide die would compare with a diamond 
die in this respect. Two “‘ composition ”’ and two dia- 
mond dies, each prepared with great care to give the 
same radial contour and reduction of area, were loaned 
to the authors, together with a coil of a nickel-copper 
alloy 0-044 in. in diameter to give a reduction of area 
of 20 percent. The lubricant used was the ‘‘ germ-oil,”’ 
and, as before, the load with all four dies was indepen- 
dent of the speed of drawing. Thus with a diamond 
die at 4 ft. per minute the load required was 36 lb., and 
at 59 ft. per minute exactly the same. 

Soap was next used as a lubricant. The mean pull 
required with theNcarbide die fell to 34-4 lb., very 
slightly less than that previously required by the 
diamond die, whilst the latter demanded a tension of 
34 lb. It is clear that the advantages of soap as a 
lubricant with carbide dies, previously found, still 
held. It is especially noteworthy, however, that with 
the diamond, the difference between soap and the 
liquid lubricant was almost negligible, and far less than | 
was found in any other case. The many definite 
advantages of the latter type of lubricant are not 
appreciably counterbalanced, therefore, with diamond 
dies by a great increase in the pull required, as they are 
with dies made from tungsten carbide. | 

The Reduction of Area.—The authors have already | 
published data showing that, in the case of steel, the 
tension required is directly proportional to the reduc- | 
tion of area effected. Further results obtained on 





80: 20 cupro-nickel, and on nickel and on 7 per cent. 


the simple proportionality. 
The Die-Angle and Contour.—Despite all the work 


| bearing ’’—it is clearly of interest to examine such 
| dies in comparison with those with straight bearings 
It was found that in every case 


as the authors are aware, no single case on record where | the use of the radial bearing necessitated the expen- 


the effects of the angle and contour of the die have been 
systematically investigated. It is clear, however, 


| diture of increased power. 
It is not improbable that radial tapered dies were 


from the wide variations to be found in practice in| first prepared more or less accidentally, owing to the 
at high speeds they should be efficiently water-cooled | both the shape and the angle of the die used; even | difficulty of grinding a punch accurately conical on a 


where material of much the same kind is being made, 
that wire can be drawn, and drawn satisfactorily, 
through holes of very different types. 

In Figs. 9 and 10, given below, are shown the loads 
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required to draw a number of non-ferrous wires from 
about 15 s.w.g. to 16 s.w.g., plotted against the die 
angle. Hand lubrication with the best soap was used 
throughout, and the speed of drawing was maintained 
around 30 ft. per minute. It has not been found, 
however, that the speed of drawing up to much higher 
values exerts any measurable influence on the best 
angle of the die. 

The curves are in all cases of an almost identical 
type, showing a minimum, which is more or less pro- 
nounced, at about 5} deg. to 6 deg., and it is perhaps 
surprising that the nature of the material being drawn 
has so little effect. Since it might well be the case that 
the quality of the lubrication had some influence on 
the ideal angle of the die, this point was investigated 
for 7 per cent. nickel-brass and for cupro-nickel. In 
Fig. 10 the curves for the former alloy are shown with 
soap, a concentrated solution of the same soap and 
‘“‘ germ-oil’’ as lubricants, as well as those for cupro- 
nickel with soap and the soap solution. Despite the 
fact that, for the nickel-brass, the soap solution required 
a pull about 32 per cent. higher than did the soap 
itself, the minima in the curves correspond exactly, 
the curves being as nearly as possible parallel. 

Since the best angle of the die might also vary with 
the reduction of area, some corresponding curves for a 
35 per cent. reduction were plotted. Here again the 
most outstanding feature was the fact that the curves 
were all identical in shape. At low values of the angle 
the power required was relatively very high, but from 
about 5} deg. upwards the differences are surprisingly 
low. On the whole, a die of 6 deg. angle requires, as 
before, a minimum tension. 


| small stone, and in fact, in the authors’ opinion, one ° 


| of the major objections to the use of such a contour lies 
|in the practical impossibility of controlling the radius 
of curvature. Further, one of the authors has already 
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shown that the stress on the bearing is, in any normal 
die, much the greatest on the circle of first contact of 
the wire and the die. With the radial tapered die this 
stress is far in excess of that with a conical opening of 
any ordinary angle, and, moreover, increases rapidly 
as the angle of the initial contact increases. It would 
be expected, therefore, that the wear on the die would, 
for a given reduction and length of bearing, be greater 
when the latter is trumpet-shaped. These facts, 
combined with the greater power required, make it 
difficult to see any justification for the use of this type 
of bearing. Further, no increased efficiency of lubrica- 
tion can supply such justification, since the increased 
power invariably required, at any rate in this work, 
can only mean that the frictional loss is increased. 
All the results obtained by the authors are compatible 
with the view that the result of the use of a radial 
taper is analogous to that of an inferior lubricant. 
Lubrication.—Although a considerable amount of 
work has been done by the authors on the lubrication 
of the die, the question is one of such complexity that 
little in the way of generalisation is as yet possible. 
The results of some measurements of the tension 
required with different lubricants showed that, in all 
cases, the ‘‘ best ’’ lubricant, i.e., the one which requires 
the least power, is a hard soap similar to that used by 
the drawer of steel wire. This may be a matter of some 
surprise, since it is not a type of lubricant which finds 
much application in the drawing of non-ferrous wires, 
where a liquid or greasy material is generally preferred. 
There can be no doubt, however, from the work done, 
that this type of soap, where it can be uniformly 
applied, does reduce friction to a minimum. It is in 
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SEVEN-MILE WIRE ROPE 


FOR GLASGOW SUBWAY. 


CONSTRUCTED BY MESSRS. WHITECROSS COMPANY, LIMITED, WARRINGTON. 














this latter requirement that the main drawback lies. 
Passing the wire with the smooth surface, generally 
found on non-ferrous wires, through a soap-bag does 
not leave a sufficiently good film on the surface, and 
the friction is then distinctly higher than that resulting 
from the hand lubrication used in this work. It may 
well be that it is for this reason, amongst others, that 
the more easily applied liquid and semi-solid lubricants 
are employed, but there would appear to be good reason 
to believe that if some means of automatically pro- 
ducing a satisfactory soap film could be devised, the 
reduction of the friction resulting therefrom would be 
considerable. It may be pointed out that inefficient 
lubrication not only results in loss of power and in 
undue heating of the wire and the die, but that, in 
addition, it appears to interfere with the regular flow 
of the metal. 

In view of the interest which is being taken by the 
engineer in the so-called “‘ germ-oils’’ as lubricants, 
it appeared worth while to examine their behaviour 
in wire-drawing. Oils containing colloidal sulphur 
and lead oxide were also tried, but, so far, these have 
not shown any special advantages for this type of work. 
The colloidal suspension of graphite in oil known as 
‘* oil-dag ’’ has in some cases behaved very well, but 
all these liquid lubricants give rise to definitely greater 
friction in the die than does soap. They have, however, a 
considerable advantage in regard to the surface finish of 





the wire. In almost all cases in which soap was employed 
the surface was more or less dull, due to the thin film 
of soap which still adheres to the wire after its passage | 
through the die. The existence of this film is shown by | 
the typical unpleasant odour produced when the wire 
is heated, and by actually dissolving it off in ether. 
With the liquid lubricants the surface was in most 
cases much brighter, the soap solution and the ** germ- 
oil’ being perhaps the best in this respect. 

In addition to the results already dealt with, a con- | 
siderable amount of data has also been collected during | 
the drawing at low speeds. Here the indications are | 
that an even more sensitive differentiation is obtained | 
between various lubricants than is available at higher | 
rates of drawing. The soaps again stand out markedly 
in advance of liquid and greasy materials, requiring 
far less power in every case which has been examined. 
A considerable number of different soaps have been 
used, from which it would appear that the best are the 
sodium soaps containing not less than 75 per cent. of 
saponified fatty acids and as free as possible from water 
and glycerol. The worst were potassium soaps, soaps 
of nut oil, and those containing glycerol. Of the liquid 
lubricants oil-dag was at least as good as any which was 
tried, the oils containing colloidai sulphur or lead oxide 
being definitely worse. 














SEVEN-MILE ROPE FOR GLASGOW 
SUBWAY. 


THE cable system of tramway traction, which at 
one time was not uncommon, has now been almost 
universally superseded by electrical operation, practic- 
ally the only exceptions to this rule being certain 
installations in Australia and New Zealand and the 
subway in Glasgow, though of course, it is still largely 
employed in mines. The Glasgow railway, which runs 
almost in a circle and passes twice beneath the River 
Clyde, consists of two tracks, an inner and an outer, 
the total length of the subway being about seven miles, 
on the inner track. 

The ropes used for traction purposes on such a 
system have naturally to withstand severe wear, while 
great resistance to abrasion by the grips of the car 
is required and in manufacturing the rope, which 
they have recently supplied for the inner circle, 
Messrs. the Whitecross Company, Limited, Warring- 
ton, therefore utilised a special quality steel, which 
was subjected to careful heat treatment as well as 
being metallurgically examined and microscopically 
investigated at every stage. In addition, special 
methods of wire drawing were adopted to obtain the 
necessary grain structure. The completed rope has 
an ultimate strength of 70 tons per square inch and 
an actual breaking load of 57 tons. The rope, con- 
sists of six strands of nineteen wires closed round a 
manilla core. The wires in the strands are arranged 
on the Seale pattern, of a central core surmounted in 
turn by nine small wires, and nine larger ones, the 


| components being all laid up in one operation in line 


contact so as to prevent internal cross cutting. Laing’s 
lay was used, the wires in the strands, and the 
strands themselves being all laid up in the same 
direction. The total length of the rope is seven miles 
and its weight, 564 tons and the wires were run in the 
longest possible lengths of 1} miles, the joints between 
one length and the next being made by a special brazing 
process and carefully spaced at long intervals. The 
permissible variation in the diameter of the individual 
wires was + 0-001-in., but as these variations tend to 
cancel out in the 114 wires forming the rope, it was 
possible to keep the finished diameter of the latter 
within + 0-005-in. The rope after manufacture was 
coiled on the drum shown in the above figure. 

For transport purposes the rope was uncoiled from 
the drum, and laid in two cradles which were then 
transported from Warrington to Glasgow on 35-ton 
bogie waggons. On arrival, the ends were spliced 
to form an endless loop, the length of the splice being 
about 78 ft. It may be mentioned that for driving 
purposes the rope passes over a friction drum in the 


engine house, and that it runs at a speed of about 12-5 
miles per hour. Each train consists of two cars, the 
leading one of which is equipped with a slipper for 
engaging the rope. Eleven trains thus formed are in 
continuous use in each direction. 








NOTES ON NEW BOOKS. 


A work entitled Sags and Tensions in Overhead Lines, 
by C. G. Watson, M.I.E.E. (London: Sir Isaac Pitman 
& Sons, Limited. Price 12s. 6d. net) contains information 
on a subject hitherto comparatively neglected. It covers 
the evaluation of the relation between sag and tension 
by calculation and chart methods, for level and for 
unequal supports, for unstretched cables and for lines 
aftererection. Stringing charts and numerous calculated 
examples are given. In an appendix, charts and graphs 
of hyperbolic and of catenary functions are set forth. 
According to the preface, the book “‘ gives the means 
accurately to determine sags and tensions in overhead 
wires without other mathematical knowledge than how 
to plot and read a graph and the operations of simple 
arithmetic.” This statement must not be too literally 
interpreted, for inspection of the contents suggests 
that the preface rather underestimates the capabilities 
demanded of the reader. It would be wrong, however, 
to infer that the text makes difficult reading: on the 
contrary. The author’s habit of illustrating every 
point by means of a practical example ensures that 
the reader will be able to perform his own calculations 
by sheer imitation, whether he understands them or 
not. The book is practical, detailed, and extremely 
interesting. Criticism can hardly tke levelled on 
technical grounds. On the literary side, some readers 
may find the style unnecessarily irritating. 





Everyone interested in the history of naval archi- 
tecture and shipbuilding has heard of Phineas Pett 
and Peter Pett and the famous sixteenth and seventeenth 
century ships, the Great Harry, the Prince Royal and 
Sovereign of the Seas. The latter vessel, built in the 
reign of Charles I, was of no less than 1,637 tons and 
mounted 100 guns or more. But she was not only 
famous for her size, but equally so for the exuberance 
and extravagance of her decoration and embellishment, 
being a veritable floating gallery of art. From figure- 
head to her lovely stern, lions and unicorns, roses and 
thistles, royal monograms and symbolical figures, 
Jupiters and Neptunes and a whole host of devices, 
covered every part, all of which are to be read about 
in that rare book of Heywood’s, A Free Description of 
His Majesties Royal Ship, Built this year 1637 at Wooll- 
witch in Kent; to the great glory of our English Nation, 
and not paralleled in the whole Christian World. For 
many years the National Portrait Gallery has possessed 
a picture containing a portrait, thought to be that 
of Phineas Pett, and a representation of the Sovereign 
of the Seas. Of its history little was known. In 
July, 1929, at Christie’s, a somewhat similar picture, 
then the property of the Right Hon. the Earl of Yar- 
borough, was offered for sale, and after changing hands 
twice, it was finally purchased by Sir James Caird and 
presented to the Nation for the National Maritime 
Museum, Greenwich. The likeness of the two pictures 
immediately led to inquiries as to their relationship, 
and questions were asked as to what is the ship in the 
; Yarborough picture? Who painted the picture ? 
| Who is the sitter ? When was the picture painted, and 
what is the relationship of the one picture to the other ? 
To the investigation of these matters Professor G. 
Callender, Professor of History, R.N. College, Green- 
wich, brought the learning of a life-time, and his findings 
are to be seen in the handsomely illustrated and finely 
printed book The Portrait of Peter Pett and The Sovereign 
of the Seas, published by Yelf Brothers, Limited, 
| Newport, Isle of Wight, 1930. The book is one which 
could only be produced at very considerable cost, and in 
concluding his review of the matter Professor Callender 
expresses his gratitude to Sir James Caird for presenting 
the picture to the National Maritime Museum and also 
“for his generosity in producing this elaborately 
illustrated booklet and in presenting copies to all 
members of the Society for Nautical Research.” 
Whether copies can be purchased by others interested 
in nautical matters is not stated. 








Instruction in survey work is, from its nature, 
difficult to impart by the printed word, for the reason 
simply that complete understanding of the matters 
treated and working facility, is so much dependent 
upon practice in the field, and in subsequent operations, 
With adequate knowledge and clearly-stated direc- 
tions, much may, however, be done in this way, as is 
evident in the Surveying Manual, by Howard C. Ives, 
published by John Wiley and Sons, Incorporated, in 
New York, and in London by Messrs. Chapman and 





| methods of adjustment and use. Sample pages of the 


Hall, at 11s. net. The various instruments of precision 
used in survey work are very fully described, with 
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field book are given with advantage. Stadia survey 
work is dealt with in detail, and the use of the plane 
table treated as an instrument of sufficient reliability 
for many purposes. The aneroid barometer is con- 
sidered, and the principles and use of the polar plani- 
meter. Railroad curves are also dealt with. Problems 
in latitude, longitude, and aximuth are submitted. 
There is much useful tabular matter, and in the edition 
now issued, the Manual is brought up to date with 
respect to tabulated matter affected by time. Changes 
in the method of counting the day from midnight to 
midnight, instead of from noon to noon, have also 
rendered necessary relevant modifications of the text. 
Though prepared for the use of first-year students in 
the United States, the subject as treated by the author, 
is of such general interest and applicability as to be of 
value to the student of surveying in any country, in 
dealing with the less abstruse problems of practice. 
The book is issued in flexible covers, and is not too 
bulky for field reference. 





Of all the commoner operations in the drawing office, 


the calculations attending the design of a cylindrical | 


marine boiler may safely be said to be one of the most 
tedious. This is due, perhaps, to the great number of 
variables which have to be taken into account. The 
trouble was aggravated, at all events until the year 
1920, by the diversity of requirements existing in the 
rules of the various surveying authorities. In that year 


a common standard set of rules was agreed upon by the | 


leading authorities, a proceeding which somewhat 
simplified matters. But the handling of the various 
formule by purely arithmetical processes is still a 
more or less wearisome task. Graphical methods of 
solution are much more rapid and designers should, 
therefore, appreciate the help offered to them in this 
way by Mr. H. C. Walker, who has recently produced a 
very useful collection of diagrams which is entitled 
Charts and Data on Marine Boiler Design. A sub-title 
explains that the work covers the design of marine 
cylindrical boilers, but there are other types, particu- 
larly those having stayed flat surfaces, to which the 
results may be applied. The numerous large scale 
charts are based on the present standard rules and 
practically the whole of them are of a simple straight- 
line type. We have tested one or two and find that, 
after the method of using them has been assimilated, 
the actual operation becomes one of extreme simplicity, 
direct results being arrived at without any necessity 
for calculation. This simplicity should render the 
book valuable to superintendents and others who are 
called upon to exercise supervision over a design and 
find it hard to spare the time to check it by calculation. 
A desirable feature of the book is the heavy paper 
on which it is printed, durability under frequent use 
being thus insured. The explanatory notes provided 
are models of conciseness and there is a plentiful supply 
of tables and other data. The book is published by 
Messrs. Chapman and Hall, Limited, 11, Henrietta- 
street, London, W.C.2, and the price is 25s. net. 


For an engineering student, the value of worked 
examples is well-known and widely accepted. Where 
such examples have to be solved unaided, a suitable 
problems book is of great assistance. 
volume of this type is yet to be written, but among 
many gallant attempts, one of the best is a recently- 
published book by Mr. A. T. Dover, of Battersea 
Polytechnic. This little volume, Examples in Power 
Distribution and Electric Traction (London: Sir Isaac 
Pitman & Sons, Limited: Price 3s. 6d. net) has, by 
confining its range to two branches only of electrical 
engineering, gone far towards achieving the ideal 
problem book. It contains 48 problems in the former 
and 131 in the latter subject of its title. Each section 
is headed by notes and formulae, and there is a total 
of nine worked examples. The book, of course, is 
not a text-book, and the introductory notes can be 
little more than a statement of formule without much 
clue as to their derivation. Further, nine worked 
solutions do not go far towards indicating the solution 
of the 179 other problems. This statement disposes of 
what criticism can be levelled against the book. For 
the rest, it must be acknowledged that the volume is 
excellently produced, cheap, clear, concise, and, within 
the unavoidable restrictions already mentioned, very 
well devised. 





The rapid succession, during recent months, of really 
remarkable performances by British sail-plane pilots, 
marks a welcome revival of interest in an aeronautical 
territory which is rich in unexplored possibilities. 
Regarded either merely as a sport, or as a potential 


factor of importance in the future development of | 


commercial aviation, gliding has now reached a stage 
at which continued progress depends as much on the 
application of present day aeronautical knowledge as 
on the art or skill of the pilot. It will be willingly 


The perfect 


conceded that in these directions there is much to be 
learned from German constructors and exponents 
who have been engaged on the problems of engineless 
flight for the last twelve years. Dr. Werner von Langs- 
dorff is an expert of this calibre, well equipped by 
experience, both as pilot and aircraft constructor, 
for reputable authorship on all matters of flying tech- 
nique. In the recently published second edition of his 
book Das Segelflugzeug (J. F. Lehmanns Verlag, 
;Munich. Price 9 marks), he reviews in a most en- 
| lightening way the development of gliding from the 
| pioneer contrivances of Lilienthal, in 1895, to the highly 
| finished, aerodynamically efficient, products of 1930, 
| covering the whole range of motorless aircraft with the 
| exception of machines operated by muscular agency. 
| Rather more than half the book deals, in a simple, 
| non-mathematical way, with the general principles of 
| sailing flight and the methods and materials of glider 
/construction. The remainder consists of two or three 
hundred excellent photographs, each accompanied by a 
brief descriptive note, showing complete gliding 
machines, examples of wing an ! body design, and details 
of structural connections and control gear. In recog- 
nition of their services in the advancement of sailing 
flight, this book is particularly addressed to amateurs. 
It should prove, in addition, to be a source of sound 
information and advice to all who are interested in 
making gliders or flying them. 








An appreciative notice appeared in these columns 
| some two years since of an earlier issue of Reinforced 
| Concrete Bridges,” by Mr. W. L. Scott, which is now 
| available as a third edition, revised and enlarged, at 

28s. net, published as before by Messrs. Crosby, Lock- 
wood and Sons, London. Supplementary to the matter 
| appearing in the original work, the author now deals 
‘more fully with the loading proper to bridges, and 
arch bridges of long span are more completely treated, 
with the use of hydraulic jacks to eliminate secondary 
stresses in such structures. Deck slab design, a matter 
which has been the subject of much difference of 
opinion, and of practice, during the last thirty years, 
is made the occasion of introducing the studies and 
results of Monsieur Pigeaud—dating from 1921— 
which, in the broad result assign, in the case of slabs 
longer in one direction than in the other, a lesser 
bending moment to the short span than has been 
customary, with a greater bending moment in the 
direction of greater length than heretofore, and gives 
what is said to be a more precise determination in the 
case of concentrated loads than has till now been 
possible. Several diagrams, giving necessary coefficients 
for use with Monsieur Pigeaud’s method, are intro- 
duced for the designer’s convenience. The standard 
specification has also been brought up to date, and 
there is some account, with photogravures, of that 
very remarkable structure, the Plougastel Bridge, 
crossing the Elorn River, in France. The value of 
| Mr. Scott’s book in dealing with some of the more 
difficult features of bridge design and practice, is 
evident. 











Lectures at Guass TrecHNOLOGy Exursition.—In 
connection with the Glass Technology Exhibition in the 
Science Museum, South Kensington, 8.W.7, particulars 
of which were given on page 494 ante, lectures are being 
delivered at 4.45 p.m., on Thursday afternoons, These 
comprise: “The Electrical Incandescent Lamp,” by Mr. 
A. L. Marden (November 19); ‘‘ The Supreme Glass : 
Fused Silica,” by Mr. R. W. Clark (November 26) ; 
“Safety Glass,” by Mr. J. W. Wilson (December 3) ; 
‘* Glass in the Foodstuffs Industry,”’ by Mr. E, A. Coad- 
Pryor (December 10); and ‘‘ Stained and Painted Glass,” 
by Mr. James Hogan (December 17). The exhibition and 
lectures have been arranged jointly by the Society of 
Glass Technology and the Glass Research Delegacy, 
Sheffield. 


Farapay House.—The annual dinner of the Faraday 
House Old Students’ Association was held at the Savoy 
Hotel on October 23. This event, which takes its place 
among the most enjoyable engineering functions of 
this character, and at which the attendance appears to 
increase from year to year, was attended by some 300 
members and guests. Mr. G. R. L. Parkinson was in 
the chair, and many well-known engineers prominent in 
the electrical field were present. The toast of the 
evening, that of “‘ Faraday House and its Old Students,” 
was proposed by Captain J. M. Donaldson, president of 
the foetitution of Electrical Engineers. Dr, Alexander 
Russell, the principal, in reply, referred to the good 
work done by some of the old students during the 
previous year, In this connection Mr. C. C, Paterson, 
who had done so much towards the success of the Faraday 
Celebrations, was prominent, while Mr. F. 8S. Smythe, 
the Himalayan climber, had brought distinction to 
Faraday House in quite a new sphere. The toast of 
“The Guests”? was proposed by Mr. S. B. Haslam, 
and responded to by Sir John Brooke and Sir Robert 
Robertson. The latter pointed out that while Faraday 
House was a purely electrical institution, the work of 
Faraday in the chemical sphere was equally important 
with his electrical researches. The toast of ‘“‘ The 
Chairman ” was proposed by Mr. 8S. P. Doudney. 





CATALOGUES. 


Woodworking Machines.—A pamphlet to hand from 
Messrs. Wadkin and Company, Leicester, illustrates a 
series of woodworking machines, including eutting-off 
and cross-cutting saws, trenching, moulding, tenoning, 
mortising, planing, and finishing machines, 

Milking Machine.—A catalogue describing a machine 
for milking cows is to hand from Messrs. Gascoignes 
(Reading), Limited, 31, Great Knollys-street, Reading. 
It has the special merit of being easily taken apart for 
effective cleaning. The power required is given as 1 h.p. 
for an installation for 30 cows. 

Coal Handling—-We have received two excellent 
illustrations of a coal-handling plant constructed and 
erected by Messrs. Robert Boby, Limited, Bury-St.- 
Edmunds, Suffolk, for a power station of the Ipswich 
Corporation. A jib crane lifts the coal with a grab 
and conveys it, the crane travelling on a raised steel 
structure. 

Electric Controls,_-Messrs. The Igranic Electric Com- 
pany, Limited, 149, Queen Victoria-street, London, E.C.4, 
have sent us a number of leaf catalogues dealing with 
magnetic switches for control of cranes, movable bridges 
and heavy machines ; pedal-operated controls for capstans 
and winches ; and push-button automatic motor starters 
and lift controls. 

Wood-Sawing Machine.—We have received a circular 
illustrating a portable machine for cutting heavy timber 
and felling trees. It is made by Messrs. Reed-Prentice 
Corporation. Worcester, Mass., U.S.A., and sold by 
Messrs. J. T. P. Machinery Company, Hebden Bridge, 
Yorkshire. It is.@ chain saw, the links running on an 
oblong guide and is made in several standard sizes and 
adapted for any form of drive. 


Steam Purifier—Messrs. Foster, Wheeler, Limited, 
Aldwych House, London, W.C.2, have sent us a cata- 
logue of an improved form of the Tracey steam purifier. 
It is fixed inside the boiler, and the steam is caused to 
pass through baffle trays which allow the dry steam to 
continue on its way to the stop valve, returning the clean 
water to the boiler and blowing off the dirty water 
through a pipe led to the outside of the boiler. 

Small Electric Motors.—-A series of fractional horse- 
power motors is described in a catalogue to hand from 
Messrs. The British Thomson-Houston Company, 
Limited, Rugby, the motors being made at their Coventry 
works, The smallest are of the series-wound universal 
type of ;y, sn, and ;; h.p. Larger motors from } to 
? h.p. are wound for either direct current or alternating 
current. The catalogue gives full particulars, with 
prices. 

Regulators.—-Catalogues are to hand from Messrs. 
Drayton Regulator and Instrument Company, Limited, 
West Drayton, Middlesex, describing an _ oil-burner 
relay for the automatic control of “ on-off *’ oil burners by 
starting and stopping a small motor in accordance with 
the temperature. A second catalogue describes a liquid 
meter consisting of a revolving drum divided into 
measuring chambers and a counting and recording 
instrument. 

Automobile Oil Engines.—Messrs. Blackstone and 
Company, Limited, Stamford, Lincs, have sent us a 
catalogue of compression-ignition oil engines built for 
service on lorries, omnibuses, tractors, &c., as well as 
for marine and stationary service. These engines are 
of the vertical, high-speed type, with spring injection 
of the fuel, which is crude oil. Figures are given of a 
four months’ service on a lorry in which the cost of 
petrol was 84s. per week as compared with 15s. for 
crude oil. 

Oil Purifier—The De Laval Super-vacuum equipment 
for purifying and drying insulating oil is described in a 
catalogue received from Messrs, Alfa~Laval Company, 
Limited, 34, Grosvenor-road, London, S.W.1. It 
consists essentially of a separator, vacuum pump, 
vacuum tank, electric oil heater, and two transfer 
pumps mounted either on a trolley or on a platform with 
large wheels. It is claimed to be effective in removing 
both water and dirt from the oil without injurious 
overheating. 

Engines, Motors and Pumps.—Messrs. W. H. Allen, 
Sons and Company, Limited, Bedford, have sent us a 
number of folders and circulars illustrating their engines, 
pumps and electrical products. These include steam 
turbines, steam reciprocating engines, oil engines, 
electric generators and motors. In many examples 
pumps, generators, &c., are supplied as units with motor 
or engine. The electrical plant includes a 26-panel 
switchboard controlling five generating sets and 15 
distribution circuits, 

Cranes.—Messrs. John H. Wilson and Company, 
Limited, Birkenhead, have sent us two excellent illus- 
trations of their gantry cranes in which space is allowed 
for a locomotive to pass under the gantry. In the level- 
luffing type the jib is balanced in all positions; the lift 
is 30 cwt. at 35-ft. radius, and the lifting, slewing, level- 
luffing, and travelling are operated by four separate 
electric motors. A similar crane without level ieding 
gear has a lift of 4 tons at 50 ft. radius, and the coal 
grab which it operates is balanced. 

Electric Welding.—Some further leaf catalogues and 
circulars have been issued by Messrs. The Quasi-Arc 
Company, Limited, 15, Grosvenor-gardens, London, 
S.W.1, explaining the properties and use of electrodes, 
portable transformers, portable motor-generator sets, 
and transformer equipment for one operator and for three 
operators. We have also received a technical-information 
circular on ‘‘ Mangeross” electrodes for welding man- 
ganese steel and for reinforcing or facing steels with the 


| equivalent of a work-hardened metal. 




















| 


manera 


FPP HRC NPIS AERRTAICRP Ra 








hata 





Nov. 20, 193I.] ENGINEERING. 


627 








attempt has been made at classification, indeed 
we think that the somewhat discursive treatment 
adopted is likely to prove more interesting than 
a formal grouping of type and method. 

Dealing, therefore with individual exhibits we 
may draw attention to a noticeable one on the stand 
of Messrs. John Allen and Sons (Oxford), Limited, 
Cowley, Oxford, namely, an example of the Allen- 
Parsons trench excavating machine. Since the last 
exhibition, when an imported form of this machine 
was shown, Messrs. Allen have commenced its manu- 
facture, and the Super-duty, Model 25 machine now 
shown and illustrated in Figs. 1, 2, and 3, annexed, 


PUBLIC WORKS, ROADS AND 
TRANSPORT EXHIBITION. 


Ir is yet too early for any conclusion to be arrived 
at regarding the effect of the recent changes in 
the political situation, on the construction of roads 
and other public works, but the Public Works, 
Roads and Transport Exhibition now being held in 
the Royal Agricultural Hall and remaining open 
until to-morrow, demonstrates that there exists 
an abundance of first-class appliances for carrying 
out such undertakings. Most of this we are 
glad to record, is of British manufacture. At all 
events, whether or not main road construction is | represents the Britishadaptation. From the general 
suspended for a while, road repairs and new streets | view given in Fig. 1, it will be clear that the 
on developing building sites will have to be made, | machine is mounted on a chain track carriage and 
while such services as dust collection, water supply, | has a digging boom swivelling in a vertical plane 
street cleansing and the regulation of traffic must | and carrying a number of buckets. The figure does 
continue. Then, as everyone who lives in or near | not, however, make clear two valuable features of 
a town of any but the smallest size must be aware, | machine for which Fig. 2 should be referred to. 
an almost unprecedented amount of buildingistaking | These features are, first, that the boom can either 
place, domestic, municipal, and industrial. Means | be used at the centre of the machine or at either 
for carrying out all these activities and many of | side, an arrangement which enables a trench to be 
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Fie. 1. 




















Fig. 3. 


a lesser type are exemplified on the large assemblage | 
of stands in the Exhibition which is representative | other obstacles. 
in a very true sense, useful to those engaged in the | corollary of the first, i.¢ 
industries concerned, and instructive to the ordi- | can also be effected on either side at will. 
nary man and to those engineers whose occupation | | width of trench is 15} in., 


affords them little chance of becoming acquainted in | |cutters attached to the buc kets, when required, | 


The second feature is a necessary 
, the dumping of the spoil 
The normal | 


other ways with the mechanical problems connected | this width can be increased to 42 in., the full width | ona gradient. 


with the maintenance of the commoner amenities | of the boom housing being utilised in these circum- | 
of civilisation. Simultaneously with the exhibition | stances. 
a congress of several 
is being held, the programme of which comprises a | is used, takes only a few minutes. 
number of papers covering an extremely wide range, | the spoil disc harge is effected by changing over a 
as will have been gathered from the summaries we | belt conveyor which is seen projecting from the 
give elsewhere in this issue. | mac hine at the right-hand of Fig. 2. This conveyor 

As regards the material shown it is clearly impos- | which has two speeds, is mounted on a curved frame 
sible to attempt to describe the whole of it, indeed, | as shown in Fig. 3, and is power-traversed by 
much has been dealt with already in these columns, | means of rack and pinion gearing, the change from 
and some of the stands display products outside | one side to the other only occupying from 20 seconds 
our province, or nearly so. We have, therefore, | to 25 seconds. When the machine is being taken 
continued our general policy with reg ard to exhibi- | | from one place to another, the conveyor boom can 
tions, that is, to endeavour to deal ianle with those | be hinged to swing out of the way. The maximum 
features which are new or, at least, have not been | width is 7 ft. 


publicly exhibited before. Only a very general | The boom can be set to dig at any depth up to 





dug within 13 in. of telegraph poles, fences, trees or 


but by means of side | 


} 








10 ft. with the widest trench, by adjusting the 
angle and telescoping it as required. If a 30-in. 
trench is dug with a corresponding width of bucket, 
i.e., one without side cutters, a depth of 12 ft. can 
be attained. The length of the boom can be varied 
in 12}-in. steps. The travelling speed is 1-66 m.p.h. 
and 16 digging speeds are provided ranging from 
11 in. to 139 in. per minute. There are also four 
reverse speeds. The tractors have a tread width 
of 15 in., and a contact area of 2,790 sq. in., the total 
width over them being 5 ft. 74 in. Power is supplied 
by a 4-cylinder petrol engine with an R.A.C. rating 
of 36 h.p. The control of all the mechanisms is 
arranged for by one group of levers placed near the 
driver’s seat which is so situated that he can easily 
see both the digging and dumping operations. He 
can thus vary the digging speed at once should the 
soil conditions change, e.g., from light sandy soil 
to heavy clay, &c. The transmission gear is totally 
enclosed and dust-proof. The lower gears run in an 
oil bath while the upper are continuously sprayed 
by oil. The boom is raised and lowered by heavy 
cables operated by worm gear which ensures positive 








Fig. 2. 
Fies. 1 to 3. Trencuw Excavatina MACHINE; 
Messrs. JOHN ALLEN AND SONS (Oxrorp), 
LIMITED. 


locking in any position. The buckets are made of 
an exceptionally tough steel alloy, with interchange- 
able teeth. A cleaning device wipes the buckets as 
they come upwards, emptying the soil on to the 
shield, and then on to the conveyor belt. This 
enables the buckets to excavate a full load every 
time. A spring-controlled safety clutch stops the 
bucket chain should a pipe or large stone be en- 
countered, the spring tension being so regulated 
that mere hardness of the ground will not cause 
slipping. The bucket chain is made of heavy 
manganese steel, the links being joined by self- 
locking case-hardened steel pins without cotters. 
The steering is effected by twin disc clutches, and 
the machine is stated to be as mobile as an army 
tank and to manceuvre readily in a small space. 
It is also claimed that it functions very satisfactorily 








Although the name’ of Messrs. Aveling and 


The operation of moving the boom over | | Porter, Limited, Rochester, is gene erally connected 
important organisations | from one side to the other when the plain bucket | with the steam-driven road roller, it is not so widely 
The changing of | known that the 


firm also makes oil-engines for 
various purposes. -Of the latter we may mention 
the firm’s Invicta high-speed airless-injection oil 
engine, an example of which, on the test bed, is 
illustrated in Fig. 4, page 628. This engine is de- 
signed for marine work, electric generation, and 
similar duties, as well as for traction purposes. In 
the latter connection, it is interesting to note that 
the engine was fitted to the tractor illustrated in 
ENGINEERING, page 78 ante, which received an 
award at the last Royal Agricultural Show. It 
was also fitted to a tractor which broke the world 
record for continuous ploughing, 977 hours having 
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been worked on a non-stop run. The normal 
power of the engine is 42 brake-horse-power at 
1,000 r.p.m., and the fuel consumption is about 
0-44 lb. per brake horse-power-hour. Smooth 
running is obtained at speeds of from 200 r.p.m. 
to 2,000 r.p.m., the governor being designed to 
ensure steady working at all loads from zero to 
maximum. A safety device automatically stops the 
engine in the event of failure of the lubricating oil 
supply. We have further chosen for illustration in 
Fig. 5, Plate XX VI, an oil engined roller, although 
one of the firm’s steam rollers also appears on the 
stand. The roller shown in the figure is their 
15-ton size. It is fitted with a single-cylinder 
Blackstone spring injection heavy fuel-oil engine, 
developing 31 brake horse-power at 265 r.p.m. 
The objection to the use of a single-cylinder engine 
based on its tendency to cause the rolling wheels 
to dent a soft surface when the machine is standing 
with the engine running, is said to be completely 
overcome by the method of balancing and the built- 
up construction of the frame, with the result that 
the machine is perfectly steady in all conditions and 
can successfully roll hot asphalte or other bituminous 
carpeting. The engine is started instantly from 
cold on its regular fuel by compressed air stored in a 
container seen above the engine. A slow-running 
control permits the speed to be reduced during short 
stoppages. The main frame, saddle, front forks 
and rollers are all of steel, it being claimed that, in 
the latter case, rims of steel last longer than cast- 
iron and give a better grip, especially on a gradient. 
Power transmission to the gear-box is by double 
roller chain with a simple tension adjustment. 
The gear-box gives four speeds, forward and 
reverse, viz., 0-79, 1-32, 1-94 and 3-23 m.p.h. 
Large quick reverse clutches, giving instantaneous 
engagement without shock are fitted. The speeds 
named are obtained at the normal governed engine 
speed, but by reducing this, still lower speeds, from 
3} m.p.h. upwards, are obtainable. The gear-box 
casing forms a complete oil bath. The final drive is 
through a pinion meshing with a spur wheel on the 
rear axle. The steering mechanism is a simple worm 
and quadrant gear. The controls include, besides 
the steering wheel, two change speed levers, revers- 
ing lever, hand brake and a foot brake. 

The appliances introduced by Messrs. Wallis and 
Steevens, Limited, Basingstoke, since the last exhi- 
bition comprise a vacuum-filling type sprayer and a 
lightweight motor roller. Two sizes of the roller 
are shown, viz., 2 tons and 3 tons, the latter being 
illustrated in Fig. 6, Plate XXVI. The firm name 
these the Advance Type B. They are driven by a 
4-cylinder overhead-valve petrol engine of British 
make, developing 13:5 brake horse-power at the 
governed speed of 1,150 r.p.m. Four speeds, viz., 


1, 13, 24 and 4 m.p.h., are provided in both 
directions. Transmission is effected by spur and 


bevel gears throughout, and the gear is totally 
enclosed. All the gears remain in mesh, the speed 
change being selected through multi-toothed dog 
clutches, actuated by a single lever. There are 
two brakes, operated by a pedal and handwheel, 
respectively. A notable feature of the machine is 
that the rear roller rims may be detached from 
their centres and reversed so that the rolling width 
may be altered. In the case of the 3-ton size, this 
width may be either 4 ft. 24 in. or 3 ft. 6} in., 
the rollers being 3 ft. in diameter by 15 in. wide. 
The front roller is 2 ft. 9 in. in diameter by 2 ft. total 
width and is in two sections. The forecarriage is 
of the underslung type, and steering is effected by 
a handwheel. The wheelbase is 5 ft. 9 in., and 
gives a turning circle of 8 ft. 6 in. radius. The rear 
axle is fitted with the firm’s cambering levers. These 
rollers revolve on their own axles, and each is posi- 
tively driven by spur gearing. By means of the 
automatic cambering device of floating levers, the 
rear rollers adjust themselves to the contour of the 
surface being rolled. This flexibility, it is claimed, 
ensures central consolidation and prevents displace- 
ment of the road materials by outward pressure, 
while it avoids the cutting in of the rollers on 
any deviation from the straight line of travel and 
enables the extreme margins of the work to be 
properly consolidated. The axles can, however, be 
locked so that the rollers are held parallel, should 
this be desired. The firm’s sprayer is shown in 





Fig. 26, Plate XXIX. It isa portable set for use in 
spraying roads, &c., with coldemulsions. The tank 
has a capacity of 42 gallons, and a lever-operated 
barrel plunger pump is mounted behind it. The 
latter functions as a force pump when the apparatus 
is in normal use, and as a vacuum pump when 
the tank is being filled, hence the name applied to 
it. The change is made by simply transferring the 
connecting pipe between the tank and the pump 
to either the discharge or suction branch of the 
pump as required. The emulsion does not, of 
course, enter the pump. A connection is made to 
the container by means of a portable pipe, with a 
strainer, one end of which is dipped into the con- 
tainer and the other coupled to the elbow branch 
seen near the sprayer pipe connection in the 
figure. The creation of a vacuum in the tank results 
in the transfer of the emulsions from the container 
in a rapid and cleanly manner. The spraying 
apparatus calls for no other comment than that 
cleaning caps are provided, which enable all the 
delivery pipes to be cleaned with a straight rod. 





Fig. 4. 


Messrs. Ruston and Hornsby, Limited, Lincoln, 


have a varied display of fuel oil engines, portable | 


crude oil engines, petrol-paraffin engines, the 
Thermax boiler, and pumps and pumping plants ; 
but the two most notable items on their stands are 
their new 2$-ton oil-engined roller and 10 h.p. airless- 
injection locomotive. The first of these is shown in 
Figs. 7, Plate XX VI, and Figs. 13 and 14, page 629. 
It has mechanism somewhat similar to that of the 
locomotive in that it derives its motive power from 
an airless-injection engine, and the four speeds in 
either direction provided are obtained by the move- 
ment of a single lever, clutch operation allowing the 
gears to remain always in mesh. The engine has a 
single-cylinder, and is of 5 brake horse-power. The 
fuel cost is given as 7d. per 8-hour day. The front 
roller is 2 ft. 3 in. in diameter by 2 ft. 4 in. wide, and 
the back rollers are normally 3 ft. 9 in. in diameter 
by 14 in. wide, giving a rolling width of 4 ft. 1 in. 
The rollers are water-ballasted, but non-ballast 
rollers can be fitted reducing the weight to 2 tons. 
For rolling grass, the total width can be increased 
to 6 ft., when, with non-ballast rollers, the weight 
is 2} tons. The travelling speeds, when the engine 
is working at 600 r.p.m., are 4, 2, 14, and % m.p.h., 


while as the engine revolutions can be varied 
considerably, intermediate speeds can be also ob- 
tained. Instantaneous reverse is possible, and two 
brakes, pedal and manual, are fitted, though by 
using the engine under compression only, and a low 
gear engaged, steep hills can be safely descended 
without having to apply them. Steering is effected 
by a handwheel acting through worm gear in the 
forecarriage. A particular feature of the machine 
is the low pivoting of the front roller, a design which 
gives great stability. 

A distinctive feature of the locomotive shown by 
Messrs. Ruston and Hornsby is the provision of 
three speeds, in either direction, and easy and certain 
gear-changing. The power unit employed is an 
airless-injection engine. The general appearance of 
the locomotive is shown in Fig. 12, Plate XX VII. It 
is of the four-wheeled type, with both axles driven. 
It is made for gauges from 1 ft. 8 in. to 2 ft. 6 in. 
or from 500 mm. to 750 mm. At a speed of 
24 m.p.h., it will haul on the level 52 tons, and on 








a 1 in 30 gradient, 10 tons. At 4 m.p.h., these 








42-B.H.P. Arruress-INJECTION ENGINE; Messrs. AVELING AND PorTER, LIMITED. 


|figures become 30 tons and 5 tons, respectively, 
and at the top speed of 6 m.p.h., they are 20 tons 
|and2tons. These powers are based on an adhesion 
| of 425 Ib. per ton and a rolling resistance of 22 Ib. 
per ton. The frame is of rolled steel sections, 
| electrically welded together, both riveted or bolted 
joints having been discarded in view of the rough 
conditions under which such engines usually work. 

The general disposition of the working parts is 
|shown in Fig. 15, page 629. The motive power is 
derived from a Lister 10 h.p. two-cylinder air- 
injection four-stroke cycle engine, running at 600 
r.p.m. It will run on paraffin, gas oil, or Diesel 
light fuel oil, and is hand started from cold, employ- 
ing a device for increasing the compression. Trans- 
mission is by means of a triple disc clutch, which 
enables any one of the three speeds to be selected 
by means of a single lever working ina gate. The 
clutch and its operating mechanism are situated in 
the gear box, which is totally enclosed, the gears 
running in an oil-bath and the clutch, &c., in an 
oil spray. The gears are of hardened steel and are 
in constant mesh, each speed being obtained by the 
operation of an individual clutch. All shafts run 
in ball or roller bearings automatically lubricated. 
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Reversing is effected by sliding dog clutches and 
bevel gears. The brake acts on the treads of all 
four wheels, the engaging motion being such that 
an equal load is imposed on each. It is operated by 
a handlever with a locking device. Sanding pipes 
are provided for both pairs of wheels and the frame 
is fitted with shock-absorbing draw gear and central 
buffers. The locomotive weighs 2$ tons empty, 
and 3 tons in running order without the cab, which 
is not a part of the normal equipment. The mech- 
anism is shown at the stand in operation by means 
of a drive from an electric motor, the exhibition 
regulations not permitting the engine to be worked 
under its own power. 

A range of six motor rollers between the weights 
of 1 ton and 17 tons is shown by Messrs. Barford 
and Perkins, Limited, Peterborough. The smallest 
of the machines exhibited, viz., a tandem roller for 
use on narrow footpaths and small areas generally, 
was described and illustrated in ENGINEERING, on 
page 33 ante. Of the others we select for description 
an 8-ton machine, classed by the makers as their 
MD. type. This rolleris shown in Fig. 8, Plate XX VI. 
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Figs. 138 anp 14. 234-Ton O1-ENGINE ROLLER. ted, 
Messrs. Ruston AND HornsBy, 


It has three}rolling wheels with steel plate centres 
and cast-ironrims. The front wheel, in two portions, 
is 3 ft. 6 in. in diameter by 3 ft. 114 in. The back 
wheels are 4 ft. 9 in. in diameter by 1 ft. 6 in. 
wide. The rolling width is 6 ft. 4 in. and the overlap 
between the front and rear wheels is 4 in. on each 
side. 

The centre of gravity is low, the engine, with 
its radiator and gear box, being carried on a sub- 
frame of channel bars situated between tke side 
plates in the neighbourhood of the rear wheels. 
This frame, with its attached parts, can be removed 
as a whole, without dismantling the other parts 
of the machine, a feature which gives a high degree 
of accessibility to the drive. The gear box is, as 
will be gathered from the figure, situated near the 
driver’s feet, the engine and radiator being behind 
him. Three speeds are provided, both forward 
and reverse, viz., 1}, 2, and 44 m.p.h. These are 
controlled by a selective lever. Cone clutches are 
used for reversing and is also controlled by a single 
lever. The clutches are embodied in the gear-box, 
which is entirely enclosed, the gears running in oil 
and the shafts having ball and roller bearings. The 











final drive is by a hardened steel roller chain. A 
pedal-operated and a wheel-controlled hand brake 
are provided, acting on drums on the final drive 
shaft and the rear axle, respectively. 

Steering is effected by a wheel on a horizontal 
shaft, acting on the front roller through bevel 
gearing and a worm and quadrant. The steering 
head is mounted on springs and the fork is attached 
to it by a central pivot, the whole arrangement 
being flexible and shock absorbing. Power steering 
can be fitted if desired. The engine is a Blackstone 
two-cylinder vertical spring-injection Diesel oil 
engine, of 43 in. bore by 6 in. stroke. It develops 
from 18 h.p. to 20 h.p. at a governed speed of 
1,000 r.p.m. The fuel consumption is approxi- 
mately from 2 to 3 gallons a day, according to the 
nature of the work done. The fuel tank, of 25 
gallons capacity, is situated behind the steering 
head. The lubricating oil consumption is about 1 
pint in 24 hours. As will be seen in the figure a 
two-pronged scarifier is fitted midway between the 
front and rear wheels on the side plate, a position 
which results in even depth of scarifying. As the 
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maintained. It develops from 15 to 30 brake horse- 
power, the latter at a flywheel pulley speed of 
550 r.p.m. The fuel consumption is 0-48 lb. per 
brake horse-power per hour, which figure, it is 
claimed, makes the running cost about 15 per cent. 
that of a petrol-driven tractor with average relative 
prices for fuel. The fuel tank holds 12 gallons. 

The flywheel pulley is 26? in. in diameter by 
6} in. wide. It is mounted on the crankshaft, and 
therefore runs at the full engine speed of 550 r.p.m. 
The crankshaft and foot-operated cone clutch are 
enclosed in the engine bed. A second casing carries 
the change-speed gears and their operating mecha- 
nism, and also the steering mechanism, while a third 
casing in the rear houses the axle arms and the 
differential and final drives. The whole trans- 
mission is totally enclosed and runs in oil baths. 
All the shafts are mounted in ball and roller bearings 
and are, together with the gears, of nickel-chrome 
steel. Three speeds are provided in forward gear, 
viz., 3 m.p.h., 5-25 m.p.h. and 8-75 m.p.h., and 
one in reverse of 3-75 m.p.h. The tractor is fitted 
with single solid rubber-tyred front wheels, 29 in. 


Fig.i5. 
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transmission shafts are 
not attached to the 
frames they are not 
affected by any pos- 
sible distortion of the 
frames from _ shock. 
Renewablescrapersare 
fitted to both front and 
back of the front roller 
and __ spring-operated 
scrapers in the same 
situations on the back 
rollers. 

The display of 
Messrs. Marshall, Sons 
and Company, Limi- 
Gainsborough, 
covers a wide range 
comprising oil-engine, 
petrol-engine and steam rollers, an asphalt plant, a 
concrete mixer, steel concrete cart, and an industrial 
tractor. What is perhaps the most outstanding ex- 
hibit, viz., the Diesel road roller, was described in 
ENGINEERING on page 31 ante, while many of the 
others were dealt with in our account of the pre- 
ceding exhibition. We have therefore chosen for 
description the firm’s latest type of Diesel industrial 
tractor, which is illustrated in Fig. 9, Plate XXVII. 
It may be mentioned that a somewhat similar type 
for field haulage was noticed in ENGINEERING, vol. 
cxxx, page 41 (1930), but the example shown differs 
in that it is designed for road haulage. It is, in 
consequence, fitted with rubber-tyred wheels and is 
considerably faster, corresponding changes being 
made in the transmission gear. The engine is hori- 
zontal with a cylinder 8 in. in diameter by 10$-in. 
stroke. Itis of the two-stroke cycle, airless-injection 
type and is cartridge-started, the same ingenious 
device for automatically regulating the compression 
when starting up as was employed in the engine above 
referred to, being provided. As there is no magneto, 
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10-H.P. Narrow GauGEe O1n Locomotive. 
Messrs. Ruston AND Hornssy, LIMITED. 


in diameter, and twin-tyred back wheels with 
drop-in grips, 40 in. in diameter. Under average 
road conditions the machine will haul, on low gear, 
4k tons on a 15 per cent. gradient, 9 tons on a 
74 per cent. gradient, and 15 tons on a 3 per cent. 
gradient. Its weight is 3} tons. Pneumatic tyres 
can be fitted to the wheels and, if required, a winding 
drum and a power take-off can be embodied. 

That important concomitant of public health, 
the collection of domestic refuse in a cleanly manner, 
is illustrated by the exhibit of Messrs. Shelvoke and 
Drewry, Limited, Letchworth, four types of dust- 
collecting vehicles being displayed. 

The vehicle shown in Fig. 10, Plate X XVII, is on 
the container principle, from which it derives the 
name of the Freighter Container System. It is elec- 
trically driven and has a wheelbase of 6 ft.9in. The 
chassis is constructed to carry four covered con- 
tainers each of 1? cubic yards capacity. These con- 
tainers are left at the refuse-collecting point and are 
removed when full. They thus act as dustbins, though 
they are not, like the ordinary dustbin, private 
property. The object of the system is to simplify 
the collection of refuse from places such as markets, 
schools, flats, &c., where accumulation of debris 
is rapid owing to the number of people congregated 
together. The vehicle carries at the back a truck 
for transporting the containers. In operation, the 
truck is attached to the chassis and the empty 
container, which is carried on rollers, is rolled off 
on to it, a hand winch and chain being used to 
steady the descent. The truck is then detached 
and the container wheeled to its destination, where 
it is rolled off and the full container rolled on to 
the truck for loading on the chassis. When the 
full load is secured the vehicle proceeds to the 
refuse dump, where the containers are tipped and, 
after washing, are ready for further service. It is 
stated that where containers are already in use 
the cost of collection is found to be only one-fourth 
of that of collecting house-refuse with an ordinary 


sparking plug, carburettor, &c., the engine has very | vehicle and dustbins. 


few working parts and is very simply operated and 





Messrs. Johnston Brothers, London House, 
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Crutched Friars, London, E.C.3, show six items 
which they have introduced since the last exhibition. 
Of these, we select two for detailed description, viz., a 
portable sand and stone dryer, illustrated in Fig. 11, 
Plate XXVII, and a machine for spreading grit on 
slippery roads, illustrated in Fig. 28, Plate XXIX. 
The sand and stone dryer is mounted on a 
standard road trailer chassis with steel rubber-tyred 
wheels. This has been designed to conform to 
highway trailer regulations, so that it can be towed 
by an ordinary lorry at the permitted maximum 
speeds, while the question of rail transport has also 
been considered, so that it can be loaded without dis- 
mantling on an ordinary railway truck, excepting 
only for the removal of the funnel. The drying 
drum embodies the firm’s spiral type of internal 
blades and revolves on rollers which are them- 
selves carried in roller bearings, so that a low 
power only is required. Heating is effected by the 
oil-firing gear seen at the right hand of the figure. 
The burner is of the low-pressure compressed-air 
type, the fuel tank being mounted as shown directly 
over the burner, and the air being provided by a 
blower mounted on the chassis and driven from the 
drum rotating mechanism, which, actuated by a 
direct-coupled petrol engine, is enclosed in the 
casing seen at the rear of the machine. The main 
reduction gear consists of a chrome-steel worm 
and a bronze worm wheel, totally enclosed and 
running in oil. The remaining equipment of the 
machine includes a feed elevator and an automatic 
overload discharge. 

The road gritting machine has also been designed 
for rapid transit, and is a trailer attachment, con- 
trol being effected from the driver’s seat by a wire. 
The machine consists of a hopper with a distributing 
and spreading device below, the whole mounted 
on a spring attached to an axle carrying a pair of 
rubber-tyred wheels. The general construction is 
shown in Fig. 28. The hopper is connected to the 
grit-carrying lorry by an open chute into which 
the material is shovelled during transit. This chute 
is adjusted as regards height by a telescopic swivel- 
ling rod attached to the towing pole. With regard 
to the other exhibits an appliance for rapidly 
marking out white lines for traffic control merits 
notice. This is called the Lynx marker, and con- 
sists of a series of stencils fastened together like 
the links of a chain. This chain can be laid along 
the desired curve or angle, and the line painted 
through the stencils. The operation is clearly 
more rapid than hand painting a line throughout, 
as the preliminary marking-off is eliminated, while 
it is claimed that the chain is more easily transported 
from corner to corner than a painting machine 
would be. 

Messrs. Priestman Brothers, Limited, Holderness 
Foundry, Hull, have for their chief exhibit their 
latest design of $ cub. yard universal excavator, of 
which a photograph is reproduced in Fig. 16, an- 
nexed. One side of the cab has been removed in the 
example on the stand in order to expose the operat- 
ing machinery. The jib is of box section, and the 
under-carriage, of built-up mild steel, is provided 
with a pair of chain tracks which have four full- 
length axles. The travelling gear embodies bevel 
and spur gearing only, no driving chains being 
employed, and is completely protected against the 
entry of mud and stones by cast-steel guards. The 
two operating barrels for the jib gear are mounted 
on separate shafts and are keyed on, thus dispensing 
with the more usual bushes. Messrs. Priestman’s 
designs of grab are represented, by a 15/12 cub. ft. 
prick-pointed whole-tine grab for coarse hard 
gravel, and a 21/17 cub. ft. normal-weight sand 
grab, the latter being illustrated in Figs. 17 and 18, 
annexed. Both are of the single-chain type and 
have a cast-steel centre girder combined with the 
Priestman Anti-grit bowl. The narrow head is 
designed to give a narrow ‘“‘ A”’ frame construction 
and a Jow centre of gravity, thus enabling the grab 
to be manceuvred easily under the coamings of 
barges and ships, a feature often of considerable 
value in the discharge of coal, sand, ore, &c. 

Messrs. Winget, Limited, 24, Grosvenor-gardens, 
London, S.W.1, show two new portable units 
among a number of contractors’ appliances too 
numerous to particularise. The two items referred 
to are shown in Figs. 19 and 20, Plate XXVIII, and 





consist of a 3-in. contractors pump and a 12-ewt. | four-stroke cycle petrol engine, with hopper cooling. 
hoist respectively. The pumping set is a develop- | The two-wheel truck is made up of steel channel bars, 
ment of a set described in ENGINEERING, vol. cxxxi, | and illustrates,as many other exhibits on the various 
page 223 (1931). This was a diaphragm lift pump | stands also show, the extent to which welding is now 
driven by a petrol engine with worm gear trans- | used in assembling such structures. The drawbar 
mission. The present set is also driven by a petrol | handle slides in the side channels so that it can be 














Fia. 16. Hatr-Cusic Yarp Excavator; Messrs. PriestmMan Bros., LIMITED. 
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Fie. 17. Fig. 18. 
Fies. 17 AnD 18. SrnauE Cuan SAND GRAB; Messrs. PRiESTMAN Bros., LIMITED. 


engine, but transmission is by a chain driving a | pushed in out of the way when the set isin use. The 
secondary shaft carrying a pinion meshing with a| hoist (Fig. 20), is mounted ona four-wheel truck and 
spur wheel, the latter being provided with a crankpin | is chain-driven by a 10-h.p., two-cylinder petrol 
connected to the pump lever. The pumpisa lift and | engine, water-cooled and provided with a spray 
force pump having a capacity of 3,000 gallons per) water-cooling device above the tank. The drive 
hour; a delivery branch is arranged to take a|is designed with a view to reduce vibration to a 
3-in. hose. Power is supplied by a 1}-h.p. Lister| minimum. The winch is of the double purchase 
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Fie. 23. 36-IN. x 24-InN. StoNE BREAKER; Messrs. RoBert BROADBENT Fic. 24. Granutator; Messrs. HADFIELDS, LIMITED. 


AND Son, LIMITED. 



































Fig. 25. 20-In. x 12-In. Stone BreakeR; Messrs. H. R. MArRspeEn. Fia. 26. Vacuum-Fittina Roap SPRAYING MACHINE ; MEssrs. 
LIMITED. WALLIS AND STEVENS, LIMITED. 
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Fic. 27. Grittine ATTACHMENT; Messrs. TUKE AND BELL, LiMiTED. Fig. 28. _ GrittiIncg MacHINE; Messrs. JoHNSTON Bros. 
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type and is capable of lifting 12 cwt. at a speed of 
160 ft. per minute. As will be gathered from the 
shackles on the end of the winch levers, it can be 
operated by trip rope, or from the ground level as 
required. 

The stand of Messrs. R. A. Lister and Company, 
Limited, Dursley, Gloucestershire, differs this year 
from that of the previous exhibition, in that the 
display is not confined to examples of the firm’s 
well-known trucks, but includes three petrol engines 
and also an airless-injection engine of their make. 
The latter is shown in Fig. 21, Plate XXVIII, 
mounted as a portable power unit. The engine has 
two cylinders and is of 10 brake horse-power. It is 
stated to have a low consumption of cheap fuel oil, 
and can be started from cold by hand. We have 
dealt with this engine already on more than one 
occasion, so that it is only necessary to recall that 
its special feature consists of a two-part combustion 
chamber, one part of which is isolated by an ingen- 
ious device when starting up. The cylinders are 
water-jacketed, and the arrangement for cooling the 
water is of the spray tank type. Of the four types 
of auto-trucks shown that illustrated in Fig. 22, 
Plate XXVIII, may be noticed. The hopper, which 
has a capacity of 36 cub. ft., is mounted on a turn- 
table so that the load may be discharged, by tipping 
the hopper, at either side or the rear of the truck, 
as desired. The drive consists of the firm’s power 
and steering unit. The wheels are rubber-tyred but 
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ENGINEERING, ‘vol. cxxviii, page 631 (1929), while 
the granulator, for producing top-dressing material 
in cases where large quantities are not required, is 
illustrated in Fig. 24, Plate XXIX. This is a single- 
toggle machine, the general construction of which 
will be clear from the figure. The body is made of 
toughened cast steel. The jaw plates and side 
plates are of manganese steel, the jaw faces being 
in single lengths which may be removed and reversed 
when worn. The Hadfield disc crusher, for use 
where large quantities of small material, 7.e., stone 
that will pass a ?-in. ring, are required, is illustrated 
by a machine capable of an output of about 15 
tons per hour. The crushing takes place between 
two hollow-faced manganese-steel discs rotating at 
a high speed, one of which discs is, in addition, 
given a rapid oscillatory movement. The stone is 
fed through a hole in the centre of one of the discs, 
and thus enters the widest space between them. 
Here it is broken down by the compound motion 
of the two plates, of which the oscillating motion is 
the principal factor, while the rotating motion 
ensures the discharge of the small material past the 
periphery of the discs, where the space is smallest. 
Automatic clearance of the space is thus effected, 
and choking is practically impossible, while there 
is very little shattering action on the stone. 

A type of stone-breaker which has been produced 
since the last exhibition is shown by Messrs. H. R. 
Marsden, Limited, Meadow-road, Leeds. The ex- 
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Fig. 29. 


as the conditions of use of such trucks commonly | 


demand very resilient springing, two laminated | “ 


springs are connected by shackles to the frame plate 
and support the axle and driving wheel. Thesprings 
embody specially formed blocks at both ends of the 
top leaf, with a view to lessening the vibration, 
both of the truck chassis and the engine. The final 
drive from the countershaft to the driving wheel is 
by duplex roller chain. Ball bearings are fitted 
throughout the machine. 

Among the stands on which stonebreakers, chip- 
ping breakers and crushing rolls are shown, though 
in this case only by models and not actual examples, 
is that of Messrs. Robert Broadbent and Son, 
Limited, Phoenix Ironworks, Stalybridge. A photo- 
graph of a 36-in. by 24-in. stonebreaker manufac- 
tured by this firm is reproduced in Fig. 23, Plate 
XXIX. It is of the Blake type and embodies the 
firm’s latest improvements in detail. The strengthen- 
ing of the frame by deep ribbing may be noted. It 
is suitable for the production of road stone and rail- 
way ballast, and is pulley-driven. The machine 
shown, for the production of chippings for ferro- 
concrete, tar-spraying, &c., has a direct breaking 
action of the jaws on the stone, by which, it is 
claimed, a great reduction in upkeep cost is effected. 

Messrs. Hadfields, Limited, East Hecla and 
Hecla Works, Sheffield, have a representative display 
of their non-corroding steels, tool steels and fire- 
resisting steels, but the major part of the firm’s 
exhibit illustrates their stone-breaking plant for 
road-making purposes. Of these, the handy portable 
breaker and screen with a capacity of 7 tons to 





10 tons of crushed stone per hour, was illustrated in | 





20-In. x 12-In. StonE BreakeR; Messrs. H. R. Marspen, LiIMitep. 


ample shown is the Blake-Marsden, 20 in. by 12-in., 
H” type, eccentric-motion stone-breaker, illus- 
trated in Fig. 25, Plate X XIX, and Fig. 29, annexed. 
It has been designed with a low first cost in mind 
coupled with good durability, and is intended for the 
reduction of rock to road-metal size and under. 
Special attention has been paid to the bearings, bush- 
ing, and lubrication of the eccentric motion. The 
pitman is of cast-steel, and the jaw-stock is deeply 
ribbed. Manganese steel is employed for the jaws, 
which are in interchangeable sections, and for the side 
plates. The machine is belt-driven, the pulley being 
attached to the flywheel. The drive required is 12 
brake horse-power. The machine is made in various 
sizes up to 60 in. by 48 in. Messrs. Marsden also 
show a 20 in. by 12-in. “ X” type lever-motion 
stone-breaker for reducing very hard rock, which it 
will do to road-metal size and under at the rate of 
about 15 tons per hour. A 30 in. by 6-in. granu- 
lator and a vertical elevator are also shown. 

Messrs. Tuke and Bell, Limited, Carlton Engineer- 
ing Works, Lichfield, exhibit their latest type of 
horse-drawn refuse collecting van, in which the 
loading height has been reduced to 4 ft. 1 in., 
various drainage fittings such as road gulleys, man- 
holes, &c., and the improved design of their road 
gritting attachment illustrated in Fig. 27, Plate 
XXIX. This is designed for mounting on any make 
of steam or petrol wagon, by fixing it to the chassis 
in the manner shown. It can be assembled and set 
to work in 10 minutes, and detached in 2 minutes. 
The grit, which may be anything from 3-in. cube to 
dust, is discharged from the body of the carrying 
vehicle into the hopper of the attachment. From 


this it is transferred by a feed roller on to the top 
of a rotating horizontal disc provided with vanes 
which distributes it over the road by centrifugal 
force. Both the dise and the feed roller are driven 
by a chain from a rubber-faced driving wheel, making 
frictional contact with a wheel of the wagon. The 
feed roller is rotated by the large sprocket wheel 
seen in the figure, and the distributing disc derives 
its motion through a friction disc driven by the 
smaller wheel. The speed of the distributing disc 
can be varied so that the width of spread can be 
varied from 6 ft. to 20 ft. The speed of the vehicle 
may be varied from 6 m.p.h. to 20 m.p.h., but the 
thickness of grit deposited on the road may be 
controlled independently of the speed. 

Messrs. Goodwin, Barsby and Company, Limited, 
St. Margaret’s Iron Works, Leicester, have also a 
display of stone-breakers, granulators and crushing 
rolls, but as a description of the most important of 
these has already been given in ENGINEERING, 
vol. exxviii, pages 631-632 (1929), further details 
are unnecessary. We may, however, draw attention 
to a small imported stone-breaker of simplified 
design which is being shown in this country for the 
first time. This is a 12-in. by 6-in. machine of the 
portable type, with frame and jawstock of cast- 
steel. A working test on Mountsorrel granite 
shows that this material can be crushed down to 
21-in. cube at the rate of 6 tons per hour. A 
‘“*Good-win”’ vibrating screen is also new. The 
vibrating mechanism is rendered more definite and 
rapid in action by its equipment with ball bearings, 
and the wire-mesh panel is easily replaced. It is 
stated that the whole unit may be conveniently 
built into any new or existing plant. 

(To be continued). 


HYDRO-ELECTRIC POWER IN 
ONTARIO. 


THE twenty-third annual report of the Hydro- 
Electric Power Commission of Ontario, which covers 
the year ending with October 31, 1930, is signed 
by the acting chairman, Mr. J. R. Cooke, and con- 
tains a well-merited tribute to the work of Mr. 
Charles A. Magrath, who presided over that enter- 
prising body for nearly five years. Mr. Magrath, 
besides devoting himself to the general adminis- 
trative work of the Commission, gave a great deal 
of attention to the problem of providing an adequate 
supply of electricity in the future, a task which, 
in the case of a country largely dependent on water 
power, is rather more complicated than where the 
main resources take the form of coal. In the course 
of this investigation all possible sources of supply 
were reviewed, and attention was given to the desir- 
ability of building steam stations. This examination 
disclosed that there are two main sources of power 
from international waters in which the province 
possesses a definite, but not a sole, interest. These 
are the Niagara and the St. Lawrence rivers, with, 
in addition, the inter-provincial Ottawa river. The 
position with regard to Niagara is uncertain owing 
to the rejection by the United States Senate of a 
treaty providing for an additional diversion of 
power from that river, and it is felt that it cannot 
be counted on as an additional source of supply 
in future. The development of the St. Lawrence 
has been the subject of special investigation for 
ten years without any definite result, and even were 
authority obtained for the Commission to proceed 
with the development of its share of the power, 
from five to eight years would be required to com- 
plete the work. Finally, certain obstacles in the 
way of developing the Ottawa river were not cleared 
away until 1927. The Commission therefore came 
to the conclusion that the best means of providing 
adequate power supplies for the immediate future 
was to purchase power in large blocks at the 
best possible prices. They therefore entered into 
contracts with the Gatineau Power Company for 
260,000 h.p., with the Beauharnois development 
on the St. Lawrence river in Quebec for 250,000 h.p., 
with the Maclaren development on the Lievre river 
for 125,000 h.p., and for obtaining 100,000 h.p. 
from the Abitibi river in Ontario, and 96,000 h.p. 
from the Chats Falls on the Ottawa river. These 
will enable the Commission to have an additional 








2,000,000 h.p. at its disposal by 1937, and that this 
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will be possible is largely due to Mr. Magrath’s | long, while the lines operating at the same voltage 


foresight. 

Turning to the results obtained during the twelve 
months covered by their latest report, it appears that 
the total energy generated in the 32 stations owned 
by the Commission, amounted to 4,198,972,630 
kw.-hr., while, in addition, 897,374,610 kw.-hr. 
were purchased, mainly from the Gatineau Power 
Company, making a grand total of 5,096,347,240 
kw.-hr., compared with 4,992,937,029 kw.-hr. in 
the previous year. This increase of 2-08 per cent. 
compares with the 23 per cent. during the preceding 
twelve months, but it must be remembered that the 
conditions were then somewhat abnormal in their 
prosperity. During 1930, on the other hand, busi- 


ness was depressed and this makes it all the more | 


remarkable that the consumption generally advanced, 
the only noticeable falling off being on the Niagara 
system, where certain large chemical and metal- 
lurgical plants were adversely affected. Even 


here, however, the decrease did not amount to more | 


than 0-5 per cent. 
was compulsorily reduced by a shortage of water, 
owing to deficient rainfall during the summer 
months. 

On the engineering side, there were several inter- 
esting developments. 
Niagara river was completed by the installation 
of a tenth unit with a rated capacity of 58,000 h.p. 
when running under a head of 294 ft. To bring 
this into use a considerable amount of rock excava- 


The Queenston station on the | cee 
inumber of consumers per line increases, and the 


In some cases the consumption | 


tion was carried out so as to extend the forebay | 


and headworks below the minimum water level. 
To do this safely and economically the forebay 
and intake structures were designed so that their 
floors were 5 ft. higher than those of the other 
nine units. The completion of the new unit has 
allowed the end wall of the power house to be 
finished off, and permanent concrete structures to be 
substituted for the wooden bulkheads, which were 
initially installed to protect the plant from flooding 
at high water. Work has also proceeded rapidly 
on the new development at Chats Falls on the 
Ottawa river. This has included the construction 
of the main upstream cofferdam, which closes a 
channel about 2,200 ft. wide between Mohr and 
Kidney Islands and extends to high ground on 
Mohr and Victoria Islands. The portion spanning 
the channel is a pier and stop log structure, which 
will allow the passage of flood water. The excava- 
tion of the rock on the power station site is pro- 
ceeding, and a considerable portion of the bulkhead 
section of thedam has been completed. The station 


is designed to house ten 28,000-h.p. units, of which | 


eight are being installed to begin with. The 
Alexander power development on the Nipigon 
River was brought into service during the latter 


part of the year under review, its present equipment | 
consisting of three 15,000 kv.-a., 13,200-volt ver- | 


tical generators, only one of which is completed. 
The energy will be stepped up to 110 kv. for trans- 
mission. Between Lake Nipigon and Lake Superior, 
this river has a fall of 250 ft., of which 75 ft. and 
60 ft., respectively, are utilised in the Cameron 
Falls and Alexander stations. About 100 ft. fall 
is available above Cameron Falls, and a careful 
survey is now being made to determine whether 
this shall be developed at one or two sites. 

In the section of the report which deals more 
particularly with the electrical engineering work of 
the Commission, it is mentioned that the new 
turbo-alternator at Queenston is a totally-enclosed 
unit, the air employed for ventilation being circu- 
lated through water coolers. All the generators 
in this station have been equipped with a carbon 
dioxide system of fire protection. Extensive 
additions were made to the sub-station plant and 
transmission lines. For instance, a second 220-kv. 
circuit was erected between Paugan Falls and 
Toronto, while construction was begun on a 110-kv. 
tie line between the Niagara and Georgian Bay 
systems. A further 220-kv. link was also com- 
pleted between the Gatineau Power Company in 
Quebec and the Leaside high-tension sub-station, 


the two lines between these places now being | 


| in the Thunder Bay System have also been strength- 
ened. 

Passing over the numerous extensions of the 
intermediate voltage systems and coming to the 
other end of the scale, we note with interest that 
the amount of constructional work carried out in 
the rural power districts during the year exceeded, 
by a substantial margin, that accomplished in any 
previous twelve months. In fact, some 1,860 miles 
of primary transmission line were constructed, and 
service was given to 9,375 additional consumers. 
The total number of this class of consumers on the 
|mains on October 31, 1930 was 46,715, of which 
| 21,360 were farms. These were served by 7,155 
miles of primary line, the aggregate peak load being 
26,782 h.p. A further mileage of 1,800 is now 
under construction. It is rightly pointed out that 
an important factor in rural power supply is the 
stability of the rates charged, and the policy has 
therefore been adopted of constructing lines only 
| when sufficient contracts have been obtained to 





;guarantee the payment of the fixed charges. 
Usually, three ordinary farms or their equivalent 
are required per mile of line. The service charge 
is determined on the basis of a minimum of 15 kw.- 
hr. per mile, though this is reduced as the average 


rates per kilowatt-hour also fall as the consumption 
rises. 

As is well known, one of the Commission’s most 
interesting activities is a laboratory which has 
gradually been staffed with highly-trained men 
capable of conducting practically any kind of 
inspection of materials and equipment. This staff 
maintains a close contact with such bodies as the 
International Electrotechnical Commission, and is 
thus enabled to keep abreast of the latest develop- 
ments in testing and inspection methods. In 
addition to routine tests on transformers, switch- 
gear, meters and lamps, the examination of concrete 
structures in service has been continued, and some 
50 additional structures, a number of which were 
along the Gulf of Mexico, the Atlantic Coast and in 
the Mississipi valley were inspected. It has been 
found that concrete that does not have to resist frost 
can be of very inferior quality and yet give satisfac- 
tory service, and the conclusion has been reached 
that frost is the principal enemy of concrete in the 
Canadian climate. Future studies will, therefore, be 
directed towards finding better methods of combat- 
ing its action. Finally, as indicating the extent of 
the system that the Commission operates, it may 
be mentioned that 431,940 miles were covered by 
the staff of the electrical inspection during the year. 








THE CLARENCE DOCK POWER 
STATION OF THE LIVERPOOL 
CORPORATION. 

(Concluded from page 546.) 

As already mentioned, the main 33-kv. switch- 
gear, which was manufactured by Messrs. The 
British Thomson-Houston Company, Limited, 
Rugby, is installed in a switch house to the south of 
the turbine room, from which it is separated by a 
party wall. The main circuit-breakers, with their 
isolating switches and potential transformers, are 
placed on the ground floor of this house directly 
over the cable tunnel, the ’bus bar cubicles are 
installed on the first floor, and the *bus bar coupler 
circuit-brakers, reactors, control batteries and 
charging motor generators are accommodated on 
the top floor. The concrete cells, in which the 
switchgear is housed, are fitted with sheet steel 
' doors, which are fastened by Castell letter locks, and 
are fitted with wired glass windows with a lamp 
outside, thus enabling the position of the isolators to 
be ascertained. The switchgear, which is of the 
cellular type, comprises equipment for controlling 
the two 50,000-kw. turbo-alternators, two incoming 
grid feeders, eight outgoing feeders, two feeders 
to the distribution board whence the station 
auxiliaries are supplied, and a ’bus bar coupler. 

As shown in Fig. 110, the generator circuit- 


capable of carrying all the power that has to be| breakers are in duplicate, so that connection can 
drawn from the east for the Niagara system. This | be made to any one of the four sets of ’bus bars, 
system and the Georgian Bay area have been | since, as will be seen, both the main and transfer 


interconnected by a twin 110-kv. line some 56 miles | bars are in duplicate. 


These circuit-breakers are 





of the firm’s frame-mounted solenoid operated 
type, and have a rupturing capacity of 1,500,000 
kv.-a. at 33 kv. Each pole is self-contained, the 
three units forming a three-pole breaker, being 
inter-connected by external operating rods. The 
contacts are of the explosion chamber type, and the 
tanks can be easily and quickly removed by a com- 
bined lifting mechanism and carriage, which is 
motor-operated. An interesting departure is that 
the terminal connections are enclosed in oil-filled 
metal casings, which run from one side of the breaker 
through the floor to the ’bus bar isolating switches, 
and from the other side through the rear wall of the 
cubicles whence a connection is made by copper rod. 
to the cable isolating switches. 

The instrument current transformers are also 
enclosed in this casing, so that no live metal is 
exposed in the vicinity of the circuit-breaker. The 
two sets of duplicate ’bus bars are housed in 
stone cubicles on the floor above the breakers 
and are separated from each other by a wall. The 
*bus bars are open tubes, each section being 
connected to the next through expansion joints, 
and are carried above and below on porcelain 
insulators, which are secured by screw clamps. 
The two sections of the main ’bus bars can be 
coupled through circuit-breakers, and those of the 
transfer bars through isolators. 

The breakers are operated by solenoids, shown in 
Fig. 112, page 634, from the control room, which is 
shown in Fig. 111, through contactor relays. These 
relays are operated by three push buttons, one 
of which must be depressed in order to open the 
breaker. To close the circuit, on the other hand, 
it is necessary to press both the remaining buttons, 
one of which is protected by a padlocked flap, 
so that the safety of any men working on the 
equipment is adequately safeguarded. The panels 
controlling the main alternators and feeders are 
equipped with the usual measuring and recording 
instruments and voltage regulators, and the posi- 
tion of the various circuit-breakers is automatic- 
ally indicated on a diagram above the board. The 
external network supplied from the station is also 
depicted diagrammatically on a wall map. In 
addition to the main board, panels will be supplied 
by the Central Electricity Board for controlling the 
132-kv. feeders and two 75,000-kv.-a. transformers 
in the adjacent grid sub-station. Chadburn tele- 
graph equipment is provided between the control 
room and the turbine room and boiler house, while 
communication with other parts of the station and 
the rest of the undertaking can be established 
though a central telephone exchange. In addition, 
the temperatures of various parts of the alternators 
and transformers are indicated by Cambridge dis- 
tance thermometers. A good view of the turbine 
room is obtainable from the control room through 
a plate glass window at the east end of the former, 
while easy access is given to the annexe and the 
adjacent offices by a gallery. 

Considerable attention has been given to the 
supply of energy for driving the station auxiliaries. 
As shown in Figs. 109 and 110, there are two sources 
of supply, the main *bus bars, which are themselves 
fed from the main alternators or from some inter- 
connected station direct or via the “grid,” and the 
auxiliary alternators. The works substation board 
shown at the top of Fig. 109 is the same board as 
that shown at the bottom of Fig. 110. Energy 
from the main board is obtained at 33 kv. through 
two feeders and reactors connected to the works 
board installed in the annexe basement, as shown 
in Fig. 110. This board, which was manufac- 
tured by the British Thomson-Houston Company, 
Limited, consists of nine single "bus bars, metal 
clad compound-filled units of that firm’s M 6 type. 
These units are normally divided into two sec- 
tions, but can be coupled together by a *bus bar 
coupler. The circuit-breakers, with which this board 
is equipped, control the supply to two 2,500 kv.-a., 
33/3-3 kv. transformers installed on the fan floor and 
to two 2,500 kv-a., 33 0-4 kv. transformers in the 
turbine room sub-station, considerable saving in 
copper having been effected by carrying out the 
distribution at this pressure. Four panels, which 
will be equipped with circuit-breakers later, are also 
reserved for future extensions. The circuit-breakers 
on this board have a rupturing capacity of 500,000 
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two 40U-amp. feeders which, 
in turn, supply the boards 
controlling the forced and 
induced draught fans. Two 
of the latter boards are pro- 
vided for each boiler and 
they are equipped with con- 
tactor gear, which is con- 
trolled from the firing floor 
in the way already described. 
These contactor boards were 
manufactured by the Metro- 
politan - Vickers Electrical 
Company, Limited. The 
B.T.-H. board on the fan 
floor also controls a 250 kv.-a., 
3°3/0-4 kv. transformer 
through which a supply is 
given to the coal hand- 
ling plant, and in addition 
controls the motor, driving 
the air compressor for soot 
blowing, etc. It is further 
equipped with a sectionali- 
sing switch and with panels 
for two further feeders. As 
will be seen from Fig. 109, 
the coal-handling plant and 
kv.-a. and are operated by solenoids, which are|air compressor motor are the only parts of the 
actuated from the main control room. | auxiliary equipment of the station which are not 
The secondaries of the two 33/3-3 kv. trans-| provided with an alternative supply. 


formers just mentioned are connected through| The sate diagram shows that the secondaries of 
the 33/0-4 kv. transformers in the turbine room 


manually-operated circuit breakers of British 

Thomson-Houston M3 draw-out pattern, with a|sub-station are each connected in parallel through 
rupturing capacity of 150,000 kv.-a. to a metal-clad, | two 2,000-amp. vertical plugging circuit-breakers 
compound-filled, single *bus bar board, which is also | to a single *bus bar compound-filled switchboard, 
installed on the fan floor. This board controls| which is installed in and manually operated from 
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|the same position. This board is equipped with 
switchgear of the British Thomson-Houston Com- 
pany’s Z type, and is arranged in two sections, which 
are connected by special ‘bus bar trunking. This 
trunking is equipped with a gas-tight partition, so 
that the possibility of gas passing from one section 
to the other is eliminated. The board comprises 
twenty-four panels, and the two sections are divided 
by a 2,000-amp. circuit-breaker, so that where 
the auxiliary plant is installed in duplicate each 
half can obtain its supply from a separate source. 
It wilt also be seen that the motors driving the 
condenser auxiliaries are fed from two sets of 
*bus bars, one of which normally obtains its supply 
from the auxiliary alternator of the appropriate 
set direct, and the other from the 400-volt board. 
These two sources of supply cannot be paralleled. 
In addition, the smaller boiler auxiliaries, such as 
the screw conveyor and stoker motors, obtain their 
| power from the two alternative sources of supply 
through another board, which is installed in the 
boiler-house, and the arrangement of which is 
indicated at the centre of the diagram. 

In addition, there is an auxiliary board in the 
control room, which comprises both alternating 
current and direct-current panels. The former is 
equipped with switches for controlling the lighting 
circuits throughout the turbine room, switch house, 
annexe and adjoining buildings, the lighting circuits 
in the boiler room being fed from a separate board 
in that part of the station. The control room 
board also controls the supply to the motors of two 
116-h.p. motor-generators. These sets, which 
were manufactured by Messrs. the Lancashire 
Dynamo and Motor Company, Limited, Trafford 
Park, Manchester, have an output of 250 amp. at 








320 volts and are used for charging two Tudor 
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batteries, each of which has a capacity of 740 
amp.-hours at the 10-hour discharge rate. These 
batteries are principally employed to provide current 
for operating the solenoids on the main and 
auxiliary switchgear, but can also be used to supply 
a portion of the station lighting inemergency. This 
part of the plant is controlled from a switchboard 
in the battery room, which comprises both main and 
transfer bars, each of which is divided into two 
sections. The main ‘bus bar sections are coupled 
by an automatic contactor and those of the transfer 
‘bus bars by a double pole lever switch. Should 
the alternating current supply fail or the motor- 
generators be shut down for any reason, either or 
both the batteries are automatically connected to 
the direct-current "bus bars by the closing of the 
contactors. All the switching operations for the 
batteries can, in addition, be effected from the 
direct-current section of the board in the control 
room, mentioned above. This board also contains 
apparatus for the operating circuits of the main 
and auxiliary remote-controlled switchgear, the 
leads for which are laid on trays covered with 
presspahn. 
walls in the control-room basement, also carry the 
the leads for controlling the emergency lighting. 

The electrical equipment of the station 
completed by a 50 kv.-a. 0-4/50-kv. testing trans- 
former, which will be used for testing insulators and 
other equipment. 

The outgoing feeders from the station are led 
through a cable tunnel under the switch house. 
This tunnel is formed of reinforced concrete which 
is laid on mass concrete of varying thickness, 
to allow for the changes in the rock level, which 
occur at this point. That portion which is conti- 
guous to the turbine room is divided into two portions 
by a longitudinal partition, so that four walls 
are available for carrying the cable shelves. These 
shelves slope upwards, and are made up of suitably- 
shaped bars, placed at 9-in. centres, over which 
concrete is laid, as shown in Figs. 113 and 114. 
No longitudinal reinforcement is used. The cables 
lie very snugly in the shelves thus formed, while 
the arrangement is of course, fireproof. 

At the east end of the switch house the cable 
tunnel is reduced to half its original width and 


1S 


These travs, which are fixed to the | 


| deeper tunnel. 


Fie. 111. 


increased to twice its original 
depth, so that it could be 
carried under the Dock Board 
property with a minimum of 
disturbance to the road and 
railway traffic. To effect this 
change, the cable racks on the 
north wall of the northern 
half of the tunnel are carried 
downwards, while those on 
the southern wall of the same 
half of the tunnel are carried 
upwards and across to the 
northern wall, so that the two 
of racks, which were 
opposite to each other are 
now one above the other on 
the north wall of the deeper 
tunnel, as shown in Fig. 114. 
Similarly, in the southern 
half of the tunnel, the cable 
racks on the north wall are 
carried upwards, and those 
on the south wall downwards 
until they are one above the 
other on the south wall of the 
At the east 
end of the tunnel the cables 
pass through holes in the 
walls into the roadway. As 
has been stated, this arrange- 
ment was adopted under the 
Dock Board property to 
avoid interference with the 
overhead railway stanchions, 
and to prevent excessive 
opening up of the existing 
roadways. It was not used 
throughout, as this would 
have meant the excavation 


sets 


of a great deal of rock, and 


filling with mass concrete. 
Finally, the special earth- 
ing arrangements employed 
in the station deserve men- 
tion. Thissystem consists of 
four resistances connected in 
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parallel, and is of sufficient capacity to pass the | 
full load current of one alternator. A_ circuit- | 
breaker is inserted between the neutral point of 
each of the step-up transformers and this earthing | 
resistance so that the transformers to be earthed | 
can be selected, the latter operation being effected | 
by a hand-operated throw-over isolating awiteh | 

In conciusion, we should like to express our | 
thanks to Mr. P. J. Robinson, city electrical engineer, | 
for permission to describe this interesting station, 
and for his assistance in the preparation of the 
article. Our thanks are also due to the various 
contractors for providing us with information 
about the particular section of the plant for which 
they were responsible. 








INSTITUTION OF CIVIL ENGINEERS,—-The Council 
of the Institution of Civil Engineers has awarded the 
Indian Premium for the 1930—31 session to Mr. G. C. 
Minnitt. Other awards include a Telford Gold Medal to 
Mr. H. Addison, Telford Premiums to Messrs. H. A. 
Sieveking, R. F. Leggett and Dr. W. Blackadder, and 
jointly to Messrs. R. G. C. Batson and H. R. Mills; the 
James Forrest Medal and a Miller Prize to Mr. I. W. G. 
Freeman and Miller Prizes to Messrs. V. A. C. Durand, 
F. C. Ball, T. A. Burnside, F. R. Paynter, D. H. MePher- | 
son, S. G. Barrett, E. H. Ely, and H. E. Orr. ' 
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GAS 


Liguok EFFLUENTS AND AMMONIA PRODUCTS. 

Av the Autumn Research Meeting of the Institution 
of Gas Engineers, on November 3, following the pro- 
ceedings reported last week, Mr. R. E. Gibson, in the 
chair, called on Mr. C. F. Botley to present the Report 
of the Liquor Effluents and Ammonia Sub-Committee. 
Professor J. W. Cobb and Dr. A. Key also shared in the 
presentation of the Report. 

This report stated that with a view to finding the 
means of dissolving out phenol and the higher tar acids 
from liquors in an economical way, static washing with 
various substances had been tried. This experimental 
work had been extended by investigations with a small 
plant erected at the Coventry gas works. It was shown 
that tricresyl phosphate, and also tar oil, had advant- 
ages over benzole for the extraction of the higher tar 
acids. Work carried out at Coventry with a cyclone tar 
extractor showed that it was very successful, under 
both summer and winter conditions, in effecting an 
early separation of the portions of the tar that were 
particularly rich in tar acids. 

Purification of effluent liquors in bacteria beds 
afforded a means of treatment that was, perhaps, 





attractive, but was difficult because of the difference 
of the material from those commonly so treated. 
Previous reports had dealt with work in this way for 
the whole of the spent liquor from Coventry gas works. 
It was now reported that these beds had been kept 
under observation for a further year, during which 
time the purification had averaged 86 per cent. The 
presence of calcium in the spent liquor was found by 
Dr. Happold to promote the growth of anerobic 
bacteria to a remarkable extent, but the effect of this 
upon actual purification was not yet fully understood. 

One process of disposing of effluents and ammonia 
liquors was to spray them on the hot bars of the grate 
of a gas producer. A test at Hinckley had shown that 
200 gallons per day of spent liquor, containing no lime, 
could be disposed of in each of the producer units. 
During the same period, 2-2 tons of coke were con- 
sumed, and thus the amount of liquor destroyed per 
pound of dry ash-free coke was 0-49 Ib. If the 
destruction of liquor on the bars of gas producers 
extended to crude liquor, the ammonia in the liquor 
would have to be sacrificed. A test was carried out, 
using liquor which had been circulated in the retort 
house, and therefore having a very large higher tar 
acid content. Contrary to all expectation, it was 
found that the amount which could be disposed of 
was considerably less than with spent liquor. Much 
more attention was also required with the crude liquor. 
Investigations of the costs involved in the disposal of 
ammonia liquors on producer bars showed that they 
were not reasonable, and led to the conclusion that 
the liquor disposed of by this method should not 
exceed, in amount, the steam and water normally 
supplied to the producers. 

At the present time, ammonium sulphate could hardly, 
it at all, be produced at a profit from crude gas liquor. 
It was, therefore, essential to explore all other possible 
means of treating such liquor. A part of the report 
of the committee dealt with one phase of this, namely, 
the recovery of ammonium chloride from circulating 
liquor. On a basis of the saving in acid and lime for 
the process, as compared with that of producing 
ammonium sulphate, reduced by the additional cost of 
evaporation, it was thought that the process would 
prove cheaper than the sulphate one, while the pre- 
vailing price for the chloride on the open market was 
substantially higher, and much material imported. The 
method used was to spray liquor into the hydraulic 
mains and, to obtain a concentrated solution, to 
recirculate it, always keeping it hot to prevent con- 
densation. The purity of the first crop of crystals 
obtained by evaporating the concentrated liquor was 
very good. Experiments in the laboratory had shown 
that by evaporating a slightly acidified liquor contain- 
ing 12 per cent. of ammonium chloride to 30 per cent. 
of its original volume and cooling, a crop of crystals 
was obtained which contained no more than 0-27 per 
cent. of impurities of the higher tar acid type. From 
an ammonia determination the purity was calculated 
to be 99-8 per cent. 

The report intimated that actual tests as fertiliser 
were being conducted with ammonium bicarbonate 
produced at the gas works at Burton-on-Trent by a 
process devised by Mr. W. Wilson. 

The discussion was opened by Mr. F. R. O’Shaug- 
nessy, who welcomed the successful work that was 
being done to remove from effluents in an economical 
way, such materials as made their treatment in sewage 
installations difficult. The treatment of effluents in 
bacteria beds was very expensive. Mr. A. L. Holton 
described the work in progress, and the results obtained, 
at Partington Gas Works, Manchester, in the recovery 
of benzole with active carbon filters. Dr. A. C. 
Monkhouse referred to the difficulties associated with 
the spraying of effluent liquors on producer fire bars, 
Dr. A. Parker pleaded for a continuation of the work to 
find an economical way to utilise the ammonia in the 
liquor, and Mr. T. H. Prater described how they were 
cracking ammonia at Margate, to obtain gas for 
welding. 

On November 4, Mr. R. E. Gibson presided, and Mr. 
Harold E. Copp and Mr. R. Watson presented the 
Report of the Street Lighting Committee. This indicated 
that the necessity for increased street illumination, in 
these days of fast-moving traffic and the growing 
public demand for safer thoroughfares, was now 
being recognised by public authorities. It had to be 
noted that the merits of gas for public lighting, on the 
grounds of quality of illumination, diffusion of light, 
absence of glare, reliability and economy might 
prove to be quite ineffective where installations were 
inefficient or out of date. The new British Standard 
Specification for Street Lighting had been increasingly 
used where new installation were under consideration, 
or improvements had to be effected. The purpose of 
this specification was to provide bases upon which 
street illumination schemes could be provided and 
compared, and to specify technical conditions for the 
maintenance and appraisal of results. The general 
intention was to suggest the higher standards now 





desirable, and to effect better distribution of light and 
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increased visibility. These objects were attainable by 
greater light-intensity, closer spacing of columns, and 
increased heights of the light standards. 

The adoption of a minimum illumination point for 
testing purposes, approximately midway between 
columns, with the important stipulation of graduated 
illumination, to avoid abrupt changes along the street 
surface, was intended to encourage better distribution. 
Tllumination near the sources was commonly more 
than sufficient, but it diminished towards the area 
midway between the columns where, by comparison, 
the illumination was low and dark spots occurred. 
Illumination for streets was now graded into eight 
classes, according to the mean illumination at the mid- 
point between columns on the carriageway. The 
values ranged from 2-0 ft.-candles, and upwards in 
Class A, down to 0-01 ft.-candles for class H. Naturally 
the heights of the luminous centres of the light source 
varied with these conditions, and were from 30 ft. 
above the street level for class A, down to 13 ft. for 
class H. These values of illumination were for new 
conditions, and it was specified that they should not 
be allowed to fall to less than 50 per cent. of these 
figures when in service. Gas lighting had an advantage 
in this respect, for the illumination under service 
conditions did not fall so low as the limit stipulated 
when ordinary maintenance was in vogue. Improve- 
ments were possible at small cost with gas lighting, 
which would do much to extend the use of this means 
of street lighting. Directional devices, with which 
graduated illumination was achievable, were now 
available, and afforded definite advantages. Auto- 
matic lighting and extinguishing methods were equally 
available for gas, as for electric lighting. 

The relative absence of glare with gas lighting was 
distinctly advantageous, and the greater penetration 
of fog and mist were generally appreciated. Reliability 
of gas lighting was one of its chief claims to recogni- 
tion. Where lamps were fitted with units made up of 
several mantles, the temporary failure of one mantle 
did not necessarily affect the others, and light was 
still available. It was desirable that the gas consumed 
should be supplied on the lowest possible terms, in 
view of the quantity involved, and the fact that much 
of it was used after midnight, when consumption was 
desired. A maintenance system was essential to keep 
all lamps in the state of maximum efficiency. 

In the course of his remarks, Mr. R. Watson referred 
to the fact that the Standard Specification for Street 
Lighting had proved of great value to gas engineers. 
One disadvantage they had to recognise was, however, 
that inverted gas burners did not give much light in 
a direction at 80 deg. to the perpendicular. There 
was, therefore, every need for directional lighting. 
The makers of reflectors were approached to suggest 
some solution of the problem, and had successfully 
devised means that were now extensively used. These 
new provisions were obtainable in materials that 
resisted the action of heat. In a part of Cambridge, 
by the instalment of suitable reflectors on existing 
lamps, the illumination had been improved to the extent 
of 160 per cent., resulting in the raising of the standard 
of illumination from class H to class G. 

Mr. F. C. Smith was satisfied that gas could best 
satisfy every requirement of the Standard Specifica- 
tion. They had, however, to replace obsolete burners 
and make judicious use of directional reflectors. New 
installations demanded scientific treatment. Whitehall 
in London constituted the highest class of street illu- 
mination. For this Isolux diagrams were prepared prior 
to the installation, and these showed a mean illumina- 
tion of approximately 4 ft.-candles. Actual tests later 
showed the value to be 3-9 ft.-candles. This accu- 
racy of forecast was thus clearly obtainable, and 
encouraged confidence in the undertaking of future 
work. Portable photometers should be commonly 
used, and records kept of the illumination. The gas 
industry did not require such a large margin between 
initial and service illumination as was specified. A 
value of from 25 to 30 per cent. below new conditions 
was quite ample. Gas engineers had unfortunately to 
rely upon the data supplied by the manufacturers of 
lighting equipment, which was sometimes incomplete. 
It would be much better if such data were obtained 
in tests by some disinterested organisation. With such 
information they could better meet the conditions, 
when they knew the class of illumination required for 
a thoroughfare, and the amount of traffic it carried. 

Capt. W. J. Liberty called attention to the fact that 
when he was engaged upon the street lighting of London, 
the heights of light sources were 11 ft. or 114 ft. Now 
the heights were being increased, and this resulted in 
a very great improvement in distribution. This could 
easily and cheaply be effected by the use of lengthening 
pieces for the columns. By means of directed lighting, 
very great improvements were being made. The 
greatest drawback to efficient public lighting was the 
condition that, in all but ten places in the country, 
street lighting was not the sole duty of a specially 
selected engineer, but was an auxiliary piece of work 





allocated to someone in another, and what was supposed 
to be a more important, office. 

Mr. J. W. Lofts complained of uneconomic rates for 
street lighting being used as an excuse for replacing 
the use of gas by electricity. 

Mr. R. Watson, in reply to questions, said that the 
glare characteristic of gas lighting was very small and, 
even with directive fittings, it did not become objection- 
able. There was but little, if any, scientific evidence 
regarding the capacity of different forms of lighting in 
regard to fog penetration, but, by simple observation 
of the superior nature of gas lighting in this way, it 
was obvious to all. 

Mr. Harold E. Copp also added to the reply by 
describing how light distribution could best be studied 
by dividing the roadway into squares and taking 
photometric readings at their mid-points. From his 
consideration of costs he was certain gas lighting could 
show the lowest figures. 

EFFECT OF OXIDES oN Gas PRODUCTION. 

Professor J. W. Cobb then introduced the report of 
the Institution Gas Research Fellow, Dr. A. H. East- 
wood, which considered ‘“‘ The Influence of Inorganic 
Constituents on the Carbonisation and Gasification of 
Coal.”” The work was divided into two parts, the 
first being concerned with the interaction of oxides and 
volatilised nitrogen compounds. Earlier work had 
shown that when lime was mixed with a strongly 
caking, or medium caking coal, it materially increased 
the yield of ammonia obtained on heating in an atmos- 
phere of nitrogen. Though this was the case, there was 
always doubt regarding the extent to which the action 
would take place with particular fuels, and there was no 
satisfactory explanation as to why it did occur at all. 
To throw light upon the subject the author of this report 
made experiments, in which the lime was not mixed 
with the coal, but was introduced in the form of a 
plug kept at the same temperature as the coal, but out 
of actual contact with it. The amount of ammonia 
produced was, within the limits of experimental error, 
the same as was obtained when the lime was mixed 
with the coal. The influence of the lime was, therefore, 
clearly traced to its effect in decomposing volatile 
nitrogen compounds expelled from the coal, and not to 
an effect in actually expelling nitrogen from the coal 
in the form of ammonia. 

The second part of the report dealt with the rate of 
production of ammonia and other gases, particularly 
hydrogen, when bituminous coals were treated in 
nitrogen. In order to trace a suspected parallelism in 
the evolution of gas and ammonia, samples were taken 
of each, at different times during each 100 degrees 
stage of heating. It was found that a very close 
parallelism existed between the expulsion of ammonia 
and of carbonisation gases, mainly hydrogen. With 
anthracite similar results were obtained. 

After Dr. Eastwood had described his experimental 
work, Dr. 8. Pexton, calling attention to the remarkably 
close parallelism of the results, referred to the possi- 
bility of using the ammonia production as a means of 
studying the complex actions of carbonisation. 

Professor J. W. Cobb thought the whole effect of 
surface actions upon carbonisation was worthy of 
further study. These might be very important actions, 
particularly in regard to tar. 

CREOSOTE AND ITs USEs. 

On the same afternoon, Professor J. W. Cobb and 
Dr. F. J. Dent presented the 29th Report of the Joint 
Research Committee of the Institution and Leeds 
University. This dealt with the use of creosote in 
the manufacture of carburetted water gas. The reason 
for this study was the low price obtainable for 
creosote, and the hope that the substance could find 
suitable economic service in replacing some of the gas 
oil used in carburetted water-gas production. The 
experimental work afforded ample evidence of the 
inferiority of creosote to a petroleum distillate as a 
carburetting material, and further, that when mixtures 
of creosote and gas oil were used, each constituent 
could be regarded as being cracked independently, the 
mixing affording no change. 

Mr. W. B. Reidy described work done with an actual 
plant at a gas works, in using creosote in carburetted 
water-gas production. The conclusion arrived at was 
that creosote, or other heavy oils, could be used in 
carburetted water-gas plants, but their use should be 
confined to the back run. 

Mr. H. Hollings pointed out that none of the later 
experimental work conflicted with the early laboratory 
tests. There were three more practical ways in which 
creosote could be used, namely, as fuels for Diesel en- 
gines, secondly as fuel for spark-ignition internal-com- 
bustion engines, when starting was possible with a lighter 
fuel, and thirdly for the production of light spirit by 
hydrogenation. The last-mentioned process was one 
that commended itself. The tar oils were much more 
easily hydrogenated than coal, and made possible the 
use of a liquid, rather than a paste of coal and tar, an 
important factor in cost. He showed samples of the 





products of experimental work with creosote. When 
working with a pressure of 200 atmospheres, and 
a temperature of 440 deg. C., a yield of oil was 
produced which, on distillation,. gave 56 per cent. 
of its volume of light spirit boiling at 180 deg. C. The 
value of this spirit for motor car engines was interme- 
diate between petrol and benzol. 

Dr. J. G. King also referred to the possibilities of 
producing light fuel oils from creosote, dealing with his 
experimental work at the Fuel Research Station. By 
the use of a catalyst under pressure, and employing 
24 per cent. by weight, of hydrogen, a crude product 
was obtained, which yielded 64 per cent. of oil within 
the motor spirit range, but of composition somewhat 
different from that referred to by Mr. Hollings. It 
contained as much as 40 per cent. of saturated hydro- 
carbons, and had very good anti-knock properties. 
Such treatment seemed to afford greater scope for the 
utilisation of creosote than as a substitute for gas oil. 
The catalyst, and its action over prolonged periods, 
was the only problem now requiring further study. 

REFRACTORY MATERIALS. 

Dr. H. G. Colman then presented the Report of the 
Refractory Materials Joint Sub-Committee. This 
concerned chiefly work upon ‘‘ Permeability of Refrac- 
tory Materials to Gases” and the “ Hot Patching of 
Retorts.” Afterwards Mr. A. T. Green gave a brief 
account of other work in progress, which had not yet 
reached a stage warranting the publication of results. 

Permeability to gases of refractory materials was a 
property dependent upon the characteristics of the 
pores in a substance. It had an important industrial 
significance, for the deterioration of a refractory material 
was due to penetration by corrosive vapours or even 
of fine solid particles. The factors governing the flow 
of gas through a refractory were the number and dimen- 
sions, direction and nature, and continuity of the pore 
systems. These were dependent on the grain size 
and grading of the raw batch materials; the manufac- 
turing processes, chiefly including pugging, shaping 
and pressing; and the firing period. The report con- 
sidered the methods adopted for measuring perme- 
ability and dealt with gases at ordinary tempera- 
tures, and at 500 deg. C., and with water. Work 
was now in progress with gases at 1,000 deg. C. In 
the course of the investigation it was found that as 
the temperature increased the permeability was found 
to decrease, in a manner almost independent of the 
nature of the material and the value of its permeability 
coefficient at ordinary temperatures. For a temperature 
increase of from 10 deg. C. to 500 deg. C. the perme- 
ability was reduced to almost half its value for fireclay 
products, and to slightly less than that value for silica 
materials. The increase in the viscosity of the gas 
with rise in temperature was shown to account almost 
quantitatively for the decrease in permeability, but 
in addition, small variations in the results for the 
different products suggested dependence to a minor 
degree on a further factor. related to the pore structure 
of the material. When the substances tested were 
put in order of increasing permeability, it was found 
that they were also in the order of increasing perme- 
ability to water. It was thus possible that a water 
penetration test might be used as a means of comparing 
the permeability of various types of materials. 

In gas retorts the cement joints exerted a considerable 
influence on the ultimate durability of the plant. Conse- 
quently, the properties of these cements demanded 
rigid control. Investigations were now in progress 
to find the temperature range at which contraction of 
the cement became appreciable. Work on_hot- 
patching cements had been in progress for some time. 
The difficulties were connected with the ingredients, 
which must give “ stickability’’ over a wide range of 
temperature, without the possibility of injury to the 
retort. The work had now reached the stage that 
further progress was only possible if it could be supple- 
mented with tests, under normal conditions of the 
working of retort settings requiring hot patching. Co- 
operation in this had therefore been arranged with 
various gas undertakings. 

Mr. Frank West commented on the fact that poorly- 
fired bricks often resisted penetration by gases better 
than well-fired. 

Mr. A. Edwards stated that for jointing cements an 
expanding material was essential. What was wanted 
was a straight silica cement, with limited fireclay to 
the extent of giving about 2 per cent. of alumina. 

Mr. T. F. E. Rhead thought that penetration losses 
were not serious from the thermal standpoint, the loss 
through leakage overshadowed them. In regard to 
hot patching, the best results seemed to have been 
obtained with a gun, the process being to force the 
dry graded material through a tube to its place of 
application, where it met a stream of air or air and coal 
gas. The carbonaceous material heated up the intro- 
duced cement as it went into place. 

Mr. A. T. Green suggested that the gas retort had 
zones subjected to different actions, and this might 
necessitate the use of different types of cement. 
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LABOUR NOTES. 


Ir will be recalled that when the wages question in 
the electricity supply industry reached a critical stage, 
a meeting of representatives of the National Joint 
Industrial Council at the Ministry of Labour agreed 
upon terms which sensibly eased the deadlock. With 
certain amendments, this document was later adopted 
by the National Joint Industrial Council. Under the 
amended arrangement, the existing wages position 
was referred to the 13 districts for negotiation, with a 
strong recommendation, signed jointly by the chairman 
and vice-chairman of the National Joint Council, that 
all parties should do their best to reach agreement. 
When any district reached agreement, the agreement 
was to be referred to the National Council for ratifi- 
cation. In the event of any district failing to reach 
agreement on the questions under discussion, these 
questions were to be referred to the National Joint 
Council for settlement by (a) agreement, or failing 
agreement (b) arbitration (on agreed terms of reference) 
by the Industrial Court, or by an independent chairman, 
sitting with or without assessors. The terms of 
reference in any arbitration were, in the event of failure 
to agree, to be determined by the Ministry of Labour. 





In their joint letter to the districts, Mr. Walker, the 
chairman of the National Council, and Mr. Rowan, 
the vice-chairman, said :—‘‘ The members of both sides 
of the National Council strongly desire that the members 
of both sides of the District Councils should make every 
endeavour to reach an agreement, and we, as chairman 
and vice-chairman of the National Council, earnestly 
urge that such endeavour should be made in the true 
spirit of Whitleyism. If such spirit prevails during the 
District negotiations, we are confident that agreement 
will be reached within the conciliation machinery of 
our industry.” The National Joint Council is to meet 
on Friday, next week, for the purpose of receiving 
the reports from the districts. 





In October, the home branch membership of the 
Amalgamated Engineering Union decreased from 
187,489 to 186,797, and the Colonial branch member- 
ship from 24,685 to 24,077. The number of members 
in receipt of donation benefit decreased from 13,367 
to 12,486; the number in receipt of sick benefit 
increased from 2,901 to 2,940, and the number in 
receipt of superannuation benefit from 11,970 to 12,113. 
The total number of unemployed members decreased 
from 49,567 to 48,906. 





The writer of the editorial notes in the November 
issue of the Industrial Review, an organ of the Trades 
Union Congress General Council, says that “* Mr. 
MacDonald has never been at ease in his dealings 
with the trade unions, though appreciating the financial 
help which they have brought to the Party.” Consider- 
ing the character and scope of the legislation which the 
General Council required in exchange for the money 
of the trade unions, more than the Prime Minister 
must, obviously, have been ill at ease in their dealings 
with these particular leaders. The fact that many 
of them were ill at ease—and it is a fact—does not 
appear, however, to have carried much weight with the 
General Council, for the Industrial Review’s contributor 
goes on to say that ‘it is in the political organisation 
of Labour that special care is necessary. The trade 
unions will devote their energies to the problem of 
industrial organisation, and will endeavour, by every 
means in their power, to create an educated and well- 
informed public opinion, which will have an effect, 
not in the industrial world only, but in politics.” An 
‘educated and well-informed public,’ having already 
convincingly demonstrated that it does not take kindly 
to the domination of the General Council, the future 
seems to contain very considerable difficulties for Mr. 
Citrine and his associates. 





A delegate conference of the United Textile Factory 
Workers’ Association is to be held in Manchester, on 
December 5, for the purpose of discussing breaches 
which have taken place of the 48-hour working week 
agreement in the cotton industry. Within the last 
few weeks, it is stated, a number of firms, in certain 
sections of the cotton industry, have induced their 
operatives to work overtime, chiefly by starting work 
earlier in the morning. The Factory Workers’ Associa- 
tion is taking the matter up because it fears that the 
practice may spread to other sections. 





In their report to the Vancouver Convention of the 
American Federation of Labour, the Executive Council 
declared that the owners and management of industry 
must decide whether working men and women shall 
have the opportunity to work or whether, as a result 
of denial to them of that opportunity, industry shall 
have forced upon it compulsory unemployment 
insurance legislation. “It must be,” they said, 
‘“‘work or unemployment insurance.” From _ the 
newspaper reports of the Convention, it would appear 
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that most of the American Federation’s influential 
men and the majority of the delegates are still strongly 
opposed to compulsory insurance, although the minority 
in favour seems to be increasing. 





An enquiry into the effects of technological changes 
on employment in the amusement industry has recently 
been undertaken by the United States Bureau of Labour 
Statistics. The results of a preliminary survey indicate 
that the increasing use of sound films has resulted in a 
reduction of approximately 50 per cent. in the number 
of musicians employed. On the other hand, the sound 
films have been responsible for a marked increase in 
the number of cinema operators. It is considered 
impossible to determine from the figures available 
whether the musicians displaced outnumber the 
additional operators employed, but representatives 
of the five large cinema theatre circuits claim that the 
13,000 theatres, which installed sound equipment in 
the last few years, have added more operators than 
the approximately 10,000 musicians who lost their 
jobs through the introduction of the sound film. 
Another development noted in the enquiry is the so- 
called ‘‘translux” theatres, in which the picture is 
projected from behind the screen, thus removing the 
need for darkness. As a result ushers are dispensed 
with, and a turnstile system operated from the cashier’s 
booth eliminates the services of the ticket collector 
at the door. 





A communication received by the International 
Labour Office at Geneva states that in proceedings 
taken by the workers against the management of an 
undertaking manufacturing wireless apparatus, a 
German Labour Court decided that the management 
was bound to introduce short time. The Court of 
Appeal quashed this judgment on the ground, among 
others, that short time was a doubtful remedy for 
social and economic evils, and sometimes even encoun- 
tered definite opposition from the workers, and that 
the right to decide on the introduction of short time 
belonged to the employer, in virtue of his right of 
management. fn 

In practically all the legislation concerning working 
hours that has been passed to date, the position is 
seriously involved by reservations regarding overtime, 
and obviously, until the complications are straightened 
out, there will be hesitation here and in some foreign 
countries to ratify the Washington Convention uncon- 
ditionally. Take, for example, the case of Brazil, 
where the Provisional Government has introduced 
Bills to restrict working hours to eight per day and 
48 per week. Under the proposed legislation, hours of 
work may be prolonged, subject to the approval of the 
Minister of Labour, up to a maximum of 10 in the day 
or 60 in the week, but only if such a lengthening of 
hours is provided for by a collective agreement, or is 
necessary in order to compensate for loss of time 
resulting from an unavoidable interruption of the 
work of the undertaking. In the former case, the 
lengthening of hours of work will involve an increase 
of wages, to be determined by agreement between 
employers and workers and submitted to the Minister 
for approval. In exceptional cases, the Minister of 
Labour may authorise a 12-hour working day in 
specified departments of manufacturing undertakings, 
the working of which is necessary for the completion 
of the jobs on which the other departments are engaged. 
All the departments of the same undertaking, how- 
ever, may not work simultaneously for more than 
10 hours in the day unless more than one shift is 
worked. The Bills do not apply to persons holding 
managerial or supervisory posts. 

An Act passed by the Polish Diet amends the Hours 
of Work Act of 1919, by the insertion of a provision 
giving the Government power in times of economic 
depression to reduce hours of work, so as to distribute 
employment over a larger number of workers, and 
thus to diminish the number of persons unemployed. 
The section of the 1919 Act which allows hours of 
work to be increased in the event of national emergency, 
is amended to provide that, in the event of national 
or economic emergency, the Government, on receiving 
a proposal from the Minister of Labour and Social 
Welfare, drawn up after consultation with the employers’ 
and workers’ organisations, will be entitled to promul- 
gate Orders permitting the extension or requiring the 
reduction of daily or weekly hours of work. These 
Orders will remain in force for a specified period not 
exceeding one year, and may be limited to specified 
branches of industry or classes of undertakings 
throughout the territory of the State, or in the territory 
of the different administrative units. 





The United States Bureau of Labour Statistics 
recently carried out an investigation as to whether 
there were, or were not, insurmountable physical 
obstacles to building operations in winter weather. 





There had been seasonal fluctuations in Chicago, 
Milwaukee, Fond du Lac, Eau Claire, Minneapolis, 
St. Paul, Atlanta and New Orleans, and representa- 
tives of the building industries in these areas were 
interviewed regarding them by an agent of the Bureau. 
The evidence obtained was to the effect that the fluctua- 
tions were due not so much to weather conditions as 
to old popular notions and customs. In the construc- 
tion of large buildings, it was stated, the extra expense 
involved in protecting winter work was comparatively 
small and represented but a small fraction of the total 
building cost. In the construction of small buildings, 
however, and particularly of the smaller houses, the 
season of the year was still an important factor, and 
the opinion of architects and builders as to the relative 
expense of winter construction in that field, was found 
to be divided. 





Under the Italian Labour Charter, members of the 
Fascist Party, Fascist militia, Fascist trade unions, 
and also ex-service men, are given priority in the lists 
drawn up by the employment offices, which employers 
are bound to follow in engaging workers. According 
to Lavora Fascista, the growth of unemployment has 
led the Fascist trade unions to raise the question of 
preference also in the case of dismissals. At a meeting 
of officials of industrial trade unions held in Genoa, a 
resolution was adopted asking the Minister of Corpora- 
tions to issue a legislative Decree requiring all engage- 
ment of labour to be carried out through the medium 
of the public employment offices, and stating that in 
the event of dismissals brought about by reduction of 
staff, account should be taken of the priorities in 
regard to engagement prescribed by the charter. For 
this purpose it should be laid down, it was added, 
either by law or by collective agreements, that, in the 
event of reduction of staff, the employers must by 
preference maintain in employment the individuals 
belonging to the privileged groups in question. 





At November 9, 1931, the numbers of persons on 
the registers of unemployment exchanges in Great 
Britain, were 2,113,350 wholly unemployed, 460,829 
temporarily stopped, and 109,745 normally in casual 
employment, making a total of 2,683,924. This was 
27,020 fewer than a week before, but 422,147 more than 
a year before. Of the total number 2,059,519 were 
men, 69,628 boys, 504,149 women, and 50,628 girls. 
On November 2, the number of wholly unemployed 
persons was 2,129,699, of whom 1,597,858 were men, 
60,352 boys, 425,220 women, and 46,269 girls; the 
number of persons temporarily stopped, 467,321, of 
whom 339,704 were men, 9,975 boys, 111,556 women, 
and 6,086 girls; and the number of persons normally 
in casual employment 113,924, of whom 111,772 were 
men, 182 boys, 1,956 women, and 14 girls. According 
to the Ministry of Labour, the reduction in the numbers 
of the registered unemployed in the last fortnight has 
been largely due to the application of the Anomalies 
Regulations. 





‘ 


A meeting to discuss the “ more looms” question 
took place in Manchester yesterday, between repre- 
sentatives of the Cotton Spinners’ and Manufacturers’ 
Association and the Weavers’ Amalgamation. Before 
it began, a representative of the employers stated to 
a Press representative that, on the question of a wage 
basis, the employers were probably prepared to make 
concessions if the operatives approached the matter in 
a like spirit, but the other conditions proposed by the 
Amalgamation constituted a hopeless barrier to success- 
ful negotiations and would have to be altered if progress 
was to be made. The result of the meeting was not 
known when this issue of ENGINEERING went to press. 





Replying to a written question in the French 
Chamber, drawing attention to the fact that in 
numerous cases alien workers were being retained in 
employment while Frenchmen were being dismissed, 
the Minister of Labour stated that the French Labour 
Code in no way restricts the employer’s rights with 
regard to the engagement of workers. Employers and 
their workers are entitled to cancel their contracts, 
subject to the payment of any damages to which 
they may be condemned for non-observance of the 
legal period of notice or for unjustified cancellation. 
This rule applies equally to employers and wage- 
earners in general, without distinction of nationality. 
The Minister of Labour can, therefore, only make 
unofficial representations to employers who prefer to 
retain alien workers. 








Lyons Farr, France.—The Lyons International Fair, 
which takes place from March 7 to 20, 1932, offers good 
opportunities to British exporting firms, as, last year. 
buyers from 52 different countries visited the Fair. 
The official representative in Great Britain for the Fair 
is Mr. L. G. Toussaint, Holborn-viaduct House, 12, 


| Holborn-viaduct, London, E.C.1. 
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ELECTRICALLY OPERATED CIRCULAR 


CONSTRUCTED BY MESSRS. GREENWOOD BATLEY, LIMITED, 


ELECTRICALLY-OPERATED 
CIRCULAR SHAPING MACHINE. 


TuouaH machines for unusual operations have gene- 


rally a limited application, it is by no means correct to | 


assume that the principles adopted in them are not 
capable of extension and we therefore describe, and 


illustrate in the accompanying figure, an ingenious | 
by | 


circular-shaping machine recently completed 
Messrs. Greenwood and Batley, Limited, Albion 
Works, Leeds. The operation it is designed to carry 
out is that of cutting through an internal circumfer- 
ential ridge left in the centre of long tubes bored from 
each end so that parts of this ridge are removed and 
others are left projecting in order to form keys integral 
with the tube. This operation involves a cutting recip- 
rocating action and a rotary indexing action. 


the cut proceeds. 
overhanging arm and is mounted on a slide, connected 
by links to gearing in the headstock seen at the right 
of the figure. This headstock also contains the main 
driving motor and the gear-changing mechanism from 
which three tool speeds, from 20 ft. to 33 ft. per minute, 
can be given to the tool. All the gearing is of steel 
with teeth machine-cut from the solid. The length 
of the overhanging arm is 6 ft. but its rigidity is such 
that an accuracy of plus or minus 0-001 in, is con- 
sistently maintained. 

As it is impossible to see the direct progress of the 
work at the centre of the tube whilst the machine 
is in motion, the headstock is provided with indicators 
which show the length of stroke, the depth of cut, and 
the position of the tool with relation to the work. A 
template giving the required contour of the finished 
work can, moreover, be fitted en the tube end to indicate 
to the operator when the tool is nearing its final depth 
of cut. Vertical adjustment is given to the tool by a 
hand lever near the indicator and the stroke is altered 
by adjustment of a variable crank device. Special 
attention has been given to lubrication. The work is 
supported at three points, two of these being roller 
steadies and the third support, in the centre, being of the 
chuck type. All three can be readily identified in the 
figure. The chuck will accommodate tubes of a maxi- 
mum diameter of 26 in., smaller diameters being centred 
by means of segmental packing pieces. The tube is, 
of course, held firmly in the chuck, which is rotated 
to give the circular feed required. This motion is 
obtained by a pawl disc and rachet gear, and is trans- 
mitted to the chuck by a worm driving a worm wheel 
formed on the chuck circumference. Throw-out dogs on 
the chuck disengage the feed at pre-determined points. 
The chuck can be traversed along the bed of the machine 
either by hand or power, the latter being effected by a 
small motor, actuating, through single reduction and 
worm gear, a pinion meshing with a rack in the centre 
of the bed. This motor, as well as that for the main 
drive, was manufactured by Messrs. Greenwood and 
Batley. The roller steadies are traversed by hand, 


The | 
first is effected by a tool moving horizontally along | 
a fixed axis and the second by rotating the work as | 
The tool is carried in the circular | 


AND 





| but can be coupled to the chuck so that all three sup- 
; ports may be power-traversed, thus enabling the work 
| to be withdrawn clear of the cutter without altering 
| the settings, and all can be locked to the bed by tee- 
| headed bolts in slots in the bed. 








50,000-KW. TURBO-ALTERNATORS 

FOR DUNSTON POWER STATION. 

THE three 50,000-kw. turbo alternators ordered from 
Messrs. C. A. Parsons and Company, Limited, Heaton 
Works, Newcastle-on-Tvne, for the new Dunston power 
station of the Newcastle Electric Supply Company, 
Limited, are now approaching completion, and the 
first of the sets, we understand, will be delivered 
| within the next few weeks. We reproduce, in Figs. | 
to 4, on page 642, some photographs of the machines 


before describing them we may mention that their 
installation in. the new station at Dunston will mark 
the first stage in the frequency change from 40 to 50 
cycles which is to be made in the district. The new 
sets, which are designed to operate with steam at a 
pressure of 600 lb. per square inch and a total tempera- 
ture of 800 deg. F., will each give a continuous output 
of 62,500 k.v.-a., at 13,500 volts and 50 cycles, running 
at 1,500 r.p.m. 

Each set comprises a high-pressure and a low-pressure 
cylinder arranged in tandem, and Fig. 1, on page 642, 
shows the upper portion of the high-pressure cylinder 
before blading. The low-pressure rotor is shown in 
Fig. 2, and the shafts of the two portions are connected 
by a claw coupling distinguishable in Fig. 3, which 
shows two of the turbines in course of erection. In 
the high-pressure cylinder, steam is expanded from the 
| stop-valve pressure of 600 Ib. per square inch down to 

about 120 Ib. per square inch, at which pressure it 
is re-superheated to the initial temperature of 800 deg. 
| I. before being admitted to the low-pressure cylinder. 
| The latter is of the single-flow type, and in it the 
| expansion is continued down to the condenser vacuum 
| of 29 in. 

Both high-pressure and low-pressure turbines are 
|of the pure reaction type, and the blading, which is 
| of stainless steel, of the standard Parsons end- 
| tightened form over the whole length of the high- 
pressure turbine, as well as in the high-temperature 
portion of the low-pressure turbine. Each set is pro- 
vided with a hand-operated stop valve, and an indepen- 
dent automatic emergency valve. There are three 
governor valves housed in the steam chest, as will be 
clear on reference to Fig. 3, and each of these valves is 
connected to the corresponding turbine inlet, shown 
in Fig. 1, by two flexible pipes. These three valves 
control the supply of steam at loads up to 30,000 kw., 
40,000 kw., and 50,000 kw., respectively. The most 
economical consumption, however, is obtained at a 
load of 40,000 kw., but a very flat consumption curve 
at lower loads is obtained by the provision of additional 
blading at the inlet end of the high-pressure turbine, 
the steam supply to which is controlled by the first 
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jvalve. This blading, which enables the full heat 
|drop available in the boiler steam to be utilised at a 
| load of 30,000 kw., is by-passed when the load reaches 
40,000 kw., and a further section of blading is by- 
passed for the maximum load of 50,000 kw. 

| The steam admission to the low-pressure turbine is 
| controlled by two valves housed in the steam chest on 
| opposite sides of the turbine and connected to it by 
| flexible pipes in a similar manner to that employed 
in the high-pressure turbine. The provision of these 
valves, it may be noted, was rendered necessary on 
account of the relatively large steam capacity of the 
reheaters and pipework. Two independent thrust 
| blocks are provided in the high-pressure turbine, and 
'the emergency governors are also duplicated. The 
| two governors, which are set to operate at different 
speeds, in addition to tripping the main emergency 
| valves, are arranged to close both the high-pressure 
;and low-pressure relay valves; the one which is set 
for the higher speed also operates vacuum-breaking 
valves on the condensers. Feed heating is carried 
| out in four stages by steam bled from the turbines, 
jthe final feed temperature being 340 deg. F. The 
ifeed passes through the first-stage heater to the feed 
| pumps, and thence to the second-stage and third-stage 
|heaters, the latter utilising the vapour from the 
evaporators. The steam for the evaporators and for 
the final feed-heating stage is bled off from the exhaust 
of the high-pressure turbine before the steam is passed 
to the reheater. 

The alternator, of which the stator is illustrated in 
Fig. 4, is constructed in accordance with the firm’s 
latest practice for machines of this size and speed. 
Both the stator frame and the bedplate are built up 
of electrically-welded steel plates, one of the many 
advantages of this method of construction being that 
it gives the machine a good appearance, as will be 
clear from Fig. 4. The stator core plates are of a high- 
grade steel alloy, giving low hysteresis and eddy-current 
losses. To ensure accuracy in assembling, the core- 
plate segments have been punched out in one opera- 
tion, complete with slots, ventilation holes and key- 
| ways. The stator conductors are of the laminated- 
cable type, the individual strands being insulated with 
asbestos on the system developed by Messrs. Parsons 
for high-voltage alternators. It may also be men- 
tioned that the stator slots are designed so as to 
| increase the slot leakage flux, and thus the reactance 
of the machine, in order to limit the short-circuit 
current due to a fault in the system. As a result, the 
duty of the main switchgear is minimised. The end 
windings, some of which are shown in position in 
Fig. 4, are strongly braced and packed, so that no 
| movement of the windings can take place even in the 





event of a direct short circuit across the alternator 
terminals. The studs for carrying the bridge pieces 


are prominent in the illustration, and on the extreme 
right of the figure the bridges can be seen in position 
ona smaller machine. It is interesting to note that the 
stators, each weighing 115 tons, will be delivered to 
Dunston completely wound. 
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72-IN. REVOLVING GAS VALVE. 


CONSTRUCTED BY MESSRS. WESTWOOD AND WRIGHTS. 


LIMITED, 


BRIERLEY HILL. 
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The rotor is a single-piece solid-steel forging, the 
windings, which are inserted in milled slots, being 
insulated throughout with mica. Heavy damping 
windings are fitted, these windings being connected 
to the end caps by means of a special bonding device. 
The end play of the alternator rotor is controlled by 
means of a thrust on the main bearing at the exciter 
end of the set, the thrust taking the form of a steel 
collar on the rotor shaft and white-metal lined pads. 
A stabilised exciter is direct coupled to the end of 
the rotor shaft, the excitation of the alternator being 
entirely controlled by the field regulator of the exciter. 
The ventilation of the sets is on the closed-circuit 
system, the air being circulated by two half-capacity 
fans mounted inside the foundation block. The 
motors driving the fans, however, are placed in easily 
accessible positions at the sides of the blocks. A 
noteworthy feature of the ventilation system is that 
the exciter, ventilating-fan motors, and main-alternator 
brushgear are completely enclosed, clean air for venti- 
lating them being drawn from the main air circuit and 
returned to it through a filter. 

We recently had an opportunity of inspecting the 


| Dunston sets at the Heaton works, and, in addition, 


saw two 36,000-kw. sets for the Municipal Lighting 
Department of the City of Copenhagen, one of which 
was running on test at the time of our visit. These 
sets also consist of two-cylinder tandem turbines driving 
alternators at 1,500 r.p.m., but, in this case, the low- 
pressure turbines are of the double-flow type, the steam 
from the high-pressure turbine being admitted to the 
centre of the low-pressure turbine and flowing in 
opposite directions to the two exhausts which lead to 
a single condenser. These machines are designed for 
a steam pressure of 350 Ib. per square inch, at a tem- 
perature of 800 deg. F., the vacuum being 29 in. 
Feed heating and make-up evaporation is carried out 
by bled steam, the final feed temperature being 300 deg. 
F. The most economical load, in this case, is 25,000 
kw., and, at the maximum continuous rating, 22 rows 
of blades are by-passed. The alternators of these sets 
are generally similar in design to those of the Dunston 
machines described above, with the exception that 
they are ventilated by fans fitted to the rotors. Current 
is generated at 6,000 volts to 6,500 volts, but the 
complete stator windings have withstood a pressure 
test of 21,000 volts. 

Another set now going through the shops at Heaton 
is an 18,750-kw. tandem turbo-alternator for the Lots- 
road power station of the London Electric Railways. 
It may be of interest to mention that this machine, 
which will run at 2,000 r.p.m., generating current at 
11,000 volts, with a frequency of 33} cycles, is the 
eighth of a series of duplicate sets supplied to the 
Lots-road station to replace the 6,000-kw. units 
installed there many years ago. The steam conditions 
at Lots-road are 275 Ib. per square inch at the stop 
valve, with a total temperature of 750 deg. Fahr, and 
a vacuum of 29 in. We may finally mention a 15,625- 
kw., 12,000-volt set which Messrs. Parsons are con- 
structing for Pretoria. This comprises a single-cylinder 
turbine of the pure reaction type running at 3,000 r.p.m., 
and designed for steam at 340 Ib. per square inch, and 
650 deg. F. temperature, with a vacuum of 29 in. 








72-IN. REVOLVING GAS VALVE. 


Tue fact that valves are required on gas mains of 
72-in. bore is evidence of the remarkable extent to 
which the demand for gas has grown in recent years, 
particularly in the London area. Revolving valves to 
suit this diameter of main have recently been supplied 
to a large London gasworks by Messrs. Westwood and 
Wrights, Limited, Brierley Hill, Staffordshire, and are 
shown in Figs. 1 to 5 on this page. This type is 
probably already known to many of our readers, but 
the example which is illustrated in the annexed figures 
is the largest of its kind hitherto made in Great Britain. 
The main requirements of a large valve passing a flow of 
gas are that the seating faces shall be protected when 
the valve is open, that the valve shall be gas tight, and 
can be closed with little labour. These requirements 
are met by employing a rotating disc having an opening 
in it and provided with a continuous edge, which is 
always in contact with the seat, and by rotating the 
dise by power applied to its periphery, 7.e., where the 
least effort is required in rotating. Both tightness and 
ease in manipulation are assisted by providing the 
seating face with grooves containing oil, while the 
former is ensured by a wedging action which takes 
place at the moment the valve finally closes. 

The external appearance of the valve, the casing of 
which is 9 ft. 5 in. in diameter, is shown in Fig. 1. 
This view, however, whilst illustrating very well the 
ribbing system of the flat surfaces, does not make the 
method of operation so clear as the sections in Figs. 2, 
3 and 4. From these it will be seen that the casing is 
made in halves, vertically, and that the branches for 
connection to the gas main are not concentric with its 
centre. One-half of the casing wall is extended across 
the segment formed by the upper part of the outlet 
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branch, this diaphragm being expanded at its centre into 
a boss carrying the bolt on which the valve disc rotates. 
This half of the casing incorporates the machined 
face forming the valve seat, which consists of a com- 
plete circle intersected by a horizontal bar. A groove 
is cut in the face, which is continued around the bolt 
by a circular groove. The groove is kept full of 
lubricant by a grease gun. The valve disc, as already 
stated, is circular. The peripheral section is uniform, 
but the disc portion proper fills up one-half of the rim 
only, leaving a semicircular opening which forms the 
passage when the valve is open. The rim is provided, 
for rather more than half the periphery, with teeth 
meshing with a hand-operated worm, a detail of which 
is given in Fig. 5. Rotation of the worm, which in 
this large valve can be effected by the efforts of two 
men on the handwheel shown in Fig. 2, closes the valve 
from the open position seen in all the figures to the 
closed position attained after the disc has been turned 
through 180 deg. The valve is kept in contact with 
its seating by a spring on the centre bolt. The bolt 
is protected from the gas by screwed caps, which are 
kept filled with oil by means of the pipe seen to the 
right of Fig. 3. In this figure also are seen projections 
on the left-hand edge of the disc, which engage with 
similar projections on the left-hand half of the casing. 
The engaging surfaces are wedge-shaped, and, as they 
come into contact just at the moment the valve is 
closing, force the disc down tightly on to its seat. The 
position of the valve, i.e., whether open or closed, is 
shown by an easily-read indicator near the operating 
handwheel. This can be identified in Fig. 1. 








CONTRACTS. | 


Messrs. THE D.P. Battery Company, LIMITED, 
Bakewell, Derbyshire, have received an order from 
Messrs. Drake and Gorham, Limited, for a D.P. battery 
consisting of 122 L.S.H. 21-size cells, having a capacity 
of 1,560 ampere-hours, for the Prudential Assurance 
Company, London, to replace a somewhat smaller one 
comprising 55 L.S.H. 35 plate cells which has been in 
use for many years. The firm has also received a repeat 
order for omnibus-lighting batteries for Egypt and an 
order for Kathanode starting and lighting batteries for 
the whole of the rail cars on the new Bermuda Railway. 


Messrs. Tancyes LimitepD, Cornwall Works, Birming- 
ham, have just received the contract for the complete 
sewage and storm-water pumping plant, consisting of 
vertical treble-ram pumps and vertical-spindle centrifu- 
gal pumps, etc., for the Ilford and Barking Borough, 
Ilford, 


Messrs. HerRNy Srwon, Limtrep, Cheadle Heath, 
Stockport, have taken over the business carried on for 
many years by Messrs. Turbine Gears, Limited, Hyde, 
and, in future, the manufacture of double-helical and 
other gears will be undertaken at Messrs. Simon’s works 
at Cheadle Heath, to which the technical and designing 
staffs and also the gear-cutting machinery have been 
transferred from the Hyde works. A new company 
has been formed and the trading activities of the gearing 
section will be carried on as Messrs. Turbine Gears, 
Limited (Subsidiary of Henry Simon (Engineering 
Works), Limited); all communications should be 
addressed to Cheadle Heath, Stockport. 


Messrs, THE D.P. Battery Company, LimitTeb, 
Bakewell, Derbyshire, inform us that Mr. Hamlyn M. 
Drake has been appointed chairman of the Company in 
succession to his father, the late Mr. B. M. Drake. 


Mr. A. W. THompson, who for the past five years has 
been Pacific Coast manager in charge of sales for Messrs. 
Fairbanks, Morse and Company, Wabash-avenue, 
Chicago, U.S.A., has been appointed vice-president of the 
Company, in charge of manufacturing, in succession to 
Mr. Heath. 


Messrs. G. W. B. Evectrric Furnaces, LIMITED, 
Elecfurn Works, North-road, Holloway, London, N.7, 
the proprietors of which are Messrs. Gibbons Brothers, 
Limited, Dudley, and Messrs. Wild-Barfield Electric 
Furnaces, Limited, London, have entered into an arrange- 
ment with Messrs. Demag-Elektrostahl G.m.b.H., 
Diisseldorf, whereby they will have the sole selling rights 
for Demag electric aluminium-melting furnaces in the 
British Isles. These furnaces are at present made up 
to a capacity of about 2 tons and an input of 500 kw. 








COMMERCIAL ConpiITIONS ABROAD.—Three useful 
Memoranda have recently been issued by the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1. 
Two of these are further numbers of the ‘‘ Hints for 
Commercial Visitors ” series, and refer to New Zealand 
and Switzerland, respectively. As was the case with 
previous issues in this series, the two present pamphlets 
contain information regarding travelling routes, transport 
within the country, railway fares, cost of living, hotels, 
regulations applying to travellers, and other subjects of 
interest to commercial visitors. The third Memorandum 
refers to the general conditions governing tenders for 
Government contracts in the Regency of Tunisia. This 
deals with the conditions governing calls for tenders 
issued by the Tunisian Departments of Public Works, 
Finance, Interior, and by the military and naval 
authorities, 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Pigments.—The supply of 140,000 kg. of zine white, 
18,000 kg. of red oxide of iron, and 30,000 kg. of red 
lead, all of high quality. The Roumanian State Rail- 
ways Administration; December 18. (Ref. No. B.X. 
7,193.) 

Bridgework.—The supply and delivery of bridgework 
superstructure for the Umbilo-road Bridge, Durban. 
The South African Railways and Harbours Administra- 
tion, Johannesburg; December 21. (Ref. No. G.X. 
10,921.) 

Mechanical Stokers—A firm at Wellington, New 
Zealand, is desirous of obtaining from the United King- 
dom mechanical stokers for use with boilers for central 
heating. (Ref. No. G.X. 10,928.) 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market remains steady 
and firm. Stocks of Cleveland pig iron have decreased 
to proportions little more than is considered desirable 
for ordinary trading, and as they are still being rather 
substantially drawn upon, early enlargement of produc- 
tion is likely. As yet, however, little movement has 
occurred in the direction of preparation to rekindle idle 
blast-furnaces. Home demand is gradually growing, 
and customers abroad who have been largely using 
Continental products are taking more interest in this 
market. Firms in Scotland are buying a little more 
Cleveland pig. Merchants are managing to dispose of 
more iron, chiefly to Continental customers. Producers 
still reserve to themselves the right to supply direct 
principal home consumers. Fixed minimum market 
rates for Cleveland pig remain: No. 1 grade, 61s. ; 
No. 3 g.m.b., 58s. 6d.; No. 4 foundry, 57s. 6d.; and 
No. 4 forge, 57s. 

Hematite.—The situation as regards East-Coast hema- 
tite pig is little changed, but prices are not definitely 
fixed, and are liable to fluctuation. Second-hands are 
selling to both home and overseas customers, but most 
sales are by manufacturers. Round about 66s. is asked 
for ordinary qualities, and No. 1 hematite is put at 
sixpence above that figure, but buyers claim they can 





place’orders on rather lower terms, 





Foreign Ore.—Little new is ascertainable concerning 
the foreign-ore trade. Consumers are not in the market. 
They have still large stocks, and many deliveries overdue 
against old contracts. In the continued absence of 
business, quotations are quite nominal. Probably 17s. 
c.i.f. Tees would be taken for best rubio. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and difficult to dispose of. Local users have 
their own makes, .and are not compelled to come on 
the market for supplies. Good average qualities are 
offered at 17s. delivered to works in this district. 

Manufactured Iron and Steel.—Values of manufactured 
iron and steel remain steady, and prices of certain semi- 
finished commodities are stiffening. Output of one or 
two descriptions of finished steel is increasing a little 
to meet gradually growing needs, but production of 
several commodities is still much below what could be 
desired. Common iron bars are 10l.; best bars, 
101. -10s.; double best bars, 11/..; treble best bars, 
11l. 10s.; packing (parallel), 8/.; packing (tapered), 
10/7. ; steel billets (soft), 51. 15s. ; steel billets (medium), 
6l. 2s. 6d.; steel billets (hard), 7l. 2s. 6d.; iron and 
steel rivets, 111. 5s.; steel ship plates, 8/. 15s.; steel 


-| angles, 81. 7s, 6d.; steel joists, 8/. 15s.; heavy sections 


of steel rails, 8/. 10s. for parcels of 500 tons and over, 
and 9/. for smaller lots; fish plates, 12/. 10s.; black 
sheets (No. 24 gauge), 8/. 5s.; and galvanised corrugated 
sheets (No. 24 gauge), 91. 10s. 

Scrap.—Demand for scrap continues to increase, and 
prices have further advanced. Borings are 24s.; turn- 
ings, 30s.; light cast iron, 37s. 6d.; heavy cast iron, 
43s. 6d. to 45s.; machinery metal, 46s, 6d.; and heavy 
steel, 40s, to 428, 6d. 


NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

An Important Iron and Steel Merger.—An announce- 
ment of importance to the Cumberland iron and steel 
trade has recently been made. This states that an 
amalgamation has been concluded between Messrs. The 
Millom and Askam Hematite Iron Company, Limited, 
and Messrs. The North Lonsdale Iron and Steel Company, 
Limited. Besides eliminating unnecessary competition 
and effecting material working economies, the merger 
will bring into being a centralised buying and selling 
organisation at the Millom Works under the charge of 
Mr. H. Stewart Craig, Assistant General Manager (Com- 
mercial), and will, it is stated, provide further outlets for 
Cumberland ore. Mr. E. L. Tosh, as Assistant General 
Manager (Works), will devote his full attention to the 
operative side at the various blast-furnace and foundry 
plants. The associated companies will also have the 
complete control of a valuable iron-ore mine in Spain. 

More Useful Contracts for Engineering Firms.— 
Although conditions are still far from normal, a number 
of engineering firms are securing useful contracts follow- 
ing the wave of confidence occasioned by the result of 
the General Election. At Salford, Messrs. The Albion 
Engineering Company, Limited, are engaged on an 
order for the supply of steam fittings for an Australian 
client which will keep 100 men busy for a few months. 
Messrs. Matthews and Yates, Limited, ventilating and 
general engineers, of Swinton, near Manchester, have 
just obtained an order from Messrs. Arcos for industrial 
ovens for Russia at a cost of more than 15,000/.; and 
another important order now on hand at the same 
works is one valued at 12,0001. for equipment for the 
new Ford works at Dagenham. Messrs. Crossley Motors, 
Limited, of Gorton, Manchester, are to supply a further 
five double-decked oil-engined motor omnibuses to the 
Bury Corporation, and other motor manufacturers are 
well placed. Messrs. Edward Wood and Company, 
Limited, of the Ocean Ironworks, Trafford Park, Man- 
chester, are supplying steelwork for film-studio and _rail- 
way purposes, and have been instructed by the G.W.R. 
to deliver materials for new goods warehouses at Lambeth 
in the last few days. Messrs. A. Robinson and Com- 
pany, Limited, of Bootle, have strengthened their order 
book with a contract for the engine, stokehold and 
evolution telegraphs for a new flotilla leader being built 
at Scotstoun, Glasgow. Electrical-plant manufacturers 
continue busy. Messrs. The Lancashire Dynamo and 
Motor Company, Limited, of Trafford Park, Manchester, 
are carrying out a 20,0001. contract for motors for the 
new Barking power station, and report considerable 
improvement in conditions in the last few weeks; and 
Messrs. Ferranti, Limited, of Hollinwood, have recently 
erected a new foundry and carried out works extensions 
to cope with business. At Hyde, Messrs. Joseph Adam- 
son and Company, Limited, have been entrusted with 
the supply of boiler parts and steel presswork for Russia, 
which will keep the works busy for four months. 

Large Electrically-Operated Blast Furnace.—At the end 
of this month, Messrs. The United Steel Companies, 
Limited, will put into operation at Workington the 
largest electrically and mechanically charged blast 
furnace in the north. It has a productive capacity of 
4,200 tons of pig iron per week. Messrs. The Millom 
and Askam Hematite Iron Company, Limited, are also 
erecting a new furnace. 














NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The Government’s proposals for 
restricting the dumping of foreign manufactured goods 
into this country has had a stimulating effect on several 
sections of the local steel and engineering trades. Few 
districts have suffered more severely than Sheffield 
from foreign dumping, and though no immediate benefit 
is looked for from the Government’s action, a substantial 
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expansion in the home demand is ultimately anticipated. 
During the slack times which have been experienced, 
many concerns have modernised plant and equipped 
themselves with new machinery and labour-saving 
devices. One local firm, which at one time specialised in 
the manufacture of billets and railway rolling-stock, is 
developing new lines of manufacture, comprising small 
stainless-steel forgings, stainless rolled sheets, and 
machined products for general engineering purposes. 
Progress in the raw and semi-finished steel trades is of 
an exceptionally slow character. One or two extra 
furnaces have been gassed, but a large area of plant 
continues idle. There has been a slightly increased 
demand for acid steel, but makers are suffering acutel 
from the scarcity of railway rolling-stock orders. With 
shipyards promising to become more active, the outlook 
for local makers of ship steel and marine forgings and 
castings is brighter than for some time past. The 
increased use of mechanical appliances and machinery 
in coal mines is resulting in inquiries for heading, coal 
cutting, and loading equipment. In addition, conveyors, 
compressors, and tools, used in quarrying and excavating 
work, are in better demand. Automobile steel and 
fittings, electrical equipment, and stainless and rustless 
materials are all good selling lines. A decline has been 
experienced in the call for agricultural machinery and 
implements, but a fair standard of activity is being 
maintained by producers of stove grates, and domestic 
ironmongery. The tool trades still rank as one of the 
depressed sections. Files, rasps, saws, and plantation 
tools are unsatisfactory. Good business continues to 
be done in twist drills, milling cutters, hacksaws and 
blades, and tool steel. 


South Yorkshire Coal Trade.—The coal trade generally 
has @ more promising appearance. Both the home and 
export demand for the majority of fuels is of a steady 
character, though weakness is manifest in some direc- 
tions. The call for industrial fuel is still on the slow 
side, but inquiries for smalls are more numerous. The 
house coal market is suffering as a result of the milder 
weather, and the gross demand is below normal. Increased 
business is being done with the Yorkshire and Lancashire 
textile districts in certain classes of fuel. Electricity 
undertakings are also better customers. Both foundry 
and blast-furnace cokes are being disposed of in bigger 
quantities: central-heating varieties are also in better 
demand. Gas coke is firm. Quotations: Best branch 
hand picked, 26s, 6d. to 27s.; Derbyshire best brights, 
21s. to 22s.; Derbyshire best house, 22s. to 22s. 6d. ; 
screened house coal, 19s. to 20s.; screened house nuts, 
18s. to 198.; Yorkshire hards, 17s. to 18s. 6d. ; Derby- 
shire hards, 17s. to 18s. 6d.; rough slacks, 9s. 6d. to 
10s. 6d. ; nutty slacks, 7s, 6d. to 8s, 6d. ; smalls, 5s. 6d. 
to 68. 6d. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Some 10,000 Welsh colliery workers 
may be idle in the next few weeks. This will be on account 
of the annual effort of the South Wales Miners’ Federation 
to secure a 100 per cent. membership. Various lodges 
in the coalfield have applied to the Federation for per- 
mission to give 14 days’ notice to the employers in order 
to compel non-unionists to join the Union. The 
employers are, however, not perturbed, for it will pro- 
bably mean sectional stoppages of brief duration, and as 
stocks of coal are plentiful there is no likelihood of a 
shortage, though ships taking particular brands might 
be delayed unless substitute coals are accepted. Mean- 
while, the general condition of the export trade is unsatis- 
factory. There are, however, strong hopes that the action 
of the Government in giving the Board of Trade powers 
to impose duties up to 100 per cent. on dumped manu- 
factures will lead to such a revival in home industry, 
that the requirements of the works and railways will 
improve the demand for coal to such an extent, as will 
make regular working in the pits more possible. At 
present, collieries are compelled to rely on old commit- 
ments for clearances of wagons, and as the export require- 
ments are insufficient to secure an adequate return of 
empties to the pits, temporary stoppages are inevitable. 
The action of France in raising the import duty on British 
coal, from 24 per cent. to 15 per cent., in order to protect 
the French colliery owners and French industries from 
the reduced price of British coal consequent on the lower 
value of the pound, has caused exporters concern, though 
it is recognised that supplies of coal to France from this 
country have already been drastically limited by the 
system of licensing imports. 

Iron and Steel Imports.—Large quantities of foreign 
iron and steel continue to find their way into South 
Wales, arrivals having been accelerated by the expecta- 
tions of the imposition of heavy import duties. Imports 
in the past week totalled 27,000 tons, compared with 
21,000 tons in the preceding six days, and 38,000 tons a 
fortnight ago. Arrivals into Newport were raised, from 
9,600 tons to 12,900 tons, into Cardiff, from 1,400 tons 
to 3,800 tons, and into Llanelly, from 2,000 tons to 5,000 
tons. 

Pilotage Charges.—The Cardiff Channel pilots have 
intimated to the Cardiff Pilotage Authority that they 
cannot agree to the suggestion of the Cardiff and Bristol 
Channel Shipowners’ Association that the pilotage charges, 
which are.70 per cent, above pre-war figures, should be 
reduced by 20 per cent., as their earnings have already 
been lowered by the smaller volume of tonnage using the 
ape They suggested that economies could be effected 

y amalgamating the Cardiff and Barry pilotage services, 
and the suggestion was unanimously approved by the 
Cardiff Pilotage Authority and will be communicated 
to the Board of Trade and the Chamber of Shipping 
of the United Kingdom. It is, however, expected that 
the Barry pilots will oppose the suggested amalgamation. 





NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Sixth Report of the 
Marine Oil-Engine Trials Committee, by Eng.-Vice- 
Admiral Sir G. G. Goodwin. Graduates’ Section, London : 
Monday, November 23, 6.45 p.m., Joint Meeting with 
Institution of Civil Engineers. Students’ Section. 
“Mechanical Selection of Rigid Frames,” by Mr. L. A. 
Beaufoy. Friday, November 27, 7 p.m., Informal 
Meeting. Discussion on ‘‘ Wire Ropes, Their Selection 
and Use,” by Dr. W. A. Scoble. 


Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
.m., 39, Victoria-street, S.W.1, ‘‘ Modern Pressed 
rick Manufacture,” by Mr. H. G. Brown. Friday, 
November 27, 7.30 p.m., “ Progress in the Design and 
Construction of Static Transformers,” by Mr. D. W. 
McJannet. 


Roya Instrrution.—To-night, 9 p.m., Albemarle- 
street, W.1, ‘‘ Oil and Petrol from Coal,” by Dr. C. H. 
Lander. Friday, November 27, 9 p.m., ‘‘ Work of Sir 
Charles Parsons,” by Sir A. Ewing. 


INsTITUTE OF British FOUNDRYMEN.—Wales and 
Monmouth Branch : Saturday, November 21, 6.30 p.m., 
University College, Cardiff. ‘‘ The Microscope in Metal- 
lurgy,”’ by Professor A. A. Read. Lancashire Branch, 
Junior Section: Saturday, November: 21, 7 p.m., 
College of Technology, Sackville-street, Manchester. 
**Non-Ferrous Founding,” by Mr. A. Hopwood. New- 
castle-on-Tyne and District Branch: Tuesday, Novem- 
ber 24, 6.15 p.m., Neville Hall, Newcastle-on-Tyne. 
Discussion on ‘* Coke for Foundry Purposes,” by Mr. E. M. 
Myers. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 23, 7 p.m., Victoria-embankment, W.C.2, 
Informal Meeting. Discussion on “* The Electrical Heating 
of Buildings,”’ by Mr. R. Grierson. South Midland Centre : 
Monday, November 23, 7 p.m., The University, Edmund- 
street, Birmingham. ‘*Coil Ignition Systems,” by 
Mr. E. A. Watson. North-Eastern Centre: Monday 
November 23, 7 p.m., Armstrong College, Newcastle-on- 
Tyne. ‘The Design of a Distribution System in a 
Rural Area,” by Mr. E. W. Dickinson and Mr. H. W. 
Grimmitt, and at North-Western Centre: Tuesday, 
November 24, 7 p.m., Engineers’ Club, Albert-square, 
Manchester. North Midland Centre: Tuesday, Novem- 
ber 24, 7 p.m., Hotel Metropole, Leeds. ‘‘ Recent Pro- 
gress in Large Transformers,” by Mr. R. M. Charley. 
South Midland Students’ Section : Tuesday, November 24, 
7 p.m., The University, Edmund-street, Birmingham. 
“Operation and Maintenance of Marine Electrical 
Machinery,” by Mr. D. M. Cathcart. 


Royat Society or Arts.—Monday, November 23, 
8 p.m., John-street, Adelphi, W.C.2, Howard Lecture. 
** Diesel Engines ’’ (Lecture 1), by Mr. H. R. Ricardo. 


DigseL Enotve USERS’ AssociaTion.—Tuesday, 
November 24, 3.30 p.m., Caxton Hall, Westminster, 
.W.1, ‘‘ Diesel Engines for Overseas Work,” by Mr. 
H. V. Stead. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 24, 6 p.m., 85, The Minories, E.C.3, ‘‘ The Work of 
Akroyd Stuart and the Development of the Oil Engine 
in which it is Carried On,’”’ by Mr. A. E. L. Chorlton. 


INSTITUTION OF CIviL ENGINEERS.—Tuesday, Novem- 
ber 24, 6 p.m., Great George-street, S.W.1. Resumed 
Discussion on ‘‘ The Treatment of Sewage Sludge by 
Bacterial Digestion,” by Mr. H. C. Whitehead and | 
Mr. F. R. O’Shaughnessy. Manchester and District 
Association: Wednesday, November 25, 6.45 p.m., 
Manchester Literary and Philosophical Society, 36, 
George-street, Manchester, “ Heat and Sound Insulation 
of Buildings,” by Col. A. G. Birch. Yorkshire Associa- 
tion: Wednesday, November 25, 7.30 p.m., The Univer- 
sity, Sheffield, ‘Some Fundamental Experiments and 
the Use of Models in Structural Design,” by Professor 
F. C. Lea. 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
November 24, 7.30 p.m., 198, West-street, Sheffield, 
““ Works Progress,” by Mr. H. T. Hildage. 


NEwcoMEN Socrety.—Wednesday, November 25, 
5.30 p.m., Chartered Institute of Patent Agents, 1, Staple 
Inn-buildings, W.C.2, Annual General Meeting. ‘“‘ Men 
of Straw: An Account of Surviving Straw Handicraft,” 
by Mr. T. B. Hennell. 


Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Graduate Section : Wednesday, Novem- 
ber 25, 7.15 p.m., Mining Institute, Newcastle-on-Tyne. 
Address by Mr. A. Watson. Tees-Side Branch Graduate 
Section : Thursday, November 26, 7.30 p.m., Cleveland 
Scientific and Technical Institute, Middlesbrough. 
‘**Internal-Combustion Engines,’ by. Mr. F. Whitfield. 
Newcastle-on-Tyne: Friday, November 27, 6 p.m., 
Mining Institute, Newcastle-on-Tyne. ‘‘ Some Measure- 
ments of Ship Vibration,”’ by Dr. F. H. Todd. 


InsTITUTE oF Puysics.—Thursday, November 26, 
5 p.m., Royal Institution, Albemarle-street, W.1. 
Lecture on Physics in Industry. ‘“ Physics in Sound 
Recording,”’ by Mr. A. Whitaker. 


InstiTUTION OF LocomoTivE ENGINEERS.—Thursday, 
November 26, 6 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1, ‘A New Automatic Train Control 
System,” by Mr. A. E. Hudd. ° 

INSTITUTION OF StRUCTURAL ENGINEERS.—Thursday, 


November 26, 6.30 p.m., 10, Upper Belgrave-street, 
W.1, “The Employment of Structural Engineers as 





Specialists,” by Mr, W, T, Creswell, 


InstrroTeE or MeErats.—Birmingham Local Section: 
Thursday, November 26, 7 p.m., Chamber of Commerce, 
New-street, Birmingham. “The Casting of Tough 
Pitch Copper,”’ by Mr. W. F. Brazener. 

Roya Sanrrary Instrrute.—Friday, November 27, 
3 p.m., Town Hall, Sheffield. ‘‘ Regional Smoke Abate- 
ment,” by Mr. W. Ashbury and Mr. J. Law. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
November 27, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ The Diesel Engine in Traction Work,” 
by Mr. E. P. Paxman. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—While there is a better feeling in 
Scottish steel trade circles at the moment, fresh business 
is still very slow in coming in. Specifications for plates 
and sections are likely to improve slightly, but little 
extra plant will require to be put into commission to 
meet any of the demands following the shipbuilding 
contracts recently reported. The proposed legislation 
of the Government to meet excessive dumping of foreign 
material under Class 3 has been welcomed in many 
quarters, but for the present the market does not know 
what material is to be subject to duty. Raw material 
to one industry is manufactured to another, and so 
uncertainty will prevail until details are forthcoming. 
In the black steel sheet trade, the lighter gauges are the 
subject of a fairly good demand, and some makers have 
well filled order books, but the heavier gauges are moving 
very slowly. For galvanised sheets, the demand is fair. 
The following are the current market quotations :— 
Boiler plates, 97. per ton; ship plates, 8/. 15s. per ton ; 
sections, 8/. 7s. 6d. per ton; black steel sheets, 4-in., 
71. 10s. per ton ; and galvanised corrugated sheets (No. 24 
gauge), 10/7. 10s. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—No change has taken place in 
the malleable-iron trade of the West of Scotland over the 
week, and makers generally are badly in need of orders. 
The re-rollers of steel bars again report difficult condi- 
tions. Prices current are as follows :—‘‘ Crown ”’ bars, 
107. 5s. per ton for home delivery, and 9/. 10s. per ton 
for export; and re-rolled steel bars, 61. 5s. to 61. 2s, 6d. 
per ton for home delivery or export. 

Scottish Pig-Iron Trade.—Dullness continues in the 
Scottish pig-iron trade and sales are small with little 
prospect of any revival in demand in the meantime. 
The number of furnaces in blast is still three, but as 
stocks of certain brands are getting low, it is understood 
that another two furnaces will shortly be relighted by 
Messrs. William Baird and Company, Limited, at Gart- 
sherrie. One of these furnaces will operate on hematite 
and the other on foundry iron. The following are to- 
day’s market quotations :—Hematite, 68s. 6d. per ton, 
delivered at the steel works; foundry iron, No. 1, 72s. 
per ton, and No. 3, 69s. 6d. per ton, both on trucks at 
makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, November 14, only amounted to 225 tons. 
Of that total, 155 tons went overseas and 70 tons coast- 
wise. During the corresponding week of last year, the 
figures were 463 tons overseas and 22 tons coastwise, 
making a total shipment of 485 tons. 


Steam ENGINE witH Lone Service REcorD.—Messrs. 
Marshall, Sons and Company, Limited, Britannia Iron 
Works, Gainsborough, inform us that a recent inquiry 
from Rangoon for a spare component part, has revealed 
the fact that a Marshall 8-n.h.p. portable steam engine 
supplied by them in 1879 is still in service. This is an 
excellent tribute to the quality of the workmanship and 
also of the materials employed in the construction of the 
engine. 





SurpwREck Sratistics.—Wreck returns for the quarter 
ending June 30, 1931, recently issued by Lloyd’s Register 
show that 35 steamers and motorships, aggregating 47,749 
tons, and five sailing ships, representing 2,629 tons, were 
totally lost or condemned in consequence of casualty or 
stress of weather. Six of the steamers, making together 
6,539 tons, but none of the sailing ships, were British. 
Ships otherwise broken up or condemned totalled 89. 
making, together, 337,784 tons. Of the 85 steamers 
and motorships involved, 20, aggregating 80,893 tons, 
flew the British flag, while the four sailing ships concerned, 
the total tonnage of which was 6,176, were all foreign. 





Tue INSTITUTION OF AUTOMOBILE ENGINEERS.—The 
twelfth annual dinner of the Institution of Automobile 
Engineers was held on Thursday, November 12, the 
President, Mr. W. A. Tookey occupying the chair. The 
Institution has now a total of 2,325 members, in spite 
of the fact that the conditions of entry have been made, 
of late, considerably more strict. A notable advance has 
been made in its taking over, as a central body, the wide 
range of research work formerly carried out by individual 
firms. Effective co-operation from firms represented by 
the members is hoped for. The toast list at the dinner 
was short, as a social function was arranged to follow 
it. Lieut.-Colonel E. Kitson Clark, President of the 
Institution of Mechanical Engineers, proposed the 
toast of ‘‘ The Institution of Automobile Engineers.” 
This was responded to by Mr. W. A. Tookey, who, 
immediately after his acknowledgment, proposed the 
health of “The Guests,” Sir Cyril Kirkpatrick, Presi- 
dent of the Institution of Civil Engineers, and also 
Miss V. Holmes, President of the Women’s Engineering 
Society, replied to this toast. The whole function was 
pao pong informal, and the Institution may be congratu- 
ated on its success, 
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evident, too, that, with trade revived, whatever 


CONTENTS. 

Page | tends to enable works to secure a larger share of 

Public Works, Roads and Transport Exhibition the business going, will in the long cies lead to 
CF 1 A) Saino PORE > RES Renata ER Pee 627 | 8n increased consumption of fuel. Considerations 
Hydro-Electric Power in Ontario ............00.0... 63] suchas these are certainly not absent from the minds 
The Clarence Dock Power Station of the Liv erpool of either coal producers or coal users, and in many 
Crormmcnirm Gh CEG nna c screens csisapinerteaeseoasortcovease 632 | directions they are making co-operative investiga- 
The Institution of Gas Engineers sidineGernacenevasciececds, GRE naan ri ways by which more efficient use may be 
Labour Notes ddediscitsaeess seeeeeeseeeseess petsaes weesensencesen sens see 637 made of coal. The most outstanding investiga- 
a -Operated Circular Shaping Machine a tion of the sort, indeed, is probably the work donc 
PA os EE Se ROR EE AOI aw by Messrs. Imperial Chemical Industries, Limited, 
SOR CLC i CRTOM Me occas cca encod sees enacaccncuiees _.. 638 0 Its own account on the hydrogenation of coal. 
72-in. Revolving Gas Valve (Jllus.)......0.00.0.0.0........... 639 | This is a remarkable example of British enter- 
Contract ..........cccccccecessseseesssssseesessetsssssesesssssssssvess, 640} prise, and at an opportune time may have a pro- 
Persomal ............00.c0c cece ceteesteettetestetsssssstssesee, 640 found economical effect. Some other inquiries are 
Tenders oe..eececccecceetietitesesnsee, 640) not so far forward, and notably the questions relat- 
TRO Ne RGCOR VO onic cisscctsecenstscxicees . 640 ing to the production of coke in coke ovens, which 
Notes ee C = isi the Northern Counties... 640 require for their solution a prolonged series of full- 
Notes from South Yorkshire... 640  S€ale experiments, and appear still to be waiting the 
Notes from the South-West... 64] | &ttack that they have long been known to require. 
Notices of Meetings ........000.. cccccsecssscseeseeeeeeeee, O41 The paramount need for economy in all directions 
Notes from the North real cscevsstessssssessssssevees.. 641 | 18 now recognised generally by all responsible people, 
Industrial Coal ....... Boe Merete te ceren: ioe ee 643 | but it is to be hoped that the measures by which 
The Suez Canal Dues _.......... vests 644 effect will be given to it will not regard as economy 
Institution of Mechanical Engineers ; - Canadian | the imprudent extravagance of neglecting the means 
4 Meeting recs meamennirtsrcsneasracerns wirkrm cater nes as 644 of improving the efficiency of production. In large 
The Combustion of Gases... - 645 | undertakings the cost of insurance is a substantial 


The Centenary Meeting of the British Association 645. ‘ 
The Commercial Vehicle Exhibition at Olympia item, but sound finance would not attempt to remedy 
(Illus.) . 646 an unfavourable position by reducing insurance 
below what would give adequate cover. 


Workmen’s ‘Compensation i in Latin-South America 649 
The Quadruple-Screw Turbo-Electrie Liner It is significant of the general importance that is 


** Monarch of Bermuda ™ (Illus.) ........................ 650 being attached in the fuel industry to co-operative 
a “" Mr. “ bag ag hin pe | measures that, within a fortnight of the paper by 
ee en Ormandy,to which we drew attention in our issue 


Boiler-Washing Plant at the Stratford Locomotive 
Sheds (Illus.) 


PRES ROG 6 
Mercury-Jet C ommutation (Illus. ). a 654 * 
High-Speed Engine with Separate Steam and sion of fuel questions at its meeting on the 20th of 


Exhaust Wallves (2Ubt6a:) i. -cc sc. ccc-scsssssens , 656 that month, when Mr. B. Pochobradsky read a paper 
Four One-Page Plates—THE PU BLIC WORKS, on selected problems relative to the coal industry. 


ROADS AND TRANSPORT EXHIBITION. | This paper, though confined almost entirely to coal, 
was in more general terms than that of Dr. Ormandy. 


It gave particular attention to discussing the degree 
E N GI N E E RI N G of efficiency with which the completely organised coal] 
and allied industries could meet the entire national 

‘demand for fuel by discontinuing the use of raw coal, 

FRIDAY, NOVEMBER 20, 1931. and supplving only coke, gas, and oil. It is doubt- 
ee. less interesting to consider so great a problem with 

the object of assigning limits within which it could 
Vou. CREAM. No. 3436. he abd but it may be questioned whether at the 
= —= present time such a solution can be regarded as a 
sufficiently practicable measure to be worth the 
INDUSTRIAL COAL. earnest consideration, without which it could not 

Tue relation of supplier and customer between , possibly be attempted, but which seems to be 
two industries is a convenient division of labour. necessary for purposes of immediate practical in- 
It enables each of the parties to attend to its own terest. An essential part of the programme would 
side of the productive business, with which it is be not only the co-ordination of the operations of gas 
the more competent to deal, and in ordinary circum- Works and coke ovens, but also the substitution of 
stances some of the benefits of the arrangement low-temperature for high-temperature carbonisation 
would be lost, and a situation of some delicacy throughout the entire gas industry. A number of 
created, if one party interested itself too intimately | Systems of low-temperature carbonisation have 
in the wav the other did its work. It must be passed satisfactorily through their laboratory and 
admitted, however—and nowadays the admission semi-technical stages, and are being tried out in 
is becoming constantly easier and more general— | Telatively small commercial plants in various parts 
that the relation between industrial customer and Of the country. In some instances they are giving 
supplier is something more than exists between the encouraging results, and demonstrating that in the 
parties to domestic business. Assuming that the conditions in which they are being worked they are 
commodity dealt in is of substantial importance to | Successful, technically and economically. At the 
the business of both parties, each of them may have | Same time no sufficient data have been obtained to 
a real interest in the way the other does its business, Justify the extension of these favourable results to a 
and in difficult times, when remedies are being:' conclusion that they would be equally good, or even 
sought for depressed or disappearing trade, both of economically practicable, if they were conducted on 
them may come to realise that part of the desired the enormously increased scale here proposed. Tc 
remedies may lie in modifications that might be made | take one of a number of equally important problems, 
in each other's practice. Of no classes of industry @ny such organisation as is suggested would certainly 
is this more true than it is of the production of coal , call for the interchange of gas between different 
and the industries which depend on it. To the ' works, which would be wholly impracticable until 
metallurgical industries, and in particular to those it had been decided what quality of gas was to be 
devoted to the production of iron and steel, not only produced, by what process it should be made, and 


of the 9th of October (page 468 ante), the Institute of 
Fuel should have considered another over-all discus- 
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‘quality, and perhaps still more the uniformity of its 


is the price of coal an essential factor, but also its 0M what supplies of coal the uniformity of the quality 
could be assured. + For the time being, so comprehen- 
sive a proposal can hardly be regarded as more than, 


deliveries. The colliery has a similar interest in |‘ : 
if the expression may be allowed, an asymptotic 


the efficiency with which the works uses its coal, for 
although, as statistics of recent years have shown, | 8peculation, and its discussion seems unlikely to 
a marked increase in the efficiency with which fuel | contribute to arriving at the practical measures 
is used may in dull times lead to an actual reduction | which the circumstances of the time require. 

of the quantity consumed, it is reasonably probable | While, however, the material seems lacking on 
that the reduction would have been greater still if, | which such a proposal might be considered, even if 
by helping to keep up costs, the inefficient use of fuel | times were opportune for it, several points emerge 
led to loss of orders. By similar reasoning it is from Mr. Pochobradsky’s discussion of the question, 
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on which he laid timely emphasis. In the first 
instance, he stressed the great importance of load 
factor. This certainly is no new consideration, 
but, as applied to the operations of coal users, 
it can hardly be repeated too often. Among the 
considerations upon which he insisted was the 
fact that the successful introduction of new plant, 
with the object of more efficient production, depends 
essentially upon whether or not the use to which 
it can be put will be sufficient to offset the 
cost of its interest, depreciation and upkeep. The 
question raises, in another form, the intimate 
connection that must exist between the producing 
and the selling parts of an organisation. It can 
be discussed only upon assumed figures, and the 
effect of a favourable load factor is sufficiently well 
known. It may be questioned, however, whether 
its relative importance to the prosperity of a pro- 
ducing enterprise is recognised in practice as fully 
as it should be, and its consideration raises once 
again the question of how much further co-opera- 
tion between existing producers might be carried 
with advantage to all of them. 

Another point, which is well taken in this paper, 
but sometimes seems to be missed, is that in com- 
paring the wages paid by the same industries in 
different countries, account must be taken of 
something more than their exchange value. <A 
comparison, even on this basis, shows that, while 
the wages paid in this country are higher than those 
paid in the same industries in many others, there 
are several, such as the United States and Canada, 
which pay higher wages still. It is pointed out, 
however, that for an effective comparison it is 
necessary to take account also of the purchasing 
power of money in the respective countries, on 
which basis it is said that the wages paid in Czecho- 
Slovakia are equal to those paid in this country, 
though they are lower in money. Even this 
correction, however, is not sufficient to give an 
accurate basis of comparison of the true levels of 
payment, unless account is also taken of what Mr. 
Pochobradsky calls the domestic efficiency with 
which the wages are spent and the products bought 
with them are utilised. No one wants to see the 
standard of living of any class of the population 
reduced, or wages lowered in any industry, unless 
the alternative to such reduction is to lose part of 
the trade on which the employment of the wage- 
earners depends. In some industries, however, 
engaged in the export trade, this disagreeable 
alternative may be unavoidable, and it is sound 
and opportune advice to urge that as a whole, 
British domestic efficiency is notoriously lower 
than that of at least some other countries. One 
result is that the wage-earner places it beyond his 
power to work for lower wages without reducing 
his standard of living, if it should be necessary to 
Jower his wages in order to preserve the business by 
which he lives. This inefficient housekeeping has, 
moreover, the more general consequence of prevent- 
ing wage-earners from improving their standard of 
living for themselves without waiting for a rise of 
wages. At first sight, the question seems to have 
little or nothing to do with industry, but Mr. 
Pochobradsky is on sure ground when he points 
out that it has an essential bearing on it. 

Apart, however, from wage-earners, it may also 
be pointed out that, in this country, a precisely 
similar group of factors is handicapping the 
industries themselves. In common with their 
competitors in other countries, they have to pay 
both their assessed share of the national and local 
housekeeping, and the charges made by the indis- 
pensable sheltered industries, both of which are 
beyond their control. The earnings of the industries 
supply the means out of which the nation lives, 
and a policy by which their costs of production are 
raised, through excessive contributions to the 
national overhead charges and excessive tolls to 
the sheltered industries, must be considered as 
national domestic inefficiency, reducing industrial 
competitive power in a manner closely analogous 
to that in which the ability of wage-earners to live 
comfortably on their money wages is reduced by 
domestic inefficiency, properly so called. Any well- 
ordered State will want to keep the burden of taxa- 
tion as low as possible on all classes of the community, 
and to that end it has a special interest in seeing 





that an excessive share of it does not fall on the 
industries that earn wages and capital, and reduce 
their ability to do so. It has no less interest in 
preventing the charges of the sheltered industries, 
including the wages paid in them as compared with 
those of other industries, from being dispropor- 
tionately high. Excess through either cause 
reduces national earning power, and among the 
questions to be considered, in the interest of the 
entire community no less than in that of individual 
industries, is what can be done to relieve the indus- 
tries of burdens which prevent them from doing 
what they otherwise might to improve the national 
turnover. 


THE SUEZ CANAL DUES. 


THE agitation for a reduction of the dues charged 
by the Suez Canal Company, which occupied so 
much attention during the early part of this year, 
and was dealt with in these columns on April 10 
and May 15, has finally been successful, and the 
Liverpool Steamship Owners’ Association, which 
took such a prominent part in the matter may be 
congratulated on the outcome. The decision which 
has been arrived at to reduce the rates by 10 per 
cent. will be particularly gratifying to shipowners 
of this and other countries which are not now on 
the gold standard, on account of the Canal Company’s 
previous announcement that payments would only 
be accepted at their real value in gold francs. The 
criticism which was levelled at the Company on 
account of the fact that it was collecting its dues in 
gold, and paying its employees in Egyptian paper 
money has been met by an increase in pay amount- 
ing to 25 per cent. 

It remains only briefly to discuss the reasons 
which have led to this long delayed reform being 
effected, and the causes that have led up to it. In 
May last, we pointed out that Lord Inchcape, in 
replying to the Liverpool] Steamship Owners’ Associa- 
tion, on behalf of the British directors of the Canal 
Company, really went a long way to justify the 
criticisms which had been made, when he adduced, 
as an argument for the retention of the high rate 
of duty, the fact that ‘‘ the dividend for 1930 will 
have to be slightly reduced from that paid in 1929.” 
This was an evasive reply to shipowners suffering 
from conditions ranging from a complete loss of 
trade to very serious reductions in earning power. 
It has been said, on behalf of the proprietors, that 
very large savings have accrued to the shipowners 
on account of the reductions in dues which have been 
made from time to time, amounting in the aggregate 
to 60 million pounds since 1883, a sum approximately 
the same as the increase in dividends paid to the 
shareholders. The same is also more or less true 
since 1920, although in the latter. instance the 
proportion has been much more favourable to 
the company, while the world wide slackness in 
trade has, of course, caused a reduction in traffic 
receipts. 

In the earlier part of the year, the requests which 
had been made regarding the reduction in rates 
were very decisively rejected, the Canal authorities 
holding the view that any savings which could be 
effected on this account would be negligible, despite 
the fact that the Lancashire cotton trade, for 
instance with the East and Far East, is worked on 
very small margins, and that comparatively small 
reductions in costs are sufficient to turn the tide 
of trade in favour of European against Asiatic 
manufacturers. As late as June last, the chairman, 
the Marquis de Vogue, at the annual meeting of the 
proprietors, stated that a reduction in tariffs, 
while imposing an important sacrifice upon the 
Company, “would certainly find no appreciable 
compensation in a corresponding development in 
traffic.” Since that time, however, the pressure 
of events has caused the Canal Board to change its 
views, and the weighty arguments in favour of a 
reduction in rates, which were previously disre- 
garded, have now been forced upon the serious 
attention of the proprietors. It is understood 
that a friendly meeting took place in’ Paris between 
representatives of the Liverpool Steamship Owners’ 
Association and the Suez Canal Company, when the 
outstanding difficulties between the two bodies were 
discussed and settled, the principal outcome being 
the reduction in rates, 











INSTITUTION OF MECHANICAL 
ENGINEERS ; CANADIAN MEETING. 

As announcements in the Journal of the Institu- 
tion of Mechanical Engineers are frequently over- 
looked by members, we would draw particular 
attention to one in the November issue, relating to 
the proposed visit next year to Canada. This 
notice, although condensed almost into a list of names 
of places, gives some idea of what visitors taking 
part in the trip will be able to enjoy. It is proposed 
to make Toronto the centre for the meeting, while 
the tour will include Montreal, Niagara Falls, 
Oshawa, Ottawa, Quebec, Hamilton, St. Catherines, 
Sault Ste. Marie, and Saguenay. Until further 
details and dates are announced, promised now for 
the December issue, it is not possible for us to state 
what members will actually see at the various 
centres named, but it may be interesting to some, 
and even act as an incentive to them to join the 
trip, if we give some idea of the opportunities 
that may present themselves, though whether 
actually included in the programme must remain 
to be seen. 

Starting with Quebec, the chief interest here is 
historical and though not strictly appealing to the 
engineer, except possibly so far as the port equip- 
ment and some other developments are concerned, 
certainly the city deserves the attention of all 
British visitors to Canada. The city of Montreal is 
the largest port of Canada and the main trans- 
shipment point for the vast grain trade of the 
interior. Mechanical appliances of a kind special 
to this work have reached their highest development 
at this port. In addition, there are works such as 
those of the Canadian Pacific and Canadian National 
Railways, and others, such as the Dominion Bridge 
Company, full of interest, At Toronto, presumably, 
meetings will be held. If the time coincides, members 
will have the opportunity of visiting the National 
Exhibition, a yearly event of quite an unique 
kind, from which much may be learnt of the customs 
and trade requirements of the Dominion. This is a 
most instructive exhibition, and is well patronised 
by business people. Ottawa is the seat of the 
Dominion Government. Here, it should be possible 
to see hydro-electric developments, pulp mills and 
paper manufacture, and, as at Montreal, something 
of the Canal system of the country. At Niagara, 
in addition to the Falls, doubtless visits will be 
paid to the moreimportant of the generating stations. 
Among these will undoubtedly, be the great Queen- 
ston plant, the largest in existence, in which the 
last unit has only lately been installed, and possibly 
the large American station of the Niagara Power 
Company, across the river. Hamilton is a manu- 
facturing centre, possessing a variety of works 
covering all kinds of engineering. 

St. Catherines is the headquarters of the recent 
Welland Canal reconstruction, and members will 
assuredly be given a cordial welcome to see all there 
is to be seen on this great State enterprise. Possibly, 
it will be too early to see the grain boats passing 
through the canal at the height of traffic, but even 
so, visitors will, we feel sure, be impressed by the 
magnitude of this work, which is in the front rank 
as an engineering accomplishment. At Sault Ste. 
Marie, it will also be possible to see more of this 
traffic. The locks here pass more tonnage than any 
other system in the world, exceeding the combined 
tonnage of the Suez, Panama and Manchester Ship 
Canals. Here also may be seen steelworks, hydro- 
electric works and so on. At other places, within 
reach of such a tour are many of the largest and 
latest hydro-electric developments, pulp mills, 
mining areas and other points of interest. Among 
bridges, the famed Quebec bridge will be within 
reach, and the new South Shore Bridge, Montreal, 
as well as the historic Victoria bridge, originally 
designed by Stephenson, also at the latter city. 
Engineering colleges of note will also be worth 
inspection at Toronto, Montreal, &c. 

We do not know whether the above are proba- 
bilities or merely possibilities, but we hope the 
list will show that the tour could be filled with 
interest, either with the party, or leaving it here 
and there to presecute some special personal object. 
We trust that, as the’political atmosphere is clear- 
ing to some extent, members who may have been 
holding back on account of the previous prevailing 
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uncertainty, will now decide to support the Institu- 
tion’s venture. We have just shown at an election 
that we can put the affairs of our nation and Empire 
before all others in politics. Let us take advantage 
of the feeling thus engendered, and help to cement 
friendships in the Dominion which will make it 
easier to face these difficult days together. 








THE COMBUSTION OF GASES. 


A coursE of two lectures on “The Combustion 
of Gases in Electric Discharges ’’ was delivered at 
the Royal Institution by Prof. G. I. Finch, M.B.E., 
on November 3 and 10, 1931. 

In commencing his first lecture, Professor Finch 
said that before an inflammable gas could be made 
to burn, energy in some form or other, and derived 
from some external source, must be put into it. 
If this energy were supplied as heat, it had been 
noted that there was a pre-ignition stage in which 
there was slow combustion but not inflammation, 
and that the combustion ceased when the supply of 
energy was withdrawn. Once, however, the ignition 
point was passed and a flame started, this continued 
to be propagated even if the supply of energy from 
the external source were stopped. In the investiga- 
tion of the physics of combustion it was the pre- 
ignition stage which was important. In studying 
this it had hitherto been usual to provide the energy 
needed in the form of heat supplied from an ex- 
ternal source. This had the disadvantage that the 
energy supplied could not be measured with accu- 
racy, and there was the further drawback that the 
heat had to pass through the walls of the containing 
vessels, and these walls had nearly always very 
disturbing effects, since by surface actions, they 
might either accelerate or retard the rate of combus- 
tion. Claims had been made that this factor had, 
in certain tests, been eliminated, but in many cases, 
at least, such claims were not substantiated. 

By supplying the energy in the form of electri- 
city, undesirable surface effects could be got rid of, 
as also disturbances due to heating, whilst the energy 
supplied could be readily controlled and measured. 
Feeble sparks could be passed through explosive 
gases without causing inflammation, and it was due 
to this fact that certain electrical appliances could 
be safely used in fiery mines, since though spark- 
ing occurred, these sparks were too feeble to ignite 
even the most dangerous mixtures of firedamp and 
air. The maintenance of slow combustion by energy 
supplied in the form of feeble sparks was, however, 
attended with the difficulty that the rate of supply 
of energy was not constant. With quite tiny 
sparks, the rate of dissipation of energy might be 
as high as 18,000 kw., whilst the average rate of 
dissipation of a rapid train of them might be very 
small. Sparks, moreover, gave rise to pressure 
waves which were undesirable and had _ heating 
effects. 

He had, therefore, adopted the plan of working 
with discharge tubes fed with continuous current, 
and had found that working on these lines, sur- 
prisingly large quantities of energy could be passed 
through detonating gases without igniting them. 
Thus, in a mixture of hydrogen and oxygen in elec- 
trolytic proportions, an arc, taking nearly 4 watts, 
was maintained without giving rise to ignition. The 
gas pressure ranged between 20 mm. and 100 mm. of 
mercury, but outside of this range the mixture was 
easily ignited. The apparatus used consisted of a dis- 
charge tube arranged vertically, the anode being a 
layer of sulphuric acid floating on mercury. The 
rate of combustion was measured by the reduction 
of pressure inside the chamber, and the electric 
energy dissipated was recorded in milliamperes. 
It was found that in all cases a linear relationship 
existed between these two quantities, but when the 
distance between cathode and anode was varied, 

: c combustion in ¢.c. per min. 
the ratio of — = ——— 

a current in milliamperes 
liable to abrupt changes, which were ultimately 
traced to the fact that the combustion occurred 
partly in the positive column and partly in the 
cathode glow. It was decided accordingly to adjust 
matters in further work so as to eliminate the 
positive column. 

The value of the ratio ~ was found to vary 


with the nature of the cathode used. It was 


was 








proved by experiment that this was not due to 
catalytic actions at the surface of the cathode, 
since an increase in this surface was found to cause 


no increase in the ratio $ * Ultimately the high 


ratios obtained with certain metals were traced to 
the cathode sputtering of these, and spectroscopic 
observation showed that the particles sputtered were 
atoms. Moisture was found to produce similar acce- 
lerations in the rate of combustion, and hence it was 
decided to abandon further work with mixtures of 
hydrogen and oxygen, in the hope that conditions 
would be simplified by adopting mixtures of CO and 
O, in detonating proportions. Arrangements were 
made by which the process was rendered continuous. 
The mixed gases were circulated through the reac- 
tion vessel, through an absorber of CO,, and 
through drying tubes containing phosphoric oxide. 
If moisture were purposely admitted, the rate of 
combustion rose, but never exceeded the greatest 
rate observed with sputtering cathodes. It was 
evident that the CO was very reluctant to combine 
with the oxygen, and as a working hypothesis, it 
was assumed that both were ionised in the cathode 
glow, and that the consequent mutual repulsion 
kept them apart. The neutral oxygen molecule 
could, it was known, combine with a free electron, 
and this would be attracted to the ionised CO and 
might then, it was thought, combine with it. 
Although some of the tests tried, seemed in fair 
accord with this theory, it had ultimately to be 
abandoned. Amongst other disabilities it involved 
tri-molecular encounters, of which calculation 
showed the extreme rarity, but the decisive test 
was spectroscopic, which proved that there was no 
ionisation of the CO in the cathode zone, though 
oxygen having every possible form and charge was 
detected there. Evidently, therefore, the ionisation 
of CO was not a necessary preliminary to com- 
bustion. 

In further experiments made with pure CO, 
deposits of carbon were found on the cathode whilst 
some CO, was formed. It further appeared that 
diluting the detonating mixture with either CO or 


. : . c . 
O, led to very large increases in the ratio 7? which 


attained values higher than the maximum observed 
with a silver cathode, which sputtered the most 
copiously of all. Further spectroscopic studies 
showed that in the cathode zone the CO was not 
disassociated into carbon and oxygen. 

Supplementary observations with oxygen using 
a carbon cathode showed that the cathode was not 
directly attacked by the oxygen, which combined 
merely with the sputtered carbon atoms. 

Forty five years ago, Professor H. E. Armstrong 
had contended that CO and molecular O were 
mutually inert, but suggested that combination 
could occur with oxygen in the atomic state. This 
process was, however, forbidden by quantum con- 
ditions, which made necessary the presence of a 
third body to carry off the excess energy, implying 
therefore, tri-molecular collisions. Bone had, 
moreover, shown that a mixture of perfectly dry 
CO and O, could be ignited and flame propagated 
therein. 

The conclusion finally reached by the lecturer 
was that the first step in the slow combustion of 
CO was the auto-oxidation of this gas, two molecules 
combining to form CO, with a consequent libera- 
tion of an atom of carbon, which was then burnt 
by the oxygen present. 








THE CENTRAL HEATING OF OFFICES BY ELECTRICITY.— 
The General Electric Company, Limited, Magnet House, 
Kingway, London, W.C.2, have recently supplied an 
electrically operated installation for the central heating 
of the extensions to the offices of the Northampton 
Electric Light and Power Company, Limited. This 
consists of two welded-steel tanks, each with a capacity 
of 3,000 gallons, in which four nests of heaters are fitted. 
The total load is 200 kw., and each unit is controlled by 
four thermostats, which operate contactors when the 
water reaches a temperature of 220 deg. F. In addition, 
the system is controlled by a time-switch, current being 
only switched on for nine hours during the night with, 
in addition, an hour’s boost at midday, if required. 
The water from the boilers is passed through an auto- 
matic mixing valve, so as to ensure a flow temperature 
to the radiators of 160 deg. F. It is claimed that the 
installation enables a constant temperature to be 
obtained, at the same time allowing advantage to be 
taken of the low rates offered for such an “ off-peak ” 
load, 





THE CENTENARY MEETING OF 
THE BRITISH ASSOCIATION. 


(Continued from page 616.) 
MEAT AND Cop STORAGE. 


Tue afternoon of Friday, September 25, in 
Section M (Agriculture) was devoted to a sympo- 
sium on “Science and the Utilisation of Anime] 
Products,” and of the various contributions to this 
we select for reference one by Dr. T. Moran, of the 
Low-Temperature Research Station, Cambridge, 
on the subject of “‘ Meat and Cold Storage.” Dr. 
Moran said that, at the present time, about 1,500,000 
tons of meat, valued at 110,000,000/., were imported 
into this country annually. This meat, he said, 
arrived in carcase form, in the fresh, chilled or 
frozen states, the length of the journey deciding the 
condition in which it was carried. The fresh or 
cured meats from the Irish Free State were shipped 
without the aid of refrigeration, but the bulk of the 
meat imported came from South America. In this 
case, the journey occupied about twenty-one days 
and the meat was chilled, being carried at a tem- 
perature close to the freezing point of the meat, 
which was approximately 30 deg. F. For this 
purpose, carefully controlled storage on the ship 
was most important; if the temperature were too 
high the meat was attacked by moulds, and if too 
low its market value was depreciated. Successful 
transport was only possible by maintaining in the 
refrigerated holds a very delicate balance between 
the temperature and the amount of moisture in 
the air. 

Mutton, lamb, beef, and pork from Australia and 
New Zealand arrived in the hard-frozen state 
without appreciable wastage. The wastage that 
did occur largely concerned the appearance of the 
meat, the appearance of the superficial tissues being 
governed by the physical conditions of temperature, 
humidity, and lighting in the storage chambers. 
Recently, Dr. Moran said, they had completed a 
survey of the conditions of freezing, storage, and 
transport of New Zealand mutton and lamb from 
the abattoir in New Zealand to the markets in 
Great Britain, with the object of finding the links 
in the chain of transport in which the appearance 
of the meat suffered most. Bacon, in contrast to 
pork, deteriorated rapidly, even when hard-frozen, 
the deterioration being due mainly to the appearance 
of rancidity in the fat. A satisfactory method of 
transporting mild-cured bacon from Australia and 
New Zealand would be of great value to those two 
Dominions. At present, some of the pork exported 
by them was converted into bacon in this country, 
the resulting product being excellent, but there 
were certain economic difficulties which handicapped 
the growth of this trade. 

Referring to fresh or lean’meat, Dr. Moran said 
that freezing, while not affecting the food value, 
impaired the appearance of the meat, the muscle, 
on thawing, being wet and flabby. Attempts had 
been made to avoid this by extending the normal 
period of chilling, but with little success. Efforts 
had also been made to find a freezing-thawing cycle 
which would leave the meat unchanged, and the 
most successful results had been obtained by what 
was known as rapid freezing. The carcases, as usual, 
imported, were hung in a large chamber cooled 
to about —12 deg. C., where they remained for 
two or three days until frozen through, and were 
then stored and ultimately shipped to England, the 
temperature in the store and in the ships’ holds 
being about — 10 deg. C. 

Freezing, owing to the formation of ice, distorted 
the arrangement of the small fibres making up 
the muscle or lean meat, but it had been found 
that the distortion was reduced if the freezing 
were hastened, since the ice then formed at a greater 
number of smaller centres. One method of speeding 
up the rate of freezing was to conduct the freezing 
process in a medium, such, for instance, as cold brine, 
having a greater thermal conductivity than air. 
The measure of the rate of freezing usually taken 
was the time to cool and freeze from + 5 deg. C. to 
— 5 deg. C., and it had been found that the advan- 
tages of rapid freezing were not secured if the 
time occupied in passing through the above- 
mentioned temperature range exceeded about 
thirty-five minutes. From this it appeared that 
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rapid freezing could only be applied commercially to 
comparatively small masses of from 2 in. to 3 in. 
in thickness. Most of the freezing plants on the 
market used brines of sodium chloride or calcium 
chloride, which, if they came into contact with the 
meat, affected its flavour and appearance. For this 
reason, the meat was generally protected from the 
brine and was frozen by indirect contact. In 
Germany, Professor Plank and his colleagues were 
now studying the possibilities of first treating the 
meat with carbon monoxide, thereby producing the 
bright-red pigment carboxyhemoglobin. This was 
not affected by the brine, so that the meat could 
be frozen directly without discoloration. The 
obvious difficulty in using this method was the 
highly poisonous character of carbon monoxide, 
although the compound with hemoglobin was, of 
course, quite innocuous. 

There were, however, several problems in rapid 


freezing still to be solved. The exact thickness or 
limiting rate of cooling had not yet been accurately 





defined, and on the storage side there was abundant 
evidence that unless the storage temperature were | 
kept very low the rapidly frozen meat changed over | 
to a condition similar to that of slowly frozen meat. | 
Their own experiments showed that the change | 
took place if the temperature rose above about | 
20 deg. C., and that the change was rapid. Again, | 
even rapidly frozen meat showed some evidence of | 
“weeping” when thawed, which would greatly | 
detract from the attractiveness of the cartons in 
which the meat was supplied. The vendor would | 
therefore need a refrigerated show-case, which would 
have to be maintained at a very low temperature. | 
In the opinion of many authorities in the trade and | 
in the public-health services, however, rapid freezing | 
and the preparation of carton meat was likely to | 
play an important part in the food supplies of this | 


country. | 


ATMOSPHERIC CONDITIONS IN FRuIT STORAGE. | 


In the Department of Horticulture, a sub-section 
of Section M (Agriculture), the morning of Tuesday, 
September 29, was devoted to a discussion on Fruit- 
Storage Problems, in the course of which a com- 
munication was made on the subject of the ** Control 
of Atmospheric Conditions in Fruit Storage,’ by 
Dr. C. West and Dr. A. J. Smith. In the preserva- 
tion of fresh fruits, it was stated, two biological 
systems had to be considered, viz., that of the 
fruit itself, which was a living system in senescence, 
and that of the microbial flora on its surface. Both 
could be profoundly influenced by modifying the 
atmospheric conditions in the storage chamber. 
An atmosphere containing less oxygen and more 
carbon dioxide than was present in ordinary air 
retarded the ripening processes of certain varieties 
of apples, and was now being commercially utilised 
for their preservation. Caution was _ necessary, 
however, since the beneficial effect might easily 
change to a harmful one if the percentage of carbon 
dioxide was further increased, or that of oxygen 
further diminished beyond a certain optimal amount 
which varied with the variety of apple and was also 
a function of the storage temperature. Brown 
heart in commercial shipments of apples from 
Australia was one of the damaging effects of gas- 
storage conditions carried beyond a safe limit. The 
growth of moulds was often inhibited by absence of 
oxygen or by high concentrations of carbon dioxide, 
and was considerably retarded by concentrations 
which could be tolerated by apples. 

Water vapour was one of the most important 
constituents of the atmosphere in a cold store, and 
its control was difficult because the small amount 
present was governed by two relatively rapid and 
opposed processes, viz., evaporation from the fruit 
and condensation on the cooling pipes. Loss of 
water from the fruit had to be avoided as far as 
possible, but a high relative humidity favoured the 
growth of moulds, and the problem of balancing 
these requirements became particularly acute in the 
storage of soft fruits. The more complicated 
volatile products of the metabolism of fruits, which 
were largely responsible for their smell and flavour, 
had, in some cases, a harmful effect when allowed 
to accumulate in the storage atmosphere; they 
were probably instrumental in causing “‘ scald” in 
apples. Acetaldehyde was of particular interest as 





a very simple compound of this class, which prob- 
ably occurred as an intermediate compound in 
normal metabolism. The respiration of apples and 
oranges was considerably increased at all tempera- 
tures by the addition of small concentrations of the 
vapour acetaldehyde. The germination of mould 
spores and the growth of moulds, on the other hand, 
were retarded or inhibited. 

Anesthetics, such as chloroform and ether, formed 
another group of gaseous substances which had been 
employed to control the metabolism of living plant 
products, and hydrogen cyanide greatly accelerated 
the rate of respiration of potatoes, apparently by 
increasing the rate of starch hydrolysis. Ammonia 
and other gases had recently been shown to retard 
very considerably the development of moulds. 
Strong claims for ozone in a low concentration had 
also been made in this connection, although they 
were not yet well established ; ozone might, in any 
case, have a useful application in the oxidation of 
odorous compounds present in the storage atmos- 
phere. Fthylene was noteworthy as an accelerating 
agent for the ripening process in bananas and other 
fruits, and some ethylene derivatives and other 
hydrocarbons had been shown to produce similar 
effects. 

(T'o be continued.) 








THE COMMERCIAL VEHICLE 
EXHIBITION AT OLYMPIA. 
(Concluded from page 608.) 

British commercial vehicles enjoy a high reputa- 
tion abroad, and are entirely free from the suggestion, 
so often made about our private cars, that they are 
unsuitable for colonial conditions. This satisfactory 
position has not been achieved by the work of any 
one firm, but by that of several, of whom Messrs. 
John L. Thornycroft and Company, Limited, Smith- 


| square, S.W.1, are certainly not the least important. 


The position abroad with regard to vehicles fitted 
with airless-injection engines is at present a little 
obscure, but there can be little doubt that there 
is a considerable future for such vehicles in countries 
where petrol is expensive and difficult to obtain. 
Messrs. Thornycroft have placed themselves in a 
position to meet any demand which may arise in 
this direction by offering their new 10-11 ton chassis 
equipped with either a petrol or an airless injection 
engine. The latter is of their own manufacture, 
with the exception of the usual auxiliaries, such as 
the fuel pump. 

The petrol-engined chassis is illustrated in Figs. 
32 to 34, on the opposite page, and has been designed 
to carry a net load up to 11 tons. The engine, illus- 
trated in Figs. 33 and 34, is a six-cylinder unit with a 
evlinder bore of 4} in., and a piston stroke of 6} in. 
The capacity is therefore 691 cub. in., and the R.A.C. 
rating 54-1 h.p. As will be clear from the figures, 
the cylinder block is separate from the crankcase, 
and is provided with two detachable heads, each 
embracing three cylinders. The cylinder liners 
are separate, and are cast from special iron to ensure 
long wear. True three-point suspension is attained 
by mounting the unit on three trunnions carried in 
rubber bushes, the latter also absorbing shock due 
to variation in the torque reaction between the engine 
and the frame. The trunnions are bolted to vertical 
facings on the crankcase, thus facilitating the removal 
of the power unit from the chassis. The gear-box, 
which, as shown in the figures, is mounted on the 
engine, can be removed from the chassis without 
disturbing the engine. The crankcase is an alumi- 
nium alloy casting of deep section with the usual 
internal ribbing. Rigidity is further attained by 
the main bearing-cap bolts, which pass through the 
casing into the cylinder block. A detachable 
sump is provided, as shown in the figures. The 
valve gear is of the side-by-side type, operated 
by a camshaft housed in a tunnel in the side of the 
eylinder block. The drive is by triple roller chain 
at the front end of the engine. The rockers are 
of the roller-type. and detachable exhaust valve 
seats are fitted. The moving parts of the engine 
hardly call for detailed comment, but it may be 
mentioned that the crankshaft is of nickel-chrome 
steel, and is carried in seven white-metal lined 
bearings of 35 in. diameter. It is fitted with a torque 
vibration damper. The lubrication system incor- 





porates an external oil filter, which can be removed 
without draining the sump. All the main bearings, 
including those for the camshaft, are supplied with 
oil under pressure, and the overflow lubricates 
the timing chain, cams, and valve gear. The oil 
passes through a large strainer before being returned 
to the sump, which has a capacity of four gallons. 
All the oil passages are either drilled or cast, so that 
there are no internal pipes in the system liable to 
fracture. Ignition is by magneto, with automatic 
advance in conjunction with hand control. The 
magneto is mounted in tandem with the dynamo 
and is hidden by the carburettor intake in Fig. 33. 
The carburettor is provided with a special starting 


‘jet, and a hot spot is incorporated in the induction 


manifold. The cooling water is pump circulated, 
the pump being of the centrifugal type, and the 
fan is positively driven through a clutch. The 
upper and lower water containers on the radiator 
are detachable. 

Turning now to the transmission, the clutch is 
of the single dry-plate type with fabric surfaces, 
and is provided with a stop. The gearbox gives 
four forward speeds with a direct top drive, the 
ratios being 1, 1-56, 2-75 and 5-13 to 1. The 
reverse ratio is 7-69to 1. The shafts in the gearbox 
are 2 in. in-diameter, and run on ball or roller bear- 
ings. The gear wheel teeth are 1} in. wide, and are 
ground to ensure silent running. A speedometer 
drive is incorporated in the box. Either central 
control can be arranged, as shown in Fig. 33, or 
forward control, as shown in Fig. 34. The drive 
is transmitted from the gearbox to the rear axles 
by two hollow propeller shafts. There is a universal 
joint immediately behind the gearbox, a second 
joint between the two shafts, and a third joint in 
front of the forward rear axle. The arrangement 
is shown in Fig. 32, and it will be seen that the 
joints are of the enclosed metal to metal type. 
The forward propeller shaft is supported at the rear 
end by a ball bearing, flexibly attached to a frame 
cross member. The rear axle casings are steel 
castings, and the final transmission is of the over- 
head worm type, with a normal reduction ratio 
of 8} to 1. Alternative ratios of 7? to 1 and 9 to 1 
are available. The axles are of the full floating 
type, and the worms are coupled by a short shaft 
with a metal-to-metal universal joint at each end. 
The rear suspension consists of four inverted semi- 
elliptic springs, independently pivoted at their 
centres on brackets secured to the chassis frame. 
The system gives an even weight distribution on 
all four wheels over very wide limits, the suspension 
being designed to allow a difference of 6 in. in the 
axle levels. No torque tubes or radius rods are 
employed. The springs are of silico-manganese 
steel, and are completely enclosed. The front axle 
is of 40-ton steel, forged in one piece. The swivel 
arms are 3 in. in diameter and are of nickel steel. 
Taper roller thrust bearings are provided on the 
pivot pins. The springs are designed to be approxi- 
mately flat under normal load, and in order to relieve 
the central bolt of shear stress, the holding down 
bolts are inclined to one another, and special ears 
are provided on the top leaf to grip them. 

The steering gear is of the worm and wheel type, 
with a complete wheel, mounted on taper roller 
bearings. Internal expanding brakes are fitted 
to all six wheels. The operation of the foot brake, 
which is coupled to the shoes on the front axle and 
second rear axle, is servo-assisted. The hand 
brake operates on the forward rear axle wheels, the 
drums in all cases being 17 in. in diameter. The 
construction of the frame will be clear from Fig. 32. 
It will be noticed that there are two fuel tanks, 
one on the frame and one on the dash. The former 
holds 50 gallons, and the petrol is drawn from this 
to a 2?-gallon vacuum tank, from which it is deli- 
vered to the 29-gallon dash tank, feeding from the 
latter to the carburettor by gravity. The chassis 
can be supplied either as a normal or a long model. 
In the former case, the centre distance between the 
front and forward rear axles is 14 ft. 6 in., the rear 
axle centres are 4 ft. 6 in., the front track is 6 ft. 2 in., 
and the rear track 5 ft. 10} in. Inthe long model, 
the centre distance between the front and forward 
rear axles is 16 ft. 9 in., the other dimensions 
remaining unaltered. 

As stated earlier in our description of the 
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NEAR-SIDE OF 


Srx-CyLInDER ENGINE. 

















Fic. 34. Orr-SmpE or 


Exhibition Messrs. The ‘Daimler Company, Limited, 
of Coventry, showed a chassis fitted with a poppet- 
valve engine. As is well-known, the company have 
devoted their resources to the development of the 
sleeve-valve engine since 1908, and it is satisfactory 
to be able to state that they have no intention of 


giving up the manufacture of this type, which has 
been brought to a high state of perfection. It 





S1x-CyLINDER ENGINE. 


cannot be overlooked, however, that the poppet- 
valve engine has become largely standardised in 
commercial-chassis practice, and the poppet-valve 
model has been introduced simply to meet the 
requirements of those who have a preference in 
this direction. The engine, which is illustrated in 
Fig. 36, page 648, has been designed so as to be 
replaceable with the corresponding sleeve-valve 





model, so that either can be selected for the chassis 
shown in Fig. 35, page 648. This chassis is made 
with either a short or long wheelbase, the former 
being intended primarily for double-deck coach- 
work, and the latter for single-deck or saloon coach- 
work. 

The engine shown in Fig. 36 has six cylinders 
with a bore of 103-5 mm. The piston stroke is 
130 mm., so that the capacity is 6,561 c.c. It is 
interesting to compare this figure with the capacity 
of 5,764 c.c. provided in the corresponding sleeve- 
valve engine, the difference being due to the higher 
efficiency of the latter. The sleeve valve has a 
very high orifice coefficient at the ports, and as a 
result of developments in the last few years, engines 
fitted with such valves can actually be regarded as 
higher speed units than those fitted with poppet 
valves. The later Daimler sleeve-valve engines can 
be readily run up to 3,500 r.p.m., but a correspond- 
ing speed on a large poppet-valve engine involves 
heavily-loaded valves to prevent bounce, and large 
valve orifices to minimise wire drawing. As the 
new engine is similar to the sleeve-valve model, 
which we have previously described, below the base 
of the cylinders, it will be sufficient to summarise 
its general features. The cylinders are a monobloc 
casting in nickel-iron alloy, the detachable head 
being of the same material. The pistons are of 
heat-treated aluminium alloy with fully floating 
gudgeon pins. The connecting rods are of I-section, 
with big ends directly lined with white metal. A 
vibration damper is fitted to the crankshaft. The 
bearings are pressure-lubricated throughout, includ- 
ing the gudgeon pins and all moving parts of the 
valve mechanism. Special splash lubrication is pro- 
vided for starting up. There is an integral inlet 
manifold on the off-side, fed through a cross port in 
the centre of the cylinder block. The carburettor 
is centrally mounted on the near side below the 
exhaust manifold, providing an efficient hot spot. 

Turning now to the special features, the valves 
are of the overhead type, located centrally in the 
cylinders, and operated by push rods from a cam- 
shaft, which takes the place of the sleeve-operating 
shaft in the sleeve-valve model. Cam profiles have 
been developed which allow a wide tolerance in 
tappet adjustment, the valves being set at any 
clearance from 0-06 in. to 0-075 in., instead of 
the usual 0-003 in. to 0-005 in. In spite of this 
clearance, the valves run remarkably silently, 
and this feature is maintained over long periods 
by the use of extremely hard valve guides and 
stems, while the rocking levers are designed to 
reduce side thrust to an absolute minimum. It 
may be noted that, with the large permissible 
clearance stated, expansion variations on the valve 
gear, and particularly on the push rods, due to 
the heating up of the engine, are practically neglig- 
ible. The tappet faces are flat, and provision is 
made for adequate lubrication at this point under 
all circumstances. The form of the combustion 
chamber follows that employed on the sleeve-valve 
engine as nearly as possible, and the same com- 
pression ratio is used, so that either engine will 
operate on the same grade of fuel. Trouble is often 
experienced in modern engines in retaining a tight 
joint under the detachable head. and this point 
has been given consideration by arranging that 
each cylinder bore is surrounded by six large studs. 
These are located sufficiently near to the edge of 
the gasket to secure a good nip, but not too close 
to cause local distortion. 

The transmission incorporates the Daimler fluid 
flywheel and four-speed pre-selective gear-box de- 


scribed in ENGINEERING, vol. cxxviii, page 49] 
(1929). The transmission is by two off-set Cardan 


shafts, as shown in Fig. 35. The front shaft is 
fitted with fabric-dise couplings, and the rear 
shaft with Spicer joints. The rear axle is a high- 
tensile steel stamping, with a carrier of high-tensile 
aluminium alloy for the worm gear and differential. 
The worm-shaft is carried in roller bearings, and the 
worm case is offset, as shown in the figure, to givea 
low loading height. The front axle is of high-tensile 
alloy steel, and is of H-section between the spring 
saddles, merging into an elliptical section for the 
ends. The swivel axles are of 60-ton steel, and the 
wheels run on roller bearings. The steering is of 
the cam and roller type with all wearing parts 
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Fie. 36. 


forms one unit with the gear 
box, is mounted on three- 
point suspension, and can 
be removed from the frame 
without the use of block and 
tackle. The front end is 
carried on the front cross 
member, and the rear end 
on a banjo member. Both 
the front and banjo members 
are detachable from the 








Fie. 35. 


case-hardened. The foot brake operates on all four 
wheels on the Dewandre servo-system. The hand 
brake operates independent shoes in the rear drums. 
All the shoes are made of high-tensile aluminium 
alloy lined with Ferodo. The form of the frame can 
be seen in Fig. 35, and it will be noticed that it is 
dropped between the axles to give a low load line. 
The wheelbase of the short model is 15 ft. 63 in., 
and of the long model is 17 ft. The front track is 
6 ft. 2? in., and the rear track is 5 ft. 10% in. The 
ground clearance is 10 in. up to the rear axle, and 
6} in. below the latter. 

There is a marked tendency in commercial vehicle 
design to set back the front axle with respect to the 
engine and radiator, and this practice is strikingly 
illustrated in the lorry shown by Messrs. Leyland 
Motors, Limited, Leyland, Lancashire, and shown 
in Fig. 37, page 649. This vehicle has a gross load 
capacity ot 7}-tons. The main advantage of the 
arrangement referred to is that it facilitates the 
best distribution of the weight between the wheels, 
while combining many of the advantages of normal 
and forward control. It also renders the engine 
exceptionally accessible. The Leyland engine is a 
six-cylinder model with a cylinder bore of 4} in., 
and a piston stroke of 54 in. The R.A.C. rating is 
43-5-h.p., and the engine develops 62 brake horse- 
power at 1,000 r.p.m. It has a working range of 
from 200 r.p.m. to 2,000 r.p.m. The cylinders form 
a monobloc casting and are separate from the crank- 
case, which is a heavily webbed aluminium casting 
of deep section. The usual detachable sump is pro- 
vided for inspection and overhaul. The crankshaft 
is of nickel steel, and is carried in seven bearings 
2% in. in diameter. The valves are of the overhead 
type, with an overhead camshaft. Either coil or 
magneto ignition can be fitted as preferred. The 
water is circulated by pump, and the radiator is of 
the Still-tube pattern, with easily detachable top and 
bottom tanks of cast aluminium. The engine, which 


GENERAL VIEW OF CHASSIS. 





frame, and owing to the 
large overhang of the engine 
beyond the front axle, it is 
possible to run a truck under the engine, and 
remove it as a complete unit with the radiator and 
gear box, by undoing the bolts holding the cross- 
members in position. Alternatively, the radiator 
and engine only can be withdrawn, leaving the gear 
box in position. 

The gear box provides four forward speeds, the 
overall ratios being 7:33, 13, 22-9, and 41-3 
to 1. The overall reverse ratio is 48-1 to 1. 
The box is decidedly compact, the unsupported 
length of the mainshaft being only 13% in., while 
that of the layshaft is 157 in. The shafts are 
24 in. in diameter, and are at 6-in. centres. 
The wheels are 1fin. wide, and in common with 
the shafts, are ground. The gears and shafts can 
be removed with the box in position on the 
chassis. A speedometer drive is provided, and 
provision is also made for fitting a mechanical tyre 
pump and a power take off. The drive is trans- 
mitted to the rear axle by two tubular shafts fitted 
with Spicer couplings. A centre bearing is provided, 
consisting of a spherically-mounted ball race in a 
detachable housing, carried on an intermediate 
frame cross-member. The transmission shafts are 
dynamically balanced before assembly to eliminate 
any danger of whirling. The rear axle is of the full- 
floating worm-driven type, the worm being over- 
head. The casing is a one-piece nickel steel forging, 
while the axle shafts are of nickel-chrome steel, and 
are 2 in. in diameter. The differential casing is of 
die-cast aluminium, and the hubs are mounted on 
roller bearings. The front axle is also of nickel 
steel, and is 3 in. by 3} in. in section. The stub 
axles are 2% in. in diameter and the bearing pins 
are provided with heavy-duty thrust races and 
bronze journal bearings lf in. by 2in. The steering 
gear is of the Marles type. The springs are of 
chrome-vanadium steel. The front springs are of the 
anchor plate type, and are shackled at the rear to 
resist the torsion of the front-wheel brakes. The 





NEAR-SIDE VIEW OF ENGINE. 

rear springs are overslung, and are provided with 
tension shackles, supported on a tubular cross 
member. All the shackles are arranged for taking up 
wear on the spring eyes. The springs are held by 
side plates, instead of the usual top plate with a bolt, 
the arrangement giving greater freedom for the 
movement of the leaves. 

The foot brake operates shoes on all four wheels, 
through a Dewandre servo-system, while the hand 
brake operates separate shoes in the rear wheels. 
The hand brake rotates a drum by means of a flexible 
band, which tightens on to the drum when the brake 
lever is moved in one direction, and slacks off when 
it is moved in the other. The drum, which is con- 
nected to the brakes, is provided with a rachet, so 
that by successive movements of the lever, consider- 
able power can be exerted. The pawl is released 
by the usual hand catch. The brake shafts through- 
out are of heavy section, and no compensating gear 
is fitted. Coppered steel ribbons are employed for 
making the connections. The frame is made up 
with straight channel sections, as shown in the 
figure, the side members being 9 in. deep, 3 in. wide, 
and #; in. thick. 

In concluding our account of the Exhibition, 
which closed on November 14, it may be pointed 
out that it has not been possible even to touch 
upon many interesting design developments, as 
evidenced by the construction of particular vehicles. 
Mention, however, should certainly be made of the 
omnibus exhibited by Messrs. Gilford Motor Com- 
pany, Limited, High Wycombe, Bucks. In this 
vehicle, the frame is formed by a shell, the base of 
which constitutes the lower floor of the body, and 
provides the anchorage for the power plant and 
suspension, while it is extended upwards to form 
the pillars, bulkhead and roof bows. The whole 
structure is braced by the panels. The engine is 
an airless-injection unit of the opposed-piston type, 
operating on the two-stroke cycle, and forms one 
unit with the gear-box, differential, and final drive, 
front wheel drive being adopted. The vehicle has 
independently-sprung wheels, and represents a bold 
departure from accepted practice. 

Another interesting vehicle to which no refer- 
ence has previously been made is the rigid 3-ton 
chassis shown by Messrs. Garner Motors, Limited, 
Tyseley, Birmingham. The firm have had a wide 
experience in the construction of military six- 
wheeled chassis with full articulation on each 
wheel, and have incorporated the experience 
gained in the design of the bogie for their 3-ton 
chassis. This vehicle is fitted with a trailing axle, 
and the form of mounting employed is illustrated 
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73-Ton ComMMERcIAL VEHICLE Cuassis ; Mrssrs. LeEyLAND Morors, LimIrEeb. 








Fic. 38. 


in Fig. 38, annexed. The leading axle is of the 
full-floating type, with spiral-bevel final drive. 
The trailing axle is of tubular section, and the hubs, 
brakes, and brake drums are interchangeable with 
those fitted to the leading axle. The novelty of 
the arrangement lies in the suspension, which is 
designed to give a short bogie centre with long 
springs. The latter are arranged to give automatic 
damping, and the arrangement of the suspension is 
such that the maximum variation of the axle 
centres does not exceed ~ in. The wear on the 
tyres and other parts is thus reduced to a minimum, 
and the twisting stresses on the springs are reduced 
to a negligible amount. It will be noticed from the 
figure that the springs are of the semi-elliptic type, 
and are underslung. The outer ends are without 
shackles, while the inner shackles are approximately 
vertical, and are mounted at the ends of the hori- 
zontal arms of two bell-crank levers, the other arms 
of the levers being connected by a link. The angle 
of the bell-crank levers is less than 90 deg., the 
upper arms and link in essence constituting three 
units based on the Ackermann principle, giving 
equal reaction in the movement between the two 
axles. The axles are offset on the springs, the 
driven axle being behind the centre, and the trailing 
axle in front of the centre.’ It is due to this 
feature that a short bogie centre is secured, and 
the unequal mounting of the axles on their 
respective springs gives the automatic damping 
effect, as the two portions of the springs have 
different periodicities. Finally, the offset mounting 
gives an increased articulation for a given size and 
movement of the compensator mechanism. 








Lone Hieu-Speep Steet Hackx-Saw BtLapes.— 
Messrs. Edward G. Herbert, Limited, Atlas Works, 
Chapel-street, Levenshulme, Manchester, are, we under- 
stand, now manufacturing, in their new plant, 18 per 
cent. tungsten high-speed steel hack-saw blades up to 
39 in. in length, 24in. in width, and of 12-gauge ma- 
terial. The firm are also extending the range of their 
“* Rapidor ”’ high-speed steel saw blades, with the Evans 
regrinding set, to include blades of 10 in., 12 in., and 
14 in. long, and of 18-gauge material, suitable for use in 
light machines. Previously the Rapidor set had been 
suitable only for blades of 16-gauge and thicker, and 
although the firm are making these new blades of 18- 
gauge for light machines, blades thinner than 16-gauge 
are not recommended for Rapidor machines. 








WHEEL SUSPENSION ON 3-Ton CuHassis; Messrs. GARNER Motors, LimIrep. 


WORKMEN’S COMPENSATION IN 


LATIN SOUTH AMERICA. 


Wuen a British manufacturer pays taxes or other 
legally imposed dues, he adds to the cost of his product, 
and is consequently handicapped in competition with 
foreign competitors, if they are not similarly burdened. 
Correspondingly, if his customers are taxed, their own 
costs are increased, and the extent of their purchasing 
power may tend to be reduced. These simple proposi- 
tions are subject to such deduction as may be made in 
respect of benefits given in respect of the dues. 
These, doubtless, are not always negligible, but their 
extent, or even their existence, is much more difficult 
to assess than the amount of the payment itself. In 
any event, it seems likely that the course of inter- 
national business is least disturbed when all countries 
undertake similar burdens. It is accordingly by no 
means a matter of indifference to a country such as 
our own, which has long been honourably forward in 
undertaking burdens for the benefit of its workpeople, 
that the same disposition should be extending in other 
countries. From the point of view of British manu- 
facturers, indeed, this satisfaction is undoubtedly 
greatest when the fresh burdens are assumed by his 
competitors and not by his customers, but in any event 
there is some advantage in the spread of similar stan- 
dards for these elements of overhead charges. Some 
interest therefore attaches to a report published recently 
by the United States Department of Labor (Bulletin 
No. 529. Washington. Price 65 cents) on Work- 
men’s Compensation Legislation of the Latin American 
Countries. Thisis a document of over 300 pages, which 
contains the original laws enacted to provide compen- 
sation for workers injured or diseased as a result of their 
employment, together with subsequent modifying 
regulations, and extends to 16 out of the 20 Latin 
American countries. At the present time these coun- 
tries are conspicuous in international trade as customers 
of the more industrialised communities rather than as 
competitors. It must be recognised, however, that 
they have begun to show the anxiety to foster home 
industries which is spreading in most countries, and 
increasing competition is likely to be found from local 
products under the screen of tariff protection. The 
net result of such competition is, however, likely to be 
least felt in the engineering industries, and the employ- 
ment they may reckon on receiving as a direct conse- 
quence of the growth of local industries, may offset 
what is lost by local competition, or even more than 
replace it. 

The most striking feature of the legislation here 
described is its recent date. None of it is more than 


and, with the exception of 


twenty-five years old, 
came into being 


Guatemala, Peru and Salvador, 
till after the outbreak of the war. Much of it only 
has come into force during the last few years. Most 
of the new brooms, however, have shown the proverbial 
disposition to sweep clean. Vera Cruz, for instance, 
gives a list of industries and diseases to which work- 
men’s compensation applies, which extends over 11 
pages, with two more pages for scales of the compen- 
sation to be awarded in respect of individual lesions, 
and more than three to a list of safety appliances which 
are obligatory. The Mexican constitution of 1917 
contained a provision that employers were liable for 
industrial accidents and occupational diseases, and the 
Government has now drawn up a Bill for a Federal 
Labour Code to amplify its provisions and supersede 
the various State laws. In the meantime, the interest 
in the subject has been so wide that, out of the 28 
Mexican States, all but four have elaborate codes of 
their own, all but one enacted within the last ten years. 
Wide differences are found in the industries covered, 
but all the countries that specify them include mining 
and quarrying, works in factories, workshops, agricul- 
tural pursuits in which mechanical power is used, and 
construction work. Mostly, too, electric plant, together 
with telephone and telegraph establishments, are 
included, as well as specially dangerous or unhealthy 
occupations, and the majority include transportation 
operations, whether by land or water. There are ex- 
tremely wide differences in the limits of income above 
which compensation is not paid and in the scales of 
compensation, but these doubtless bear some relation 
to the cost of living, and the differences may not be 
as significant as they appear at first sight. In general, 
compensation is based on average wages during a 
prescribed period before the injury, but there is the 
widest variety in respect to the coefficient of compen- 
sation. For death this ranges in different countries 
as widely as from three years’ annual wages to one 
year, and similar limits are found for permanent total 
disability. For permanent partial disablement and for 
temporary disablement, the basis of compensation differs 
greatly in kind, as well as in amount. Permanent 
partial disablement entitles the victim in some countries 
to a year’s wages, to be paid in a lump sum, and in 
others to two years’ wages. In Colombia he only gets 
from 90 to 140 days’ full pay, according to the extent 
of his injury. In Argentina, Nicaragua, and Paraguay 
the payment is 1,000 times the reduction in the injured 
worker’s daily earning capacity or wages. In Salvador, 
the employer must furnish the worker with other suit- 
able employment at equal pay. Elsewhere, life pensions 
are given equal to one-half or one-third, varying with 
the country, of the difference between the wages earned 
before the injury and those after taking up another 
occupation. Elsewhere, again, the workman may get 
an annuity not exceeding 60 per cent. of his wage, and 
in Brazil a similar annuity ranges from 5 per cent. to 
60 per cent. of that wage. In all countries medical and 
pharmaceutical attention is given from immediately 
after the injury for so long as it may be required, 
though the employee has to pay on a certified scale if 
he requires to be attended by his own medical man 
instead of that of the employer. 

Nearly all countries provide for settlement of claims 
by agreement, or failing that, by arbitration or by 
the court, with various conciliation devices. In 
several of the countries, but not a majority, actions may 
be brought against third parties responsible for the 
accident, any excess recovered over the amount secured 
by law to the workman going likewise to him. Except 
Panama and Venezuela, all countries require accidents 
to be notified, though the time limited for this varies 
from the immediate notice required in Peru, to the 
thirty days allowed in Paraguay. All but two of the 
countries allow employers to insure their compensation 
risks with an insurance company, mutual association, 
or Government fund. Provision appears to be general 
requiring companies to provide security for an amount 
for payment of claims. 





NATIONAL FEDERATION OF BRIDGE AND STRUCTURAL 
ENGINEERS.—At a meeting of the recently-formed 
National Federation of Bridge and Structural Engineers, 
held on November 13, at Artillery House, Artillery Row, 
Victoria-street, London, S.W.1, the various economic 
problems facing the industry were discussed, including 
fair terms and conditions of contracts with public 
authorities. A sub-committee was appointed to consider 
tariff proposals. 

Rattway Erruer-Siwe Brakes.—The Minister of 
Transport has had under consideration the question of 
relaxing the provisions of the Prevention of Accident 
Rules relating to either-side brakes. These require rail- 
way wagons to be fitted with such brakes by certain speci- 
fied dates, and, in view of the present situation, he has 
made new Rules, postponing until December 31, 1938, 
the existing dates prescribed for the fitting of wagons 
with either-side brakes. These Rules will shortly be 
put on sale by H.M. Stationery Office under the title 





of the Prevention of Accident Rules, 1931. 
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THE QUADRUPLE SCREW TURBO- 
ELECTRIC LINER ‘‘ MONARCH OF 
BERMUDA.”’ 


THE Monarch of Bermuda, which has just been com- | 
pleted at the Naval Yard of Messrs. Vickers-Armstrongs, | 
Limited, Walker-on-Tyne, is intended by her owners, | 
Messrs. Furness, Withy and Company, “Limited, for 
the carriage of passengers, mails and cargo in the New 
York-Bermuda service. She is the largest vessel 
to be launched on the Tyne since the Mauretania, her 
length on the water line being 576 ft., her breadth 
moulded 76 ft. 6 in., and her gross tonnage 20,500. 
She is provided with accommodation for 830 first-class 
and 30 second-class passengers, the public rooms, 
which include two swimming baths and a gymnasium, 
being exceedingly comfortable and very lavishly 
decorated and lighted. Electricity is employed not 
only for propelling the ship and for driving the numer- 
ous auxiliaries, but for heating and cooking and, of 
course, for lighting and communication. The impressive 
appearance of the vessel will be gathered from the 
accompanying illustration. | 

As the Monarch of Bermuda is the first quadruple- | 
screw passenger liner to be equipped with turbo-electric | 
propulsion, we propose to deal with this portion of the 
plant in detail in a subsequent issue, but it may be 
stated here that it, consists essentially of two General | 
Electric-Fraser and Chalmers 7,500-kw., 3,000-volt 
turbo-alternators which are supplied with steam at a 
pressure of 400 Ib. per square inch and a temperature 
of 650 deg. F., from eight oil-fired boilers. These 
generators, in turn, supply four 4,750-H.P. synchronous 
motors, running at a speed of 150 r.p.m., each of which 
is directly coupled to one of the propellor shafts. Nor- 
mally, the two port motors will be connected to the port 
alternator and the two starboard motors to the star- 
board alternator, but the control system provided 
enables any motor to be supplied from one or both 
alternators if required. This means that a large 
number of running combinations are available to deal 
with various service conditions, and that a high degree 
of reliability is ensured in case of emergency. The 
control is “all-electric,” in contradistinction to the | 
electro-mechanical systems which have heretofore been 
generally employed, the turbines being first run up to 
about one-eighth speed without excitation on either 
the alternator or motor fields and the direction con- 
tactors closed. The speed is then increased to about 
one fifth and the alternator fields over-excited, so that 
the motors start and run up as induction motors. Next 
the motor fields are excited, so that the machines pull 
into step and run as synchronous motors, after which 
the alternator excitation is reduced to its normal 
value, the speed being subsequently adjusted by altering 
the speed of the turbines. All the switching operations 
on the main circuits are carried out at low voltage, 
thus avoiding the rupturing of heavy currents. Special 
arrangements have been provided for preventing the 





overheating of the alternators and for protecting the 
| plant as a whole from damage. 

| The auxiliary power for the excitation of the main 
| machines, for driving the numerous motors and for 
supplying energy for lighting, heating and cooking is 
obtained from four 750-kw., General Electric-Fraser 
and Chalmers geared turbo-generators, which generate 
direct-current at 220 volts. The motors are controlled 
on the General Electric plural starter system, the prin- 
ciple of which is that one starter, which, with its ‘associ- 


; ated equipment, is mounted on the main switch board, 


is used for a number of motors, thus effecting consider- 
able saving in space. The motors themselves are actu- 
ally started and stopped by push buttons, which are 
mounted on their housings. The ship’s auxiliary supply 
as a whole is protected by a * non-essential” circuit 
tripping system, which enables plant of secondary 
importance, such as the winches, certain ventilating 
units and part of the illumination to be switched out 
should the auxiliary generators become overloaded. 
If the overload continues, a second group of plant can 
be cut out in a similar way, leaving alive only those 
circuits which supply the most vital services of the ship, 
such as the navigation, engine room and _ skeleton 
lighting, the steering gear, propulsion excitation and 


| wireless equipment. 








THE LATE MR. A. H. WALTON. 

| Tue death, on November 9, after a short illness, 
|of Mr. Alfred Henry Walton, at his home at Browns- 
wood Park, London, N. 4, removes a well-known figure 
from the ranks of the electrical engineers in this country. 
Mr. Walton, who had been for 33 years with Messrs. 


| The British Thomson-Houston Company, Limited, and | 


| had served successively as chief engineer, manager of 
|the heavy-traction department, and, of late years, as 
| manager of their London office, was born in September, 
1860. 
he entered the works of Messrs. Hayward, Tyler and 
Company in 1876. Four years later he became engaged 
on the drawings of the Holborn Viaduct electric supply 
station, put down by Messrs. The Edison Electric Light 
Company, and was also employed on the construction 
of the plant exhibited by the Edison Company at the 
Crystal Palace Exhibition in 1880-1881. The young 
engineer entered the electric light department drawing 
office of Messrs. The Telegraph Construction and 
Maintenance Company, at East Greenwich, in 1883, 
and, under the late Mr. J. E. H. Gordon, became 
engaged on work connected with the design and 
erection of the electric-supply plant for the Paddington 
station of the Great Western Railway Company. When 
that railway company took charge of the installation, 
he entered its service, and was immediately given the 
task of conducting a series of tests having as their 
object the increasing of the efficiency of the armature 
coils of the Gordon alternators. As a result, it was 
decided to alter the whole of the coils, and this was 





After receiving his education at a private school, | 











ENGINEER ING 


successfully accomplished at the Swindon Works of 
the Company under Mr. Walton’s superintendence. 
In 1889 he designed and supervised the construction of 
the electric light installations of three Great Western 
Railway steamers built for the Weymouth and Channel 
Islands service. 

Mr. Walton was appointed chief assistant engineer 
to the Metropolitan Electric Supply Company in 1890, 
and, five years later, became engineer to the Company. 
His long association with Messrs. The British Thomson- 
Houston Company, Limited, began in the autumn of 
1898, when he was offered, and accepted, the posi- 
tion of engineer superintending the construction of 
electrical plant for the Central London Railway. He 
became chief engineer of the Company in July, 1899, 
and in October, 1902, was appointed manager of the 
heavy-traction department, in addition to his other 
duties. He relinquished the position of chief engineer 
some time ago, but remained manager of the heavy- 
traction department, and, in addition, was appointed 
manager of the London office of his firm. He was also 
for many years managing director of the Cork Electric 
Supply Company, Limited. A former student member 
of the Institution of Civil Engineers, Mr. Walton was 
elected an associate member on March 7, 1882, and 
rose to full membership rank on November 3, 1891. 
He was elected a full member of the Institution of 
Electrical Engineers in 1895, and served on the Council 
in 1915. 








CHANGE oF ADDRESS.—The address of the honorary 
secretary of the Institution of Civil Engineers (Yorkshire 


Association) is now 89, Potternewton-lane, Chapel- 
Allerton, Leeds. 
INSTITUTION OF HIGHWAY ENGINEERS.—The first 


annual dinner of the Institution of Highway Engineers 
will be held at the Connaught Rooms, Great Queen-street, 
London, W.C.1, on Saturday, November 21, at 7 p.m. 


ENGINEERING AND RAILWAY EXHIBITION, SHANGHAI. 
—An International Engineering and Railway Exhibition 
is to be held at Chiao Tung University, Shanghai, from 
December 12 to 27 next. The exhibition is to be held 
under the auspices of the Ministry of Railways of the 
National Government of China, and its purpose is to 
bring before the Chinese public, particularly persons 
engaged in engineering, industrial, and scientific products 
in railway appliances and equipment, and in the methods 
of administration. All spaces for the exhibits, in the 
University grounds or in its buildings, is being allotted 
free of charge. For the convenience of manufacturers 
and industries not represented in Shanghai, a committee 
of the University Faculty has been appointed and is 
receiving the products for exhibition. The chairman and 
general manager is Mr. Sheng Z. Wang, Chiao Tung 
University, Nanyang College, 862, Avenue Haig, Shanghai. 
Firms having local representation in Shanghai may get 
in touch with him. Further particulars regarding the 


exhibition may also be obtained from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, and 
reference No. G, 10,868 should be quoted, 
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STEAM RESEARCH IN EUROPE 
AND IN AMERICA.* 
By Professor Dr.-Ina. Max Jakos. 
LECTURE III. 


B.—Tue FUNDAMENTAL THERMODYNAMICAL PRo- 
PERTIES OF WATER AND S'rEAM—(continued). 
III.—Optical (Spectroscopic) Measurements—T heories 

and Thermodynamical Evaluation and Control of the 

Results of Experiments. 

1. Determination of the Specific Heat of Steam by 
Spectroscopic Measurements.—The first lecture of this 
course dealt with mechanical and thermometric 
methods of research into the properties of steam, and 
the second lecture, with calorimetric methods. On 
these two lines the experimental material, essential for 
steam technics, has been developed. The principal 
aim of the present lecture is to demonstrate how this 
material has been treated from a theoretical stand- 
point, and how the results have compared one with 
another. 

But, before passing on to this point, I should like 
to draw your attention to the fact that steam research 
can also be approached through regions of physics which 
seem to lie off the main path. One way, which I can 
only mention, is that concerning the acoustic pheno- 
menon of sound velocity. As is generally known, 
by measuring the length of sound waves in tubes 


the ratio y of the specific heats of the gas in the 


ra 
tube are obtained, and then, by means of the thermo- 
dynamical relation C, — Cy = R, it is possible to 
evaluate C, and C,. Although the application of this 
method to steam has up till the present time not 
become important, it is not impossible that this may 
be the case later. 

I should, however, like to deal more in detail with 
modern optical methods, which throw a new light on 
this problem, and which open up the possibility of 
obtaining new qualitative and quantitative results, 
by employing theories concerning the behaviour of 
the atoms in the molecule. Firstly, I should like to 
re-call to your mind that, in the classical theory of 
molecules, the specific heat of a gas is considered as 
dependent on the degrees of freedom of its molecules. 
It is convenient in such work to adopt the gram- 
molecule as the unit of weight, this gram-molecule 
being a weight in grams equal to the molecular weight 
of the substance in question. It is denoted generally 
by the term mol. Hence, 1 mol of water equals 18 gm. 
The specific heats referring to | mol are usually signified 
by capitals, namely Cp, Cy. The specific molecular 
heat at constant volume (referring to the pressure p = O, 
at which the simple laws of ideal gases would hold good) 
is composed of the heat quantities originating from the 
translatory motion of the molecules and those originat- 
ing from their rotation. 

Each degree of freedom supplies at the most an 
= cal./mol./deg. C., where R. signifies the 


amount of 


gas constant; in the range of temperatures important 
in steam practice, this maximum is always reached. 
Therefore, the three translatory degrees of freedom of 
R. This is at the 


same time the total molecular heat of a monatomic 
gas, rotation energy not coming in question. 

The energy of rotation of a diatomic molecule 
originates from a revolution around two axes perpen- 
dicular to the line of connection of the two atoms, 
whereas the rotation around this line apparently does 
not require appreciable energy. Therefore, one may 
say, though not absolutely correctly, that the mole- 
cules of diatomic gases have two rotational degrees of 
freedom. According to this, their specific heat 


the molecules give the amount 


oe 
Cyo= 3 +25 =>R. 


In molecules consisting of more than two atoms, the 
rotational heat generally depends upon the revolution 


5 a. 
around three axes, and according to experience is | R. 


According to the thermodynamical formula C, — C, 
= R, the molecular heat at constant pressure exceeds 
C, by the amount R. Therefore, in the ideal case, one 
gets— 

for monatomic gases 


3 5 
Co=>R Cp=— R, 
for diatomic gases 
5 7 
os aR > R, 


* Third of a course of four lectures delivered in May, 
1931, before the University of London. The section 
dealing with Calorimetric Measurements, forming Lec- 
ture II and appearing on pages 518 and 550 ante, was 
incorrectly given as Section C. Actually it forms Sub- 
Section IL of Section B. Sub-Section III follows, as 
above. 








for tri- or more atomic gases 
6 
= ZR = 
where R = 1,986 cal./mol. per deg. C. 

Unfortunately, experience has shown that the matter 
is not so simple as this. Firstly, there exist tri-atomic 
molecules the atoms of which one must imagine as all 
three lying in one straight line. In this case, which 
has been proved for carbon dioxide, only two rotational 
degrees of freedom are effective, as in diatomic mole- 
cules, 

Further, it has been found that the specific heats 
increase with the temperature. Basing on our own 
earliest experiments, already mentioned, regarding the 
specific heat of steam, Knoblauch and Jakob,* as 
early as 1905, signified this rise as originating from “a 
loosening of the association of the atoms in the mole- 
cule,”’ increasing with rising temperature and ultimately 
leading to dissociation. Recently (1923), Kemblef, 
in a similar train of thought, suggested that with in- 
creasing velocity of rotation and centrifugal force, 
the distance of the atoms also increases, so adding, 
to the energy of rotation, a potential amount for the 
increased stress between the atoms ; this, for hydrogen, 
according to Witmer,t should be 8-10-5 T cal./mol, 
deg. C. In consequence of this the specific heat of 
water might be influenced. 

As against this, in modern physics, it is suggested 
that this increase is caused by vibrations of the atoms 
in the molecule. Quite recently I encouraged Dr. Justi, 
of the Reichsanstalt, to publish a paper dealing with 
this subject. This appeared in the monthly revue, 
Forschung auf dem Gebiete des Ingenieurswesens, of 
which I am the editor. In the following I refer to 
this paper, and I should like to recommend those of 
you who are sufficiently acquainted with the German 
language to read this report in the original. 

In a diatomic gas, according to the views of the 
quantum theory, the atoms vibrate harmonically 
against one another with the frequencies v, 2v,3v ..., 
whereby, on an average, the kinetic energy equals the 
potential energy. If N signifies the number of mole- 
cules in one mol (N = 6:06,.10%), according to 
Einstein|| by integration of the equations of motion, 
one obtains the energy of oscillation per mol : 


8 
7 F 


N.Ahwy 
U ‘ . @] 
hv (71) 
Pe. a 
where 
h 6°55 * 10-*7 Erg seconds, and 


k = 1°37. 10-16 Erg per deg. C. 


are Planck’s universal constants. 
From this, differentiating with respect to T, one 
gets as specific heat of oscillation (per mol) 


hv 2 9 


hv \2 -— 6 ae 
R. (pr) ¢ iia Re (qr) et r) 


(iz _,) ie (z) 


«= 9 (22 
= 9 is called the ‘* characteristic tempera- 


Cose 


hv 
where P 
ture.” According to this, the heat of oscillation, 
which is to be added to the classical values, is a 
qtite simple function of the ratio of the characteristic 
temperature 0 to the absolute temperature T. There- 
fore, it is only necessary to know the frequencies y of 
the atoms. 

Now, it is known that spectroscopy is a method 
by which, from the place of the spectral lines in the 
spectrum, one can exactly determine such frequencies. 
This opens the possibility of determining by means of 
spectroscopic measurements that part of the specific 
heat which is not obtainable by the classical theory 
of molecules. As in all problems of spectroscopy, 
the question consésts (1) in obtaining clear and distinct 
lines, and (2) in interpreting them in a right manner. 
Neither condition is easy to fulfil. 

The difficulties as regards the so-called ‘ polar’ 
(or ‘‘ heteropolar’’) molecules, such as those of water, 
consist in the fact that the spectra in question lie 
far in the ultra red, and cannot be fixed by ordinary 
photographic plates; further, that they have a very 
great number of lines, and that the fundamental 
vibration is difficult to determine ; finally, that there 
exist also optically inactive vibrations. Referring 
to the ‘‘ non-polar”? (homeopolar) molecules, which do 
not afford an ultra red spectrum, but band spectra 


’ 





* O. Knoblauch u. M. Jakob, Sitzwngsber. d. mathem.- 
physikal. Klasse der Kgl. Bayer. Akademie der Wissen- 
schaften, vol. xxxv (1905), page 441. 

+ See E. C. Kemble and I. H. van Vleck, Phys. Rev., 
vol, xxi (1923), page 653. 

t E. E. Witmer, Proc. Nat, Acad., vol. xii (1926), 
page 238. 

§ E, Justi, Forschung auf d. Gebiete d. Ingenieurswesens, 
vol. ii (1931), page 117. 
|| A. Einstein, Ann. d. Phys., vol. xxii (1907), page 180. 





in the visible and the ultra violet region, it is disturbing 
that, when producing these spectra by electrical 
discharge, the frequencies of oscillation are altered, 
owing to the excitation of the electrons, which by their 
motion hold the molecules together. 

A way out of these difficulties is opened up by the 
detection of a new optical effect by the Indian physicist, 
Raman, who for this was invested with the Nobel 
Prize in 1930. By this Raman effect, it has been pos- 
sible, in a very simple manner, to fix photographically 
the oscillation frequencies of polar and non-polar mole- 
cules in the fundamental state, that is, without excit- 
ing the electrons. 

According to Raman, in the substance under investi- 
gation, the radiation of an efficacious monochromatic 
source of light, for instance the mercury line 2537 or 
the helium line 3889, is scattered, and the scattered 
light then received in a direction perpendicular to that 
of the primary radiation by a spectrograph, so that 
only a very small amount of the primary light comes 
directly into the spectrograph. When exposing for 
a normal space of time, only one line in the spectro- 
graph is seen, corresponding to the frequency radiated 
in; exposing, on the contrary, over many hours, 
other fainter lines, symmetrically to the primary 
frequency, are visible, the so-called Raman spectrum, 
which had been predicted from the following argument. 

If a light quantum of the frequency y,, the energy 
of which, according to the quantum theory, is h v), 
impinges on a molecule, it can pass energy on to this 
molecule, whereby the energy of the latter increases by 
hy, and its oscillation frequency by v. In consequence 
of this, the ray of light possesses now only the energy 
h(v, — v) and, therefore, the frequency vy, — v. The 
scattered light has now a longer wave-length. If, 
on the other hand, the molecule passes on to the light 
ray the amount hy of its oscillation energy, the scattered 
light obtains the frequency v,-+v; its wave-length 
has become shorter. Therefore, the frequency distance 
between one of these ** Raman lines,’’ and the primary 
frequency is equal to the required frequency v of 
oscillation. Because the light energy is not sufficient 
to alter the path of the electrons in contrast to the 
band spectra, we obtain the frequency of vibration 
in the fundamental] state, which is decisive for the 
specific heat. From the values drawn from the 
spectra, without anything further, we may calculate 


. . v . 
the characteristic temperature @ , and from this, 


by means of the Einstein function E, the specific 
heat of oscillation Cose. Justi thinks that, from this, 
the specific heat of diatomic gases is obtained more 
exactly than by any calorimetric method. 

In tri- or more atomic molecules the matter is 
more complicated ; but, basing on a special model of 
the carbon dioxide molecule originating from Eucken, 
it is also possible to calculate the oscillation heat for 
this gas. From this it is suggested that the atoms of 
the molecule lie in a straight line, the O-atoms being 
arranged symmetrically to the C-atom. For water 
vapour, on the contrary, considerable difficulties 
are met with. The model of this molecule is said 
to be a triangle with an obtuse angle of about 110°. 
According to Wohl and von Elbe, the O-atom should 
vibrate with a frequency corresponding to 0, = 5,370 
deg. C. abs., almost perpendicular, and with the same 
frequency also parallel to the communication line of 
the two H-atoms, whereas these are said to oscillate 
symmetrically to the O-atom with @, = 2,280. Accord- 
ing to this the formula for the oscillation heat would be : 


2280 5370 
‘osc 5 +3E ag) 
Cose E ( T ) tr - E ( T ) 


Wohl and von Elbe refer to the excellent agreement 
of the values hereby calculated with the values obtained 
by the Munich investigators, and by some pupils of 
Nernst, who used the explosion method. Justi, on the 
other hand, considers this agreement as accidental. 
He draws attention to the fact that the different in- 
vestigators agree neither in the interpretation of the 
ultra red spectrum of water vapour, nor regarding the 
frequencies of oscillation, and that the question is not 
yet decided, whether two or three fundamental fre- 
quencies exist. 

The Raman spectrum, however, shows a double 
band for 6 4896, and with this temperature 
Kohlrausch and Dadieu, assuming an oblong model for 
the water molecule, calculate 


Cose = 2E ( 


(23) 


+) 
T 


According to this, the oscillation with @ = 2280 would 
be thermally inactive. Finally, Justi points out that 
the steam molecules are polymeric at lower tempera- 
tures, and a change of molecule complexes to simpler 
molecules takes place with increasing temperature, 
so causing a more rapid rise of the specific heat, in the 
same direction as would be the case if an oscillation 
with smaller @ existed. However, it would be necessary 
to correct the value 18 of a mol of water, correspond- 
ing to the degree of polymerisation. 


(24) 
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I will refer later to comparisons of the results of the | 
spectroscopic and the calorimetric methods. I should 
like to say here, with reference to diatomic gases, 
that the spectroscopic method has already succeeded 
in determining the variation of the specific heat with 
the temperature probably more exactly than any 
other method, and that, regarding steam, we are quite | 
near to this point, this, however, holding good only 
for atmospheric pressure. It seems to be of decisive 
importance to have a full knowledge of the polymerisa- 
tion of steam, and from this we come to the theoreti- 
cal investigations of Professor Callendar, who suggested 
such a polymerisation, or, as he called it, a coaggre- 
gation of the molecules,* as early as 1900, whereas in 
Germany Professor Nernst seems to have had a similar 
ideat in 1909. 

2. Callendar’s Theory.—It may appear strange 
that, in the country where Callendar has so often 
demonstrated his theory, I am not content merely | 
to refer to his numerous papers on this subject, but | 
dare to explain it once again. But Callendar’s publica- 
tions are in many respects so difficult that I cannot 
assume that everyone has understood them. Perhaps | 
owing to my slower and clumsier English you will be | 
more easily able to follow my demonstrations, than to | 
understand his so much more elegant but also more 
difficult manner of expression; further, I shall take | 
this opportunity to criticise some points of this theory. 

Before entering into details, I should like to mention | 
that, in the interpretation of this theory, and in the 
proofs of the equations and the verification of the 
constants in question, I was very actively supported | 
by my assistants in the Reichsanstalt, Dipl. Ing. Eck 
and Dipl. Ing. Fritz. 

Three things are characteristic of Professor Callendar’s | 
work: (1) That he stands absolutely on his own feet— | 
that is to say, he personally measured practically all | 
the properties in question, and also worked them out } 
himself theoretically ; (2) that he was content neither | 
with tables and diagrams, nor with merely empirical | 
equations, but, as far as steam is concerned, it was his 
aim to find an equation of state physically founded | 
and embracing all properties; (3) that in this aim he) 
proceeded farther than any one, but, however, did not | 
succeed in reproducing the experimental results by | 
mathematical expressions so exactly as is possible by | 
means of tables and diagrams. | 

Callendar starts from the equation of state holding | 
good for gases at low pressure :-— 





+ P(v—b) =RT (25) 
in which J is the mechanical equivalent of heat, and 
R the special gas constant for steam. He also uses as 
basis the adiabatic relation, already mentioned in the 
first lecture, drawn up by himself :— 
P 
Ts 


From the thermodynamical formula, valid for low | 
pressures 


= const. 


(26) 


Cp — ty = R, 
with a= 1-3 (the classical theoretical value for 
tri-atomic gases being 1-33...) there follows for 
p=0 
: R 


E a 
po = 3 (27) 


| This is a trifling defect of the system. 
| can derive 


did not dare to set up equations for steam, apart 
from the merely practical purpose of ‘‘evening”’ the 
values. Callendar, on the other hand, in the same 
lecture draws from this the strange conclusion that 
one should fix, quasi by definition, the constant 


value Cy + R as a standard, and so define a kind 


of ideal steam, which would have just this specific 
heat, and also in the other respects would correspond 
to Callendar’s equations which are to be derived in 
due course. This means that one would have to neg- 
lect, for practical reasons, the deviations of this con- 
stant value from reality. I cannot imagine that this 
suggestion has any chance of being adopted, since the 
deviations in question are now quite well known both 
from the experimental and theoretical sides, as I have 
already mentioned, and shall further demonstrate in 
detail in the course of this lecture. 

From the adiabatic formula (26), and the two 
principal laws of thermodynamics, Callendar further 
obtains the equations :— 


1/13 


j= a+ 5|-5 Pw—s)4 op, (28) 
in which a and 6 are constants, and 
T 
v= J R> — 1 _ yp? i b . . (29) 
= 7: signifying a specific volume defect. This, 


according to Callendar’s ideas, originates from the 
fact that, in the range of high pressures, a certain 
number of the molecules are co-aggregated. The 
functions ® and W are defined by the equations :— 


10 





= 7 CR (30) 
and 
P 
¥ak. Ze. (31) 


WV is to be considered as the ratio of the mass of co- 
aggregated molecules to the total mass, a proportion 
which, with increasing pressure and decreasing tempera- 
ture, must apparently increase. 

Besides the constants already mentioned, the 
equations (28) to (31) contain the following constants : 


a = 463-9 keal. /kg. (mass), 

b = — 0-000175 m*/kg. (mass), 
f = 0-0263 m3/kg. (mass) 

k = 0-05078 deg. C/m. 


As may be seen, the constant 6 in equation (29) has 
nothing to do with the co-volume of the molecule, but 
is merely an empirical constant with a negative value. 
Further, one 


eas 
im 2 4 P ae say a 
i dite be Be bees bee (82) 
and 
. 3 1 P ® 
8 = Cpo loge T Sy fon ine ae 
ee. l¢v 1 : 
; ieee —~ 0,044 (38 
7 yp lee py — 7 B loge P — 0,044 (33) 


We now come to one of the most interesting hypo- 


| theses in Callendar’s work, an hypothesis on which he 
| always laid the greatest value, and which has been 


| confirmed in a quite astonishing manner, an hypothesis, 


In the equations (25) to (27) :—T is the temperature 
in deg. C. abs., P the pressure in kg. per square meter 
(force), v the specific volume in m* per kilogram (mass), | 
J = 427-1 mkg. per kcal. (the kcal. being defined as | 


Sees 
1/860 of the international kilowatt-hour), R = ee 


427-1 

= 0-11012 keal. per kilogram (mass) per deg. C., | 
Cp) = 0-477 kcal. per kilogram (mass) per deg. C. | 

On this value of cp,, Callendar has always based | 
his calculations, though from our own earliest measure- | 
ments in Munich we know that, even at moderate | 
temperatures, Cy, is not constant, but rises with the | 
temperature, though, as I explained in the first lec- | 
ture, we now know the variability of this property | 
also from a theoretical standpoint. This is one of the | 
weakest points in Callendar’s system, and can really | 
only be justified by his own words contained in his | 
last paper, the sixteenth Thomas Hawksley Lecture | 
which he delivered on November 1, 1929, before the 
Institution of Mechanical Engineers. On that occasion, | 
he said: ‘In reality there is very little prospect that | 
all the properties of steam, or any other substance, | 
could ever be represented exactly by any system of | 
equations without making the system far too complica- | 
ted and unwieldy to be of any practical use.” This | 
was just the reason why most of the other researchers 


| 

* H. L. Callendar, Proc. Roy. Soc., vol. xvii (1900), | 

page 266. 
+ W. Nernst, Verhandl. d. Deutsch. Physik. Ges., vol. xi 

(1909), page 313. ' 


on the other hand, which has never been fully explained, 
even by Callendar himself. 

In Callendar’s formulation, this hypothesis suggests 
that in each volume of water the same volume of 
steam is dissolved. Callendar explains the sense of 


|this hypothesis by the following remarks*: ‘This 


view was supported by the theory of osmotic pressure. 
The surface layer of the water might, in fact, be 
regarded as a perfect semi-permeable membrance, so 
far as steam molecules were concerned, and hence 
the density of the steam should be the same on both 
sides of it.’ 

From this hypothesis one obtains : 


v’ 
Seer 


= -y 


v= ct (34) 

Since this equation seems never to have been rigidly 
derived, a derivation will now be given. You may 
imagine an ideal liquid, differing from real water only 
by the singularity that no steam may be dissolved in 
it, and that its specific heat may be denoted by cj, 
where c; signifies the well-known minimum value of 
the specific heat of water. Now one can suggest that 
1 kg. of real water, the specific volume of which is 
v’, originates in the following way: the volume v’ 
may be firstly filled by ideal water, and then the same 


volume of steam, that is, - kg. of steam, dissolved 





* H. L. Callendar, ENGINEERING, vol. exxvi, page 625, 
(1928). 





in it. To produce this mass of steam one needs the 
heat quantity ~, rj, where r; signifies the latent heat 


of ideal water. Since, after this a part of the real 
water consists of dissolved steam, the evaporation of 
1 kg. of real water requires only the heat quantity :— 


, 


v v’ —v’ 





Pah Sh = Sm (35) 
from which it immediately follows that 
gf” 
y= \ a Fi (36) 


Now, according to Callendar’s hypothesis, the heat 
contents of real water is 


, 





vs att or (37) 
and, substituting r; from equation (36) one obtains 
Callendar’s starting equation 


, 


-7 : v 
aa ial te a (34) 
as required. 

Substituting in this equation, according to the 
formula of Clapeyron-Clausius, 


r ak 


v—wv J 


dp 


=a 





(38) 


one obtains 
dp 
dT 
It is remarkable, but has appareatly been forgotten 
that Callendar started originally from this equation, 
established as early as 1889 by J. M. Gray*, and 
adopted in the year 1902 by Callendarj, and that 
the suggestion of the “ideal water; on which Gray 
based his equation, was originated even by Rankine. 
For the second member on the right side of equation 
(39), Gray had given an explanation, which Callendar 
had reason to designate as not clear, and which he 
superseded by the hypothesis already mentioned. 
Now, we may follow again Callendar’s train of 


v=att> wT (39) 














thought. From 
on v’ 
a = CE Same (34) 
and 
i 
w=’ +tr=cqgte+—; r 40 
7c Sta e (40) 
he obtains 
v’ v’—et 
a 41 
aah reser (41) 
or 
aft 2 4*¢ _ cit ar —_s cit 
v’”’ a v’ — al pom a’ = r 
or 
ri” — at 
os ak 7 . (42) 
v v v 


By comparing the latter equation with the Clapeyron- 
Clausius equation 


r 1 dp 


Fae a ae = 
one finally obtains 

a’ — cit 1 dp ' 

“> ae = 


Now, substituting »” from equation (29) and 7’” 
from equation (28) into equation (43), and integrating, 
Callendar obtained the following equation for the satu- 
ration pressure : 
2903°4 

T 





logyg P = 23°9213 — — 47174 logy T 


? Mtoe P 
+ 0°20956 logyy 7 ear 7 + 1°6186. 10-6 T (44) 
in which, according to equations (30) and (31), 
10 10 
373°1\3 , P d Py cee ae 
Y=f.k. (=>) == 0-0013365 (“"*) “+ 


The only new constant in this equation is determined 
by the condition that the saturation pressure of water 
at t= 100 deg. C., by definition, equals 760 mm. of 
mercury. 

The saturation pressures, calculated according to 
this formula, deviate from the best known experimental 
values by less than + 1 per cent. in the region from 
200 deg. to 374 deg. C. This is to be seen from Table VI. 
This is an astonishingly good result, if one considers 
in which way it was obtained ; but nevertheless, since, 
as shown in Table VII, the best experimental values 
agree at least by 0-1 to 0-2 per cent, it will be seen, as 
I mentioned in the beginning, Callendar’s theory does 
not correspond entirely to reality as now recognised. 
It would not be right for us to demand this, but 
Callendar himself demanded it. 

I have still to mention that the equation of the 
saturation pressure (44) is said to hold good even beyond 





* J. M. Gray, Proc. Inst. Mech. Eng., 1889. 
+ H. L, Callendar, Phil. Trans, (A), vol. excix (1902), 


! page 55. 
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374 deg. C., up to the extraordinary temperature of | molecules are condensed, and the mixture has taken on 


380-5 deg. C. On the contrary, the equations of the 
total heat and of the specific volume (28) and (29) are 


said to fail at the saturation limit from 374 deg. to | 


380-5 deg. If I understand Callendar in this respect, 


these equations give only the specific volume of steam | 


when separated from the water by a meniscus. 


TABLE VI.—Saturation Temperature of Steam ty Observed 


But 


by Holborn and Baumann, tc Calculated from Callendar’s | 





Equation. 
p at | ty deg. C. te deg. C. 
a ESS | ee, Sree 
15-854 | 200 199-6 
26-003 225 224 +5 
40-547 250 249-5 
60-625 275 274-¢ 
87-63 } 300 299-9 
123-00 | 325 25+! 
168-64 350 50-5 
214-47 | 370 369-9 
225-05 374 373-7 


TABLE VII.—Saturation Pressure of Steam. 
pu Observed by Holborn and Baumann. 
px Observed by Keyes and Smith. 
pe Calculated from Callendar’s Equation. 


| Pa | PK = PH g99 | PO P™ Y 1000 
deg. C. | at Pu H 
200 15-854 | — 0-25 + 8:46 
225 26-003 — 0-2 + 9°35 
50 40-547 =O + 8-71 
275 60-625 0-0 + 6-62 
300 87-63 + 0-15 + 1-26 
325 123-00 | + 0-50 — 3-66 
350 | 168-64 + 1-25 8a 
370 214-47 + 2-20 — 1:17 
374 | 225-05 L Oe + 6-58 


beyond 374 deg. C., as I have already mentioned, 
instead of the meniscus a horizontal separation line 
exists, which Callendar calls a ‘‘ demarcation line,” 
and we have now to do not with water and steam, 
but with two water-steam-mixtures. Below 374 deg. 
C. (225 kg. per sq. em.) water and steam are mix- 
tures of molecules of different complexity. The 
water molecules decrease in complexity with increasing 
temperature, whereas the number of complex mole- 
cules in the vapour increases with rising pressure. 
Raising the pressure beyond 225 kg. persq. centimetre, 
the molecules in the part occupied by steam become 
still more co-aggregated, and at the same time less in 
number, and since, according to Callendar’s hypothesis, 
as many steam molecules are always dissolved in the 
water as exist in the same volume of steam in equi- 
librium with the water, the number of steam mole- 
cules also, still present in the water, must continually 
decrease until, ultimately at 380-5 deg. C., all steam 


the properties of water. It is just this hypothesis of 
the equality of the dissolved steam volume with the 
water volume, which leads most naturally to the 
relations : 


fae 
i? = %’, 
and r =0, 


which signify that now there exists no longer any 
difference between the steam of highest complexity and 
the water. At the same time this is a theoretical 
corroboration of the suggestion, appearing rather 
arbitrary on first sight, that exactly as many molecules 
of steam should be dissolved as exist in the same steam 
volume. Another explanation of this suggestion was 
formerly given by interpreting the water surface as a 
film semi-permeable to steam molecules. 

Finally, I should like once more to state, that, not- 
withstanding the objections made regarding the specific 
heat at zero pressure, and notwithstanding some devia- 
tions of Callendar’s values from reality, which will 
be later dealt with, I consider this theory as the most 


| important and successful conception in the whole field 


of steam research, and that our best course will be 
towards its further improvement. 


(To be continued.) 








|'BOILER WASHING PLANT AT THE 


STRATFORD LOCOMOTIVE SHEDS. 

THE running sheds of the London and North Eastern 
Railway at Stratford form the main London depot for 
the Great Eastern section of the system, and have 
recently been equipped with a new _ boiler-washing 
plant, supplied and erected, to the specification of 
Mr. H. N. Gresley, Chief Mechanical Engineer to the 
Company, by Messrs. The Economical Boiler Washing 
Company, Limited, 34, Norfolk-street, Strand, W.C. 
The work undertaken included the re-arrangement and 
improvement of the water supplies; the installation 
of two stationary locomotive-type boilers providing 
power and heat for the hot-water washing-out plant, 
and a booster pump to deliver pressure water for the 
cold-water washing-out services. 

The hot-water washing out plant is arranged on 
White’s system, already fitted at a number of depots 
on the London and North Eastern Railway. There 
are three service mains from the central plant to various 
points in thesheds. Of these, the first serves to return 
to the system the water blown out of the boiler to be 
washed. The second provides the pressure hot water 
used for the usual washing out process, and the third 
service delivers clean hot water for filling locomotive 
boilers as required. The chief advantage of the system 
is that less time is required for the operation than 
if cold water were used, whilst it also facilitates the 
changing of boiler water when desired. 


The building containing the main plant is situated _ 
between the main running shed and the smaller shed. 
A reproduction of a photograph of its interior is 
annexed. The hot water services are arranged to be 
available at all of the twelve roads of the main shed. 
There are six sets of distributing overhead pipe lines, 
each of which serves two roads, and in each line there 
are nine triple drop connections, spaced 45 ft. apart. 
The smaller shed is served by two lines, which, between 
them, serve three roads, and in this case each line has 
five triple drop connections similarly spaced. The 
central plant is sufficient to deal simultaneously with 
six locomotives on each of the three different services— 
that is, six can be blown down, six washed out, and six 
filled at any one time, and is stated to be the largest 
installation in the country. Its size was fixed on the 
basis of a 24-hour working day, and was necessary to 
cope with the very large number of engines stationed at 
this depot. The heavy traffic makes it most desirable 
that engines should be available promptly. 

The central plant is housed in a brick building, which 
shelters two cylindrical hot-water tanks, of which the 
smaller, holding 15,000 gallons, acts as reservoir for the 
washing-out water, whilst the other, with a capacity 
of 20,000 gallons, supplies the filling water. Water 
from these tanks is delivered, under a pressure of 60 Ib. 
per square inch, to the pipe lines by two horizontal 
duplex compound Worthington steam pumps, one 
connected to each tank. The exhaust from these pumps 
is passed into either or both of the tanks, as conditions 
may require. Water blown down from locomotives 
is treated in the following way. The blow out pipe line 
enters a separator (or filter) and the water first strikes 
a baffle breaking it into a spray. Steam evaporated 
from the water on the reduction of pressure is led 
away and utilised in the heater by condensation and is 
fed into the filling tank. The remaining blown down 
water passes through a filter containing broken coke 
to the wash-out tank. Sediment drains into a sludge 
tank which is blown to waste as required. The level 
in each tank is maintained by automatically controlled 
valves. Two locomotive-type stationary boilers, of 
which one serves as spare, are placed adjacent to 
the tankhouse. They provide steam at a pressure of 
100 lb. per square inch to the two pumps, and act also 
as an auxiliary source of heat for the main tanks. 

Three overhead mains connect up the central plant 
with the smal] shed, and four with the main shed, 
the blow out main being in duplicate. From each drop 
connection on the washing out and filling services, near 
the individual control valves, there is a small return 
main to the tanks, thus ensuring a complete circulation 
of hot water to every working point and maintaining 
its temperature. The two steam pumps, when no 
work is being done, run light at a slow speed, main- 
taining a pressure of 60 lb. per square inch and a slow 
circulation of the water. The opening of any valve 
in the shed on the wash out or filling lines, reduces 
the pressure in the mains, and automatically brings the 
pump governor into action, speeding up the pump, 
which slows down again when the demand for water 
ceases. Both governors are set to maintain a pressure 
of 60 lb. per square inch in the mains, and each pump 
is of a sufficient capacity to maintain this pressure with 
a delivery of 30,000 gals. per hour. In case of emer- 
gency, it is arranged that each pump can draw from 
either tank and supply both services. 

The working temperature of the water is maintained 
within predetermined limits, and these have been fixed 
as high as is practicable in the circumstances. The 
maximum temperature of the washing-out water used 
on this plant is 180 deg. F., and that of the filling 
water is 210 deg. F. These temperatures are automati- 
cally limited by thermostatically controlled valves. 
In the case of the wash-out water, the thermostat is 
placed in the pump delivery, and is set so that should 
the temperature rise above 180 deg. F., a normally 
closed diaphragm valve admits cold water to the 
pump suction, thus adjusting the temperature of the 








actual water delivered, whilst retaining the temperature 
of the tank water. The prescribed temperature 
limit for the filling water is obtained by placing a 
thermostat in the filling tank, which is connected to a 
normally open diaphragm valve, admitting live steam 
to the tank until the temperature reaches 210 deg. F., 
when the thermostat comes into operation and closes 
the valve. These thermostats can be adjusted to 
suit requirements. The method of pump regulation 
already mentioned, and the temperature control gear 
just described, enable the plant to work automatically. 

The tank house also contains a 13-h.p. motor-driven 
centrifugal pump supplying the cold water washing 
out service. This unit has a capacity of 13,200 gallons 
per hour when pumping against a pressure of 43 Ib. 
per square inch. Existing mains, previously used for 
washing out have, with certain alterations, been used 
for this service. This pump obtains its supply under 
a positive head, and a byepass has been arranged for 
use in emergency, so that washing out can still take 
place during a breakdown of the pump. 

At the same time as the work already described was 
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undertaken, rearrangements were made in the water 
supplies. Originally, water from several sources was 
mixed in a service reservoir located close to the Stratford 
running sheds and having a capacity of 110,000 gallons. 
The pressure of water available for any purpose was 
then strictly limited to about 13 lb. per square inch. 
The service to this tank was formerly interconnected 
with the general water supply of the locomotive works 
adjacent, which is derived partly from two wells and 
partly from the Metropolitan Water Board mains. 
The well waters are of inferior quality. Town water 
only is now fed to the tank and thence to the water 
cranes and the hot washing out plant, and it is 
now the only water used for filling locomotives. A 
new 8-in. town water main has been laid to the service 
tank ensuring an adequate supply of water at all times 
for every purpose. The mixed water supply has been 
separated and is used for both cold and hot washing 
out purposes, but if emergency arises the other source 
can, in addition, be drawn upon. By these modifica- 
tions, the Stratford locomotive sheds have now a full 
supply of water at adequate pressure for all purposes 
and sufficient for all contingencies. 


For the successful operation of the hot-water washing | 
plant. described, locomotives must, after the fire is | 


dropped, come into the shed with a steam pressure of 
at least 40 lb. per square inch and be blown down 
with as little delay as possible. 
greater part of the heat in the boiler water is recovered. 
The time occupied is about half an hour and the opera- 
tion exercises a considerable cooling effect on the 
boiler so that hot washing out can be started immedi- 
ately. Connection is made to the drop connections 
by a length of 2-in. armoured hose pipe with unions 
which are suitable for fixing to the various hydrants. 
The time taken for the whole operation of blowing 


down, washing out, refilling and steaming varies with | 
lor a large engine of the | 


size of the locomotive. 
Sandringham class (4-6-0), this is a minimum of six 
hours, which compares very favourably with the 


twelve hours required with the previous low-pressure 


cold water method. The fuel saving is substantial. 
Less is required for lighting up, engines are more 
quickly available, and the condition of the boilers 
improved. There is also a saving of water since the 
water in the locomotive boiler is filtered and used again 


for washing out purposes, and also because the make-up | 
water used is inferior water, which, while not being | 


suitable for boiler feed, is satisfactory for washing-out 
purposes. 





MERCURY-JET COMMUTATION. 
Spark-Neglecting Commutation and its Technical 
Possibilities.* 


By JuLt. HARTMANN. 


Ar the British Association’s Leeds Meeting in 1927, | 


a new mechanical rectifier, the jet-wave rectifier, was 
described to the members of Section G.+ This rectifier 
is based on a principle of commutation which is new 
in connection with large-power direct-current produc- 
tion. While with the old rotary equipment for such 
production every care is taken to avoid sparking of 
the commutator, nothing is done with the jet-wave 
rectifier, or need be done. The new principle of 
commutation may, therefore, be termed the principle 


of spark-neglecting commutation. It is found to 
possess certain characteristic features which would 


seem to render it extremely well suited for direct- | 


current production in general, and especially adaptable 
to the solution of special problems in connection with 
the transmission of electrical energy. In the first part 
of the present paper the principle of spark-neglecting 
commutation is reviewed and briefly compared with 
the other two principles of commutation available in 
large power direct-current production, viz., the 
principle of sparkless commutation as known from the 
rotary direct-current generator, and the principle of 
valve-commutation, represented by the mercury-arc 
rectifier. Then, in a second part of the paper, certain 
new substantiations of the principle are described, and 
finally, in a third part, the special problems referred 
to above and recent investigations on these problems 
are briefly touched upon. 

The Principle of Spark-Neglecting Commutation.— 
The principle of spark-neglecting commutation can 
presumably best be explained in connection with its 
first embodiment, the jet-wave commutator, shown 
in Fig. 1. From previous papers, it will be known that 
the moving member of this commutator is a wave- 
shaped mercury jet J, the jet wave, the particles of 
which are all travelling with a constant velocity v 
along straight lines radiating from a fixed point O. 
The wave will, as a whole, move on with this velocity, 
thereby alternately connecting the electrode E, the 
tapping electrode, with the two sides E, and E, of 





* Paper read before Section G of the British Associa- 
tion at London, on Wednesday, September 30, 1931. 

* See ENGINEERING, vol. cxxiv, pages 338, and 377 
{1927). 


If this is done the | 


the main electrode. The wave is produced electro- 
magnetically by the interaction of a constant magnetic 
field F and an.alternating current passed through the 
jet. The current originates from the same source as 
the voltage to be commutated. In this way, syn- 
chronism is ensured between this voltage and the 
motion of the wave. Commutation at the proper 
moment of the period of the voltage is secured by 
adjustment of the distance of the main electrode from 
the field. 

In Fig. 3, the process of commutation is shown in 
detail. Here E represents the voltage of one of the 
| two half-windings V, and V, in Fig. 1, which supply 
| the voltage to be commutated, say V,. The process 
| of commutation is initiated @ seconds before the 
| voltage passes its zero-value by the wave short- 
| circuiting the two sides of the main electrode. This 





| 
| 
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| 
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short-circuiting lasts for a cer- 
| tain time-interval 7,, the over- 
|lapping interval, at the end of 
| which the cutting of the jet-wave 
| by the knife W is completed. At 
the moment of interruption a 
spark appears, the commutation 





will contain an energy equal to 2-$i2,., Ly. Generally, 
however, the spark loss will prove smaller, owing to 
a certain damping of the spark by opposed emfs. 
Nevertheless, the spark power of each of the com- 
ponent commutators of a large-power rectifier, 7.¢., 
the total energy contained in the sparks formed per 
second in such a commutator, may amount to several 
hundred watts. The problems to which these heavy 
sparks—or rather arcs—gave rise in the development 
of the first spark-neglecting commutator will now be 
considered, together with the solutions of the problems. 

In the first instance, the problem was to design a 
commutation device which would safely stand the 
corroding effect of the commutation spark. A solution 
of this problem, and the one which is generally utilised, 
is indicated in Fig. 1, and on a larger scale in Fig. 2. 
The commutation is effected by a knife W, made of 


Fig.4. 
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spark, which still for a certain 
| time-interval, the spark-interval 
| ta, short-circuits the two elec- 





trode sides. With the latter 
interval the commutation comes 
to an endin that, after the lapse 
of zs, the new half-winding V, 
| of the transformer has entirely 
|taken over the supply of the 
current. 
| commutation are also indicated in Fig. 3. 
|commutation, the whole rectified current Ig is solely 
| supplied by one of the half-windings, say, V,. During 
| the over-lapping interval, 7,, a short-circuiting current 
| i, arises in the transformer. So at the end of thisinterval 
| the current 7, flowing in V, is larger than the rectified 
|current by the amount i,, it being assumed that I, 
lis kept constant by a sufficiently large choking coil 
| inserted in the direct-current line. During the follow- 
|ing spark-interval, the current 7, gradually decreases 
to zero. Meanwhile, the current 7, in the winding V, 
has undergone the changes indicated by the curve 
a’ b’c’, drawn on the supposition of a constant rectified 
jeurrent in such a way that 1, +%,=Iq is kept 
| constant. 

The commutation spark is due to the stray fields of 
the transformer, the effect of these fields being, in 
| the main, the same as that of two self-inductances Ly, 
|inserted as shown in Fig. 1. At the last moment 
| of the overlapping interval, a certain current, i,.5 = 
Ta + tiem is flowing say in the left-hand side of the 
system in Fig. 1. Hence the field of the left-hand 
| coil Ly contains an electrokinetic energy 4 i%,.9 Ly 
which must be made to disappear. At the same time, 
the current 7, in the right-hand coil must be changed 
|from —igm to + Ig, t.e., also by the amount Z,.5. 
' The result is a spark which, under certain circumstances, 
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The current relations during the process of | 
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a conductive material of high melting point, generally 
tungsten. The knife cuts the wave after which, as 
already described, the spark appears. One might 
expect the spark to come between the lower edges 
of the knife and the two sides of the cut in the jet- 
wave. If this were the case, the device would not 
be free from wear; the small knife would, in fact, 
rapidly break down under the heating effect of the 
spark. Actually, the spark chooses to settle down 
between the two sides of the cut, thus attacking only 
the material of the jet-wave. The sole consequence 
thereof is that the liquid evaporates which, of course, 
does not matter, as it is immediately after condensed 
again in some other part of the commutator-chamber. 
Another wearless commutator, the jet-contact com- 
mutator, is shown in Fig. 4. Here the commutation 
spark is formed between the jet-wave and one or 
other of two small jets j, and j,. The commutation 
device is more clearly shown in Fig. 5. The jet-wave 
J has lost connection with the solid part E, of the 
left-hand electrode side, but it has yet for a while 
remained in connection with the jet j,, which elec- 
trically forms part of E,. At the juncture indicated 





in the figure, the metallic connection with j, has just 
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been interrupted and the commutation spark has set 
in between J and j;, thus again attacking liquid 
material only. 

A wearless commutator is an absolutely essential 
condition for spark-neglecting commutation. Equally 
essential, however, are means for absorbing the 
electrokinetic energies set free during the commuta- 
tion in the time available for this absorption. It 
would seem that only hydrogen can do this in the 
case of large-power commutation. In hydrogen, the 
spark, with such commutation and 50 cycle alternat- 
ing current, may last for say 15 per cent. of a 
half-period. With a gas like nitrogen, or with any 
other gas, it would last 8-10 times as long, hence 
more than a half-period. This would mean that the 
transformer would be permanently short-circuited 





of this loss. This proved, in fact, to be a question of 
sufficiently high exactness of commutation. The 
spark loss can be reduced in two ways—firstly, by a 
reduction of the overlapping interval, 7,, Fig. 3, and 
secondly, by a reduction of the constant @, i.e., by a 
delay of the commutation. The smaller 7,, the 
smaller the short-circuiting current i, will generally 
be, and also the value of the current ig., which, in part, 
determines the spark power. Now it will not do to 
reduce 7, below a certain limit, for then, owing to 
the unavoidable uncertainty of the cutting, too large 
a number of commutations would take place without 
overlapping, that is, with interruption of the direct- 
current circuit, and such interruption generally means 
a heavy increase of the spark loss, especially if the 
direct-current circuit contains large self-inductance. 








The smaller the uncertainty of commutation, the 
smaller 7, can be made, and the 
smaller, consequently, the spark 
loss. Another way of reducing the 
spark loss would, as indicated, be 
to reduce 6. If @ could be made 
negative, i.e., if the overlapping 
interval could be displaced beyond 
the zero-point of the voltage, i, 
would also change its sign, and a 
smaller or larger spark damping 
would ensue. Generally, however, 
this is impossible with spark-neg- 
lecting commutation, because, with 
the large powers and high voltages 
generally dealt with in such com- 
mutation, the latter is apt to 
become unstable if delayed too 
much. The explanation of this is 
obvious, for if the voltage across 
the spark gap has reached a certain 
negative value at the end of the 
spark interval, a new discharge will 
setin, and, as this discharge would 
take place under the influence of 
an increasing voltage, it would 
generally assume the character of 
a permanent arc, which would 
completely short-circuit the trans- 
former and throw the commutator 
out of action. However, the smaller 
the uncertainty of commutation the 
closer to “‘ the limit of instability ”’ 


by the spark or that commutation would be entirely 
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precluded. The remarkable property of hydrogen | can commutation be effected, and the smaller, there- 
here considered can, it is thought, be explained in the | fore, will be the spark loss. In previous papers it has 
following way: It is known that the hydrogen mole- | been described how an accuracy of commutation suffi- 
cules H, are dissociated into atoms in an electric arc | ciently high to permit economical rectification is en- 
with the absorption of a relatively large amount of|sured. It has been shown that rectifiers based on 
energy. Now the commutation spark is actually | spark-neglecting commutation exhibit, on the whole, 
a transient arc, and it is therefore to be expected that | the same good efficiency as mercury-arc rectifiers, so 
hydrogen is dissociated in that, too, in which case the | that the spark loss does not prevent the adoption of 
large dissociation energy would account for the rapid | the new principle of commutation. 
absorption of the spark energy. It is further known | After this review of the main features of the prin- 
that, if the dissociated hydrogen atoms happen to! ciple of spark-neglecting commutation, the principle 
meet at a cold wall, they will again unite to molecules, | will be compared with the principle of sparkless 
setting the energy free which was absorbed during the | commutation as known from a direct-current generator. 
dissociation. This fact suggests the conception that | With a modern direct-current generator, a most perfect 
the spark energy is, as it were, transported from the | sparkless commutation, independent of the load, 
spark to the walls of the commutation chamber with | has been achieved by means of reversing poles and 
hydrogen atoms as carriers, and not, or at any rate compensating windings (see Fig. 6.). The compensating 
only in part, through ordinary heat convection. | windings, arranged in the closed slots of the main poles 
Certain results from experiments on the rise of tem- NSN are to keep the main field independent of the 
perature in the hydrogen atmosphere of the commuta- | load, while the reversing poles, s, n, the fields of which 
tion chamber, which were at first rather puzzling, can | are proportional to the current load, actually effect 
probably be explained by the mode of energy trans- | the sparkless commutation. The modus operandi 
ference indicated above. of this commutation is in itself very interesting. 
Finally, with the principle of spark-neglecting | During the short-circuiting interval, the electro- 
commutation, there was the problem of economy to | kinetic energy corresponding to the former direction 
be taken into account. The energy contained in the | of the current and stored up in the inductances of the 
spark represents a loss, and the question was whether | short-circuited coil must first be made to disappear, 
a reasonably high efficiency could be secured in spite | after which an electrokinetic energy of the same 





| 





magnitude, corresponding to the new direction of the 
current, must be created. Now, during the first part 
of the process, while the former current is still flowing, 
this current will, in interaction with the reversing 
pole s in Fig. 6, produce a torque in the direction of 
rotation of the armature. The electro-kinetic energy 
is thus transformed into mechanical work. During 
the latter half of the process, when the new current is 
growing, a torque of the opposite direction is produced 
by the rising current in interaction with the reversing 
field n. Obviously, the work required of the motor 
during this phase is exactly equal to the saving during 
the former phase, and so the whole process of commuta- 
tion takes place without any loss. This is, of course, a 
highly valuable feature of sparkless commutation. 
It is paid for by the delicacy of the commutator device, 
which makes sparkless systems comparatively sensitive 
to overloads, and sets rather narrow limits to the 
voltage and load to be dealt with by each of the com- 
ponent elements of the winding. Here we are at the 
salient point in the comparison between the principles 
of sparkless and spark-neglecting commutation, viz., 
the enormous difference in the voltages and powers 
which can be commutated. A few figures will illustrate 
this difference. 

Acoillikel,2..... 6, 7 in Fig. 6, together with the 
brush B and the two bars of the collector to which 
the ends of the coil-windings are connected, obviously 
play the same part in the sparkless system as the 
complete commutator in the spark-neglecting system. 
The coil in Fig. 6 corresponds to the windings V, V, 
of the transformer in Fig. 1, the brush to the jet-wave, 
and the two adjacent bars to the two electrode sides 
E, E,. Now, with a rotary generator, the maximum 
voltage between two bars must not generally exceed 
30-50 volts, while the corresponding voltage between 
the electrode sides of a jet-wave commutator has 
long since been raised to 600 volts, and, in recent experi- 
ments on the limit of the voltage and the load, to 1,700 
volts. At the same time, the load of the commutator 
was raised to 100 kw., but there was still nothing to 
indicate that a limit to the voltage was being 
approached. Most likely the voltage across the 
commutator in question can, with the same power, 
be raised to, say, 3,000 volts, in which case the direct- 
current voltage produced by the commutator will be 
1,000 volts. From these particulars, it will be 
gathered that comparatively very few spark-neglecting 
commutators are required for the production of direct- 
current sources of high voltages and large powers. 
It is, for instance, safe to say that a rectifier for 
1,500-1,800 volts, 300 kw., can be built up of six simple 
jet-wave commutators only. Such a rectifier would 
occupy a floor space of less than one square metre, and 
would undoubtedly have an overload capacity of 100 
per cent. to 200 percent. Probably the same rectifier 
could equally well be used for 3,000 volts, 300 kw. 
A comparison between the rectifier here described and 
the corresponding direct-current generator would 
undoubtedly show a big difference with regard to sim- 
plicity and cost of production in favour of the rectifier. 
Moreover, it must be borne in mind that the spark- 
neglecting rectifier has a better average efficiency 
than the rotary generator, being at the same time an 
extremely robust system. 

Although the main purpose of this paper is to com- 
pare the principles of sparkless and spark-neglecting 
commutation, it would seem of interest, for the sake 
of completeness, also to consider briefly the principle 
of valve commutation. This is entirely different from 
the two former principles. Fig. 7 shows a six-phase 
mercury arc rectifier. A, A,.... £ A, are the six 
anodes and K the joint anode. The phases V, V, 
. . .. V, in the main operate in turn, it being 
always the one with the largest positive potential to 
the cathode which supplies the current. In Fig. 8, 
the voltage waves of V, V.... . Vg are shown. 
During the interval t, ¢, it is thus the phase V, which is 
operating. At the moment ¢,, its voltage falls below 
that of V., and consequently V, should take over the 
current. Owing to the self-inductance of the phases 
V, and V,, the current is, however, not suddenly. shifted. 
At the moment ¢,, V, is actually commencing to supply 
current, but at the same time V, continues to send 
current over A, to K, and it is not until the whole 
electrokinetic energy of V, is consumed that V, alone 
takes over the full supply. So, during a certain inter- 
val 7,, the overlapping interval, two anodes are carry- 
ing currents. If the rectified current Ig is completely 
smoothed out, the sum of the two currents is at any 
moment equal to the constant value of Ig. In Fig. 8, 
the current impulses i, i, .. . . ig which are supplied in 
turn by the series of phases are indicated. 

Obviously, with valve commutation, as with the 
sparkless commutation, there is no loss corresponding 
to the spark loss with spark-neglecting commutation, 
as the stored-up electrokinetic energies are simply 
given off to the direct-current circuit. Then, how- 
ever, the mercury-arc valve exhibits another loss 
caused by the constant voltage drop of about 18 volts 
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characteristic of the arc. Against this drop the current 
must be driven. The corresponding percentage loss is 





rg x 100, where Eg is the direct-current voltage of the | 
rectifier. With smaller values of Eg, say values under | 


220 volts, this loss causes the efficiency of the arc | 
rectifier to be below that of a rectifier of the spark- | 
neglecting commutation type. At voltages of some 
hundred volts, the two principles are nearly equa: with 
regard to efficiency. At higher voltages, the mercury- 
are rectifier may, or may not, have a somewhat higher 
efficiency than the spark-neglecting rectifiers. These, | 
however, possess a quality which the simple mercury-arc 
rectifier does not exhibit, namely that of being re- 
versible. This quality, in connection with the adapt- 
ability for high voltage production, would seem to 
open up an important field of applications which will 
be considered in the last part of this paper. The 
author is well aware that mercury-arec systems can 
also be made reversible, by means of special devices.* 
So far as it can be judged at the present juncture, it 
would seem, however, that the spark-neglecting sys- 
tems lend themselves more readily to the applications 
above referred to. 

It will easily be understood that the principle of 
spark-neglecting commutation provides a most fascinat- 
ing subject of research. Several years ago investiga- 
tions were taken up with a view to obtaining a basis 
for a theory of the current and voltage relations 
during the spark interval. Fresh investigations on 
the same lines are planned in this country and in 
Denmark. They are to include experiments on com- 
mutation in hydrogen under pressure, commutation 
with jets of metals other than mercury, &c., and it is 
hoped that they will contribute substantially to the 
development of the new principle of commutation. 


(To be continued.) 


| 
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THE BritisH ENGINEERS’ ASSOCIATION.—At a meeting 
of the Council of The British Engineers’ Association 
following the nineteenth annual ordinary general meeting, 
held at the Hotel Victoria, London, W.C.2, ea November 5, 
last, Mr. William Reavell was unanimously re-elected 
president of the Association for the ensuing year. 








* See General Electric Review, vol. xxxi, page 347. 
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HIGH-SPEED ENGINE WITH SEPAR- 
ATE STEAM AND EXHAUST VALVES. 


One of the drawbacks to the use of single-cylinder 
steam engines, such as are employed for driving marine 
auxiliaries, is their high steam consumption. Attempts 
to reduce this have hitherto generally led to compli- 
cated valve mechanism and so forth, with a resultant 
increase of cost beyond commercial practicability. 
Messrs. Drysdale and Company, Limited, Bon-Accord 
Works, Yoker, Glasgow, have, however, just produced 
a steam engine for driving circulating pumps, dynamos, 
&c., for which they claim a reduction of 25 per cent. 
in steam consumption over existing types, while the 
cost does not differ materially from them, and the 
mechanism does not depart radically from accepted 
forms, and is as reliable. This engine, which has been 
termed the Drysdale ‘‘ Thermall”’ engine, is illustrated 
in Figs. 1 to 6, on this page. From Figs. 2, 3 and 4, 
which are more or less diagrammatic, it will be clear 
that there are two valves per cylinder, 7.e., admission 
and exhaust control are effected by separate valves, and 
that they are arranged side by side at the front of the 
engine. The valve gear is based on the Marshall- 
Hackworth type, but has no reversing motion. As the 
engine is symmetrical, however, it is easily coupled 
up so to give either direction of rotation. The crank- 
case is closed, but is accessible through a large door in 
the front. 

The valve motion will be best understood from Fig. 5. 
The crank webs are circular and act as eccentric 
sheaves, being turned on a different centre to the 
crankshaft in order to give the required throw. The 
eccentric straps are provided with lugs on each side, 
one side anchored to the bedplate by rocking levers, 
while the other ends are attached by connecting-links 
to the valve spindles. The centre of the latter lugs 
move in an approximate ellipse, the minor axis of which 
is equal to the eccentric travel, but the major axis is 
increased by an amount depending on the relative 
proportions of the parts of the virtual lever formed by 
the eccentric strap. The elliptical motion of the lugs 
naturally produces rapid motion of the respective 
valves at the points of admission, cut-off, compression 
and release, the effect of which is visible on the indi- 
cator cards reproduced in Fig. 6, wire-drawing being 
practically absent. This last condition is also contri- 
buted to by the use of separate valves for steam and 
exhaust, as they can be independently proportioned to 
suit the steam volume. The adoption of two valves 
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further permits of short ports, with attendant reduction 
of clearance space, while the advantages of rendering 
the points of release and compression independent of 
the cut-off are obvious. In this connection it may be 
mentioned here that the patents by which the design 
is protected, allow for an alternative method of con- 
structing the eccentrics which gives additional flexi- 
bility to the valve setting. The crank webs are in 
this case turned concentric with the shaft, and a narrow 
eccentric sheave is carried on them. The adjustment 
of this sheave relative to the crank pin permits of 
variation of lead, &c., while the valve stroke can be 
altered by substituting differently-centred sheaves. 
Another unusual feature in small engines is the dis- 
position of the ports relative to the cylinder wall. 
These are tangential, and are arranged so that the 
flow from the steam to the exhaust port is not changed 
in direction. It is stated that this arrangement results 
in very complete drainage of the cylinder, which reduces 
condensation losses. There can, of course, be no direct 
steam leakage to exhaust as may occur with a badly- 
fitting or worn single valve. An external view of the 
engine is given in Fig. 1. In this, the crank case access 
door and the way in which the cylinder and valve chest 
lends itself to neat and effective lagging, may be noted. 
The lubricating system is provided with an Auto-Klean 
strainer and a thermometer. When used for driving 
dynamos, the engine is fitted with a throttling governor. 
As regards consumption, actual tests have shown that 
with saturated steam at a pressure of 200 lb. per square 
inch, and exhausting to atmosphere, the steam used is 
25 lb. per indicated horse-power and 29 lb. per brake 
horse-power per hour. The engine is constructed with 


| Single-cylinders in sizes ranging from 15-h.p. to 100-h.p., 


and in twin cylinder high-pressure sets of double this 
power. It is also intended to develop it as a com- 
pound engine. 








ANGLO-BELGIAN COMMERCE.—The secretary of the 
British Chamber of Commerce in Belgium has informed 
us that the suspension of the gold standard in Great 
Britain, and its consequent effect on the franc value of 
British goods, amounting to a reduction of from 20 to 
25 per cent. at the present rates of exchange, has resulted 
in a very large number of inquiries at the Chamber in 
connection with British agencies in Belgium. The inquir- 
ing firms have been invited to register at the Chamber 
on the special register of agents for British firms, which 
has been functioning for the past three or four years, 
since the stabilisation of the Belgian franc, with marked 
success in the placing of agencies for British goods in 
Belgium. Bearing in mind the advantageous price 
conditions, the present time is considered opportune for 
British manufacturers to enter or re-enter the Belgian 
market. Firms desiring to do so will be put in touch 
with inquiring Belgian agent firms if they communicate 
with the secretary of the British Chamber of Commerce 
in Belgium, 82-85, Rayguy House, 22, Place de Brouckere, 
| Brussels, quoting the reference ‘‘ Belgian Agency.” 
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STATE ELECTRIC POWER STATION, 
MONTE VIDEO. 


(Continued from page 601.) 


HavIn@ given a description of the general lay-out 
of the State Electric Power Station, Monte-Video, 
and an account of the boiler plant, we now pass on to 
the engine house, which we illustrate in Figs. 10 to 22, 
on this page, on pages 658, 659, 660, and 672, and on 
Plate XXX. Figs. 10 shows the turbines in course ot 
erection. The engine house is a single-span building, 
132 ft. long by 98 ft. wide by 49 ft. high from 
the ground to the eaves. It is steel framed, with 
a brick casing, and will be ultimately extended 
towards the east to accommodate additional gene- 








angular structures near the centre of the figure are 
part of the circulating-water inlet culverts. 

The lay-out of the machinery is shown in Fig. 13, 
page 659, and in Figs. 14, 15 and 16, Plate XXX. 
The two main turbo-alternator sets are arranged 
with their axes lying across the engine house. 
Between them is a deep pit containing the circulat- 
ing pumps, piping, &c., and flanking them on the 
outside are shallower pits for the evaporators and 
pipe connections. The auxiliary, or emergency, 
turbo-alternator set is situated near the temporary 
east wall of the building. The main sets each con- 
sist of a two-cylinder tandem-type turbine, a 
25,000-kw. 6,300-volt main generator, a 750-kw., 
2,200-volt house generator, and a double exciter, all 








has 20 impulse stages. The diaphragms are of the 
steel built-up type, having nozzle blades individu- 
ally machined and riveted to the centres, with the 
exception of the final three, which are of cast-iron 
with cast-in steel blades. The first 17 stages of 
the rotor blading are of stainless-steel strip pitched 
by packing pieces and having shrouding made in 
sections. The three final stages also have stainless- 
steel blades, but the blades are machined solid 
with distance pieces, and the roots straddle the 
disc rim, to which they are riveted. A cross-section 
of the governor gear is given in Fig. 18, page 672. 


‘The small dynamo near the tachometer is an 


exciter, and will be referred to later. The figure also 
shows the lubricating pump, which is horizontal, 





Fie. 10. TursBo-ALTERNATORS DurIna ERECTION IN STATION. 


rating sets. While the boiler house was erected 
on reinforced-concrete pile foundations, sub-soil 
difficulties on the engine-house site prevented the 
piles from being driven deep enough, and, in conse- 
quence, the entire area had to be excavated to 
a level of 30 ft. below the surface. At this level, 
hard boulder clay was met with capable of support- 
ing the turbo-alternator foundations, and upon this 
a reinforced-concrete raft was constructed as a base 
for the foundations built on them. A good idea 
of the extent of the excavation necessary, as well as 
of the methods adopted, will be gained from Fig. 11, 
page 658. Steel sheet piling will be noticed in 
various places. This was driven down to the top 
of the clay in order to keep out surface water. The 
figure is also of interest as showing in the back- 
ground the massive steel main frames of the boiler 
house. The further view of the engine house in 
course of construction given in Fig. 12, on the same 
page, shows the reinforcement of the concrete founda- 
tion blocks for the turbines. The two inclined rect- 





direct driven on the same shaft. The main turbines 
are of Metropolitan- Vickers’ design impulse type, and 
have separate high and low-pressure cylinders with ex- 
ternal steam pipes between them. The speed is 3,000 
r.p.m. A longitudinal section through the cylinders 
is given in Fig. 17, page 660. The designed economi- 
cal output is 20,000 kw., but a maximum continuous 
output of 25,000 kw. is provided for, with an overload 
capacity of 25 per cent., 7.e., 31,250 kw., for 2 hours. 
The designed pressure is 500 lb. per square inch 
(35 atmospheres), and the total superheat tempera- 
ture was taken at 800 deg. F., with exhaust to a 
vacuum of 28-7 in. at economical load. The high- 
pressure cylinder has two automatically-operated 
overload valves, the first of which by-passes steam 
to a belt in front of the fourth stage when loads 
above economical rating up’ to 25,000 kw. are 
imposed. The second valve by-passes steam to a 
belt in front of the seventh stage, and enables 
loads up to 31,250 kw. to be carried. 

The high-pressure cylinder is of cast-steel, and 





and is driven direct, through a flexible coupling, 
by the governor spindle. Beyond this spindle, 
as a reference to Fig. 17 will show, there is a 
Michell thrust bearing of the independent type, by 
which registration of the high-pressure shaft is 
effected. The high-pressure glands at the inlet 
end are shown in detail in Figs. 19 and 20, page 672. 
They are of the latest Metropolitan-Vickers radial 
clearance type, and are formed of steel segment 
rings, backed by flat springs. These rings are 
carried in steel housings, which are themselves also 
backed by flat springs. The rings are in two 
groups, one of which is situated in a recess formed 
in the cylinder end, and the other is attached to the 
first diaphragm. The use of springs for both the 
gland rings and the housings permits the lateral 
displacement of either individual rings, or an entire 
group, in the event of accidental contact, the 
original formation of the gland being maintained 
in all circumstances. A group of somewhat similar 
rings is fitted at the outlet end of the cylinder, 
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though here a modification is adopted in order to 
allow for axial movement of the rotor, due to 
expansion. This group is followed by a labyrinth 
water-sealed gland, and the arrangement is repeated | 
at the inlet end of the low-pressure cylinder. The 
low-pressure shaft is also registered by a Michell | 
thrust bearing built into the journal bearing at the | 
inlet end, and the two shafts are joined together | 
by a Wellman-Bibby flexible coupling. 

The construction of the low-pressure cylinder is | 
of more than usual interest, as it embodies what | 
is virtually a double-flow arrangement with a_| 
duplex multi-exhaust in one of the flows, a design | 
which provides the final stage with a leaving area | 
of about two and a-half times that of a straight | 
machine with equal blade stress and leaving loss. | 
On entering the low-pressure cylinder, the steam | 
first passes through three impulse stages and then | 
divides. Part then continues through a further | 
two stages to a duplex multi-exhaust, and thence | 
goes to an exhaust branch. The remaining part is | 
diverted and carried forward, through channels | 
formed in the casing, to four impulse stages, after | 
which it is discharged direct into the exhaust space | 
on top of the condenser. The diaphragms of the 
low-pressure cylinder are of cast-iron with cast-in | 
steel blades. The rotor blades are of 5 per cent. 
nickel steel, and have straddle-type roots riveted 
to the discs. As is usual in modern practice, the 
longer blades, and also the multi-exhaust blades, 
are of twisted formation, in order to ensure efficient 
operation over the entire blade length, with the | 
differing velocity at the roots and tips. The con- 
nection between the two cylinders is made by a| 
pair of pipes, of rectangular cross-section, situated 
one on each side of the central pedestal. These | 
may be made out in the external view of the tur- | 
bines during erection, given in Fig. 10, page 657. | 
They are flexibly jointed. The gland at the 
exhaust end of the low-pressure cylinder is of the 
Metropolitan-Vickers standard water-sealed type. 
Beyond it, in Fig. 17, will be seen the coupling to | 
the alternator shaft, with the appropriate bearings. 
The coupling is semi-flexible, and consists of a | 
corrugated-steel sleeve bolted to flanged couplings 
attached to the ends of the two shafts. This form | 
of coupling secures both rigidity in torsion and a | 
sufficient degree of flexibility in alignment. Before | 
passing on to an account of the alternators, it may | 
be noted here that the condensers, together with | 
the feed system, &c., will be dealt -with, in a| 
separate article. In the meantime, it is sufficient to | 
say that the condensers are situated below the low- 
pressure cylinders as shown in Fig. 14, Plate XXX. 

The main alternators each have an output of 
25,000 kw., at 0-8 power factor, or 31,250 kv.-a., | 
supplying three-phase current at 6,300 volts and | 
50 cycles. They are of Metropolitan-Vickers latest | 
design, the stators being of the fabricated type, con- | 
structed from mild-steel plates with welded joints | 
and seams, and completely built up by hand. Each | 
stator, which was shipped in one piece complete | 
with its windings of parallel-strap conductors, weighs 
65 tons. The rotor is machined from a single-piece | 
solid forging, with radial slots for the windings. | 
Axial sub-slots are provided below the winding slots | 
with outlets to the air gap for rotor ventilation. | 
The windings, both on the rotor and stator, are | 
_ ventilated by the firm’s well-known closed-circuit | 
system, the water cooled air coolers being situated | 
inside the hollow-foundation blocks. Normal ven- | 
tilation is provided by means of fans incorporated | 
in the rotor design, while high-load conditions are | 
dealt with by two fans to each alternator, driven by | 
65-h.p. Metrovick squirrel-cage motors, which are | 
situated one on each side of the foundation block at | 
the ground level. The fan motors are remote-con- | 
trolled from push-button stations at a convenient | 
situation on this level, and the current supply, at | 
380 volts, is taken from the sub-station in the 
auxiliary control room. The house generators and 
the double exciters on the main shafts are also 
included in the ventilating system, the dampers and 
ducts of which are so arranged that the machines 
may be run onopen-circuit ventilation if desired, thus 
isolating the air coolers and externéi fans. 

Both the main alternators are equipped with 
Merz-Price protective apparatus and automatic field 
switches, the cubicles for which are situated on either 














THE STATE ELECTRIC POWER STATION, MONTE VIDEO. 











Fie. 11. Excavations For EnGInE-Hovusr FounpatIons. 











Fie. 12. REtnrorcED-CONCRETE FOUNDATIONS FOR GENERATING SETS. 


side of the double exciter on the main shaft, as! driven by bevel gearing from the governor spindle. 
shown in Fig. 15, Plate XXX. The main field exciter | This interesting feature, an external view of which 
is, in turn, excited from a permanent-magnet exciter | is given in Fig. 21, page 672, is now standardised by 
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at which resistances increase faster than the square 
of the speed. 

Detonation has been further studied during the 
year,’ but nothing better than lead ethyl as a dope 
has yet beenfound. Contamination of the petrol by 
lubricating oil tends, it has been found, to counter- 
act the anti-knock influence of dopes, but lead-ethyl 
dope is less affected than any other. The peroxide 
theory of detonation brought forward by Callendar 
is said to be confirmed. The dope decreases the 
quantity of catalysts which are automatically 
generated when combustion starts. One point 
brought out is that detonation is specially marked 
with fuels in which the temperature coefficient of 
the reaction is high. 

It is a commonplace that, in the ultimate, the 
factors of safety of any engineering structure or 
machine must be fixed by experience. In the early 
stages, nothing more than a plausible guess is 
possible, and it has hitherto been customary to base 
the load factors of aeroplanes on the assumption 
that, under the worst conditions of flight, accelera- 
tions seven to eight times as high as that due to 
gravity may beexperienced. This is now considered 
to be an over-estimate, in spite of the fact that 
speeds have increased enormously of late years. 
Accelerations of five times gravity are found to affect 
temporarily the sight of the pilot, and in normal 
flying, accelerations of four times gravity are, it is 
stated, rarely exceeded in any manceuvre. On this 
basis a factor of safety of two is considered desirable, 
and manceuvres which in normal execution would 
reduce this figure, should, it is recommended, be 
prohibited. 

The diminution of noise has been the subject of 
intensive study during the year. The main sources 





has long been adopted in the services in order to 
maintain ground-level power at high altitudes, 
will, it is said, probably prove necessary in the 
near future for commercial aeroplanes operating on 
certain routes. In parts of Africa, for example, the 
flying level has to be substantially higher than the 
normal 3,000 ft. to 4,000 ft. Some advance has 
been made in the construction of the compression- 
ignition type of engine using heavy oil for fuel. 
This heavy oil costs about 5/. per ton, as compared 
with 25l., the cost of petrol. With such engines 
the absence of electrical ignition devices should 
diminish the risk of fire. A full-scale four-stroke 
air-cooled compression-ignition engine is now under 
construction. A curious point noted by Mr. Ricardo 
is that the mechanical efficiency of this type of 
engine cannot be determined by motoring the 
engine round. This method gives fair results with 
petrol engines, but if it is adopted for the rival type, 
the mechanical losses will be greatly over-estimated. 
He traces this peculiarity to heat losses during the 
latter part of the compression and the early part 
of the expansion strokes. These increase the work 
required from the motor. A compression ratio of 
about 10 to 1 is required in order to ensure satis- 
factory ignition, but Mr. D. R. Pye considers that 
there would be a substantial gain in raising this ratio 
to 15 to 1, but that there would be no advantage in 
employing a ratio of 20 to 1 so long as maximum 


The report states that there is as yet no satis- 
factory specification for lubricating oils, and a 
panel has been set up to deal with this matter. 

The slotted wing and similar devices have been 
the subject of much study and experiment during 
the year, and it is of not a little interest to note 


Exports oF AEROPLANES, ENGINES AND SPARE PARTS FROM GREAT BRITAIN AND THE UNITED STATES, 























| 
Aeroplanes. | Engines. | 
omer | Other Parts. | Grand 
| Ht | Value. Total. 
No. Value. || No. Value. | 
| || | 
l | 
1929. | £ | | £ £ £ 
Great Britain .. 525 803,538 || 1,148 503,538 851,591 2,158,667 
U.S.A. .. ed 348 | 1,130,845 | 321 | 285,195 | 465,474 1,881,514 
1930. | 
Great Britain .. 317 601,287 ! 552 539,541 909,093 2,049,921 
USA. 4 oe 21 | 991,700 |} 376 336,396 | 483,879 1,811,975 
I | 





are the screw, the exhaust, and engine clatter. 
The sensation of sound appears to vary as the 
logarithm of the energy involved. Hence, halving 
the energy expended in noise will not halve the 
sensation experienced. Relatively little, therefore, 
would be gained if air-screw noises were eliminated, 
whilst those arising from the engine remained 
undiminished. All three sources of noise should 
be attacked simultaneously. Engine clatter would 
be reduced by the adoption of sleeve-valve engines, 
with which promising results have been obtained 
during the year. Exhaust silencers are effective 
on the bench, but none has yet been devised which 
meets service requirements. Screw noises can be 
diminished by reducing tip speeds to, say, 600 ft. a 
second instead of the more normal figure of 850 ft. 
a second, or by increasing the number of blades. 
At best, however, there would still remain much | 
room for improvement. This will be facilitated by 
the fact that an instrument has been devised, 
based on the logarithmic law, by which the loudness 
of noises, as estimated by the ear, can be expressed 
in definite figures. The unit chosen, known as the 
decibel, is such that an intensity of 120 decibels 
begins to be painful. About 60 decibels represents 
the noise in the compartment of a railway train. 
The noise of a pneumatic drill is represented by 
80 decibels, and this is the lowest figure so far found 
for the noise in the cabin of an air liner. It is 
suggested, however, that by using double walls 
packed with some light filler, giving a total wall 
weight of ? lb. to 1 lb. per square foot, the noise 
inside aircraft cabins could be reduced to 70 deci- 
bels, and possibly to 60 by also interposing a screen 
between the cabin and the engines. 

Increasing use is reported of air-cooled engines, 
which are being adopted even for large flying boats, 
although the conditions are then particularly 
exacting for this type of engine. Air-cooled engines 
can now be obtained having a specific weight of 
about 3 lb. per horse-power. Supercharging, which 








that observations by Lieut. R. R. Graham, R.N. 
on birds when alighting, indicate that wing-tip 
slots are then formed in the wings of many birds. 
Following up this observation, it is proposed to 
experiment at the National Physical Laboratory 
with open-ended multi-slotted wing sections. 

Spinning has been studied at the Royal Aircraft 
Establishment, by letting models fall through a 
vertical jet of air. The results obtained in small- 
scale experiments have been so illuminating that 
it is intended to proceed with large-scale experi- 
ments using a vertical wind tunnel 12 ft. in diameter. 
Some particulars of this and of the testing methods 
to be employed will be found on page 565, ante. 

Experiments made under the direction of 
Professor Desch, show that the fatigue resistance 
of steel may be materially lowered by electro- 
plating it. The effect is ascribed to internal stresses 
set up in the surface layer, and methods have 
been developed for eliminating these. The actual 
coatings are found to be in a very brittle condition. 
A study at the N.P.L. of heat-treated light alloys 
showed that no appreciable change of dimensions 
occurred after ageing, either during storage or 
after machining operations were completed. Serious 
dimensional changes did, however, arise in some 
cases during machining operations. A new method 
of protecting magnesium from corrosion has been 
developed at the Royal Aircraft Establishment. 
The metal is treated with a solution containing 
14 per cent. of potassium dichromate and 14 per 
cent. of sodium sulphate. This gives protective 
films which do not appreciably affect the size of 
the object coated, but the protective effect is not 
as good as that obtained with aluminium alloys by 
anodic oxidation. The procedure recommended is 
that rough castings should be cleaned in a nitric- 
acid bath, washed with hot water and then immersed 
in a 2 per cent. solution of caustic soda before 
treatment in the chromate solution. The castings 
should not be cleaned by sand blasting. 





From the Report on Civil Aviation we learn that 
during 1930, Messrs. Imperial Airways, Limited were 
responsible for 668,200 miles of flight on the sub- 
sidised European services, whilst an additional 
427,971 miles were flown in the India service. 
On the London-Paris- Basle-Ziirich trip, the 553 miles 
are flown in 7 hours 10 minutes, whilst 4 hours 
15 minutes are taken on the 335 mile flight from 
London to Cologne with a stop 2t Brussels. The 
same company have a five-year contract for a 
weekly service between Cairo and Cape Town. As 
a preliminary, a photographic survey has been 
completed over the whole of the 5,600 miles be- 
tween the termini, and sites have been selected 
for 27 main aerodromes and 30 intermediate 
alighting points. During the trip aircraft will 
always be within range of one or other of 17 
wireless stations. The service will be conducted 
with large multi-engined aeroplanes or flying boats. 
When the service is fully established 11 days will 
be allowed for the flight from London to Cape 
Town. 

A reduction in the weight of monoplane wings is 
claimed for a new type, in which a single spar 
replaces the two generally used. The difficulty 
hitherto met with in this connection has been 
distortion, but the claim is now made that, by 
means of wire bracing, this has been eliminated in 


I ) | the ‘‘ Mono-spar ”’ wing. 
cylinder pressures are limited to 900 lb. per sq. in. | 


Wide discrepancies between the petrol consump- 
tion of engines in bench tests and in service have 
frequently been recorded. A flow-meter has now 
been developed which gives the pilot a visual 
indication of what the consumption actually is, 


and in experimental flights the consumption has 


been reduced to within 7 per cent. of the possible 
minimum, whilst without it, the excess has at times 
been as much as 60 per cent. 

The provision of aerodromes in this country 
proceeds slowly. There are municipal aerodromes 


| at Blackpool, Hull, Manchester, Nottingham, Bristol, 


| 





Ipswich, Liverpool and Plymouth. Sites have 
been inspected for others, and attention is drawn 
to the fact that it is important that the land round 
these should not, later on, be covered with high 
buildings which would spoil the approaches, and 
also to the necessity of keeping well clear of over- 
head electric transmission lines. Several suggestions 
have been made for overhead aerodromes in London, 
including one on the top of the proposed new Charing 
Cross station; all, however, have been rejected by 
the Air Ministry as impracticable. In addition 
to the above municipal aerodromes there are four 
national ones, whilst three owned by clubs and 
14 privately-owned are available for public use. 
Adding those reserved for private use, either 
permanent or temporary, the total is brought up 
to 121. The difficulties of landing in fogs have not 
yet been overcome. At Croydon, a 3-in. mortar 
has been provided, which fires a shell which attains 
a height of 1,200 ft. and emits a fog-piercing light. 
It is proposed, moreover, to try out during the 
coming winter a neon fog-landing system, and 
experiments on a new type of electric boundary light 
are in progress. Further experiments on radio 
direction finding give promise that it will be possible 
in the near future to give accurate bearings and 
positions to aircraft both by night and day. If 
these new developments prove successful in service, 
the Belloni-Tosi installations at Croydon and 
Lympne will be superseded. 

The British civil register of aircraft for 1930 
showed a total of 846, of which 615 held airworthy 
certificates. Of this total, 333 were privately owned. 
Only 35 of the total were regularly employed in air 
transport, and only four of the total registered were 
foreign built. There was a decrease in the number of 
passengers carried by the regular services. This is 
attributed, in part, to the abnormal weather and in 
part to trade depression. The total number carried 
in 1930 was 25,094, as against 29,327 in the previous 
year. The total mileage, on the other hand, showed 
an increase, 1,437,000 miles being flown in 1930 
and 1,388,000 in 1929. Freight traffic showed an 
even greater loss than the passenger traffic. Thus 
7,318 tons were carried in 1930 and 8,397 tons 
in 1929. Mails, however, increased from 99-0 tons 
in 1929 to 116-0 tons in 1930. There was also 
a marked decrease in the number of British-built 
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aeroplanes and engines exported, but the value was 
nearly maintained. Comparative figures for this 
country and the United States are given in the 
table on page 661. 


LITERATURE. 
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Rubber: An Economic and Statistical Study. By Jost 
CaRLOos DE Macepo Soares. London: Constable and 
Company, Limited. [Price 6s. net.] 
TuHIs is a vigorously written appeal to Brazilian 
enterprise to turn its rubber resources to better 
account. At the present time, no immediate 
prospect appears of a shortage in the world’s 
supply of rubber, and the course of prices is not 
such as is likely to encourage far-reaching economic 
measures, such as would be necessary for the 
author’s purpose. On its technical side, moreover, 
the plantation rubber industry has the benefit 
of a vigorous and enlightened technical policy, 
which may be counted on to maintain and improve 
the quality of its products, and to lose no oppor- 
tunity of extending their application. It is to be 
remembered, however, that the original home 
and for a very long time the main source of supply 
of rubber was Brazil, and at whatever time it may 
happen that the world’s demands exceed the supply 
from the existing properties, the Brazilian forests 
offer a probably unrivalled source of extended 
production. Dr. Schidrowitz remarks in an Intro- 
duction that whether successful competition by 
Brazil with the eastern plantations is possible is a 
problem of considerable intricacy. 
On the one hand, Brazilian rubber has always 








had a high reputation for quality, and sometimes | 


commands a small extra price. It is claimed, 
for instance, that although in purity it is inferior 
to the plantation product, it appears to maintain 
its elasticity for an unlimited time, while that of 
plantation rubber falls off. According to figures 
quoted by Mr. Soares, the production of Brazilian 
rubber has remained much the same within about 
30 per cent. either way during the whole of this 
century up to 1928, the level being of the order of 
30,000 tons a year. It is derived exclusively from 
‘wild or uncultivated trees, and for some years 
after the beginning of the century, wild rubber 
from Brazil and elsewhere supplied the entire 
world’s consumption. It was not, indeed, until 
1913 that the output of plantation rubber exceeded 
that of Brazilian, but by 1928, the output of 
plantation rubber was a good deal over twenty 
times as great as that of Brazilian. Nevertheless, 
the Brazilian forests contain 300,000,000 trees, 
which, if they were exploited systematically, 
could be made to yield about two-thirds of the 
world’s entire output for as many years as they 
would stand tapping. 
material there, but before it could be exploited 
it would be necessary to provide capital for the 
purpose, as well as to import labour into the 
district, to increase the agricultural output so as 
to feed the workers, to arrange cheap and easy 
transport, and to establish such scientific control 
and administration as would assure the quality 
of the product and the systematic replacement 
of trees which had ceased to yield. All these 
measures would cost a good deal of money, and 
a question that must arise is whether the investment 
would be justified by the share of the world’s 
trade which Brazil could get. To be effective, they 
would involve the scientific examination of present 
practice, which might have to be altered radically 
in order to give results competitive with those of 
plantation practice. The consumption of rubber, 
moreover, appears to be met increasingly by the 
use of reclaimed rubber, from which the United 
States, which takes more than two-thirds of the 
world’s rubber of all kinds, obtained in 1928 
nearly half its consumption. Brazil is a large 
country; the exports of which run into about 
100,000,000. a year, and, as Mr. Soares puts it, 
about four-fifths of these exports consist of coffee 
and rubber. Of this conjoint total, however, 
rubber at present accounts for only about 4 per 
cent., and while the importance of increasing this 
percentage is obvious, so are the difficulties of 
applying the necessary measures for the purpose. 
The consumption of rubber has doubtless been 


Brazil has, in fact, the | 


in, and may well increase again when normal times 
return. If it should increase to such an extent as 
would absorb more than the output of existing 
plantations, the forests of Brazil would doubtless 
be a valuable source of further supplies, assuming 
arrangements can be made for working them as 
| plantations on a competitive basis. 
' thesis will doubtless contribute to directing attention 
|in Brazil to this possible opportunity, though it 
|may be that investors will wait for better times 
| before they take practical steps to enter into the 
business. 








| The Tragedy of the R101. Vols. I and II. By E. F. 
| Spanner, M.I.N.A. London: Published by the Author. 
[Price 42s. net each volume.] 
In these two volumes, Mr. E. F. Spanner, a 
former member of the Royal Corps of Naval Con- 
| Structors, and a well-known naval architect assessor 
jto the Board of Trade, states his reasons for 
concluding that the Court of Inquiry was wrong in 
its judgment that the disaster to the airship R 101 
was directly due to a loss of gas which brought the 
| Ship down by the head, and occasioned a nose dive 
| from which there was insufficient height to recover. 
Mr. Spanner, on the other hand, contends that 
| the ship was structurally weak, and asserts that the 
|contrary conclusion reached by the Court was 


| 


based on the ex parte evidence of the very men 





|tionably on sure ground in recognising that an 
;empirical factor necessarily enters into the propor- 
tioning of every engineering structure, and that it 
is quite impossible a priori to make more than a 
| plausible estimate of the forces which pioneering 
machines and structures may be called on to resist. 
He points out that both the Shenadoah and the R 38 
broke in the air, and contends that something similar 
occurred in the case of the R 101. The very fact that 
these disasters occurred, however, necessarily formed 
part of the experience on which those responsible 
| for the design of R 101 made their estimates of the 
| forces, which were to be resisted. 

Mr. Spanner claims that these estimates were 


writes at great length, including in his text copious 


| so that it is not until well on into his second volume 
‘that he sets forth clearly and distinctly what he 
| believes really happened. He suggests that there was 
first a lull in the wind, during which the airship 
gained speed over the ground, that it then encoun- 


airship of 100 m.p.h. Under the consequent head- 
on forces, he maintains that the lower longitudinals 
buckled, so that although the airship did not break 
| in two, it took a terrific hog, with the result that the 
|controls became ineffective and the fatal dive 
|followed. This view is based not on any detailed 
calculation of the resistance of the members to the 
buckling, nor is it based on a personal inspec- 
tion of the wreckage. It is founded solely on a 
surmise about what two or three of the witnesses 
really meant. Thus it is claimed that the crushing 
sound mentioned by one witness occurred before 
contact with the ground, but the actual evidence 
is equally consistent with the view taken by the 
court that the sound was due to contact with the 
ground. 

Had buckling really occurred as suggested, we 
should expect that the collapse would have been 
almost instantaneous and complete, the condi- 
tions being quite different from what are met with 
in sea-going craft, where any longitudinal frames 
are supported by a continuous skin. If this opinion 
be well based, the ship would have been badly 
kinked before she touched the ground; but no 
such kink was apparent to M. Rabouille, who 
witnessed from near range the actual collision with 
the ground. Moreover, being asked to set a model, 
at what he thought was the angle of the dive, 
he set it at 28 deg. It appears, however, from one 
of the diagrams reproduced by Mr. Spanner, that, 
as he viewed it the ship was considerably fore- 








the apparent 28 deg. 


|mainly responsible for the design. He is unques- | 





wrong, but does not state specifically in what they | 
were wrong or how they should be modified. He | 


extracts from the official report of the evidence given, | 


Mr. Soares’s 


| , Limited. 


increasing rapidly until the present depression set | should be added, that Professor Bairstow’s calcula- 


tions of the pitching moments are fatally in error. 
This, of course, is a question which can be settled 
by arithmetic, and no doubt Professor Bairstow is 
prepared to support his own figures. It is, perhaps, 
not without significance that apparently these esti- 
mates did not seem extravagant to Dr. Eckener, 
who must have made corresponding calculations for 
Zeppelins. 


A Laboratory Manual of Electrochemistry. By Dr. Ericu 
Muxier. Fourth Edition. Translated by Dr. H. J. T. 
ELitincHAM. London: George Routledge and Sons, 

[Price 15s. net.] 

THe application of electrochemistry in processes 

applied in the chemical and metallurgical indus- 

tries is becoming of increasing importance. There 
is a rapidly-developing literature accumulating, 
dealing with the various aspects of electrochemistry, 
and those who are acquainted with such literature 
need no introduction to Miiller’s Elektrochemisches 

Praktikum which is the practical supplement to 

that well-known classical text-book Foerster’s 

Elektro-Chemie Wasseriger Lésungen, and _ the 

standard German work on the subject. It was first 

published in 1912, and reached its fourth edition 

in 1924, of which the volume under review is a 

translation, the French and Spanish translations 

having already appeared. It provides a systematic 
course of practical instruction covering the whole 
field of electrochemistry, comprising well-selected 
and defined exercises, enabling the student to 
acquire a thorough grounding in the theoretical 
principles underlying the reactions, and forms the 
basis of a training for pure research in electro- 
chemistry. Some insight is given into the control 
of electrochemical operations, some of the experi- 
ments being small scale adaptations of technical 
processes. The text of the original German edition 
is based on the course of practical training in electro- 
chemistry as developed at the Technische Hoch- 
schule, Dresden, by Miiller and Foerster, who 
established a now famous centre for the teaching 
of electrochemistry, at which extensive studies 
and researches have been carried out and from 
which, important contributions have emanated on 
the theoretical and practical aspects of electro- 
chemistry. 

The feature of this volume is that the experi- 
mental methods given are invariably accompanied 
by theoretical explanations and interpretations of 


| the reactions involved. Typical examples are given 


tered a violent gust, having a relative velocity to the | 


of the preparation of various inorganic and organic 
substances, those of technical’ and _ industrial 
importance being well represented. In the section 
dealing with electro-analysis, the examples given 


‘include the separation and determination of copper 
‘and cadmium, the rapid electro-analysis of brass, 


| potential. 


and copper deposition with controlled cathode 
In considering the preparation of in- 
organic substances, the author deals with the pass- 
age of an electric current through aqueous solutions 
of sodium and potassium chloride which lead to the 
production of hypochlorite and chlorate, or of free 
alkali and chlorine, according to the conditions 
under which it is carried out. Amongst other pre- 
parations are included that of ammonium persul- 
phate with and without the use of a diaphragm cell 
and the preparation of ter- and bi-valent vanadium 
by electrolytic reduction, which are of interest, as 
the value of such methods are becoming increasingly 
recognised as being of industrial importance. In 
dealing with reduction processes as applied to the 
preparation of organic substances, the reduction- 
of nitro-bodies is studied. In the chemical reduc- 
tion of aromatic nitro-bodies, different products 
may be obtained by varying the nature of the 
reducing agent and of the medium in which the 
reduction takes place; a series of such reduction 
products may be obtained in a simple manner by 
electrolytic processes. The mechanism of the purely 
chemical reduction processes have been established 
by the investigation of the corresponding electro- 
lytic processes. The volume concludes with an 
account of the electrolysis of fused salts, which 
involve electrode reactions similar to those which 


shortened, so that it seems probable that the actual | occur in the electrolysis of solutions, direct current 
angle of the dive must have been sensibly less than | and low voltages being employed in both cases. 
Mr. Spanner maintains, it' A few examples are given of electro-thermal 
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preparations, these include calcium carbide and 
ferro-silicon. A summary of the present position of 
the electrolytic dissociation theory is given in the 
appendix, but no attempt has been made to re- 
write the book in terms of this modern theory, 
since the translator considers that the development 
of this theory on the quantitative side has not 
reached a stage which would warrant its use in a 
practical manual of this character. 

In a standard volume of this type, it is regrettable 
that only superficial treatment is given to electro- 
lytic oxidation processes and to _ polarisation 
phenomena at metal anodes. The translator of this 
volume is familiar as the co-author of ‘‘ The Prin- 
ciples of Applied Electrochemistry.” | English 
students are indebted to Dr. Ellingham for under- 
taking the translation of Miiller’s treatise, which is 
the only really modern text-book which provides 
a systematic course of practical instruction in electro- 
chemistry. 


The Reclamation of Land from the Sea. By F. M. Dvu- 
Puat-Taytor, M.Inst.C.E., M.Soc.I.C. (France). 
London: Constable and Company, Limited. [Price 
21s. net.] 

Sime G. L. CourrHopg, in a short introduction to this 
work by Major Du-Plat-Taylor, states that the 
story of land reclamation is full of romantic interest, 
and points out that we in this country have gained 
more land from the sea than we have lost to it. 
The present volume does not pretend to present 
the romantic side of the subject, but, nevertheless, 
is full of interest. The author has collected a 
considerable amount of practical matter in his pages, 
and if germane to the subject, has not hesitated to 
go outside the strict terms of his title. For instance, 
finding it necessary to describe certain classes of 
work, he has forsaken the subject of reclamation 
from the sea, and fallen back upon material within 
his experience in connection with the regulation of 
inland waters. 

The matter is to some extent heterogeneous, 
and there are obvious points upon which criticism 
might be based, if the work made claim to be a 
really exhaustive treatise. In one part attention to 
small-scale works would seem to suggest that the 
author’s purpose has been to present this aspect of 
the subject as possibly coming within the range of 
many brother engineers. At the same time, a 
considerable amount of space has been devoted to 
the great Zuyder Zee scheme—now, unfortunately, 
being slowed down owing to the prevailing diffi- 
culties ; while again, the Bombay Back Bay scheme 
is also described, without, however, as far as we 
can find, any reference to the fact that the alteration 
in values over a series of years has led to much of it 
being abandoned. 

In the course of the perusal of this work many 
other equally important schemes, not mentioned, 
will doubtless occur to readers, but we take it that it 
has been no part of the author’s purpose to make his 
treatise descriptive. Again, there are many works 
which border on the subject but might be excluded 
by a strict interpretation of the title. As we see it, 
the object of the book is to give a variety of prac- 
tical information which will set readers off on safe 
and proper lines of work. To many parts of the 
subject—such, for instance, as the preparation of 
reclaimed land for cultivation, and the best series 
of crops to grow in early years—Major Du-Plat- 
Taylor might have devoted many pages instead of 
afew paragraphs. Again, on the question of values, 
our critical times, of course, make these most 
uncertain, and every case must be decided on its 
merits, and probably with some hazard; _ but, 
while avoiding rashness, little progress is ever made 
without adventure, and we would be the last to 
advocate such a departure from our national 
traditions as would place the latter out of court. 

From what we have said it will be gathered that 
the book contains a good selection of data. Previous 
authorities are freely quoted, and the author has 
undoubtedly brought together, in a reasonable space, 
in this way and derived from his own work, much 
serviceable matter, after consideration of which the 
engineer, having formed embryo plans, will, it is no 
detriment to our author to say, naturally require 
greater detail in one direction or another. While the 
author’s style certainly gives one nothing to complain 





of, we feel that the publishers, in making practically 
every sentence into a separate paragraph, have made 
the matter appear more disjointed than it really is 
and have not added to the comfort of the reader. 
Otherwise the book is well produced. 





Intermediate Mechanics. Statics and Hydrostatics. By 
D. Humpurey, B.A., B.Se. London: Longmans, 
Green and Company. [Price 10s. 6d, net.] 

THE object of this book which forms a companion 
volume to the Author’s Dynamics in Longman’s 
Modern Mathematical Series, is to provide a course 
of study covering examination requirements’ up 
to Higher Certificate and University Scholarship 
standard. It does this very efficiently, and ade- 
quately fulfils the purpose for which it has been 
written. ’ 

There is, in fact, hardly anything that calls for 
criticism except, perhaps, a rather pronounced 
theoretical bias. This, however, seems inevitable 
in view of the type of question commonly set in the 
various examinations for which the book is intended 
to cater. One cannot help noticing, for example, 
that whilst obsolete traditional pulley systems are 
explained in Chapter VI on Work, no mention is 
made of practical types such as the crab winch or 
worm and worm-wheel which usually form part 
of the equipment in a mechanics Jaboratory. It is 
doubtful, also, whether the student will fully 
appreciate the explanation of bending moment 
and shear force given in paragraph 166 of Chapter 
VIII owing to the omission of forces in Fig. 219. 
In the final chapter of the statics section—Chapter 
IX—the principle of virtual work is applied to 
stability problems, and harder examples given on 
this and preceding sections of the subject. 

The fundamental principles of Hydrostatics are 
explained in Chapters X to XIII and Chapter XIV 
deals with certain important properties of gases. 
Considerable use has been made of worked examples, 
and numerous examples for the student to work out 
by himself follow each chapter. These have been 
drawn from various stated sources and should 
be very helpful for examination purposes. The 
student of average ability should have no difficulty 
in following the majority of the subject matter 
in this book without additional assistance. 








PUBLIC WORKS, ROADS AND 
TRANSPORT EXHIBITION. 
(Continued from page 631.) 

WE now continue our account of some of the 
newer items shown at the Public Works, Roads 
and Transport Exhibition, Islington, which closed 
on Saturday, November 21, beginning with Messrs. 
Ransomes and Rapier, Limited, Ipswich, who 
showed their half-cubic yard universal excavator, 
somewhat, unusually arranged, in that this appliance 
was displayed with the boom horizontal for using 
the machine with a skimmer scoop. It is illustrated 
in use in this way in Fig. 30, page 664, 7.e., in 
stripping the surface of a faulty road for re- 
conditioning, another of its functions being that 
of removing shallow overburden. The cutting 
stroke is 13 ft., the distance from the end of the 
teeth when in its extreme position to the centre 
of the machine being 24 ft. 9 in. The boom is, of 
course, of special construction to afford a smooth 
path on both the top and bottom faces for the 
rollers carrying the bucket, there being four flanged 
rollers on each face. The bucket thus moves 
without twisting. It is of steel, with a pressed 
steel door, slung on cast steel hinges, and having 
high carbon steel teeth. The boom is raised to 
discharge the load into wagons, &c. The operating 
parts of the machine are standard, i.e., it can be 
converted readily in the field to serve for the purposes 
of a shovel or navvy, dragline scraper, grab, back- 
acting trencher or crane, with a minimum of 


alternative parts, these being all interchangeable. | 


The operating portion of the machine is of the 
firm’s well-known type, and therefore calls for 
little comment. It may be stated, however, that 
power may be provided by a petrol engine, or an elec- 
tric drive may be arranged for. The body swivels 
the full circle, and is mounted upon the character- 
istic Ransome and Rapier chain-track carriage, in 
which the underframe and chain-track frames are 





of cast steel in one piece. The weight is equally 
distributed, and the adhesion surface increased by 
backing of bottom. half. of the. track with a num- 
ber of closely-spaced rollers between the driving 
sprockets. The travelling mechanism is all direct 
bevel and spur gear, and the final drive is enclosed 
in an oil bath. 

Another interesting machine shown by Messrs. 
Ransomes and Rapier was the lightweight concrete 
placer illustrated in Fig. 31, page 664.. As will be 
seen this consists of a portable concrete mixer, with 
a swivelling runway boom carrying a_ bucket 
attached to the frame. Concrete can thus be 
deposited over a considerable area as soon as it is 
mixed without the use of barrows, &c., while the 
self-contained nature of the appliance makes it 
easier to handle than those types in which the boom 
is supported on an independent structure. The 
concrete can be deposited at a radius of 12 ft., 
through an are of approximately 90 degrees. The 
capacity of the tilting bucket is 6 cub. ft. The 
boom and load are balanced by a weight at the 
back of the carriage, and the whole attachment can 
be readily removed if desired, leaving the concrete 
mixer of the normal type. The mixer shown is of 
the 7/5 cubic feet capacity with an output per 
8-hour day of 40 to 45 cubic yards. The drum is 
operated by a 3-h.p. tank-cooled, single-cylinder, 
four-stroke cycle petrol engine with a consumption 
of 2 gallons per 8-hourday. The carriage is mounted 
on four steel disc-wheels which can be swivelled 
at right angles to alter the direction of travel. The 
front axle is equipped with Ackermann-type steering 
gear, and a pivoted drawbar is provided. 

The chief exhibits on the stand of Messrs. F. C. 
Hibberd and Company, Limited, 16, Northumber- 
land-avenue, London, W.C.2, were three contractors’ 
Planet locomotives, two driven by petrol engines, 
and one with an airless-injection engine. Of the 
former, one, a 10-h.p. locomotive, was described and 
illustrated in ENGINEERING, vol. cxxvill, page 627 
(1929), and the other, of 25-h.p. is interesting as 
having a Ford engine, with a radiator very similar 
to that used for motor cars, set transversely across 
the undercarriage. The locomotive illustrated in 
Fig. 32, page 664, and having the airless-injection 
engine, is a new design. It has a wheel base of 
3 ft., and the frame is made to suit gauges from 
20 in. to 36 in. The weight in running order is 
24 tons. The length over the buffers is 8 ft. 9 in., 
the width 4 ft. 4 in., and the height, to the top of the 
cab guards in 4 ft. 6 in. With an engine speed of 
600 r.p.m., the speed is 34 m.p.h., and the haulage 
capacity 32 tons on the level and 4 tons on a | in 25 
gradient, the frictional resistance being taken at 
25 1b. per ton. When drawing 19 tons on the level, 
with the same engine speed, the speed is 7 m.p.h., 
at which also, 14 tons can be hauled on the above- 
mentioned gradient. The locomotive shown in the 
figure is stripped of its casing in order to exhibit the 
mechanism. The engine is a two-cylinder Lister 
engine, developing 10 h.p. at 600 r.p.m., with over- 
head valves and governor of the variable-quantity 
type operated on the by-pass system. The cylinders 
are cooled by a radiator with a fan. The fuel tank, 
of 8-gallons capacity, is situated above the flywheel. 
The gear box is of the two-shaft pattern, with bevel 
reversing, and provides two speeds in both forward 
and reverse. It is similar to that illustrated in the 
article mentioned above. The drive is transmitted 
from the gear box to a countershaft carrying a 
double sprocket, from which two heavy roller chains 
transfer it to each axle, on which are fitted 15-in. 
wheels. The axle bearings are removable by means 
of a check plate without removing the axle box. 
The grouping of the controls will be clear from the 
figure. The brake is of standard type operated by 
a handwheel and acts on all four wheels. Sanding 
gear is also provided for all wheels and is operated 
by a pedal. The driver is normally protected by 
guard plates. 

Among the display of concrete mixers on the 
stand of Messrs. Stothert and Pitt, Limited, Bath, 
was a new design which the firm designates the 
Super-Ten Victoria Mixer. This is illustrated in 
Fig. 33, page 664. It incorporates the makers’ 
well-known system of mixing blades in the drum, 
and is mounted on a spring-borne road truck. 
The machine is capable of dealing with unmixed 
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Fie. 34. Backritt Rammer; Messrs. Broom 
AND WapDk, LIMITED. 


batches of 153 cub. ft., and is designed to take a 
1:2:4 mix with one 200-lb. bag of cement. The 
hourly output, at 30 batches of loose material per 
hour, is about 11 cub. yards. The truck is largely 
welded, and is, therefore, light relatively to its 
strength. As already stated, it is fitted with 
springs for transit, but has a locking device to 
ensure rigidity while working. The wheels are 
double, of pressed-steel halves riveted together, thus 
giving a wide tread. The drum is side loaded, 
the chute being designed to provide a sharp angle 
of discharge. An automatic knock-out disengages 
the engine clutch when the chute reaches the top 
position. The discharge chute, not seen in the 
figure, enters well into the drum when in the 
discharging position, and in conjunction with hopper 
blades, effects speedy emptying. The drum, which 
rotates at about 12 r.p.m., has double roller paths, 
and runs on four machined rollers, bushed with 
gunmetal. A special feature of the mixer is the 
water tank. This is of the syphon type, and is 
provided with instantaneous adjustment, which 
enables the delivery to the drum to be regulated 
to within }-pint, thereby ensuring accuracy of mix. 
It is, of course, self-filling when coupled up to a 
water main. Power is supplied by a 74-brake 
horse-power Lister petrol engine situated at the 
rear of the machine in a lock-up steel cupboard. 
All shafts which are continuously running are 
mounted on ball bearings. The total weight of the 
machine is 2} tons. Other exhibits on this stand 
included a 16-cub. ft. tar or bituminous macadam 
mixer of the paddle type, incorporating the firm’s 
latest box with manganese steel renewable wearing 
strips and manganese steel adjustable tips on blades. 
A three-tier vibrating screen operated by an electric 
motor was also displayed. 

The exhibits of Messrs. Broom and Wade, Limited, 
High Wycombe, fell into two classes, viz., power- 
driven sleeve-valve air-compressing plants of a 
variety of types, and a wide range of pneumatic 
tools. Typical examples of the first class have been 
previously described in these columns, indeed, we 
dealt with one of the firm’s latest patterns on 
page 327 ante. The firm’s pneumatic tools are 
about equally well-known and so call for no detailed 





Fia. 35. 


comment. One new tool, which we illustrate in 
Fig. 34, on this page, may, however, receive more 
specific notice. This is a backfill rammer, 1.e., 
an appliance for consolidating excavated material, 
which has to be returned to a trench; the principal 
requirement of such a tool is that is shall be suffi- 
ciently powerful to punch the material so closely 
together as to prevent after subsidence, while not 
subjecting the operator to undue vibration or 
strain. This it is claimed is met by the design, 
which is of the single blow type, each blow being 
controlled by the operator. On pressing the trigger, 
the main body of the tool, which in the production 
models weighs 76 lb., rises to the full length of the 
stroke. On the release of the trigger the rammer 
head and piston rise to meet the main body of the 
tool, and both return to the ground with a very 
heavy impact. The rammer illustrated in the 
figure is one of the firm’s special types and weighs 
as a whole 196 lb. The pattern in more general 
use, however, though very similar in appearance, 
is rather lighter, weighing about 120 Ib., this 
weight being more suitable for the average operator. 
It may be here mentioned that Messrs. Broom and 
Wade had two stands, at one of which the rammer 
and some of the compressing sets were shown in 
operation. 

Of the larger machines shown, the excavator on 
the stand of Messrs. Ruston-Bucyrus, Limited, 
Excavator Works, Lincoln, claims attention. This 
was a modified and improved design of the Ruston- 
Bucyrus }-cubic yard excavator, and is to be known 
as the No. 4 Universal. It is illustrated in Fig. 35, 
annexed, and is fitted with an entirely new chain- 
track base. This embodies a single-piece cast steel 
carriage, which is notable for its rigidity and the 
easy access it affords to the working parts, and a 
chain drive having a single shaft. Each of the 
chain-tracks with its side frame, sprockets, rollers, 
&c., is a complete unit. They are carried by two 
dead axles on which the whole weight of the super- 
structure is taken, the driving axle taking only the 
travelling load. The load is distributed over five 
points in each track. The single-shaft chain drive 
to the tracks is very simple, only one driving shaft 


and one set of gears being fitted below the platform. | its discharge end. 








3-Cusic YarRD O1L-EN@INnE Excavator; Messrs. Ruston- 
Bucyrus, Limitrep. 


This gear is totally enclosed, while the two-speed 
travelling gear fitted above the platform is well out 
of the way of mud and dirt. The whole of the 
travelling and steering motions are controllable by 
the driver when the superstructure is in any position, 
and the machine is held up to its work in digging 
by a two-way brake. This fitting is also useful 
when the excavator is travelling on steep slopes. 
The boom is all steel, and is of the box girder 
type, a form of construction which, as it is both 
light and strong, permits ot high slewing speeds, 
while the digging stresses are reduced. The design 
of the shovel bucket is new, also with a view to 
giving increased strength. It is made of mild steel 
with a cast steel back. The machine, as exhibited, 
was fitted with a two-cylinder Ruston-type Diesel 
engine specially designed for the working conditions, 
having a fuel consumption of about } gallons per 
hour. The machine can, however, be provided with 
a petrol engine or an electric motor in lieu of the 
Diesel engine, while, if required, a small petrol 
engine-starting equipment can be supplied for the 
latter. 

The display on the stand of Messrs. Millars 
Machinery Company, Limited, Pinner’s Hall, Great 
Winchester-street, London, E.C.2, comprised tar 
and bituminous macadam plant, hoists, various 
kinds of pumps, a brick and light stone crusher, 
carrying truck, sand lime mixer and several types 
of concrete mixer. We select one of the latter for 
comment, as it is a new design. It is illustrated 
in Figs. 36, and 37, page 666. As will be gathered 
from these illustrations, the mixer is of the non- 
tilting type. It has a capacity of 10/7 cubic 
feet or 80 cubic yards per 8-hour day, and is 
carried on a four-wheeled truck, the wheels of which 
are mounted on short swivelling axles to permit of 
either side or end discharge, as will be observed by 
a comparison of the figures. The drum is provided 
with renewable tracks, instead of utilising the 
surface of the shell itself, as is frequently the prac- 
tice, and the track rollers are mounted on double 
ball bearings. The loading hopper appears, at 
first sight, to be of somewhat conventional pattern, 
but an unusual feature will be seen in Fig. 36, above 
This is an automatie shaker 
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Fig. 38. 
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Fig. 39. 
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WaTeR MEASURING TANK FOR CoNCRETE MIxER; Messrs. MILLARS 


MACHINERY CoMPANY, LIMITED. 


which, by vibrating the hopper, effects immediate 
discharge of the dry materials into the mixing 


drum, and also ensures the complete emptying of | the amount of water discharged. 





a handwheel operating through worm gear, the | 


position of the end of the syphon pipe determining 
This amount can 


the contents. It is stated that this device has no be read off on a dial at the end of the tank and 


harmful effect on the frame of the mixer. 
ing hopper is raised by the usual winch gear, which 


automatically stops it when the loading position is | the tank is full. 


reached and the brake is applied. The clutch gear is 
embodied in the sprocket wheel, which takes the 
drive, through a roller chain, from the engine. This 
is a 5-h.p. vertical hopper-cooled petrol engine with 
a hinged crank case, giving immediate access to all 


the working parts. The sides of the housing 
shelter are removed in Fig. 37. The drum is 


provided with a detachable bevel gear ring, driven 
by a bevel pinion. A vertical airless-injection 
engine of 5 h.p. can be fitted, instead of the petrol 
engine. This is of the tank-cooled type, and runs 
at 600 r.p.m. 

The method of water supply to the mixing drum 
is of interest. This consists of a syphon-type tank, 
which gives very accurate measurement. It is 
illustrated in Figs. 38 and 39. From these, it will 
be seen that the tank proper is cylindrical, and is 
mounted on a frame which can be levelled, when the 
machine is standing on uneven ground, by means 
of bolts in slotted holes. The syphon can be 
revolved through an angle of 180 deg. by means of 


The load- | 








checked by a scale on the water gauge, though the 
primary use of the latter fitting is to show when 
The supply from the main, which 
can be of any pressure up to 250 Ib. per square inch, 
enters through a three-way cock when the handle 
is in the position shown in the figures, and the 
measured amount of water is discharged to the 
drum by turning the handle to the horizontal 
position. A valve on top of the tank permits air 
to escape when filling, and to enter when emptying. 
A drain plug is provided on the water-gauge con- 
necting pipes. The syphon pipe can be locked in 
position, so that the predetermined quantity of 
water set for a particular mix cannot be altered. 
The discharge side of the mixing drum is shown in 
Fig. 37. The height of the chute in the emptying 
position is 3 ft. above the ground, which permits a 
concrete cart of 6-cubic feet capacity, or wheel- 
barrows, to be placed under it for receiving the 
mixed concrete. 

Messrs. Parker, Winder and Achurch, Limited, 
Broad-street, Birmingham, showed a wide range of 
their rotary screens and screening plant, but their 
most novel exhibit was the portable all-metal 





Fig. 37. 


10/7-Cus. Fr. Concrete Mrxer; Messrs. Mintars Macuinery Company,. Limirep. 























PoRTABLE CONVEYOR; Messrs. PARKER, 
WINDER AND AcHuRcH, LIMITED. 


Fia. 40. 


loader illustrated in Fig. 40, annexed. Though this 
figure shows the characteristic feature of the new 
loader, namely, the formation of the conveyor 
belt by means of a series of steel trays on a travelling 
chain instead of the more usual rubber and canvas 
belting, the general construction is not so evident. 
The loader is carried at about the centre on two 
large wheels, above the axle of which is the power 
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Fig. 44. 


unit. This is a 1}-h.p. Lister engine which drives 
a countershaft through a belt. The countershaft 
carries a sprocket, transmitting the drive by means 
of a chain to a sprocket on the discharging head 
shaft of the tray conveyor. The belt pulley on the 
countershaft is of large diameter and carries a 
handle so that the conveyor may be hand-operated 
if required, the engine clutch being disconnected. 
The loading end is fitted with a hopper, and the 
conveyor tensioning gear is situated here also. The 
adoption of steel trays instead of a continuous belt 
is intended to render the loader suitable for handling 
materials which are in large pieces or of a very 
abrasive nature, or which may be hot, and is very 
durable under such conditions. The material may, 
further, be fed in roughly without damage to the 
conveyor,while the step-like formation with its series 
of ridges formed by the deep vertical lip of each 
tray, prevents large pieces rolling back, even 
though the angle adopted may be much steeper than 
is practicable with a smooth belt. 

A road roller on distinctly unconventional lines 
was exhibited by Messrs. Arnold Waveless Road 


Roller Company, Limited, Brick House Farm, 
Kelvedon. It is illustrated in Fig. 41, above. 


As the name of the firm implies, the design is 
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7/5-Cus. Fr. Concrete MIxeR; Messrs. Joun FowLer AND Company (LEEDS), LIMITED. 


intended to eliminate waves which are liable to be 
formed by a roller with two sets of rollers only, as 
these may ride over a ridge. In the new machine 
there are three sets of rollers unequally spaced, the 
function of the centre roller being to flatten out any 
ridge, while, as it is rigidly attached to the frame, 
it cannot emphasise a hollow by dropping into it. 
The rollers are of cast-steel, this also being an 
interesting feature. All three are split, and the 
drive is transmitted to both halves of the centre and 
back rollers, dog clutches enabling either side to be 
driven, while the other remains free, when turning. 
The driven axles are carried in Hyatt roller bearings, 
and the centre bearings may be adjusted in height, 
in order to regulate the amount of pressure on the 
centre roller, without interfering with the drive. 
Power is provided by a Yorkshire boiler of the 
double-ended , locomotive type, and a compound 
engine with cylinders 4} in. and 7} in. in diameter 
by 8-in. stroke. The crankshaft carries a sliding 
pinion meshing with a spur wheel on the first motion 
shaft. From this shaft, power is transmitted by a 
single-roller chain to the first countershaft, thence 
by two duplex chains to the second countershaft, 
on which the dog clutches, already referred to, are 





fitted. The final drive from the second counter- 
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Fies. 42 anp 43. Roap Scarirter ; Messrs. 
Joun Fow.er AND Company (LEEDS), LiMiTED. 


shaft is by straight-toothed pinions driving, through 
idlers, the spur wheels on the outer ends of the 
roller axles. The front roller fork swivels in a ball 
bearing, and steering is effected by chains on a 
winding shaft operated by a hand wheel and worm 
gearing. The total weight of the machine as 
shown is 14 tons. The wheel centres are 6 ft. 7 in. 
and 5 ft. measured from front to back. It is 
proposed to adopt a compression-ignition engine in 
future examples for road rollers from 6 tons to 
14 tons, and a petrol engine for the }$-ton model 
designed for grass rolling. With the steam engine, 
as at present fitted, both speed regulation and 
reversal are simple. 

Both steam and oil-engined rollers were shown by 
Messrs. John Fowler and Company (Leeds), Limited, 
Leeds, together with a contractor’s winch, a rail 
tractor, a twin platform mast hoist, a scarifier, and 
two types of concrete mixer. We illustrate the 
scarifier and one of the mixers as they have both 
been developed since the last exhibition. The scari- 
fier is shown in Figs. 42 and 43, above, and is of the 















































































































two-tyne type. The depth of cut is regulated by a 
large handwheel actuating, through bevel gear, the 
slide carrying the tyne holder. The sides of this 
member are of toughened cast-steel, as also is the 
holder, which carries springs by which shock is ab- 
sorbed. The tynes are double-ended and are pivoted 
at the centre. They are not raised, but can be 
swung into a horizontal position shown, by a 
weighted lever when the roller is reversed or to avoid 
man-hole covers, &c. They are secured by double 
wedges and are easily removed, even when bent, from 
the rear of the scarifier. The method of attachment 
to the roller, behind the rear wheels, is by means of 
angle irons, bedding on a flat hard wood packing- 
piece. The concrete mixer, of 7/5-cub. ft. capa- 
city, is illustrated in Fig. 44, page 667. The drum 
is fitted with a combination of curved blades and 
buckets, the former causing a cascading action over 
one-quarter of a revolution and the latter over the 
remaining three-quarters. The drum rotates at 19 
r.p.m. to 20 r.p.m., and is driven by a roller chain, 
running over a sprocket ring at the centre of its 
length and over a smaller sprocket on a countershaft 
running at 140 r.p.m. The latter is mounted on 
self-aligning ball bearings, and is itself chain-driven 
by a 4-h.p. Petter universal two-stroke engine, using 
either petrol or paraffin. Chain tensioning gear is 
provided for in both cases. The loading hopper is 
operated by rope and a differential gear on the elevat- 
ing shafts keeps both ropes at the same tension. The 
hopper reaches its discharging angle of 52 deg. in 
7 seconds. A knock-out device and automatic 
brake are provided. The water tank, which has a 
working capacity of 9 gallons, can be set to give a 
measured quantity of water by a simple adjustment 
of the valve lever. The mixed batch can be com- 
pletely discharged in 10 seconds. The undercarri- 
age provides three-point suspension while moving, 
and has a small turning circle. It is levelled and 
locked by a stabilising device when the machine 
is at work. 

A concrete mixer of 7/5-cub. ft. capacity, driven 
by a 3-h.p. Lister engine was shown by Messrs. The 
Liner Concrete Machinery Company, Glasshouse- 
bridge, Newcastle-on-Tyne. This had a_ novel 
method of operating the loading hopper, effected by 
means of an hydraulic oil ram acting on the pivot. 
The makers claim that this method not only elimi- 
nates possible trouble arising from rope hoisting gear, 
but that the head room required is reduced as no 
superstructure is necessary. It is also stated that 
the motion of the hopper is of a pronounced vibra- 
tory nature, resulting in clean discharge to the drum. 
The movements of the drum, and hopper are 
synchronised so that the former is tilted over while 
the latter is returning. The undercarriage is provided 
with four swivelling wheels in castor-type forks. 

(To be continued.) 


PUBLIC WORKS, ROADS AND 
TRANSPORT CONGRESS. 


In connection with the Public Works, Roads and 
Transport Exhibition, held during last week, there was, 
as usual, a Congress, at which papers on subjects con- 
cerning public utilities were presented for discussion. 
The variety of subjects dealt with in the contributions 
was great, and some of them were outside our sphere ; 
we deal below with those which were of more particular 
interest to our readers. 


Moror TRANSPORT AND VILLAGE Economy. 

At the afternoon session on Monday, November 16, 
Mr. F. G. Richens presented a paper entitled ‘* The 
Effects of Motor Transport on Village Economy.” 
Mr. Richens pointed out that in 1908 there were but 
20,000 motor vehicles on the roads in Great Britain, 
to-day the number was approximately 1,500,000, 
excluding 750,000 motor vycles. In early days, rural 
districts were served in only a few cases by railways and 
had to depend for transport on horse-drawn vehicles. 
Now, motor transport had brought to an end the isola- 
tion of the rural population. Between 1923 and 1929 
9,185,0001. was spent on bringing rural roads up to the 
required traffic standard. In addition, large sums had 
been devoted to the maintenance of roads in country 
districts. Grants from the Road Fund were made ona 
basis of 50 per cent. for Class I road construction, and 
25 per cent. for Class II roads and bridges. In 1928-29 
the percentage for Class IT roads was raised to 33 per 
cent., and the percentages were raised to 60 per cent. 
for Class I and 50 per cent. for Class IT in 1929-30. In 
addition, since 1926, 25 per cent. of the cost of main- 
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taining scheduled roads had been borne by the Central 
Fund. 

Under the provisions of the Local Government Act 
of 1929, the responsibility for ali roads and_ bridges 
was transferred from the rural district councils to the 
county councils. Economies of maintenance were 
thus effected, and helped to reduce the amounts paid 
by the rural dwellers for the preservation of good roads 
which, comparatively speaking, they used but little. 

Possibly the most important effect of motor trans- 
port upon village economy was in the sphere of agri- 
culture. Supplies could be ordered and delivered the 
same day. direct to the farm. in motor vehicles belong- 
ing to the factors. Transport of produce was also 
improved by the use of motor vehicles, and a similar 
reduction in wages costs was effected, whilst time was 
saved. The carrying of milk by road was another 
important ‘service. In many districts, collecting and 
varrying was undertaken by a firm using motor milk- 
containers. Horse and cattle transportation by motor 
vehicles had much to recommend it, on the scores of 
cheapness and time saved. Tractors had speeded up 
ploughing, and mole drainage had been encouraged by 
the use of such machines, owing to the fact that they 
provided the strong and steady pulling force. With 
the uncertain weather characteristics of this country, it 
was necessary to effect harvesting as rapidly as possible. 
Here, also, working with tractors was advantageous and 
also resulted in saving of wages. 

Motor transport had also had the effect of making 
possible the establishment of factories in rural districts, 
previously too remote for the needs of industry. A 
secondary effect of the introduction had been that 
local crafts had gradually died out, due to the ease 
with which factory-made goods were procurable. 


WATERLESS GAS-HOLDERS. 

Tuesday morning, November 17, was devoted to the 
consideration of two papers relating to the gas industry, 
the one concerning “* Waterless Gas-Holders,”’ by Mr. 
F. M. Birks and the other “Some Considerations 
Affecting the Use of Coal Tar for Road Surfacing 
Operations,” by Mr. H. Pickard. 

In the first mentioned paper, the history of gas-holder 
design was briefly surveyed, and the disadvantages 
of the older types stated. Spiral-guided holders 
entailed different pressures on the gas during each 
stage in their expansion or deflation. This was of 
little significance, however, when the pressures in 
use in the district were always less than the lowest 
pressure produced. Since the introduction of the 
incandescent mantle, and the extensive use of gas 
for heating it had become necessary to increase the 
pressures in the mains to a value greater than that 
produced by the lighter lifts, and special pumps were 
required to empty the contents of the gas holder 
into the mains. Water seals were a source of trouble 
through freezing. To overcome such undesirable 
features, the waterless gas-holder was introduced. 

The essential difference between the two principal 
types of holders was that the telescopic bell form, 
when extended by the pressure of the gas was only 
stable when the lifts were exactly vertical, and any 
tendency to overturn due to wind pressure, had to be 
resisted by guides and guide rollers. In the waterless 
type, the floating disc, or piston, was protected by the 
shell, or cylinder, and the guides were only called 
upon to resist any small unbalanced forces due to 
constructional inequalities, whilst the force of the wind 
was borne by a form of structure of the most suitable 
type. To resist the tendency of the piston to overturn, 
it was provided with two sets of rollers, the upper set 
being located above the main set at a distance equal 
to about one-tenth of the diameter of the piston. 
The seal was the important part. For this a series of 
horizontal strips of plate were kept in contact with the 
walls of the cylinder, by being supported from the 
piston by means of weighted levers. In the space 
between these strips of plate and the actual piston, 
thick canvas was used, to provide a flexible connection, 
and the space above this canvas was filled with tar 
to a height more than sufficient to prevent the egress 
of gas. The tar was specially prepared to give suitable 
viscosity under varying temperature conditions, and 
to be immune from the absorption of hydrocarbons 
from the gas. Any tar entering the gas space in the 
holders passed down into a sump from which it was 
returned to the piston seal, by an automatically- 
operated pump. With the new method of construction, 
holders of much greater capacity were possible than 
with the old type. 


Roap Tar. 
As indicated by Mr. Pickard in his paper, much work 
had recently been done to determine the physical pro- 
perties of tars suitable for use in the construction and 
maintenance of roads. Only one aspect, that of surface 
treatment, was considered by the author. Surface 





tarring had long ceased to be merely a means of stopping 
the dust nuisance. It now played an important part 


characteristics. The requirements were cheapness, 
reasonable life, adequate protection of the underlyi: 
road structure, the provision of a non-slippery surfac 
and freedom from any tendency to bleeding. 

Although tar products were capable of wetting 
given surface at much higher consistencies thai 
asphaltic bitumens, the difference was of little or ») 
practical significance in surface operations, and th. 
interpretation should be that the wetting power of ti: 
towards the aggregate was in all normal circumstances 
complete. The adhesiveness of tar was not dependent 
upon a structural decrease in hardness. The opinion 
was now held that the changes in tar, from the fluid 
that wets the surface to the tenacious semi-solid, 
possessing adhesive value, were the results of cooling 
and volatilisation. The size of aggregate, and hence 
the extent of the surface to be wetted by the tar, 
required consideration in relation to the initial con- 
sistency of the tar and the road temperature at the 
time of application. 

RurAL ELECTRICITY SUPPLIES. 

Mr. E. W. Dickinson, Rural Development Officer of 
the Electricity Commission, dealt with “The Exten- 
sion of Electricity Supplies, with Special Reference to 
Rural Districts’ at the meeting on Tuesday afternoon, 
November 17. Growth in the use of electricity, Mr. 
Dickinson said, was chiefly dependent upon the price 
to the consumer, and whether it was easily available. 
Statistics showed that the number of units sold in the 
year 1922-1923 was 3,789 millions, the average price 
obtained was 2-07d. per unit, and the maximum 
demand was 1,829,000 kw. Since that time the figures 
had undergone a steady change, the units sold and 
the maximum demand increasing, while the price 
diminished, until, in 1929-1930, 8,666 million units 
were sold at an average price of 1-38d., and the maxi- 
mum demand was 3,601,000 kw. 

As a result of the national scheme now being brought 
into being, although present supplies were limited to 
approximately 20 per cent. of the complete rural areas, 
the work of rural electrification was proceeding. 

Problems connected with highways, town planning, 
housing and rural development generally were made 
easier of solution as the use of electricity was extended. 
The economic conditions of the last decade had shown 
that greater attention was necessary to the home 
production of foodstuffs. That would lead to the 
repopulation of the country districts, and would react 
on electricity supplies in rural areas. It would also 
stimulate rural building, and the planning of exten- 
sions to villages and new community centres. 

CoKE-BREEZE CONCRETE. 

In the search for economy in building, an increas- 
ing demand has arisen for cheap substitutes for older 
materials. In a paper on “‘ The Use of Coke Breeze 
Concrete (especially in connection with steel) in 
Buildings,’’ presented by Dr. Bernard Howard Knight 
at the meeting on Wednesday morning, November 18, 
the author discussed the uses to which breeze aggregates 
might be put, using the term breeze in the broadest 
sense. 

For use as aggregates for concrete not in association 
with steel, irregular results had been obtained with 
coke breeze, pan breeze and clinker. The chief sources 
of troubles were due to the presence of sulphur com- 
pounds or the existence of certain types of unburnt 
coal. The finer the aggregate, the greater was the 
chance of later trouble, and consequently the “fines ”’ 
should always be excluded. The presence of iron 
sulphides led to an increase in volume, with a consequent 
tendency to disruption of the concrete. Coke breeze 
concrete was mechanically weak, and thus its use, in 
the opinion of many authorities, should be confined to 
internal walls. Clinker aggregate, while yielding a 
denser, and stronger, concrete, was an even more 
variable product, and ran the risk of containing unburat 
coal. 

In association with steel, concrete made from coal 
residues had such properties that the Association of 
Floor Constructors concluded that it was, in general, 
quite unsatisfactory. The causes of defects were due to 
the liability to expansion on setting, the high perme- 
ability of the material and the presence of sulphur 
compounds, which caused corrosion under conditions 
favourable to chemical action. The substitution of 
sand for the finer part of the coal residue aggregates 
reduced rusting. This it did, as a result of the reduc- 
tion of the amount of accessible sulphur compounds, 
and not from any reduction in permeability. 

Pending the improvement of the quality of coal 
residues used in building works, it appeared that 
their use should be confined to internal partition walls, 
preferably in the form of slabs. There was a need ‘or 
the drafting of a standard specification for all coal 
residues to be used in external work, and even “oT 
internal use. 

SEwAGE Works. 
In a paper on “ The Design, Equipment and Opera 





in providing a wearing surface with well-defined 


tion of Small Sewage Works,” which was presented 




















Nov. 27, 1931.] 


ENGINEERING. 








669 














INFINITELY-VARIABLE 


SPEED GEAR. 


MESSRS. W. H. DORMAN AND COMPANY, LIMITED, ENGINEERS, STAFFORD. 












KS 





lil 


. | ga 
N SN 
SSJ sumotss SoH OAS 


ss 
N 
N 
N 

Ss 


SSS 











ING 





7 yan! 


GZ SSNS 
tri ezeg eget sg il. 






























TH eeccccccccccee 
VA SSAPOOOoys 


NSS 
Y SS 
Gm 















(2921.8) 














on Thursday, November 19, Mr. N. S. Bowes first 
discussed the claims of the bacteriological and the 
bio-aeration systems for a plant for a population of 
10,000, and decided in favour of the former. In 
defence of this he contended that bacteriological treat- 
ment was reliable and required the minimum of expert 
attention. It was capable of dealing with trade wastes 
to a reasonable extent and was very flexible, in that 
a sudden increase of flow, or an alteration in the 
character of the sewage, did not appreciably affect its 
working. 

Balancing tanks were only necessary when extreme 
variations of daily flow were experienced. Detritus 
tanks should be in duplicate. They reduced the 
velocity of the effluent sufficiently to allow the heavier 
solids and most of the mineral matter to settle out. 
Screens prevented large solid objects from being carried 
forward. Means had to be available to draw off the 
flow in excess of three times the dry-weather flow. 
This was accomplished by a weir, over which the surplus 
passed into storm-water tanks. 

rh: sedimentation tanks formed the heart of the 
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works. Amongst the best types was the inverted 
Pyrainid form, which took up but little space and 
required no complicated machinery to assist in its 
work. Built in duplicate, its total capacity should be 
abou (ifteen hours’ dry-weather flow. About 70 per cent. 
of the suspended solids were removed by the time the 
effluents left these tanks. For the filter beds mechanical 
distri ution of the effluent was necessary. The system 
of usir ¢ perforated troughs was inefficient. The methods 
avails ble included the water-wheel type of distributor, 


Fia. 5. 


running to and fro across the filters on side rails, 
and the installation of fixed-nozzle fountains. For a 
small works the author contended that nothing could 
compete, in simplicity or reliability, with the automatic 
two-arm or four-arm revolving type distributor working 
on a circular bed. Many makes of sprinklers operated 
with a head as low as 10 in., but where it was 
possible 15 in. should be provided, in order that a mar- 
gin should be available in adverse circumstances. The 
total depth of the bed should be not less than 3 ft., 
and experience had shown that nothing was gained by 
making it more than 6 ft. Three or four filters were 
necessary, providing in the aggregate 1 cub. yard of 
material to each 70 gallons of the dry-weather flow. 
The secondary filters were replicas of the primary ones, 
but their depth need not exceed 4 ft. 6 in. and the filter 
medium was finer, ranging from 1 in. at the bottom to 
} in. at the top. 

Another paper on sewage was one by Mr. Granville 
Berry, who dealt with “The Bio-Chemistry and 
Analysis of Sewage as Factors in the Determination 
of the Efficiency of Various Processes of Purification.” 
In this the author, after dealing with the purpose of 
such plants on broad lines, discussed the taking of 
samples for chemical analysis and other tests, and 
described the process of estimation of each constituent 
on which information was usually required. 


ReEFusE DIsPosaL 

Mr. 8S. C. Baggott, in dealing with ‘‘ The Collection 
and Disposal of House Refuse,” referred specifically 
to the conditions operating at Lincoln, of which 
he is City Engineer and Surveyor. Electric vehicles 
have been used there for collection since 1920, and 
the author testified to their merits by stating that 
their average running efficiency was now 95 per cent., 
due to their comparative freedom from vibration. 
Many battery vehicles, it was stated, were still in 
service at an age long beyond the normal life attained 
by petrol-driven vehicles. Refuse disposal was possible 
by controlled dumping or tipping, extensive salvage 
treatment, or by incineration. Indiscriminate tipping 
in the past had caused serious nuisances. A proper 
site and a sufficient supply of covering material, in 
combination with adequate supervision, were essential 
if dumping was to be done successfully. Ministry of 
Health figures showed that the lowest costs resulted 





where salvage and utilisation schemes were employed. 
Experience varied, however, and at certain periods 
markets for the disposal of salved material were difficult 
to obtain. Incineration by a destructor, properly 
designed and constructed, was the ideal means of 
disposal, being the most hygienic and sanitary, and 
where there was an outlet for the use of the steam raised, 
it was the most economical. A description was given 
of the destructor at Lincoln. 


StrEET LIGHTING AND TRANSPORT. 

A paper was submitted on Friday afternoon, 
November 20, by Mr. H. Davies on “* Street Lighting in 
Relation to Transport.” This was of a somewhat 
unusual character in that it represented, not individual 
opinions, but a summary of the ideas and experiences 
of a number of members of the Association of Public 
Lighting Engineers. : 

The present tendency of lighting authorities was 
towards the suppression of glare at all costs. Gradual 
variations in illumination on the road surface did not 
matter very greatly, and the apparent brightness of 
the dark and polished roadway surface bore little 
relationship to the distribution of illumination, being, 
in fact, determined largely by direct reflections of the 
lamps. The minimum illumination prescribed in the 
British Standard Specification for Class A streets, of 
two foot-candles, was scarcely ever attained, and yet it 
was only 1/250th of the average value of unrestricted 
daylight illumination out of doors, viz., 500 foot-candles. 
The lighting of arterial routes connecting cities and 
passing through many rural areas, had been suggested 
as a sphere for the use of concealed lights mounted at 
a low level at the side of the road, but nothing further 
than experiment had been so far attempted. Some 
experiences had shown that low-mounted lamps of low 
candle-power at the kerbs were usually insufficient to 
enable a driver to make his way without recourse 
to head-lights. On a straight road they left a dark 
centre track; on bends they caused confusion. 








FRICTION-DRIVEN INFINITELY- 
VARIABLE SPEED GEAR. 


A NUMBER of manufacturing processes require for 
their complete success some variation in the speed of 
the mechanism employed in them, this variation taking 
place in very small steps. As such apparatus is 
frequently used in a number of individual machines 
comprising one installation, it is essential that it 
should be simple in design, with attendant low first 
cost, whilst it must also be capable of running reli- 
ably for long periods without attention. We illus- 
trate, in Figs. 1 to 5, annexed, an infinitely variable- 
speed gear, with a self-adjusting friction transmission, 
which is now being manufactured by Messrs. W. H. 
Dorman and Company, Limited, of Stafford. The 
apparatus is made in four types, 7.e., with the driving 
and driven shafts co-axial and the motion of the latter 
reversible, or capable of being stopped; with the shafts 
co-axial, but a single and counter-directional rotation ; 
with the shafts offset with a single, but similar, direc- 
tion of rotation; and with the shafts at right angles 
to one another. It is this last type that is shown in 
the figures. It is usually made with a variable-speed 
ratio of from 1-25 to 1 to 3-75 to 1, though the other 
types have often a higher total range. The particular 
example illustrated is capable of transmitting 0-25 h.p. 
at 1,000 r.p.m. It will run equally well in either 
direction, and can be used either as a speed-reducing 
gear or an increasing gear. 

The principle adopted is that of a roller moved 
across a disc, but there are several important depar- 
tures from general practice in its application. The 
driving contact is not flat, but convex, and therefore 
takes place at a point. Both the roller and disc are 
of hard steel, and due to this and the contour of the 
driving roller periphery the conditions and pressures 
of contact approximate to ball and roller bearing prac- 
tice. The pressure for creating the necessary driving 
friction is not transmitted through any bearings, but 
is derived from an enclosing steel ring which functions 
as a spring, through a pair of idler rollers, to keep the 
driving roller and the disc in contact. The whole 
mechanism is totally enclosed, and runs in an oil bath. 
The driving shaft is that on the left of Fig. 1. It 
consists of a splined sleeve containing a shaft carrying 
the driving roller, the shaft sliding in the sleeve as 
the roller is traversed across the face of the driven 
disc by a screw operated by a knurled knob. Out- 
side the sleeve, the roller shaft is held in a bearing 
suspended from the traversing screw and formed in 
a bridge piece which also carries the bearings for the 
two idler rollers. The shape of this bridge is shown 
in Fig. 2. The centre part is elevated in order to clear 
the disc when the driving roller is engaged near the 
centre of the disc. The outer ends are forked, the 
bearings for the idler rollers being hinged, so that the 





rollers are free to move in a lateral direction. The 
manner in which the three rollers are constrained by 
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the encircling ring is shown in Fig. 3. This figure also 
shows the driven shaft and the manner in which the 
disc is mounted on a central splined part. The com- 
plete assembly of the mechanism is shown in Fig. 5. 

For an understanding of the action of the ring, the 
diagrammatic view given in Fig. 4 should be referred to. 
The full circles representing the ring show its position 
when at rest. It floats on the idler rollers and is kept 
in a vertical position by the flanges embracing these 
rollers. The rollers are of different diameters. As 
the driving roller rotates, the idlers and ring also rotate, 
and the difference in diameters causes an upward move- 
ment of the ring into the position indicated by the 
dotted lines. This, naturally, presses all the rollers 
and the disc closer together, the width of the ring at 
the points of contact with the idler rollers being less 
than its diameter. The gripping pressure increases 
automatically and proportionately to the torque of 
the driving roller. The pressure being balanced across 
the gear, there are no reacting pressures on any of the 
bearings while, as all the moving parts rotate, no inertia 
forces arise to cause vibration. The gear is quite 
silent in action, and it is stated that no appreciable 
wear has hitherto been observed in it. Present uses 
of this variable-speed gear are for low powers. It is 
applied, for instance, to wire drawing to decrease the 
speed of the winding roller as the diameter of the 
coiled wire increases ; in winding yarn, where differences 
in count of material may occur from day to day; in 
ice-cream making, where the resistance increases as the 
mixture freezes ; and in the winding of insulating paper 
on cables and for similar purposes, where the tension 
must be kept constant. 








PERSONAL. 

Dr. J. WARD, senior lecturer in mechanical engineering 
at the Northampton Polytechnic Institute, London, has 
been appointed head of the department of civil and 
mechanical engineering at the Technical College, Hudders- 
field, in succession to Mr, J. W. Button, who is about to 
retire after 24 years’ service as head of the department. 





Messrs, THE GENERAL ELEcTRIC ComMPANY, LIMITED, 
have opened a new wholesale stores depot at 516, London- 
road, Croydon, Surrey. Mr, F. H. Forrester has been 
appointed manager of the depot. 

Captain H. B. Pore, Principal District Officer, Board 
of Trade Surveyors’ Office, Mark-lane, London, E.C.3, 
has been appointed Professional Officer'in the Mercantile 
Marine Department of the Board of Trade, in succession 
to the late Captain F. W. Bate. Mr. T. W. Revans, of 
the Consultative Branch of the Mercantile Marine 
Department, has been appointed to succeed Mr, A. J. 
Daniel as Chief Ship Surveyor on the latter’s retirement 
on December 31 next. 

Messrs. ALFRED HERBERT, LIMITED, Coventry, have 
purchased the whole of the assets of Messrs. Swift 
(Coventry), Limited, with the exception of the land 
and buildings, and have disposed of the goodwill, name, 
jigs, tools, drawings and finished and unfinished spare 
parts to Messrs. R. H. Collier and Company, Limited, 
South Yardley, Birmingham, who will continue the manu- 
facture of all parts required for all models. The future 
as to the continued production of the Swift car is under 
consideration, The existing plant of modern machines 
will be offered for sale piecemeal by Messrs. Alfred 
Herbert, Limited. 

Mr. W. E. Warritow has returned to the advertise- 
ment staff of Messrs. Odhams Press, Limited, in his old 
capacity of special electrical commissioner. 





PuBLIc Works, Roaps anp TRANSPORT EXHIBITION : 
Errata,—The Freighter-container vehicle shown by 
Messrs. Shelvoke and Drewry, Limited, at the recent 
Public Works, Roads and Transport Exhibition, was 
inadvertently described on page 629 ante as being elec- 
trically driven. It is fitted with a four-cylinder water- 
cooled petrol engine, tuis being the firm’s general practice, 
as will be evident from previous references, e.g., ENGI- 
NEERING, vol, exx, page 667 (1925). We also regret that, 
owing to a misunderstanding relative to a previous 
display of a portable 12-in. by 6-in. stonebreaker on the 
stand of Messrs. Goodwin, Barsby and Company, Limited, 
in our same notice of the Roads and Transport Exhibi- 
tion, we referred to it as imported in our description 
(page 631 ante). The machine in question, like all the 
firm’s products, was made at its works at Leicester. 


ENGINEERS’ GERMAN Crr7Le.—In view of the standard 
achieved by technical worx in German-speaking coun- 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Empire and foreign countries. The closing date of 
tenders is stated where possible. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Pedal Cycles.—The supply of 155 pedal cycles, The 
Egyptian Ministry of Communications, Mechanical Tran- 
sport Department; December 15. (Ref. No. G.X. 
10,937.) 

Motor Lorries.—The supply of two motor lorries of 
from 2 to 24 tons capacity. The Egyptian Ministry of 
the Interior, Municipalities and Local Commissions 
Section ; December 31. (Ref. No. G. X. 10,938.) 

Motor Watering Vehicle-—The supply of one motor 
watering vehicle with a capacity of 2} tons. The 
Egyptian Ministry of the Interior, Municipalities and 





CONTRACTS. 


Messrs. Henry Simon, Limitep, Cheadle Heatii, 
Stockport, have received an order from The Jutland 
Co-Operative Provender Supply Association, Copenhagen, 
for a travelling pneumatic grain-discharging plant, with 
a capacity of 120 tons per hour, for the Danish port of 
Esbjerg. The pneumatic plant will be mounted on a 
travelling tower, spanning three lines of railway on the 
quay side, and will be provided with a cantilever con- 
veyor gantry, which will reach out across the quay 
to the granary building. Simon reciprocating vacwum 
pumps will be installed. 

Messrs. METROPOLITAN-VICKERS ELECTRICAL Com- 
PANY, LimIteD, Trafford Park, Manchester, have received 
an order for an exhaust turbo-electric auxiliary-drive 
installation for a new vessel being constructed by Messrs, 
Workman, Clark (1928), Limited, Belfast, for Me ; 
The Standard Fruit and Steamship Corporation, New. 
Orleans. The auxiliary drive is designed to deliver 
1,560 shaft horse-power to the propeller at 90 r.p.m., 
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Local Commissions Section; December 21. (Ref. 
No. G.X. 10,939.) 

Centrifugal Pumps.—The supply, delivery and erection 
of a horizontal centrifugal pump, direct-coupled to 
an electric motor with a sluice valve starter and other 
electrical gear (Ref. No. G.X. 10,941); also a vertical 
spindle centrifugal pump direct-coupled to an electric | 
motor (Ref. No. G.X. 10,942). The Rand Water Board, 
Johannesburg ; January 8, 1932. 





Gas Production and _ Distribution.—The Town of 
Piraeus, Greece, is calling for tenders, to be presented in 
Piraeus by February 9, 1932, for the granting of an 
exclusive concession for the production and distribu- 
tion of gas throughout the Town of Piraeus. (Ref. No. 
A.X, 11,199.) 


BOOKS RECEIVED. 


The Elements of Machine Design. Part II. Chiefly on 
Engine Details. By W. CAwTHORNE UNWIN and 
A. L. MELLANBY. New and revised edition. London: 
Longmans Green and Company. [Price 12s. 6d. net.] 

Essentials of Electricity. Direct Current. By W. N. 
TunBIz. Second edition rewritten. New York: 
John Wiley and _ Sons, Incorporated. London : 
Chapman and Hall, Limited. [Price 12s. net.] 

Elastic Arch Bridges. By ConpE B. McCuLLoueH and 
Epwarp 8. THayerR. New York: John Wiley and 
Sons, Incorporated. London: Chapman and Hall, 
Limited. [Price 30s. net.] 

Automobile Repair. Instruction Manual of Repair Jobs. 
Vol. II. Lor Electrical Service Men. By J.C. Wricut, 
Second edition, revised. New York: John Wiley 
and Sons, Incorporated. London: Chapman and 
Hall, Limited. [Price 18s. net.] 

Problems in Thermodynamics and Steam Power Plant 
Engineering. Problems in Thermodynamics. By 
Epwin A, FrEssENDEN. Problems in Steam Power 
Plant Engineering. By Tuos. G. Ester. New York : 
John Wiley and Sons, Incorporated. London : 
Chapman and Hall, Limited. [Price 7s. 3d. net.] 

Department of Overseas Trade. Economic Conditions in 
the Union of South Africa, July, 1931. Report. By. 
N. Evmsure. London: His Majesty’s Stationery Office. 
[Price 2s. net. | 

Department of Scientific and Industrial Research. Report 
of the Radio Research Board for the Period ended 
December 31, 1930. London: His Majesty’s Stationery 
Office. [Price 2s. net.] 

American Society for Testing Materials. Report of 
Committee D~2 on Petroleum Products and Lubricants 
and Methods of Test Relating to Petroleum Products, 
1931. Philadelphia: Office of the Society. [Price 
1 dol. 25 cents. } 

Dauerfestigkeit von Stihlen mit Walzhaut, ohne und mit 
Bohrung, von Niet und Schweissverbindungen. By 








Proressor Dr.-Ing. O. GRrar, Berlin: V.D.L.- 
Verlag. G.m.b.H. [Price 6-50 marks. | 
Egyptian Government. Ministry of Public Works, 


Annual Report for the Year 1926-1927. Part 1. 
Cairo: Government Press. [Price PT20.] 
Renssalaer Polytechnic Institute. Engineering and Science 
Series. No. 33. The Bromination of Acetone in 
Organic Solvents, By I. Conrn. No. 34. Tables 
and Charts of Specific Gravity and Hardness for the Use in 
Determination of Minerals. By J. L. RosennoLrz 
and D.T. Smitx. Troy, N.Y.: Renssalaer Polytechnic 
Institute. 

Air Ministry. Aeronautical Research Committee. Re- 
ports and Memoranda. No. 1388. Velocity in a 
Wind Channel Throat. By T. E. Stanton. [Price 
4d. net.] No. 1396. 


[Price 6d. net.] No. 1397. Airscrews at Negative 
Torque. By C. N. H. Lock and H. Bateman. [Price 
6d. net.) No. 1398. 





tries, it has been decided to form an Engineers’ German 
Circle. The main objects will be to further the study 
of technical German ; to give an opportunity of hearing 
lectures in German by eminent German-speaking tech- 
nical men; and to bring together engineers interested 
in Continental technical developments. A programme 
of some six meetings is in preparation, and each meeting, 
which will be held at the Institution of Mechanical | 
Engineers, London, will consist of a short lecture and 


net.] No. 1399. Range of Aircraft with Air-Cooled 
Radial Engine Using Altitude Control. By A. E 
Woopwoop Nurt and Others. [Price 9d. net.] No. 


1406. Take-off and Landing of Aircraft. By D.| which is a good omen for the future. 


and the turbo-alternator will, in addition, supply a 
general ship load of about 170 kw. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—-The market keeps steady, 
with a fair number of inquiries circulating, but sales of 
pig-iron have fallen considerably short of expectations. 
At the same time, confidence in the near future continues, 
Output is inadequate to meet current moderate require- 
ments, and little expansion of demand for Cleveland 
pig is needed to necessitate an increase in production, 
as stocks are far from large, and are steadily diminishing. 
Producers hope to do further business with firms in 
Seotland, though Indian iron is still being sold to con- 
sumers North of the Tweed on comparatively low terms. 
Export demand has improved but little, although occa- 
sional transactions with Continental customers are not so 
difficult to put through as they have been, Fixed minimum 
quotations stand at : No. 1 Cleveland, 61s. ; No. 3g.m.b., 
58s. 6d.; No. 4 foundry, 57s. 6d.; and No. 4 forge, 57s. 

Hematite.—East-Coast hematite prices are not definitely 
fixed, and terms of sale are rather irregular, with a 
tendency to stiffen. In this branch also business with 
overseas buyers is rather less difficult to put through, 
but is still on a very limited scale. Home transactions 
include a little more buying by customers in Sheffield 
and in the Midlands. Ordinary qualities of hematite 
are quoted at 65s. 6d. to 66s, 

Foreign Ore,—-Business in foreign ore is virtually at 
a standstill, and resumption of buying of moment is not 
looked for until stocks have been substantially reduced, 
and consumers have accepted considerable deliveries 
overdue against old contracts. Nominally best rubio 
remains at 17s., ¢.i.f., Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is in 
only moderate request. Good average qualities are on 
sale at 17s., delivered to works in this district. 

Manufactured Iron and Steel.—There is rather more 
business in one or two branches of semi-finished and 
finished iron and steel, but further substantial buying 
is needed to restore normal activity to most depart- 
ments. Constructional steel works are busy, sections 
making railway requisites have contracts to complete, 
and distribution of specifications for shipbuilding ma- 
terials, though still on a very limited scale, show some 
slight improvement, while a little expansion of demand 
for sheets is reported. Quotations, all round, keep 
steady. Common iron bars are 101. ; best bars, 101. 10s. ; 
double best bars, 11/.; treble best bars, 117. 10s. ; pack- 
ing (parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 51. 15s. ; steel billets (medium), 62. 12s. 6d. ; steel 
billets (hard), 71, 2s. 6d.; iron and steel rivets, 111. 5s. : 
steel ship plates, 87. 15s. ; steel angles, 8/. 7s. 6d. ; steel 
joists, 82. 15s.; heavy sections of steel rails, 82. 10s. 
for parcels of 500 tons and over and 91. for smaller lots : 
fish plates, 12/. 10s.; black sheets (No. 24 gauge), 81. ; 
and galvanised corrugated sheets (No. 24 gauge), 91. 10s. 





Scrap.—Demand for scrap is increasing, and prices are 
moving upward. Light cast-iron is 40s.; heavy cast- 
iron, 45s.; machinery metal, 47s, 6d. ; and heavy steel, 
42s, 6d. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Tron and Steel.—The trend of events in the steel and 








Breakaway of Boundary Layer | engineering trades is not so difficult to gauge as 1t was 
on a Cylinder and an Aerofoil, By J. J. GREEN | six months ago. An upward movement is in evidence 


in many sections, where orders and inquiries are more 
numerous, though the majority of concerns could com- 


: A Method of Testing the Strength | fortably handle a greater volume of business. The raw 
of Aircraft Hulls. By I. J. Gerarp. [Price ls. 3d. | and semi-finished steel trades are still in an unsatisfactor) 


position. The outlook, however, is somewhat brighter, 
but much leeway has to be made up before normal out- 
put has been restored. The demand for scrap is steady. 
Ferro alloys are in 


Rouryson. [Price 1s. 9d. net.) London: His | restricted request. The current call for railway rolling 


Majesty’s Stationery Office. 

Staubausscheidung an Einfachen Korpen und in Liift- 
filtern. By Dr. ING Witty Seitz. Berlin: V.D.L.- 
Verlag, G.m.b.H. [Price 5 marks. ] 


stock is not very substantial. 
and South Africa are taking much less than their usu 
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| supplies, and British railways are ordering sparing!) 


India, South America. 


- . ‘ j 
he result is that works are operating at greatly reduced 


discussion in German, followed by an opportunity for| Journal of the Iron and Steel Institute. Vol. CX XIII. | capacity. With shipyards becoming busier, Sheffield | 


further German conversation. The Circle has the 
support of the Council of the Institution of Mechani- 
cal Engineers and of the Verein deutscher Ingenieure. 
Applications for membership should be made to the 
secretary, Mr. H. P. Spratt, The Library, Science 
Museum, South Kensington, London, S8.W.7. ! 


1931. Edited by George C. Ltoyp. 


Offices of the Institute. 


London : | likely to benefit indirectly in the supply of ship ste: 
: . ~ a. } 
forgings and castings. One local firm has received 


Foundations and Methods of Chemical Analysis by the | repeat order from the Colonies for forgings of the highest 





Emission Spectrum. 
Dr. EvGEN ScuweitzerR. London : 
Limited. 


By Dr. WattTeR GERLACH and | class. In view of a possible revival in trade, steelwor! 
Adam Hilger, machinery is in slightly better demand, but makers st 
have a large amount of plant standing idle, Governm« 
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ntracts have been placed locally for steel bars, hydraulic 

pr sses and ducts. A large tonnage of locally-made 

elis being consumed by se of all kinds of electrical 
equipment. Power dev elopment schemes in this country 
and abroad have been responsible for the placing of some 
good contracts for high efficiency steels. Inquiries are in 
circulation for engines for sewage-disposal works, and 
pumping machinery. South Africa is asking for tenders 
for steam pumps, air pumps, water piping and valves, 
and there is a growing demand for automobile steel and 
fittings. Stainless steel is the most progressive line in 
local industry. The gross output is very substantial. 
In addition to being used in the dairy, chemical, pottery, 
and aircraft industries, this material is also finding a 
ready market in connection with brewery trade require- 
ments. Improvement has developed in roadmaking and 
quarrying apparatus, but the tool trades are not making 
the headw ay desired. A Sheffield firm has received an 
order for the supply of 10,000,000 razor blades, and the 
concern is going to put in hand immediately works 
extensions, involving the introduction of the latest 
machinery and labour-saving devices. 

South Yorkshire Coal Trade.—The coal position gener- 
ally has undergone little change. Recent improvement in 
connection with export requirements has not been main- 
tained, and forward business is slow in materialising. The 
home market, however, has a brighter outlook. The de- 
mand for industrial fuel does not yet show any material 
improvement, and current requirements are below normal, 
Improvement in the textile and woollen industries has 
had aslightly stimulating effect, but the housecoal market 
leaves much to be desired, the continued mild weather hav- 
ing caused a falling-off in the demand. Stocks at colliery 
sidings and depots are on the increase. Central heating 
cokes are in request, but foundry and furnace sorts show 
no change. Gas coke continues firm. Quotations: Best 
branch handpicked, 26s. to 27s. ; Derbyshire best brights, 
21s. to 22s.; Derbyshire best house, 22s. to 22s. 6d. ; 
screened housecoal, 19s. to 20s.; screened house nuts, 
16s. 6d. to 17s. 7d.; Yorkshire hards, 17s. to 18s. 6d. ; 
Derbyshire hards, 17s. to 18s, 6d.; rough slacks, 9s. 6d. 
to 10s. 6d.; nutty slacks, 7s. 6d. to 8s. 6d. ; and smalls, 
5s. 6d. to 6s. 6d. 








NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 
The Textile-Machinery Trade.—As a result, partly 
of the recent restarting of a large number of Lan- 


cashire cotton mills and partly from orders received 
by exhibitors at the Textile Machinery Exhibition, held 
at the Manchester City Hall in the last few days, local 


textile-machinery manufacturers are now facing the 
future with greater confidence than for a considerable 


time past. Messrs. Daniel Foxwell and Son, of Cum- 
berland Works, Cheadle, Cheshire, report that day and 
night-shift working will be necessary up till the end 
of the year to complete important contracts booked for 
se ‘ery -printing machines for Norwegian and Brazilian 
clients. Messrs. Ernest Scragg and Sons, Limited, of 
Mace lesfield, manufacturers of machinery used in silk- 
making processes, are also well booked and anticipate 
good business for some time to come, while other exhi- 
bitors at the Show report brisk inquiry and the receipt of 


useful orders, 
The General Outlook.-Although the Government 
import restrictions do not so far affect the heavier 


industries of the North-Western area, hope is entertained 
that, in the near future, steps will be taken to afford 
some protection, and that business expansion will follow. 
Meanwhile, Lancashire orders for foundry iron, particu- 
larly from machine-tool makers, textile machinists, and 
manufacturers of light castings continue to improve, 
and forward orders, for deliveries in the early months of 
1932, are stated to be very satisfactory. Messrs. The 
Stanton Ironworks Company, Limited, near Notting- 
ham, have received orders from the Nantwich Rural 
District Council for cast-iron pipes for water-supply 
scheme developments, at a cost of 42,3641.; and 
Messrs. Monks and Company, Limited, of Warrington, 
have secured orders, from the same authority, aggregating 
over 26,0001. for pipe laying and reservoir construction. 
Construectional engineers are still finding conditions 
difficult, but Messrs. Edward Wood and Company, 
Limited, of the Ocean Ironworks, Trafford Park, Man- 
chester, are moderately employed, orders on hand 
including the supply of steelwork for film studios at 
factory developments at Slough, and for new 
schools and theatres in various parts of the country. 
At Patricroft, Messrs. L. Gardner and Sons, Limited, of 
Barton Hall Engine Works, report that they received 
a record number of orders for oil engines in the first few 
days in November. Messrs. William Tomkinson and 
Sons, Limited, of Liverpool, have been entrusted with the 
erection of a theatre costing 70,0001. at Southport, and 
Messrs. Milner’s Safe C ompany, Limited, announce that 
their Liverpool works have recently been reconstructed 


Elstree, 





and extended to cope with increasing business. 

The Motor-Car Industry.—Messrs. Willys—-Overland 
Crossley, Limited, motor-car manufacturers, of Man- 
chester, it is announced, have purchased the goodwill and 
stock-in-trade of the motor-car business of Messrs. A. J. 
Stevens and Company (1914), Limited, of Wolver- 
hampton, and have taken over the manufacture of the 


JS.” 


: car. Messrs. Bromilow and Edwards, Limited, 
of Bolton, who specialise in the manufacture of tipping- 








gear apparatus, have recently obtained substantial 
orders, particularly from Brazil. 

Tue INstiruTION OF NAVAL ARCHITECTS.—The next 
annual meeting of the Institution of Naval Architects will 
Commence on Wednesday, March 16, 1932. The offices 
of the institution are at 2, Adam-street, Adelphi-terrace, 


London, W.C.2 








NOTICES OF MEETINGS. 


JUNIOR INSTITUTION OF ENGINEERS.—To- night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Progress in the 
Design and Construction of Static Transformers,” by 
Mr. D. W. MeJannet. North-Eastern Section: Friday, 
December 4, 7.15 p.m., County Hotel, Neweastle-on-Tyne. 
‘A Brief Summary of the Natal Line Electrification 
Scheme, with Particular Reference to Electric Locomo- 
tive pat aso by Mr. A. H. T. Head. London: Friday, 
December 4, 7.30 p.m. Royal Society of Arts, John- 
street, Adelphi, W.C.2. Presidential Address. ‘‘ Some 
Aspects of Development in the Generation and Trans- 


mission of Electricity, its Influence on the Design of 
Plants and the Growth in the Utilisation of Electrical 
Power,” by Dr. 8S. L. Pearce. 

Royat Instirution.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘“*‘ Work of Sir Charles Parsons,” by Sir 
A. Ewing. Friday, December 4, 9 p.m. ‘‘ Optics of 
Electrons,’’ by Professor G. P. Thomson. 


BRADFORD ENGINEERING SocrETty.—Monday, Novem- 


ber 30, 7.30 p.m., Technical College, Bradford. ‘‘ The 
Use of ea Aluminate for Feed Water Treatment,” 
by Mr. A. J. Mills. 

ice Society or Arts.—Monday, November 30, 


8 p.m., John-street, Adelphi, W.C.2. Howard Lecture. 
** Diesel Engines ” (Lecture II), by Mr. H. R. Ricardo. 
Wednesday, December 2, 8 p.m. ‘* The Development 
of Lighthouses,” by Mr. D, A. Stevenson. 


INSTITUTION OF CIVIL ENGINEERS.—-Tuesday, Decem- 
ber 1, 6 p.m., Great George-street, S.W.1. ‘‘ The 
Design and Construction of the Sarda Canal,” by Sir B. 
Darley. Wednesday, December 2, 6.30 p.m. Students’ 
Meeting. ‘‘ Ventilation, with Special Reference to 
Heat Removal on the Tube Railways,” by Mr. E. A. 
Turner. Birmingham and District Association: Thurs- 
day, December 3, 6 p.m., Chamber of Commerce, New- 
street, Birmingham. ‘“‘ The Reconstruction of Aston 
Lane Railway Bridges,’’ by Mr. H. Jennings. 

Instirute oF Metrats.—Sheffield Local Section: 
Tuesday, December 1, 7.30 p.m., The University, St. 
George’s-square, Sheffield. ‘‘ The Technique of Knamel- 
ling,’ by Mr. S. Wilkinson. 

INSTITUTION OF 
ScoTLanp.—-Tuesday, 
Elmbank-crescent, Glasgow. ‘* The 
ciency of Cargo Ships,” by Mr. W. Ayre. 

INSTITUTION OF AUTOMOBILE ENGINEERS.——-Tuesday, 
December 1, 7.45 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2.  ‘ Transmission,”’ by Mr. L. H. 
Pomeroy ; and at Birmingham Centre: Wednesday, 
December 2, 7.30 p.m., Queen’s Hotel, Birmingham. 
ELECTRICAL ENGINEERS.—-Wednesday, 
December 2, 6 p.m., Victoria-embankment, W.C.2. 
Wireless Section Meeting. Reflection Methods of 
Measuring the Depth of the Sea,” by Commander J. A. 


SHIPBUILDERS 
7.30 p.m., 
Propulsive 
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December 1, 


INSTITUTION OF 


Slee. Thursday, December 3, 6 p.m, Ordinary Meeting. 
‘Bushing Insulators for Outdoor Transformers,” by 
Mr. W. J. John. Friday, December 4, 7 p.m. Meter 
and Instrument Section Meeting. ‘‘ An Investigation 
of Problems Relating to the Use of Pivots and Jewels 
in Instruments and Meters,”’ by Mr. V. Stott. 
INSTITUTION OF HEATING AND VENTILATING ENGI- 


NEERS.—-Wednesday, December 2, 7 p.m., Swedenborg 
Hall, 20, Hart-street, Bloomsbury, W.C.1. ‘“ The 
Principles of Calculation of Low-Temperature Radiant 
Heating,’ by Mr. A. H. Barker. 

INSTITUTION OF MECHANICAL ENGINEERS,—Southern 
Branch : Wednesday, December 2, 7.15 p.m., University 
College, Southampton. ‘“‘ Polarised Light and its Appli- 
cations to Engineering,” by Prof. E. G. Coker. Kast 
Midlands Branch: Friday, December 4, 6.30 p.m., 
School of Technology, Leicester. Joint Meeting with 
Leicester Association of Engineers, “ Special Auxiliary 
Machinery for Marine Purposes,” by Mr. R. W. Allen. 

INSTITUTION OF PRODUCTION ENGINEERS.—Coventry 
Section : Wednesday, December 2, 7.30 p.m., King’s 
Head Hotel, Coventry. ‘‘ Instruments as an Aid to the 
Production Engineer,” by Mr. A. E. Smith. 

INSTITUTION OF STRUCTURAL ENGINEERS,—Thursday, 
December 3, 6.30 p.m., 10, Upper Perea, S.W.1 
‘* Submersible Bridges,’”’ by Mr. R. P. Mears. Yorkshire 
Branch : Thursday, December 3, 7 A m., Hotel Metropole, 
Leeds. ‘“‘ The Influence of Structural Steelwork on 
Building Construction,” by Mr. J. Kershaw. 


Roya AERONAUTICAL Society.—Thursday, December 
3, 6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘Wheel Brakes and Undercarriages,’” by 
Mr. 8S. Scott-Hall. 


Socrery or CHEMICAL INDUSTRY, CHEMICAL ENGI- 
NEERING GRouP.—Thursday, December 3, 6.45 p.m., 
The University, Bristol. Joint Meeting with the Bristol 
Section. ‘‘ Metal Alloys and their Suitability for Use 
in Leather Manufacture,” by Dr. D. J. Lloyd. 


INSTITUTION OF WaTER ENGINEERS.—Friday, Decem- 
ber 4, 10.30 a. m. Cage oe of Civil Engineers, Great 
George-street S.W. ** Hydrological Conditions in ~ 
Chalk at ding West Sussex ’’ (second paper), 


Mr. D. H. Thomson. “ The Transmission of Diem on 
by Water,’ by Mr. A. W. Burtt. ‘ Fort Canning 
Covered Service Reservoir, Singapore,” by Mr. E. F. 
Reid. ‘‘ Repairs to an Old Earth Embankment at 
Macclesfield,” by Mr. G. W. Cover. 

Rattway CLus.—Friday, December 4, 7.30 p.m., 57, 
Fetter-lane, E.C.4. ‘Some Curious Locomotives,” by 


Ir. J. D. Goftfrey 
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INSTITUTE OF BritisH FouNDRYMEN.—Middlesbrough 
Branch: Friday, December 4, 7.45 p.m., Cleveland 
Scientific and Technical Institute, Middlesbrough. ‘‘ The 
Italian Foundry Congress and Some Impressions of 
Italian Foundries,’ by Mr. T. Makemson. Lancashire 
Branch: Saturday, December 5, 4 p.m., College of 
Technology, Sackville-street, Manchester. * Castings 
from the Engineer’s View-Point,” by Mr. G. E. Windler. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade have changed very little over the week and only 
in the black steel sheet trade can it be said that trade 
is good. The lighter gauges are the main source of 
business at the present time, although there is quite a 
fair amount of dealing in galvanised sorts. The Far 
East, India and the Argentine are all in the market, 
and producers are hopeful of securing an increased ton- 
nage for near date shipment. Turning to the heavy steel 
trade, we find business very sluggish, but makers antici- 
pate an improvement in demand through the imposition 
of duties by the Board of Trade. In the meantime, plant 
is very poorly employed, and is likely to be so until such 
time as the shipbuilding industry takes a decided step 
forward. Prices are nominally unchanged, and are as 
follows :—Boiler plates, 9/. per ton ; ship plates, 8/. 15s. 
per ton; sections, 8/. 7s. 6d, per ton; black steel sheets, 
-in., 7/7. 10s, per ton; and galvanised corrugated sheets 
(No. 24 gauge), 10/. 12s. 6d. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.-No change for the better can 
be reported in connection with the malleable-iron trade 
of the West of Scotland, and plant is only running inter- 
mittently. Orders are extremely scarce. The re-rollers 
of steel bars are also very quiet and fresh business, 


even at cut prices, is difficult to secure. The following 
are the current prices :—Crown bars, 101. 5s. per ton 
for home delivery, and 9/. 10s. per ton for export; re- 


7s. ton for home delivery, 


rolled steel bars, 61. 6d. per 
and 6/. 5s. per ton for export. 


Scottish Pig-Iron Trade.-The pig-iron trade of 
Scotland is still on a very low level, and the present 
small output, coupled with stocks on hand, can meet all 
calls for the local product. Shipments of pig-iron from 
India continue to arrive here, but lots from the Continent 
have now practically ceased. The current prices are as 
follows :—-Hematite, 68s. 6d. per ton, delivered at the 
steel works ; foundry iron, No. |, 72s. per ton, and No. 3, 
69s. 6d. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, November 21, was only 177 tons. Of that 
total, 165 tons went overseas and 12 tons coastwise. 
During the corresponding week of last year the figures 
were 50 tons overseas and 30 tons coastwise, making a 
total shipment of 80 tons. 











NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 
The Coal Trade.---At the moment, the chief interest 
in the coal trade is the threat of reprisals by France in 
connection with the imposition by this country of import 
duties on various articles. Already, France has imposed 
a surtax of 15 per cent. on British coal, a matter which 
has been taken up by the British Government, as the 
extra tax is considered as a discriminatory tax against 
British coal, the importation into France being already 
limited by a system of licences. Dissatisfaction with the 
tax is felt not only in this country, but also in the French 
seaport towns, where the employers and workmen have 
made representations to the French Prime Minister 
pointing out that their livelihood is threatened, and that 
works will certainly close down and ships lay up with an 
inevitable increase in unemployment. There are also 
many complaints from French householders that they 
cannot secure sufficient supplies of dry coals for their 
stoves, as it is impossible to get these classes from 
Poland, Germany, Belgium, Holland or France. Mean- 
while, Welsh dry coals continue well booked up and scarce, 
but all other descriptions are in poor request and plenti- 
ful, with prices only maintained by the operation of the 
minimum price scheme. Though new business is ex- 
tremely quiet, shipments foreign in the past week were 
increased by 75,000 tons to 375,000 tons, as a result of 
tonnage which had been delayed by stormy weather 
and fogs reaching port. Exports to France were lifted 
from 80,000 tons to 120,000 tons, to Argentina from 
28,000 tons to 39,000 tons, and to Egypt from 14,000 
tons to 25,000 tons, but to Italy fell from 66,000 tons to 
43,000 tons. The bulk of these shipments were on 
account of old contracts which were, however, insuffi- 

cient to keep collieries working anything like regularly. 
Tron and Steel Imports.—Expecting a tariff, imports 
of iron and steel into South Wales continue at double the 
pre-ele ction average. In the last five weeks, 157,000 tons 
of iron and steel have been landed from the Continent, of 
which 118,000 tons came from Belgium. Last week’s 
arrivals, viz., 41,000 tons, were 14,000 tons greater than in 
the previous week, and may be compared with a pre-elec- 
tion average of 15,000 tons a week. Of last week’s total, 
33,000 tons were from Belgium, 3,600 tons from France, 

2,500 tons from Germany and 1,200 tons from Holland. 







Tron and Steel Exports._-E:xports of iron and steel goods 
totalled 21,000 tons, or 9,000 tons more than in the pre- 
ceding week. Shipments of tin-plates and terne-plates 
were increased from 7,791 tons to 13,433 tons, of galvan- 
ised sheets from 1,437 tons to 3,603 tons, and of other 
iron and steel goods from 715 tons to 2,723 tons, while 
exports of black-plates and sheets fell from 3,603 tons 
| to 1,437 tons. 
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ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


TELEGRAPHIC f ‘‘ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 
(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 

“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 


at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 











For the United Kingdom ....................... £3 5 0 
For Canada— 
Thin paper copies ...................:++ £2 18 6 
Thick paper copies........................ £3 3 0 
For all other places abroad :— 
Thin paper copies ....................0+ 0 
Thick paper copies.... 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





tWhen foreign subscriptions are sent by Post Office 
Onions, eciries Raett Ie aent te te See. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of Publication. 


All accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. =o 

AGENTS FOR “ ENGINEERING.” 
AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney : 
Brisbane, Perth. Angus and Robertson, Limited, Sydney : 
N.S.W. TT. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia ; 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 
Smith and Son, 78, Rue Dumarché-aux-Herbes. 
CanabA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 

Limited, 70, King Street East, Toronto, Ont. 
DENMARK, Copenhagen: Kaat-Jensen and Company, 
Farimagsgade 22. 
EDINBURGH: John Menzies and Company, Limited, Rose-street. 
FRANCE, Paris: Ricour, Chevillet et Cie, 22, Rue de la Banque. 
GERMANY: Hermann J. Fromm, Prinzregentenstrasse, 89, Berlin, 
Wilmersdorf. 
GLascow: William Love, 221, Argyle-street. 
aud Company, Limited, West Nile-street. 
HoLtanD: Henry F. Tiedeman, 44, Rozengracht, Amsterdam. 
IyDia, Calcutta: Thacker, Spink and Company. 
Bombay: Thacker and Company, Limited. 
ItaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
and any post office. 
JAPAN, Tokio: Maruzen Company, Limited, and all branches. 
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LIVERrooL: Mrs. Taylor, Landing Stages. 
MANCHESTER: John Heywood, Limited, 143, Deansgate. 
NEW ZEALAND: Gordon and Gotch, Limited, Wellington, 


/ Auckland and Christchurch. 
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SOUTH \rRIcA: Central News Agency, Limited. Head Office— 
Jonannesburg; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban and various branches and book- 
Stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

Tasma: 14: Gordon and Gotch, Limited, Launceston, Hobart. 
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TOLERANCES IN RADIO 
COMMUNICATION. 


necessary for the engineer to work to dimensions 
which are exact within very close limits. To take 


arguments why the actual diameter of a }-in. bolt 
shall not vary from the nominal value by more than 
a certain minimum amount, and it is, for instance, 
decreed that the diameter shall not exceed 0-25 in. 


0-0067 in., or 2°68 per cent. Again, to ensure 


from a predetermined figure, care has to be taken 


the filament shall not vary by more than 2 per 


40-watt lamp. 


than + 3-5 mm., or 3-17 per cent. 


mains. 


render such a step necessary. 





News Company, 131, Varick-street. For advertisements, 
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Economy in, the production, no less than the | 
satisfactory performance of a machine, render it | 


an elementary example, there are the strongest | 


or be less than 0-2433 in., the tolerance thus being | + one part in a million. 


radio-communication, where the rapid development, 
which has been the feature of recent years, has 
rendered it difficult to avoid mutual interference 


| between stations working on frequencies which 


are not widely spaced. As pointed out by Colonel 
A. 8. Angwin in the recent Inaugural Address 
which he delivered as Chairman of the Wire- 
less Section of the Institution of Electrical En- 
gineers, this difficulty was first tackled by allo- 
cating specific bands of frequencies to different 
categories of service. Owing to the increasing 
demand for new channels, however, that has not 
given the desired result, and it has, therefore, been, 
followed up by an attempt to secure international 
agreement on the lines that the frequency band 
employed for any channel shall be as narrow as 
possible. An obvious corollary to this stipulation 
is that once a channel has been allotted, it shall 
not be departed from either permanently or, as 
far as is humanly possible, temporarily. It may 
be added that the width of such a channel com- 
prises the modulation sidebands, together with a 
tolerance which takes into account the fact that it 
is impossible to maintain the frequency absolutely 
constant. On short wave-lengths, which, perhaps 
form the most important mode of communication 
at the present time, this tolerance has to be of 
the same order as, or even greater than, the modula- 
tion, and economy in channel width can, therefore, 
best be obtained by maintaining the frequency of 
the transmitter as nearly as possible constant. 

This subject has received considerable attention 
from the Comité Consultatif Internationale Techni- 
que des Communications Radio-Electriques, which 
has made certain recommendations that will be 
considered at the forthcoming International Radio 
Telegraph Conference ; but, in the meantime, the 
British Post Office has taken active steps to measure 
the frequency variation of existing stations, and 
to design transmitters the performance of which 
shall be within the proposed tolerances. The 
frequency transmitted by the various stations is 
measured at a special receiving station at Colney 
Heath, near St. Albans. The equipment at this 
station consists essentially of a valve-maintained 
tuning fork, which serves as a secondary frequency 
standard. This fork oscillates at 1,000 cycles per 
second and controls a multi-vibrator from which 
frequencies from 10 kilocycles to 115 kilocycles per 
second at intervals of 1,000 cycles, and from 120 


| kilocycles to 1,340 kilocycles at intervals of 20 


kilocycles can be obtained and used to check the 
frequencies of incoming signals from commercial 
stations. To ensure that the frequency of the 
tuning fork at Colney Heath is itself constant, it is 
connected to the frequency sub-standard at the 
Post Office Research Station at Dollis Hill. This 
sub-standard consists of a temperature-controlled 
Elinvar tuning fork, the frequency of which, at a 
temperature of 30 deg. C., is 1,000-000 cycles per 
second, its accuracy, when compared with the 
national standard at Teddington being better than 
For comparison purposes, 
the two forks at Colney Heath and Dollis Hill are 


that an incandescent lamp shall give its correct , connected, so that pulses corresponding to the beat 
candle-power, and that its life shall not vary greatly | frequency of their signals are obtained and are 


used to energise one coil of a double syphon 


that the diameter of the tungsten wire used for recorder. 


The other coil of this recorder is connected to the 


cent., a difference which is actually represented by | seconds contact of a phonic motor, which runs in 
the minute value of 0-00002 in. in a standard | synchronism with the standard fork, the frequency 
Moreover, the filament must not of the latter being such that the seconds intervals 
differ from the specified length of 110 mm. by more|on the tape do not differ from unit seconds by 
In less material | more than + 3 parts in a million. 
matters even closer tolerances are being worked to | St. Albans is known to have a frequency between 
by electricity undertakings, since the frequency of | 1,000-05 and 1,000-1 cycles per second, so that 
the supply is now being maintained constant at the beating rate is between five beats and ten beats 
50 cycles per second to within - 0-001 per cent., | per 100 sec. Thus, if the measurements are made 
an accuracy which, incidentally, has rendered it over 100 sec., and this interval is known to within 
possible to install clocks with highly accurate time- | + 10 sec., comparison is obtainable to within + 5 
keeping qualities in every house connected to their parts or + 10 parts in one hundred millions, 
depending on the actual frequency of the fork. 
In both mechanical and heavy-current electrical | Measurements made for an hour on a transmitter 
engineering, the deviation from the ideal is, there-| operating on a frequency of 1,785  kilocycles 
fore, small, and could no doubt be still further) showed that the Colney Heath results were 14 
reduced should technical or economic requirements | cycles above those obtained at Dollis Hill, or + 8 
It is, however, | parts in a million, while Dollis Hill agreed with 
interesting to find that this canonisation of the Teddington to within one part in a million. The 
absolute is also playing its part in the realm of virtual constancy of the frequency used as a basis for 
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determining the performance of other stations can 
hardly therefore be doubted. 

The equipment at Colney Heath has enabled a 
large number of observations to be made on stations 
of widely different wave-lengths, and the results, 
as given by Colonel Angwin, show that, in the case 
of British stations at least, the degree of constancy 
is very high. For instance, the frequency of the 
tuning-fork controlled transmitter at Rugby, known 
as GBV., did not differ from its allotted figure of 
78,000 cycles by more than +- 4 and — 20 cycles, 
though the tolerance recommended for such stations 
by the Comité Consultatif is + 0-1 percent.,or + 78 
cycles. Since April, the crystal-controlled transmitter 
GBP., which works on the transatlantic telephone 
service, has not varied from its allotted frequency 
of 10,770 kilocycles by more than 700 cycles, or 4 
0-006 per cent., though the recommended tolerance 
is + 0-05 per cent. In the case of a master oscillator- 
controlled high-speed short-wave telegraph station 
the deviation from the mean frequency was + 0-02 
per cent., compared with the recommended toler- 
ance of + 0-05 per cent. Observations on short- 
wave telephone transmitters also show that with 
thermostatically-regulated piezo-electric control the 
maximum frequency variation is about 125 parts 
in 1,000,000, and that this can be maintained 
throughout the year. On the other hand, a crystal 
oscillator can be initially adjusted to a constancy 
of 50 parts in 1,000,000, which increases to 115 parts 
as time goes on. It should, therefore, be easily 
possible to control the frequency to within 0-015 
per cent.—in other words, to improve upon the 
values of 0-05 per cent. and 0-02 per cent., which 
the Comité Consultatif recommend for immediate 
and future adoption, respectively. 

It must, however, be pointed out that this 
constancy may, to a large extent, be negatived, 
unless care is taken to prevent the subsequent ampli- 
fying stages from reacting on the control circuit. 
This is usually effected by mounting the amplifying 
stages in screened compartments,and arranging them 
symmetrically, both electrically and mechanically. 
The problem has, however, been simplified by the 
development of a valve containing two similar 
systems of electrodes, which are arranged symmetri- 
cally about a single cathode, and are connected so that 
the reaction potentials of one half of the valve are 
counterbalanced by those of the other half. In its 
simplest form, this valve consists of a loop filament, 
two control grids, two anodes, and two stabilising 
grids in the form of flat electrodes, which are placed 
symmetrically with regard to the control grids on 
the opposite sides of the anode. Each control grid 
is cross-connected to the stabilising grid outside the 
anode on the opposite side of the valve. This valve 
is known as a heptode, and its equivalent circuit is 
a capacity bridge, in which the leads joining the 
equivalent condenser have no length at the output 
junctions and the minimum possible length at the 
input junctions. 

It may, therefore, be said that a very close degree 
of frequency control can now be obtained, and that 
a considerabie step has been taken towards the 
solution of the problem of ether congestion. This 
being the case, it is to be hoped that the matter will 
be treated with more seriousness than has been the 
case in some countries, and that interference between 
stations which frequently reduces the efficiency of 
the service, will rapidly become a thing of the past. 


THE ELECTRICITY COMMISSIONERS’ 
REPORT. 

THE effects of the trade depression, which still, 
unfortunately, persists, not only in this country 
but throughout the world, make themselves evident 
in many ways, some of which become immediately 
apparent while others are only disclosed in the course 
of time. Among the latter, the consumption of 
electricity may be taken as an example, for any 
decrease in the amount used does not immediately 
follow a falling off in orders, though, happily, the 
reverse is not true. Thus, though in 1929-30 condi- 
tions were sufficiently bad to make the amount 
of electricity consumed only 11 per cent. more than 
in the previous year, in 1930-31, the conditions were 
still worse. This is clearly shown in the eleventh 
Annual Report of the Electricity Commissioners, 
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for the year ended March 31, 1931, which was pub- | 


lished on Tuesday, November 24, by H.M. Stationery 
Office, at a price of 3s. net. 
fact, such as to impose a definite check on the rate 
of growth of demand, and in North-East England 
and Central Scotland, the falling off amounting 
to 138,000,000 kw.-hr., or some 6°67 per cent. of the 
total. On the other hand, in the remaining areas 
the output rose by practically the same percentage, 
i.e., by 683,000,000 kw.-hr., more than a half of 
this increase being in South-East England, a striking 
illustration of the re-orientation of industry and 
population which is now taking place. On the 
whole, it is therefore satisfactory to be able to 
record that consumption as a whole was 545,000,000 
kw.-hr., or 5 per cent. greater than in 1929-30, a 
result which the Commissioners probably correctly 
ascribe, in part, to the increasing domestic load. 
As regards the supply industry itself, considerable 
progress was made in the erection of grid and other 
transmission and distributing lines. Moreover, the 
installation of no less than 892,249 kw. of additional 
generating plant was sanctioned, 618,000 kw. of 
which was accounted for by what are practically new 
stations, at Fulham, Barking and Dunston, respec- 
tively. On the other hand, only two really new 
stations were approved, the outputs of which were 
160 kw. and 12 kw., respectively. 

The report reviews in some detail the various 
events and problems which have come under the 
Commissioners purview during the twelve months. 
As, however, many of these have already been 
reported upon in these columns, and others deal 
with relatively minor questions of administration, 
we must confine ourselves to those points which have 
not been raised before. We may remark, in passing, 
that the report shows evidence of much hard work 
and tactful effort on the part of a body that is often 
greatly maligned and above all, a determination 
to do what, according to their lights, is the best 
for the electricity supply industry as a whole. 

In discussing the grit and fume problem, the 
fact is emphasised that appliances for controlling 
the combustion of the fuel and for mitigating this 
nuisance are being installed in all new capital 
stations, and that the results not only of the experi- 
ments made at the Grove-road station by the London 
Power Company, but of the evidence given at the 
inquiry into the application to extend the Fulham 
station leave no doubt that practical means exist 
whereby the interests of the public in this respect 
can be adequately safeguarded. There seems no 
reason to cavil at this conclusion, and it is therefore 
not improbable that a movement will be made to 
install the necessary plant in existing stations of any 
size, as well as in those that are now being built. 

During the year under review considerable de- 
velopment took place in the extension of electricity 
supply into rural districts, a task which is imposed 
on certain undertakings whose areas contain 
“unoccupied ” sections. This applies particularly 
in the North Wales and South Cheshire and West 
Midlands Electricity Districts, as well as in the 
areas supplied by the Bedfordshire, Cambridgeshire 
and Huntingdonshire Electricity Company, the 
Cleveland and Durham County Electric Power 
Company, the County of London Electric Supply 
Company, the East Anglian Electric Supply Com- 
pany, the Shropshire, Worcestershire and Stafford- 
shire Electric Power Company, and the Wessex 
Electricity Company. Similar useful work is being 
done under the Bedford and Norwich demonstration 
schemes, details of which have already been given 
in ENGINEERING. The success of the work which 
is conveniently included under the heading of 
rural distribution, no less than that which is 
taking place in the more urban areas, depends to 
some extent on the facilities which are available 
for obtaining the necessary apparatus on easy 
financial terms. This matter is so important that 
a committee was appointed to consider it, and made 
some useful recommendations, among which was 
one to the effect that the Commissioners should 
obtain information from the undertakings as to 
what was being done, and should issue a statement 
showing the progress that was being made. We 
are glad to learn that this suggestion has been 
adopted, since experience with the fuel statistics has 
shown that comparisons, though odious, may also 
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sometimes be stimulating. 
debatable point, which has also been considered by 
a committee, the Commissioners state that a 
domestic tariff based on floor area has advantag:s 
over other two-part tariffs, at any rate in urban 
areas. At the same time, they have not come to a 
definite conclusion whether it should be recom- 
mended for general adoption. ’ 

As has often been pointed out, London differs 
from most other cities and towns in the country, 
in that its electricity supply is largely in the hands 
of local authorities, whose undertakings are there- 
fore liable to purchase under the Electric Lighting 
Acts. To effect an improvement in -organisation, 
it was proposed that these purchase rights should 
be transferred from the local authority to the 
Joint Electricity Authority, and an Order to that 
effect was submitted to the Minister of Transport 
last July. In the meantime, the Authority had, by 
agreement, taken over a number of undertakings, 
and, at the end of the period under review, was 
responsible for the supply of electricity in Twicken- 
ham, Teddington, Hampton, Hampton Wick, 
Surbiton, Leatherhead, Dorking and contiguous 
districts. Since then this arrangement has been 
extended, and a considerable step has, therefore, 
been made towards the establishment of a large 
distribution area on lines which some consider is 
essential to further progress. 

A large portion of the remainder of the report is 
taken up with a review of the 110 applications for 


special orders, which were under consideration 


| during 1930-31. 


Forty-five of these were received 


| during the year, seventeen of which related to the 





establishment of new undertakings, seventeen to 
extensions and six to transfers. A feature of some 
of the applications was the large extent of the pro- 
posed areas, while thirteen competed with each 
other, showing that the electricity monopoly is still 
worth acquiring. In this connection, an arrange- 
ment has been arrived at whereby the accounts of a 
distribution undertaking operated by a power 
company shall be so kept that the capitai expendi- 
ture can be readily ascertained when the local 
authority wishes to exercise its purchase rights. 
During the year, the Central Electricity Board was 
authorised to borrow 8,000,000/. on account of 
transmission lines and 100,000. for frequency 
standardisation, while 869 sanctions, amounting to 
16,066,783/., were issued to other authorities. Of 
this total of 24,166,783/., which shows an increase of 
2,377.8431. over the amount of the previous year, 
14,059,5811., or 58 per cent., was in respect of mains, 
while 5,388,329/., or 22-3 per cent., was on account 
of plant. 

Finally, it may be mentioned that the net cost 
of administration was 53,5481., of which 45,5001. at 
the rate of 1-3d. per 1,000 kw.-hr. sold, was provided 
by the authorised undertakers, leaving a debit 
working balance of 8,048/. In addition, a levy of 
99,0001., or 4s. per 1001. of revenue, was made on 
the undertaking to meet the expenses of standardis- 
ing the frequency, leaving a debit balance of 25,245/. 
on this account. The staff number 78 in all, of 
whom 37 are established officers. 








THE BRITISH STANDARD SPECIFI- 
CATION FOR PORTLAND CEMENT. 
Srxce the issue in 1925 of the previous British 
Standard Specification for Portland Cement, by the 
British Engineering Standards Association, consid- 
erable progress has been made in the manufacture 
of this material in this country, and it is not surprising 
that, due to greater care in the proportioning and 
burning of the raw constituents, and/or finer 
grinding of the resultant clinker, a considerably 
higher tensile strength at an early age is now 
obtainable. A revised specification, taking account 
of progress in this and other directions, has just 
been issued,* and some of the more important 
changes now made are noted below. 
It will be found, for instance, that, since the 
increased strength now prevalent is not always (uc 
to finer grinding, the permissible limits of finenc=s 
remain at 10 per cent. and 1 per cent. residue 
British standard sieves Nos. 170 and 72, respective!y- 


m 





* B.E.S.A., Specification No, 12-1931. [Price 2s 
post free.] 
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the size of the apertures agreeing closely with the 
old 180 x 180 and 76 x 76 mesh sieves. 

The new specification requires that the tensile 
strength of 3:1 mortar by weight must attain 
300 lb. per square inch at 3 days, and show an 
increase at 7 days, when it must be at least 375 lb. 
per square inch. This compares with 325 lb. per 
square inch at 7 days in the previous specification, 
the white Leighton Buzzard sand being now graded 
between the Nos. 25 and 18 standard sieves. The 
28 days tests has now been abandoned; conse- 
quently, after passing the tests, cement is available 
for use at an earlier date than formerly. 

The earlier strength now common is attained in 
some cases by the addition of more lime ; for this 
reason, the maximum limit of the so-called hydraulic 
modulus, or ratio of lime to silica plus alumina, has 
been further raised to 3-0, although in 1925 it 
had been increased from 2-8 to 2-9. 

It has been noted that two defects occur occasion- 
ally in some cements, resulting in either a dan- 
gerously high expansion or a “false set”? in the 
initial setting-time test. The latter phenomenon 
appears to indicate a quick setting cement, although, 
after re-mixing, the setting-times may actually 
correspond with those for normal cement with an 
initial set of not less than 30 minutes and a final 
set not exceeding 10 hours. 

Unsoundness due to high expansion is a far 
more disturbing feature, and this matter demands 
increased vigilance on the part of the manufacturers. 
It has been found that, in most cases, this serious 
defect can be removed by aeration. Unfortunately 
this, while easily done in a laboratory, is by no 
means so if the cement has been delivered to the 
construction works in closely-packed wire-fastened 
and almost air-tight paper bags, and for this reason 
it is as well that in the Le Chatelier test for sound- 
ness, it is not longer permissible to aerate the 
cement. Only if the results show 10 mm. expansion 
is it to be allowable to aerate it to a depth of 3 in. 
for 7 days, when its expansion must not exceed 
5 mm. By this means, an indication would be 
secured of the approximate procedure to be followed 
on the works. 

The duration of the boiling test has been reduced 
from 6 to 3 hours, which is now acknowledged to 
be quite sufficient. 

It is well known that cement exposed in a humid 
atmosphere becomes “air set.” As this applies 
particularly to finely ground cement, a concession 
has now been made in connection with cement 
intended to be sent abroad, permitting the loss on 
ignition to be 4 per cent., although 3 per cent. is the 
maximum allowable in Great Britain. Another 
change reduces the insoluble residue, however, 
to 1 per cent. instead of 1-5 per cent. A con- 
sistency test has now been introduced, in which a 
cylindrical plunger (10 mm. diameter by 50 mm.) 
is applied to neat cement in the Vicat apparatus, 
until a penetration of 33 to 37 mm. has been 
obtained. The percentage of water used in the 
test is then multiplied by 0-78 to obtain standard 
consistency. This. test is open to the objection 
that it is somewhat slow, and requires the use of too 
large a proportion’ of the cement supplied in the 
average sample. The result, we believe, is also apt 
to be rather indefinite with old cements. Under 
the new specification, the testing of neat cement is 
now only optional. 

An interesting and outstanding feature of the new 
Specification is that it is the outcome of a united 
effort, made to draw up one which will be applicable 
to the testing of cement in all parts of the British 
Empir 
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THE COMBUSTION OF GASES. 

Ix opening, at the Royal Institution, on Novem- 
ber 10. the concluding lecture of his course on the 
above subject, Professor G. I. Finch, M.B.E., said 
that on the last occasion he had shown that if ¢ de- 
hoted the gas consumed in c.c. per minute, and if 7 
Were tle current in milliamperes, then there was a 
linear relationship between ¢ and 7, and the ratio 
betwee nthe two might be called the rate of combus- 
tion. He had found it convenient to arrange matters 
so that ‘here was no positive column in the discharge 


suggested that the CO was merely stimulating the 
in 
disappear before the CO, but actually, analysis of | rooms of Her Majesty’s ships, in lieu of junior 
the products of combustion showed that whilst the | engineer officers and also in substitution of chief 
CO rapidly diminished, little of the hydrogen dis- 
appeared. 


did burn first, to form hydroxyl, and was then 
immediately robbed by the CO and sent off to search | Master-at-Arms and other chief petty officers. They 


the burning of CO to CO, could not be represented 


CO + O, = CO, 4 
reaction to be one between CO and atomic oxygen. 
This would demand a tri-molecular reaction, which 


flame travelled in explosions. Another objection 
to this suggested reaction was that the CO, pro- 


possessed no mechanism for getting rid of this. 
Another suggestion, in which the reaction was 
supposed to depend on the initial capture of an 
electron by atomic oxygen, had also proved un- 
workable, and it might be noted that in any case 
the life of atomic oxygen was an exceedingly short 
one, differing markedly in this regard from that 
of atomic hydrogen. The conclusion ultimately 
reached was that in a dry mixture and with a 


combined with a fellow molecule, liberating an 
atom of carbon, which was then burnt by the 
oxygen to either CO or CO,. 

As noted in his last lecture, it had been found that 
on adding moisture to the gas, the effect was small 


about the limit obtained with the most freely 
sputtering cathodes. It turned out, however, that 
the two accelerators acted in very different ways. 
With sputtering cathodes and a dry mixture, the 
highest value of c/i was obtained when the gases 
were present in the proportion of about 80 per cent. 
of O, and 20 per cent. of CO. With a non-sputtering 
cathode, and moist gases, the highest rate was 
obtained when the above proportions were reversed. 
Hence, when a moist mixture was burnt, using 
sputtering cathodes, the curve in which rates of 
combustion were plotted against mixture strength 
showed two maxima. The acceleration produced 
by the sputtered metal atoms might be explained 
as due to the ionised metal atoms forming a loose 
complex with oxygen, and this complex then 
reacted with CO, yielding CO, and liberating the 
metal again. This kind of behaviour seemed to be 
characteristic of CO, which was extremely inert to 
oxygen and would not combine with it directly. 
If, however, some other body succeeded in securing 
an atom of oxygen, the CO would rob it immediately 
and send it off to collect more. He had so far, 
been unable to explain the acceleration of combus- 
tion by moisture. 

With moist mixtures a certain amount of hydroxyl 
was produced, the amount being proportional to 
the combustion effected. The chief product, 
however, was hydrogen, and in view of this fact 
he had returned to the study of the combustion of 
mixtures of hydrogen and oxygen. It was found 
that the richer the mixture in H, the higher was 
the rate of combustion. This increased up to and 
beyond a hydrogen content of 99-5 per cent. 
It was thus suggested that when hydrogen com- | 
bined with oxygen both bodies must be excited | 
before combination could occur. Were it otherwise, | 
the highest rate of combustion would be attained | 
with the electrolytic mixture. Hydrogen apparently | 
had a long excited life but that of oxygen was | 
extremely short. The form of excitation was un- 
known and it was remarkable that sputtering | 
cathodes tended to inhibit combination in the case | 
of mixtures rich in hydrogen. 

Mixtures of hydrogen, oxygen and CO were next 
examined. With 10 per cent. of hydrogen, rates of 
combustion were even higher than with mixtures 
of hydrogen and oxygen, but the representative 
curves were nearly parallel to each other. This 


| 





| 
combustion of the hydrogen, but further study 


showed that it was really the hydrogen which 
burnt first. It might be assumed accordingly, that | 
1 mixture of these gases the hydrogen would | 





é€ 


What happened was that the hydrogen 





tube, aid the combustion then occurred wholly in 
the cathode zone. His experiments had shown that | 


for more. 


As already mentioned, he had reached the con- | 


either by the equation 2CO + O, = 2CO, or by 
O, nor was it possible for the 


was quite incompatible with the speed at which the 


duced would contain unquantised energy, and it 


non-sputtering cathode, the carbon-monoxide first | 


when the electrode was of the sputtering type, | 
but with non-sputtering electrodes, the moisture | 
greatly accelerated combustion, the rate rising to | 


clusion that before combustion could occur the 
molecules of both gases must be excited. It had, 
however, been maintained, that the facts could be 
}accounted for on purely thermal grounds. In 
support of the excitation theory, the lecturer 
showed an experiment in which either moisture or 
electrolytic gas was passed into a tube at the bottom 
of which was a small deposit of sealing wax ash. 
An electrodeless discharge was maintained in the 
vessel, and the composition of the gas drawn 
from it examined. This proved to consist mainly 
of atomic hydrogen and ozone, constituting an 
explosive mixture four or five times as powerful as 
electrolytic gas, though weight for weight that was 
nearly the most powerful explosive known. Owing 
to the presence of the atomic hydrogen, the sealing 
wax ash glowed brightly during the discharge. 

Under the conditions stated, the colour of the 
discharge was pink. A little mercury vapour was 
next admitted to the discharge vessel, all other 
conditions remaining unchanged, and in particular 
the energy expended inside the vessel. This intro- 
duction of mercury vapour changed the colour of 
the discharge to a greenish hue, and the glow at 
the sealing wax disappeared. Analysis of the gases 
drawn from the vessel showed now no hydrogen, and 
to the extent of 99-5 per cent. they consisted simply 
of moisture. All that the mercury had done was 
|to change, not the amount of energy expended 
[in the vessel, but its spectral type, and this 
| change sufficed to prevent the formation of atomic 
| hydrogen. 
| Nevertheless, in a paper which appeared in the 
Phil. Mag., in 1924, Messrs. Morgan, Taylor-Jones, 
and Wheeler, declared that ‘‘the ignition of a 
| gaseous mixture depended purely on the heating of a 
sufficient volume to a sufficient temperature ”’ and 
further that “The less the rate of heat supply the 
greater the amount required.” 

The inaccuracy of the latter statement was 
readily proved by discharging a condenser through 
the combustible mixture. The discharge from such 
v condenser was oscillatory. With little induction 
in the circuit the frequency was high, and the energy 
of the discharge was rapidly dissipated ; most of 
it disappearing on the first oscillation. Such a 
discharge promoted ionisation but something less 
drastic than this was necessary to produce the 
excitation required for combustion. Adding an 
| inductance to the circuit the frequency was lowered, 
|and the dissipation of the energy spread over 
| several cycles. If it were true that the higher the 
rate of energy supply the more easily the gas was 
| fired, the first arrangement should be more effective 
| in exploding gases than the second, but experiment 
| Showed the precise contrary, and the low frequency 
| discharge fired mixtures through which the high 
frequency discharge passed with impunity. The 
total energy expended was the same in both cases, 
but was dissipated in the gas, much more rapidly 
when the frequency was high. 
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NOTES. 
TRAINING OF NAVAL ARTIFICER APPRENTICES. 
At the end of the present year, H.M.S. Fisgard, 
the training establishment for artificer apprentices 
at Portsmouth, will be paid off, and her instruc- 
tional staff and the apprentices under training will 
take up their new quarters in the Mechanical 


| Training Establishment at Chatham. There is little 


to be said in favour of turning obsolete warships 
into barracks and workshops, especially under 
modern conditions, and the change about to be made 
should be beneficial to all concerned. The division 
of the Engineering Branch of the Fleet into a pro- 
fessional class of officers with wardroom and gunroom 
rank, and a mechanical section of chief petty officers, 
known as engine-room artificers, took place in 1868. 
An Order-in-Council of March that year authorised 
the Admiralty to employ mechanics in the engine 


stokers. Candidates had to be between the ages 
of 21 and 28, their pay on entry was to be 5s. a day, 
and it was arranged for them to mess with the 


had to be either engine fitters, boiler makers, smiths 
or coppersmiths. From the first they found their 
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position one of some difficulty and when the Cooper- 
Key Committee sat in 1875 to consider the question 
of the staffing of the engine-rooms, the artificers 
complained that chief and leading stokers had been 
made artificers, that their messing accommodation 
was uncomfortable, and there was no proper bath- 
ing accommodation. At that inquiry, one of the 
witnesses, Captain Arthur, proposed that artificers 
should be eligible for warrant rank, but that sensible 
suggestion did not materialise till 1898. All arti- 
ficers were entered from dockyards and firms, until 
the promulgation of the Selborne-Fisher Scheme of 
1902. Three training establishments were then 
inaugurated at Devonport, Portsmouth and Chat- 
ham respectively, of which H.M.S. Fisgard is the 
survivor. The apprentices entered in them were 
then known as boy artificers. Many improvements 
in the conditions of service of engine-room artificers 
have been made from time to time; in 1909, a 
warrant engineer was promoted to commissioned 
rank, and to-day the Navy List contains the names 
of many engineer-commanders, engineer-lieutenant- 
commanders and engineer-lieutenants who began 
their career in the Fisgard or her sister-ships. The 
vessels, which for some time have comprised the 
Fisgard establishment, have been the old ironclads 
Hercules and Sultan of 1868 and 1870, and the 
cruisers Terrible and Spartiate of 1895 and 1898, 
descriptions of which have appeared in our columns 
at various times. A Fisgard of an earlier date was 
a wooden 42-gun ship of 1,069 tons, which for very 
many years was anchored off Woolwich Dockyard, 
where the training of engineers for the Navy was 
commenced about ninety years ago. This Fisgard 
was the first ship in the Navy to bear on her books 
the name of an Inspector of Machinery, a rank 
corresponding to that of Engineer Captain. 


THE Puoto-THEODOLITE AS AN ILLUMINATION 
METER. 

A novel and interesting use of the Photo-theo- 
dolite is described in a paper read by Mr. J. Swar- 
brick, F.R.I.B.A., on November 12 last, before 
the Manchester and District Association of the 
Institution of Civil Engineers. There has often 
been much conflict of testimony in the past when 
compensation has been sought in the courts for 
losses of light, due to the erection of new buildings 
or the heightening of old ones. In general, esti- 
mates are based on the amount of sky visible from 
various parts of the room concerned. What is 
usually important, moreover, is the intensity of 
the light on horizontal tables or desks. The con- 
ditions assumed are those of a cloudy sky in autumn 
or winter, and that light which, at the desk or table, 
has an intensity of less than one ‘candle-foot is 
nearly worthless. A sub-committee of the Illumi- 
nating Engineering Society indeed has recommended 
that the minimum figure should be 2} candle-ft., 
or even, in the case of schools, 5 candle-ft. The total 
light from the unobstructed hemisphere of a cloudy 
sky on a dull winter’s day is estimated as giving 
an illumination equal to 500 candle-ft., and the 
proportion received at any part of a room depends 
on the sky visible therefrom. Charts to facilitate 
the calculation of the illumination from observations 
of this kind have been prepared by Messrs. P. J. 
and J. M. Waldram, and also by the author of the 
paper. Hitherto such observations have required 
much time to take, but by using the specially 
fitted photo-theodolite designed by Mr. Swarbrick, 
the work of acquiring the data necessary can, he 
claims, be reduced almost to insignificance. The 
method moreover makes it easy to compare new 
conditions with old if photographs are taken both 
before and after the change. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the Institution of 
Mechanical Engineers was held on Friday, November 
20, at Storey’s-gate, St. James’s Park. The 
president, Lieut.-Colonel E. Kitson Clark, occupied 
the chair. After the transaction of the formal 
business, the President announced that the distinc- 
tion of honorary life membership had been conferred 
upon Sir John Dewrance, president in 1923, whose 
membership dated from 1899. He then called 
upon Eng.-Vice-Admiral Sir George G. Goodwin, 





chairman of the Marine Oil-engine Trials Committee, 
to present the Sixth Report of the Committee’s 
work. This consisted of an account of the trials of 
T.S.M.S. Polyphemus. We commence to reprint an 
abstract of the report on page 680 of this issue. 


TRIALS OF THE T.S.M.S. ‘‘ PoLYPHEMUS.”’ 


Sir George Goodwin prefaced his review of the 
report by pointing out that the functions of the 
Yommittee were limited to making observations and 
recording them. No attempt had been made to 
compare the performance of the various engines 
investigated. The chief feature of the engines of 
the Polyphemus was the employment of super- 
charging, which had resulted in a very considerable 
increase in the mean effective pressure. Most of 
the auxiliary machinery on deck and in the engine- 
room was electrically driven. There might be a 
question for consideration as to whether such a 
practice was an economical one on a ship of that 
type. It had been possible to carry out the bulk 
of the tests ashore, though some trials had been 
made afloat. He suggested that Mr. Freeman 
should comment on the reasons underlying the 
specification for the engines. He wished to place 
on record the Committee’s appreciation of the 
excellent work of its secretary, Mr. C. W. J. Taffs. 

The President then expressed the thanks of the 
Institution to Sir George Goodwin for his valuable 
services as chairman of the Committee in connection 
with the series of six reports, which would 
undoubtedly prove of great value. He then called 
upon Mr. Freeman. 

Mr. Sterry B. Freeman said that some years ago, 
Mr. James Brown, of Messrs. Scott’s Shipbuilding 
and Engineering Company, Mr. Summers Hunter, 
of Messrs. North-Eastern Marine Engineering 
Company, and he, had, in discussing the marine 
oil engine, felt that it was desirable to abandon the 
practice of working under Continental licences and 
to construct engines of British design, and it was 
agreed that a joint effort should be made to produce 
such an engine. The two firms had built several 
different types of engine, and the present specifica- 
tion was an attempt to embody the good points of 
all of them. The lower part of the engine was not 
particularly remarkable, except that the question of 
strengthening ribs in the bed-plate and columns 
had received special attention. The cranks were 
each independently balanced, and plenty of surface 
had been provided on the guides. Oil-cooled 
pistons had been adopted, and the cylinder heads 
and liners were separate, an arrangement which 
would facilitate renewals. The valve gear had been 
designed to eliminate long push rods. Space and 
weight were considered and the design was cut 
down in both respects. The machinery space was 
small for the power developed, but from the ex- 
perience gained it would be possible in future 
designs to reduce it still further. The degree of 
supercharging adopted had proved a great advance. 
The four ships engined thus, viz., the one under 
discussion by Messrs. Scott’s Shipbuilding Company, 
and three by Messrs. North-Eastern Marine Com- 
pany, had been at sea for something over a year. 
In the Polyphemus, the only trouble had been the 
failure of some valve springs and accidental damage 
to four blades of one of the supercharger turbines. 

On the general question, it was not pleasant to 
reflect that of the six engines tested by the Com- 
mittee, only one type, the Doxford, was at the 
moment under construction. This did not help the 
engine designer. The tendency was towards getting 
more power from the same amount of material, 
which seemed to suggest the necessity for experi- 
mental engines of the two-stroke cycle double-acting 
type. Referring more particularly to the report, 
Mr. Freeman said, if the engine were being built 
again, airless-injection would be adopted. It had 
given no trouble in the Still engine after experience 
had been gained in handling. Airless-injection 
could save as much as 8 per cent. loss in mechanical 
efficiency. Further, he would be prepared to adopt 
chain-driven camshafts, experience having shown 
this practice to be satisfactory. Again, there 
did not seem any real reason for having a large 
silencer when continuous supercharging was em- 
ployed. The manceuvring trials of the ship had 
shown that the quantity of starting air could be cut 





down. As a matter of fact, with the concurrence 
of the Board of Trade this had already been doue. 
As the engine had made 62 starts at full specd, 


clear the reserve was unnecessarily large and its 
reduction would effect a saving in weight and in 
the space required for apparatus. 

Mr. James Brown commenced by reference io 
some of the work which preceded sea trials, and 
showed some lantern slides to illustrate the fact that, 
apart from material testing, there were structural 
calculations and tests which furnished data bearing 
upon the behaviour of the ship, necessary for a 
comprehensive view of the engine problem. These 
slides illustrated the launching stresses, the con- 
struction of a typical Blue Funnel liner, &. With 
regard to the report itself, Mr. Brown, said that 
originally it had been proposed to run shop trials 
with the engines not supercharged so as to compare 
the results with those obtained from supercharging, 
but the alterations required to valve settings made 
this impracticable. He then described how the 
length of exhaust pipe, &c., affected the performance 
of the blowers, the final conclusion arrived at being 
that it was desirable to have the blowers as close 
to the engines as possible. The engine had given 
a very flat fuel curve over a wide range, the oil 
consumption being below 0-4 Ib. per hour per brake 
horse power, from one-third power to full power. 

Supercharging resulted in high exhaust tempera- 
tures, but the operating engineers had reported that 
the exhaust valves had required remarkably little 
attention. Probably this was due to the scavenging 
of the combustion space. The influence of wave 
effect during scavenging was then examined by the 
aid of diagrammatic lantern slides, and the author 
showed a further slide when discussing the method 
of making out the heat balance. He thought the 
trailing test was a new one as regards sea trials. It 
focussed attention on the manceuvring of twin-screw 
ships, and the data obtained showed that the mecha- 
nical efficiencies arrived at during the tests were 
reliable. The appendix to the paper, which dealt 
with torsional oscillation, broke fresh ground and 
should prove of value in considering minor critical 
speeds which might set up disastrous stresses under 
certain conditions of synchronisation. The remark- 
ably close agreement between observed and calcu- 
lated frequencies in this connection gave confidence 
in the methods used. 

Professor A. L. Mellanby said he wished to express 
the indebtedness of the Committee to the observers, 
particularly to Dr. J. S. Brown. Their work had 
often had to be carried out under trying conditions. 
The appendix to the paper threw some light on some 
of the rather mysterious shaft failures accompanying 
oil engine practice. These might be due to con- 
ditions of resonance obtaining at some particular 
running speed. In practically every type of multi- 
cylinder high-speed internal combustion engine, 
there had been trouble from the synchronisation 
of critical speeds with service:speeds. This section 
had been added to show a method of approaching 
problems of this kind. The crankshaft was a 
complicated structure and it was doubtful how its 
stiffness should be calculated. Recent experience 
had shown that the ealier methods were inaccurate, 
but the formula recently suggested by Carter* 
appeared to work remarkably well. It had been 
used in the report, and the calculated and observed 
results agreed closely, as they did in the case of the 
engines of the M.S. Anshun, figures for which had 
been supplied by Mr. James Brown. He corro- 
borated the latter’s view of the necessity for 
investigating the relative importance of all critical 
speeds including the so-called minor orders. It 
would be seen in Fig. 39 in the appendix, that when 
the order was 74, or 15 complete vibrations per cycle, 
the amplitude was fairly big. In Fig. 42, where the 
service speed of 120 r.p.m. and the full power 
speed 138 r.p.m., there was a critical speed of this 
order at 132 r.p.m., which put an extra stress of 
practically 5,000 Ib. per square inch on the erank- 
shaft, due to the oscillation set up at that speed. 
Professor Mellanby then said he had produced a 
diagram, which would, he hoped, be published in the 
Transactions, which would enable the stresses 2"'s- 
ing from the torsional oscillations to be investiga‘ d. 





* See ENGINEERING, vol. cxxvi, page 36 (1928). 
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He concluded his remarks with an analysis of some 
of the figures appearing in the paper. 

Mr. G. S. Baker said he had been present on the 
three-days’ sea trial, during which the engines had 
been run at speeds varying from 40 r.p.m. to nearly 
140 r.p.m., and at no time had there been un- 
comfortable vibration anywhere in the ship. The 
question of suitable revolutions for oil engines was 
one of the reasons determining the setting up of 
the Committee, and the engine under consideration 
run at one of the highest speeds so far tested. The 
real test of an engine was its propulsive efficiency, 
and the question was whether the advantages of a 
comparatively high-speed engine had been negatived 
by fitting it to a relatively inefficient propeller. 
The answer was the efficiency obtained on the 
trials. A quasi-propulsive efficiency of 0-68 had 
been noted in model tests, and so far as the thrust 
and torsion measurements were concerned, the 
ship bore out the model results within 2 per cent. 
or 3 per cent. The model was also run deep, and 
in that condition an efficiency had been obtained 
within 1 per cent. or 2 per cent. It was clear 
that practically nothing had been lost on the 
propeller in trying to achieve an economical engine. 
Mr. Baker then examined at some length the 
methods used in the sea trials and at the Froude 
Laboratory in determining torque, &c., and showed 
that a single correction would bring all the results 
into line. He concluded by expressing the hope 


and he was glad to learn that the methods used in 
the report gave results so nearly agreeing with 
those observed. Commander Dovey then gave 
an account of a check he had made on the results 
for the propeller system of the ship at sea, show- 
ing how valuable this part of the paper was. Con- 
tinuing, he said that torsional oscillations should 
receive greater attention, and if*shafts broke at 
sea it must be assumed that proper calculations had 
not been made in the first instance. Recently, he 
had seen in an engine shop a shaft 19 in. in diameter, 
which had been fitted to a ship, only to be taken 
out again after the trial trip. The proper size for 
that shaft was 13} in. in diameter. This instance 
would emphasise the value of the appendix. A 
little more explanation might be given, however, as 
to the precise nature of the torques used in plotting 
the mean transmission stresses. 

Mr. W. A. Tookey was of opinion that the figures 
presented in the report would stand analysis. 
Some of the previous reports had been challenged, 


particularly in connection with the indicator 
diagrams. The Committee had given special 


attention in this case to the latter point. During 
the trials, one of the cylinders was used as an index 
cylinder, and all readings were carefully collated. 
All possible precautions were taken to ensure 
accuracy during the shore trials. They had also 
been able to check the results by those obtained by 





Professor Hawkes on a similar engine. Professor 


T.S.M.V.“POLYPHEMUS” PORT ENGINE. 
LOGARITHMIC PLOTTINGS OF TORQUE & THRUST-R.P.M. 
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that Mr. Freeman would give the oil coefficients used 
by his firm in estimating the efficiency of propulsion. 

Mr. C. W. J. Taffs said that Table X XI which had 
been given in the paper showed the collective results 
of the trials of the two engines at sea. The values 
for the torque given in this table had been arrived 
at in two ways, 7.e., from a mechanical efficiency- 
M.I.P. curve, deduced from the trials ashore, and 
from a fuel consumption-B.H.P. curve. He had taken 
the torque values given in this table and had plotted 
the performance of the port engine on a logarithmic 
basis. This diagram, reproduced above, gave the 
results. Perhaps this method rather distorted 
the effect ; the area at the left of the diagram might 
not be nearly so important as the small difference 


at the right. The straight line represented the 
relation, torque = constant x speed.2 It would 


be seen how closely the results obtained from the 
thrust followed it. The torsion meter result was 
also yood, while with the three higher speeds of 
the torque calculated by the two ways he had 


alluded to there was also substantial agreement. 
The horizontal difference between the torsion 
meter readings and those from the fuel and indicator 


card lines represented the loss in the thrust block 
and, he believed, in two shaft bearings between the 
engine and the position of the torsion meter. 


Eng. Lieutenant-Commander S. F. Dovey thought 
the aprendix most valuable, particularly Figs. 33, 
38 ani 42 in it, which would be very useful 
M connection with the strength of ships. The 
question of torque in ships frequently arose, though 
Lloyds. at the moment, left that of torsional 
oscillations to the engine builder. There were 
various methods of working out such oscillations, 





Mellanby had dealt with failures due to non- 
computation of possible torsional oscillations, but 
he might mention a case of his own experience of a 
crankshaft ina marine oilengine. After breakdown, 
calculation of the torsional oscillations had shown 
excessive stresses at the running speed of the engine 
from this cause. The remedy applied was that of 
adding a small flywheel, but subsequent computa- 
tion showed that alteration of the firing sequence 
would have altered the critical speed and removed. 
the difficulty. 

Eng. Lieutenant-Commander H. S. Humphreys 
drew attention to the value of the paper from the 
standpoint of the junior marine engineer. There 
was no mention of oil separators in the list of 
auxiliary machinery in the engine room, and this 
omission might lead junior engineers to undervalue 
this important piece of apparatus. It was not 
properly appreciated as it was, whereas, if a change 
over was made in a ship to a much cheaper fuel, 
the separator might make all the difference to the 
success or failure of the change. He thought also, 
it was important to distinguish between gross and 
net calorific value of the fuel. This was not clear 
in one of the tables, and he knew of instances where 
this failure to be precise had led to trouble. He 
thought the study of the indicator diagrams would 
be useful. There were many sea-going engineers 
trained as steam engineers who could assess these 
properly, and so save owners trouble and expense 
The Diesel card was more difficult to the average 
engineer. It was not easy to see whether ignition 
were early or late with a card showing compression, 
but it was easy in an out-of-phase card. He thought 





engine builders might fit a cam or other simple 


contrivance which would enable the engineer to 
read his card in conjunction with the exhaust gas 
temperatures. 

Engineer-Commander H. V. Tostevin pointed out 
the value of the data contained in the report to 
the teaching profession, but criticised the method 
employed in drawing up the thermal balance-sheet. 
This gave too great a prominence to radiation losses. 
He thought it would have been better if indicated 
horse-power had been used instead of brake horse- 
power and air-compressor horse-power. 

Mr. J. L. Hodgson described, with the aid of an 
actual example, the sensitive differential mano- 
meter, made by Messrs. George Kent and Company, 
which was used in measuring the suction of the 
exhaust-gas driven turbo-blower. Mr. Taffs, he 
said, had told him that tests of the instrument had 
come out very well. The efficiency of the blower 
as deduced from the tests was pretty constant over 
a large range of speeds and had shown the satis- 
factory figure of about 60 per cent. 

Wing-Commander T. R. Cave-Brown-Cave said 
that the Carter formula had been produced in order 
to predict the torsional resonance period in the 
shafts of aircraft engines. It had been tested in 
this case on a different engine and, as the report 
showed, had proved very satisfactory. He would 
suggest that a similar procedure might be followed 
with the R.A.E. indicator, by testing it under other 
conditions. By analogy with aircraft engines it 
might be predicted that the right solution of the 
problem of the marine oil engine would be that of 
gear transmission, when both the engine and 
propeller could be run at the speeds best suited to 
each. There might be difficulties from torque 
fluctuations which would have to be transmitted 
through the gearing, but a good deal of information 
was now available on this subject, and it was 
possible that engine builders courageous enough to 
produce a geared engine might save considerably 
both in weight and space. 

Mr. A. E. L. Chorlton expressed regret that he 
had not had an opportunity of closely studying the 
report. There was much that was interesting in it ; 
the appendix was immensely so, and a whole 
evening might well be spent on a discussion of it. 
It dealt with one of the greatest difficulties in 
modern design. The last speaker’s remarks were 
very suggestive. The German battleship Deutsch- 
land had no less than eight nine-cylinder engines, 
or four to each shaft. These ran at 450 r.p.m. and 
were connected to the shaft by gearing. It was 
open to question whether such an arrangement 
would be satisfactory in ordinary practice. The 
relative amounts of scavenging and supercharging 
had not been disclosed in the report. This was 
an interesting point; the Premier engine, in which 
scavenging was very effective, had given very good 
results. As regards indicator diagrams, he would 
prefer to look rather at the fuel bill. In the Poly- 
phemus, with supercharging the fuel consumption 
was ()-397 lb. per brake horse-power per hour ; in 
the Cape York it was 0-422 lb.; in the Dolius, 
with steam-heat recovery it was 0-353 lb. These 
were provocative figures, and he would like to know 
whether there was any advantage in supercharging 
over the use of steam for heat recovery. 

Mr. Sterry B. Freeman then replied to the dis- 
cussion. The Dolius had been mentioned. The 
fuel consumption of this ship was now 0°36 lb. to 
0-37 lb. per brake horse-power per hour. The 
Scott-Still engine fitted was technically excellent, 
and the only objection that could be made to it was 
its initial cost and higher upkeep charges over a 
plain oilengine. Buta saving of 20 per cent. in fuel, 
on a daily consumption of 2 tons of oil at 21. 10s. 
per ton, represented a saving of 5l.aday. Running 
200 days a year, this meant 1,000/. in cash, which 
would only entitle one to spend 6,0001. (at 6 per 
cent. interest) more on the engine. The Dolius had 
been making voyages lasting 42 days without a 
stop. This engine, at all events, was a British one. 
For the oil coefficient for the vessels under present 
consideration asked for by Mr. Baker, the figure of 
64,000 had been taken, arrived at by the formula : 
displacement* < speed* < fuel perday. The figure 





was an empirical one, but the numbers could be 
obtained accurately, whereas it was not possible to 
get the horse-powers accurately all the time. The 
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designed speed, designed draught, and designed fuel 
consumption of 0-397 Ib., were taken. The three 
sister ships to the Polyphemus on their first two 
voyages had just topped that figure. They had 
since been on the New York service, and the engines 
had run very well in very heavy weather in the 
Atlantic. The Polyphemus on her last voyage 
gave a figure of 58,000 or 59,000. She was half- 
way through another voyage at the present moment 
and the result was not so good, but she had met the 
monsoon in the Indian Ocean and was not fully 
loaded. 

He appreciated the very valuable work done by 
Professor Mellanby and Dr. James Brown on the 


very intricate subject of torsional oscillation. This 
would save many shaft breakages. Years ago, 


before the question was fully understood, the tail- 
shaft of a certain vessel sailing from Liverpool had 
to be renewed every year, as if allowed to run for 
fourteen months it broke without any discoverable 
reason. Oilseparators had been mentioned. These 
were systematically used. No oil went into the 
engines until it had passed the separators, and the 
results obtained were recorded. Thus, from 10 tons 
of oil, 10 gallons of water and 2 Ib. to 3 Ib. of grit 
were commonly extracted. A number of ships were 
fitted with an additional cam to give the engineers 
a chance to take their cards more quickly and 
accurately, though they became very expert in 
doing it in ships not so fitted. Replying to the 
point raised by Commander Tostevin, it would be 
found from an examination of the six reports of the 
Committee that the heat rejected through jackets 
and casings was in the present case the lowest 
in amount. He was interested to hear from Mr. 
Chorlton of an engine running at 450 r.p.m. This 
speed was approaching the 750 r.p.m. which the 
electrical engineer desired for a reasonably good 
oil-engine electric propulsion system. He would add 
that the operating engineers concerned in the 
engines tested appreciated the interest taken in 
those engines. He thought the oil engine was more 
interesting to those in charge than the old reci- 
procating steam engine, as it always gave them 
something to think about. 
The meeting then adjourned. 





LETTERS TO THE EDITOR. 


THE DESIGN OF PILED RETAINING 
WALLS. 


To THE Eprror OF ENGINEERING. 

Str,—In the article on ‘The Design of Piled 
Retaining Walls,” by Mr. Roland J. Grant, in your 
issues of September 4 and 11 last, pages 274 and 335, 
ante, the author makes some assumptions as to the 
action of a cantilever pile retaining wall which, in my 
opinion, are not quite correct. 

The assumptions of the distribution of passive pres- 
sure all on the back side of the pile does not quite 
agree with the actual experience. Let us take the 
case of a pile driven in the ground, and instead of 
retaining earth let there be a force P applied at the 
top. Evidently no kind of distribution of passive 
pressure on back of the pile will be able to produce 
equilibrium. From common experience we know that 
when we pull on such a pile the section of pile near 
the surface of the ground will move in the direction of 
the pull, while the end of the pile in the ground will 
tend to kick out in the opposite direction, showing 
clearly that the passive pressure resisting the outside 
pull is applied in a direction opposite to the pull near 
the surface, and in the same direction as the pull 
at the end of the pile, equilibrium being produced 
by the usual rule 2» P= 0 and >M=0._ The re- 
taining wall is in no way different from the example 
cited above, for if we pvt a relieving platform at the 
level of the back surface of the earth we have exactly 
the same condition. 

Taking the author’s example, and figuring the way 
outlined above, we get a penetration of 8-75 ft., against 
the penetration 12-2 ft. given by the author. The 
moment will be 4-27 kip ft. per foot. The moment 
given by the author is 0-096 kip ft., which is evidently 
not right, since the moment at B, the top of the earth, is 
4 x 0-178 1-9 kip ft. Moreover, let us apply a 
tie at the top of the same pile. Then it becomes case 2, 
and by the author’s own method the moment will be 
1-43 kip ft. per foot. Now it seems inconceivable that 
we should increase the moment from 0-096 kip ft. 











to 1-43 kip ft. by supporting the pile at the top. It is 
evidently a mistake, as can be proved by the distribu- 
tion of forces, Fig. 1, case 1, with Z = 3-92, M = 0-712 
x 6-6+ 0-7 x 1-96 — 1:37 x 1-31 = 4-7 + 1-37 — 
1-79 = 4-28 kip ft., which is the same as above. 

The moment being the same by both methods, but 
the penetration being less by the method outlined above, 
the amount of internal work done in resisting outside 
forces is less than by the method used by the author, 
and consequently more nearly correct. Moreover, it 
is based on common experience. 

Very truly yours, 
Harris Epstein, 
stant Designing Engineer, 
Bureau Yards and Docks. 
Navy Department, Washington, D.C. 
November 10, 1931. 





INDUSTRIAL COAL. 
To THE Epiror oF ENGINEERING. 

Srr,—In the leading article in your November 20 
issue on *‘ Industrial Coal,” in which you refer to Mr. 
Pochobradsky’s paper before the Institute of Fuel, 
I find the position so clearly and succinctly defined that 
it really is a pleasure to read it. I believe you are in 
agreement with Pochobradsky, that it is only by true 
co-operation and the pooling of technical knowledge 
and experience that we shall arrive at our ultimate 
goal within measurable time. Believe me, I fully 
share that view, and I know that a very great many 
people do the same, be they coal owners, miners, gas 
authorities, or, may I say, low-temperature people. 
[ need only refer to the utterances of Sir David Milne- 
Watson and Dr. Charles Carpenter, the heads of the | 
two biggest gas undertakings in the world. At the | 
same time too much has been said for and against the 
low-temperature distillation of coal, and it is about time | 
that we took the sane view that runs through your | 
leader like a red thread. | 

| 





The position to-day is such that we cannot afford to | 
leave any stone unturned, and when we consider the | 
Danegeld this country has to pay to countries overseas | 
for her oil supply, and the adverse trade balance thus | 
created, and when we remember that we have not | 
only the raw material, but also the brains for economic 
recovery, why should we not make a serious attempt ? 
We know that raw coal, as such, is a commodity which, 
owing to the increasing demand for ease, facility and 
cleanliness, has a diminishing consumption. We also | 
know that we can produce what we want from coal, | 
quite successfully in some instances, and, in many | 
other instances, with proper co-operation between coal | 
producers, transport authorities, gas works and low- 
temperature people, success would be assured, but we 
must not lose our sense of proportion. We must 
remember that big industries like the gas industry took 
years and years to develop; so did all the heavy in- | 
dustries. The low-temperature distillation of coal is | 
in exactly the same boat. We want steady, slow, and | 
sure development. We do not want to start on a huge | 
national scheme right away. | 


| 
| 
| 





Let us start on a reason- | 
able commercial scale in the most favoured localities, | 
where close co-operation between all the interests can | 
be assured, and let our experience and the data we 
obtain regarding producing, marketing, distributing, 
&e., form a guide for future developments. It may 
take some few years, but we shall win through. 

I believe from all the indications that the psychological | 
moment has arrived, and there are unique opportunities , 
afforded to create work by wise expenditure, and to 
obtain knowledge. It is not a question of any par- 
ticular process or any particular plant being a master 
cure for all ills ; different localities and different coals 
require different plants and different processes, but 
first of all we must instil the will to whole-hearted | 
co-operation. We shall require the ample facilities | 
possessed by the Government Research Department ; | 
we shall require hydrogenation of the oils, so that at 
will we can turn the whole or any portion of the crude | 
oil into petrol or other products, as the immediate | 
occasion demands, All the various processes are just | 
cogs in the great economic machine. I am sure that 
the great men to lead a movement such as this can be | 
found, and a scheme acceptable to all parties should not | 
be outside the bounds of the ingenuity of our producers, | 
financiers and technicians. My slogan would be | 
festina lente. 








Mr. Runciman, in his speech on Tariffs, included 
imported oil. Let the tariff include the total crude oil, 
because crude oil, as well as fuel oil, are forcing coal out 
of economic existence, and let the tariff be used to 
guarantee and foster these new developments and 
recreate wealth from coal. 

Yours faithfully, 
HARALD NIELSEN, 
M.I.Chem.E., &c. | 
48, Broadway, Westminster, S.W.1. 
November 20, 1931. 


| Effect of Progressive Decay by Trametes Serialis ) 


PROGRESSIVE DECAY IN TIMBER. 


Ir has long been well known that timber may sutier 
from decay through the action of fungi, and may lose 
so much of its mechanical strength as to render it untit 
for uses where high mechanical strength is required. 
Few systematic observations are available, however, 
as to either the extent and rate of the losses, the nature 
of the chemical changes that accompany them, and 
the species of fungi that are operative. The subject 
has recently engaged the attention of the Forest 
Products Research Laboratory of the Department 
of Scientific and Industrial Research, and a report 
which has just been published* will be found of con- 
siderable interest. 

The investigation was undertaken for the purpose 
of tracing the changes in the chemical and physical 
properties of a piece of wood when exposed to fungal 
attack under controlled conditions, and, in particular, 
to correlate the resulting changes in chemical composi- 
tion and specific gravity with the loss in mechanical 
strength. The timber selected was Sitka spruce. 
Its mechanical strength and other qualities give it a 
well recognised economic importance, and the fact 
that it is one of the most homogeneous woods known 
makes it particularly useful for the mechanical testing 
and chemical analysis of small samples, such as those 
on which the examinations were to be carried out. The 
test-specimens, in fact, were lengths of 5 in. by 3 in. by 
2 in., cut from a baulk 6 in. square and about 10 ft. 
long, from which half an inch had been removed all 
round so as to eliminate any special conditions of mois- 
ture found in the outer fibres. A length of 42 in. 
served, therefore, to provide many hundreds of speci- 
mens, which were used as test pieces for inoculation 
and control. On this method, the test pieces were 
carefully gone over for straightness and evenness of 
grain, and any defective in these respects or showing 
resin pockets were rejected, so that there was unusual 
assurance that the specimens were strictly comparable. 

To ensure, moreover, that the results investigated 
were due to a definite organism, it was ascertained by 
preliminary experiments that the mechanical strength 
of the timber was not affected by the process of sterilisa- 
tion (steaming at 100 deg. C. for 30 minutes on three 
consecutive days), and the whole of the specimens 
were sterilised before being used in the experiments. 
Some of them were preserved under aseptic conditions 
as controls, and the remainder were infected with a 
pure culture of a fungus which had been shown to 
be identical with one that had caused decay in Sitka 
spruce shipped to this country. These were incubated 
at 22 deg. C. for periods varying from one week up to ten 
weeks, and at the end of such periods were subjected, 
together with the control, to a bending test, in which 
the ends of the 5-in. test pieces were carried on tworoller 
supports at 4-67-in. centres, and a central load was 
applied at a rate of 0-015 ia. per minute. A piece of 
thin spring steel was inserted between the loading 
head and the specimea to prevent excessive local 
crushing. On each specimen, determiaations were 
made of the annual growth rings per inch, the 
percentage of summer wood, the content of moisture, 
and the specific gravity. After the mechaaical test, 
the specimen was oven dried at 105 deg. C., in order to 
determine the loss in dry weight, if any, due to decay, 
and then ground to a flour with which the solubility 
of the wood in alkali was determined. 

A first series of experiments was followed by a 
second on substantially the same lines, and gave 
confirmatory results. The most remarkable of the 
results were the rapidity with which fungal infection 


| took effect on the mechanical strength of the timber, 


and the closeness with which these mechanical effects 
were shown to be related to chemical changes. Within 
two weeks of infection, the timber had lost about a 
sixth of its mechanical strength, and continued to 
lose at about the same rate until some four-fifths 


| of its strength had disappeared, when the rate of loss 


became slightly smaller. At the same time, the timber 
became steadily more brittle and its fracture more 
brash. Externally, indeed, the colour and general 
appearance of the timber changed much less rapidly, 
but chemical examination showed that, nevertheless, 
the solubility of the wood in alkali increased from the 
outset at much the same rate as the mechanical strength 
fell off, and after a few weeks was followed by a loss 
in dry weight, which at the end of the ten weeks 
amounted to about a sixth of the total. It is inferred 
from this that the action of the fungus makes consl- 


; derable alteration in the wood before the respiration 


and transpiration of the organism removes any apprecia- 


|! able quantity of material, and that the loss of strength 


arises rather from chemical action on the substance of 


‘the cell wall than from breaking down of the wall 


physically by proliferation. 
ey ae ere ee 


* Forest Products Research: Bulletin No. 11. Lhe 
the Mechanical Strength of the Wood of Sitka Spruce. 
H.M. Stationery Office. Price 1s. 6d. net. 
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LABOUR NOTES. 

EMPLOYERS resident in Great Britain, or having 
their principal places of business in Great Britain, 
are now required to pay unemployment insurance 
contributions in respect of persons engaged by them 
for employment outside the United Kingdom if the 
employment satisfies the following conditions : (a) The 
employment is such that it would be insurable if it 
were in Great Britain. (b) The employment is for a 
particular job (e.g., building a bridge) lasting a definite 
time. (c) The workman was an insured contributor 
before leaving Great Britain. (d) The engagement was 
made before the insured contributor left Great Britain 
or Northern Ireland, or was made immediately follow- 
ing on a previous engagement in insurable employment 
outside the United Kingdom. The employer must 
notify a local office of the Ministry of Labour and 
furnish certain particulars when sending any person 
to such employment or engaging, or re-engaging him at 
the end of such employment for further employment 
covered by these conditions. This insurance is com- 
pulsory. It applies only to persons engaged on and 
after November 2, 1931. 

The Ministry of Labour Gazette states that within 
a fortnight of the departure of sterling from the gold 
standard, on September 21, there was an improvement 
in employment, which continued throughout October. 
Among workpeople insured against unemployment in 
Great Britain and Northern Ireland, the percentage 
unemployed in all industries taken together was 21-9 
at October 26, 1931, as compared with 22-6 at Septem- 
ber 21, 1931, and 18-5 at October 27, 1930. For males 
alone the percentage at October 26, 1931, was 23-6, 
and for females 17-5. At September 21, 1931, the 
corresponding percentages were 23-7 and 19-7. The 
percentages for September have been revised since 
the date of the Department’s previous report. 


It is estimated by the Ministry of Labour that on 
October 26, 1931, there were approximately 9,436,000 
insured persons, aged 16 to 64, in work in Great Britain. 
This was 110,000 more than a month before, but 
145,500 less than a year before. At October 26, 
there were 2,127,943 persons on the registers of 
employment exchanges in Great Britain, who were 
out of a situation. This was 83,461 more than a month 
before, and 576,848 more than a year before. The 
total included 1,582,194 men, 60,271 boys, 438,612 
women, and 46,866 girls. It was made up approxi- 
mately of 1,412,880 insured persons who had paid at 
least 30 contributions during the preceding two years, 
and therefore satisfied the full contributions condition 
for the receipt of unemployment benefit; 604,550 
insured persons who had paid less than 30 contribu- 
tions during the preceding two years; and 110,510 
uninsured persons. The claimants for benefit, number- 
ing 1,932,085, included 284,628 men, 7,084 boys, 56,140 
women, and 3,685 girls, who had been on the register 
for less than one month. 


There were registered as unemployed in Great 
Britain, 349,407 men, 10,146 boys, 116,423 women, and 
6,577 girls, who were on short time or were otherwise 
suspended from work on the definite understanding 
that they were shortly to return to their former 
employment. The total of 482,553 was 172,202 less 
than a month before, and 99,061 less than a year 
hefore. Of persons who normally seek a livelihood by 
means of jobs of short duration, there were on the 
registers in Great Britain, 113,252 men, 217 boys, 
2,115 women, and 12 girls ; these were mainly employed 
in dock, harbour, river and canal service. The total 
of 115,596 was 3,218 more than a month before, and 
10,804 more than a year before. 


_ There was a marked improvement in employment 
in all the textile industries, particularly in cotton and 
wool. Employment also improved in the mining and 
metal manufacturing industries, in general engineering, 
motor vehicle and metal goods manufacture, and in 
the clothing, boot and shoe, glass and paper trades. 
The seasonal decline continued in building, public 
works contracting, hotel and boarding-house service, 
and in the distributive and transport industries. 


In the industries for which statistics are regularly 
Compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in October, exclusive of those affecting shipyard workers, 
resulted in an estimated decrease of 12,8001. in the 
weekly full-time wages of nearly 170,000 workpeople, 
and in an increase of 3801. in those of 6,400 workpeople. 
The largest bodies of workpeople, covered by the above 
igures, who sustained reductions, included workers em- 
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in Yorkshire, Lancashire, and Scotland ; woollen and 
worsted operatives employed by certain firms in York- 
shire; men employed by civil engineering contractors 
in Great Britain, and on public works in London ; 
and workpeople employed in the linen and cotton em- 
broidery trade in Northern Ireland. There were also 
reductions in the wages of various classes of workpeople 
employed in federated shipyards, full particulars of 
which are not yet available. 


The number of trade disputes, involving stoppages of 
work, reported to the Department as beginning in 
October, was 28. In addition, eight disputes which 
began before October were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in October (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes) was about 13,600, and the aggregate 
duration of all disputes in October was about 55,000 
working days. 

It was officially stated last week that up till November 
9, 71,567 women had been deprived of unemployment 
insurance benefit following the rejection of their claims 
by Courts of Referees under the Anomalies Act. In 
all, 81,716 cases had been considered. Of 7,706 claims 
by seasonal workers, 5,842 had been rejected, and of 
218 claims by persons working for part only of a week, 
163 had been rejected. 

Mr. Andrew Naesmith, the secretary of the Weavers’ 
Amalgamation, has proposed that a ‘* Cotton Parlia- 
ment” should be set up for the industry. Discussing 
the matter with a newspaper representative, the other 
day, he said :—‘* In my judgment, a Cotton Parlia- 
ment can, and should, be created on a broad scale 
embracing representatives of all sections of the industry. 
There ought to be a method by which employers and 
operatives can meet to discuss such questions as the 
world trade situation, international financial tendencies 
and their relation to industry, the price obtaining for 
commodities, reasons for declines in prices, how costs 
can be reduced in order to meet the changing needs of 
markets, the organic structure of the industry, how 
greater co-operation can be secured between the 
individual units, and how to consolidate the industry 
into a unit that will always have both stability and 
mobility, and be able to move quickly into a position 
of defence or attack, upon any given line in any given 
market. Let those responsible for the industry meet 
to discuss what is desirable in the interests of the 
whole industry.” 


Mr. Naesmith’s idea is that the Joint Committee 
of Cotton Trade Organisations, which has a member- 
ship of 60, should be remodelled and enlarged. It 
could be financed, he thinks, on a subscription basis. 
‘I am putting the idea forward personally,” he added, 
‘but I think the cotton trade unions would take it 
up.”’ 

The Electrical Trades Union, the National Union of 
Railwaymen, and the Amalgamated Engineering 
Union recently applied to the railway companies for 
an increase of 3d. per hour in the wages of members 
employed in electricity generating stations and sub- 
stations and on high-tension cables. The railway 
companies, on the other hand, proposed a wage reduc- 
tion of 44 per cent. The Industrial Court, to which the 
claims were referred, has rejected both. 


At the end of October, 27,269 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society were 
signing the books, as compared with 26,720 at the 
end of September. The number of members in receipt 
of superannuation benefit was 5,152, as compared with 
5,117, and the number in receipt of sick benefit 1,337, 
as compared with 1,908. In October, which had 
to bear five weeks’ outlay, the expenses were 8,129/. 
10s. 3d.; in September, they were 9,1961. 9s. 7d. 





The Director of the Division of Industrial Hygiene 
under the Industrial Commission of New York State, 
has an interesting note in the Department’s Bulletin, 
on what he calls ** The New Man,’’—in other words, 
the old man returned to work after a long period of 
unemployment. “He is,” the Director says, ‘ un- 
familiar with his new job—perhaps unfamiliar with 
steady wages, good food, proper clothing. He has, 
in fact, been through bad times. He is glad to get 
work and eager to do it, but—and this is the burden 
of the story—he is far more subject to accident than 
the man who has been steadily at work, and an accident 
in such circumstances is a double tragedy. His prone- 
ness to accidents is due to many causes, besides the 





loved in + . : ‘ . : 
Ployed in the textile bleaching, dyeing, &c., industries 





mere fact of his previous unemployment. It is due to 
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his unfamiliarity with the new environment, the new 
work, the strange workers, lights, doors, besides 
machines with which he is surrounded. He has to 
become familiar with all these before he gets into his 
gait, and until he does so, he is a hazard to himself 
and to his fellow-employees. Thousands of these new 
men will crowd into industry before long; thousands 
of accidents will result from their employment, if the 
employer does not make a special effort to deal with 
the problem their arrival presents.” 


In the opinion of the Director, what should be done 
in the matter is clear enough. ‘* The new employee,” 
he says, “should be given special attention from the 
start; he should be trained in his work. The dangers 
that surround him should be pointed out; each new 
man should have a sponsor who is definitely assigned 
to ‘put him wise.’ This is a simple precaution; it 
is easily stated. It will, unhappily, be neglected in 
a number of cases, and the result will be bad for the 
employer, bad for the worker, and bad for his unfor- 
tunate family. On the other hand, the wise employer 
will reap a rich reward in freedom from accidents by 
recognising the difficulty and providing against it.” 

An Act passed by the New York State Legislature 
appropriates 20,000,000 dols. for the relief of un- 
employed workers and their dependents during this 
winter. Under it, city and county relief is limited 
to persons who have resided in the State for at least 
two years prior to November 1, and their dependents. 
The relief is divided into work relief and home relief. 
Work relief funds can be expended only as wages for 
municipal service or labour not under contract and 
not provided for by annual appropriation. Home 
relief is not to be in cash, but to consist of relief in 
kind, namely, shelter, fuel, food, clothing, light, 
medicine and medical attendance. The State aid, of 
both kinds is, of course, to be a proportion of the 
relief administered by the cities and counties but 
may, however, be increased where necessary. The 
legislation, it may be added, also amends the existing 
Labour Law to the extent of establishing a five-day 
week on all public work for which tenders have been 
taken after September 22 and contracts made before 
December 2. 


The Vancouver Convention of the American Federa- 
tion of Labour adopted a recommendation of the 
Executive Council that *‘ compulsory unemployment 
insurance legislation, such as is now in effect in Great 
Britain and Germany, would be unsuited to our 
economic and political requirements here and unsatis- 
factory to American working men and women.” In 
supporting the recommendation, Mr. Green, the 
president, pointed out that before promoting social 
legislation, the British and German workers had 
strongly organised themselves in trade unions. The 
policy which American workers should follow was, 
therefore, to build up, strengthen and extend their 
unions, and then think about going forward along 
more progressive social justice lines.’ ‘If,’ he 
declared, ‘‘we secured unemployment insurance 
legislation in the United States, we would weaken our- 
selves and endanger our security, our life and our 
standing.” 


The International Association of Machinists dissents 
from the view taken by the Vancouver Convention. 
In the latest issue of its Monthly Journal, the editor 
says that the organisation’s “officers and members 
do not share the fears of those who are opposed to 
unemployment insurance that it will weaken our 
movement.” ‘‘ Nor,’ he adds, ‘*‘do we admit our- 
selves incapable of framing an Unemployment Bill 
which would meet our so-called peculiar economic 
conditions as compared to those of Great Britain.” 


At November 16, the numbers of persons on the 
registers of employment exchanges in Great Britain 
were 2,089,568 wholly unemployed, 448,427 tem- 
porarily stopped, and 110,434 normally in casual 
employment, making a total of 2,648,429. This was 
35,495 less than a week before, but 362,442 more than 
a year before. The total comprised 2,054,241 men, 
67,820 boys, 476,956 women, and 49,412 girls. The 
number of wholly unemployed persons at November 9, 
was 2,113,350, of whom 1,610,610 were men, and 
398,368 women, and the number temporarily stopped, 
460,829, of whom 341,352 were men, and 103,791 
women. At November 16, the number of wholly 
unemployed women was 373,816, and the number 
of women temporarily stopped, 101,220. 


At a conference between representatives of the Cotton 





Spinners’ and Manufacturers’ Association and repre- 
sentatives of the Weavers’ Amalgamation on the ** more 
looms”’ question, there was failure to agree. 
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THE LATE MR. J. J. KERMODE. 


Ir may fairly be said that to make a success of his 
ideas, an engineer capable of original work must not 
only be an inventor, but also a propagandist and a 
business man. It is not sufficient merely to see the 
possibilities in an idea, since only by successful practical 
application can the reward for inventive work be 
won. This may mean many years of work in over- 
coming initial difficulties, and usually in combating 
the prejudice which novel ideas usually have to 
meet. 

The necessary qualifications for the introduction 
of a novel development were certainly possessed by 
Mr. John Jonathan Kermode, whose death, we regret 
to record, occurred on Thursday, November 19, 
in a Liverpool nursing home. He was a resourceful 
engineering inventor, many of whose ideas are the 
common practice of to-day, but anything he did in his 
early days was overshadowed by his work in connection 
with the utilisation of liquid fuels for combustion in 
boiler furnaces, with which his name will, by most 
people, be connected. Not only could he claim credit 
for the production of a successful system, but he was 
able to convince the Admiralty of its merits. His 
work certainly had much influence on the ultimate 
general adoption of oil-fuel firing in the Navy, which 
proved to be a matter of vital importance during the 
period of the European War. The use of liquid fuel 
for firing ships’ boilers has led to an entire change of 
outlook on the part of the naval architect, the marine 
engineer and the boilermaker, and has certainly repre- 
sented one of the main technical developments in marine 
engineering during the last twenty-five years. 

Mr. Kermode was born at Peel, in the Isle of Man, 
on November 10, 1859. His education was obtained 
at his native place, at Derby, and at the Manchester 
Grammar School. He attended classes at Owens 
College, Manchester, while an apprentice at the works 
of Sir Joseph Whitworth and Company, Limited, and, 
in due course, became a Whitworth Exhibitioner, and 
also won a Royal Exhibition. After further engi- 
neering experience with Messrs. Ashworth Brothers, of 
Collyhurst, Manchester, Mr. Kermode became a 
draughtsman at Messrs. Laird Brothers, of Birkenhead. 
After four years’ work in this way, he spent another 
four years at sea in vessels of West India and Pacific 
Steam Ship Company, and qualified for the First-Class 
Certificate of the Board of Trade. 

He returned to Liverpool in 1899, and after a year’s 
engagement as chief draughtsman with Messrs. Laird 
Brothers, he opened an office as a consulting engineer, 
devoting himself largely to the development of liquid- 
fuel firing for boilers. Early successful work led him 
to approach the Admiralty, and eventually, so con- 
vinced were their engineering advisers of the possi- 
bilities of the scheme that they placed H.M.S. Surly 
at his disposal for experiment and demonstration. 
This was the beginning of the change-over from solid 
to liquid fuel in the Navy. Kermodes, Limited, of 
The Temple, Dale-street, Liverpool, was founded for 
the development of oil burning and to provide equip- 
ment for the purpose. The adoption of the system 
in the mercantile marine was but slow in early years, 
but recent years have manifested a great change of 
outlook. 

Mr. Kermode was responsible for the introduction of 
buffer springs between the tiller and the quadrant of 
the steam steering gear of a ship, and he claimed to 
have been the first designer of an enclosed marine 
engine having forced lubrication when he was employed 
by Messrs. Laird Brothers; but, as has already been 
said, the development of oil burning was the main 
work by which he will be remembered. The progress 
of oil burning can well be traced through the columns 
of ENGINEERING, for since 1899, when the first article 
on “ Liquid Fuel Burning’? appeared, each step in 
progress with the Kermode system has been recorded. 
Trial results have been given as well as descriptions 
of the equipment installed in association with Babcock 
and Wilcox, Yarrow, and other water-tube boilers. 
Similar work with steam wagons, fire engines, and with 
Cochran boilers has also been recorded in our columns. 

Mr. Kermode was elected a member of the Institution 
of Mechanical Engineers in 1906. He was also a 
member of the Royal Scciety of Arts and of the Royal 
Meteorological Society. 





Krno’s CoLLEGE ENGINEERING Soctety.—The thirty- 
fourth annual dinner of King’s College Engineering 
Society will be held on December 4 at the Piccadilly 


Hotel, Piccadilly, W.1. Tickets may be obtained from | : . 
| surface being 400 sq. ft. The normal pressure of the 


the honorary dinner secretary of The Engineering 
Society, King’s College, London, W.C.2. 


BRITISH INSTITUTE OF RADIOLOGY, ANNUAL CONGRESS. 

-In connection with the Annual Congress of the British 
Institute of Radiology, to be held from December 2 to 4, 
at the Central Hall, Westminster, London, S.W.1, the 
Fourteenth Silvanus Thompson Memorial Lecture will be 
delivered at 5 p.m. on December 2, by Sir James Jeans, 
F.R.S. His subject will be “‘ What is Radiation ?’ 





MARINE OIL ENGINE TRIALS. 


Tue Sixth Report of the Marine Oil-Engine Trials 
Committee was presented and discussed at a general 
meeting of the Institution of Mechanical Engineers, 
on Friday last, November 20. The report deals with 
the results of tests on the T.S.M.S. Polyphemus and 
herengines. It is divided into two main parts, covering 
trials ashore and at sea, respectively, with an appendix 
on the torsional oscillations occurring in the crankshaft. 
The two main parts are subdivided into sections giving 
descriptions of the ship, main engines, and so on, and 
the arrangement thus follows those adopted in the five 
previous reports (see ENGINEERING, vol. cxvii, page 750 
(1924); vol. cxix, page 397 (1925); vol. cxxi, pages 
87 and 639 (1926); and vol. cxxii, page 767 (1926) ). 
The report is too voluminous to be reproduced in full, 
and following the method adopted with the earlier 
reports, the summary given below is confined to a 
description of the vessel and engines, and to the 
experimental results obtained from the tests. 

The trials at sea were carried out using fuel of which 
the qualities were practically identical with those of 
the fuel employed ashore, and sufficient records of the 
performance of the main engines (e.g., fuel consumption, 
speed, and indicator cards) were made to enable the 
results of the tests ashore to be utilised in deducing 
the power actually delivered to the propeller shaft. 
The ship was tested in lightly loaded condition. Direct 
measurements of the torque transmitted by both shafts 
and of the thrust on the port shaft were made at the 
same time as the observations were made on the 
engines. 

The Polyphemus was built by Messrs. Scotts’ Ship- 
building and Engineering Company, and was designed 
to the following general, particulars :—Length, b.p., 
426 ft. 6 in. ; length overall, 450 ft. ; moulded breadth, 
56 ft.; and mean draught to the bottom of the keel, 
26 ft. 63 in. When the vessel is fully loaded she nor- 
mally floats on an even keel. The displacement when 
fully loaded is 12,804 tons, and the deadweight capacity 
8,000 tons. Under this condition the estimated service 
speed is 14-75 knots, the designed power of the pro- 
pelling machinery to give this speed being 5,500 
shaft horse-power at 138 r.p.m., developed on two 
shafts. The pair of propellers, each driven directly 
by one engine, have four machine-planed high-tensile 
bronze blades, bolted to a cast-iron boss. The diameter 
of the propellers is 13 ft. 3 in. over the tips, and the 
pitch of the blades is 12 ft. 3 in., variable between 
11 ft. 9 in. and 12 ft. 9 in. The rake back of the 
blades is 10 in., and the expanded blade area of each 
propeller is 59 sq. ft. The normal direction of rotation 
viewed ‘rom aft, is outboard at the top. 

The engine-room staff of the ship in full sea-going 
condition consists of one chief engineer, seven other 
engineers, two electricians and eight cleaners or greasers. 
The dimensions of the machinery space are :—Length, 
50 ft.; mean breadth, 56 ft.; and height from keel 
to upper deck, 31 ft. 9 in., the height from the tank 
top to the top of the engine casing being 51 ft.; its 
general location in the ship is amidships. The total 
oil-fuel bunker capacity provided in the double bottom 


is 752 tons for the engines and the boiler. On the basis | 


of consumption of fuel at 14-75 knots, the estimated 
endurance of the vessel is 11,000 nautical miles. For 
the engines, the capacity of the two service tanks con- 
taining centrifuged fuel-oil is 6,200 gallons, and of that 
containing oil which has not been passed through a 
centrifuge, 1,900 gallons. The auxiliary machinery 
required with the main propelling engines is driven 
electrically. The supply of current under normal 
sea-going conditions is from four 100-kw., 220-volt, 
direct-current generators, each driven by a_three- 
cylinder Belliss and Morcom oil-engine. No manceuvr- 
ing air-compressors are fitted. The reservoirs are 
charged by passing into them the surplus air from the 
injection air-compressors on the auxiliary engines. 
A small steam-driven compressor is provided for start- 
ing purposes when, for example, after an overhaul 
no air is available in the main reservoirs. The capacity 
of each of the two air-storage vessels fitted in connection 
with the starting of the main engines is 710 cub. ft., 
the normal pressure carried at sea being 450 Ib. per 
square inch. The capacity of each of the two reservoirs 
fitted in connection with the fuel-injection system is 
10 cub. ft., the normal pressure carried at sea being 
1,000 lb. per square inch. Two “spare’’ reservoirs, 
having a capacity of 16 cub. ft. each, and carrying the 
same pressure, are provided. The supply of steam 
when required is taken from a Cochran boiler, 6 ft. in 
internal diameter by 15 ft. 9 in. high, the heating 


steam supply is 100 Ib. per square inch. The furnace 
is arranged to burn fuel-oil on the Wallsend-Howden 
low air pressure system. The boiler is housed in the 
engine-room and its fuel supply is drawn from the 
tanks containing centrifuged oil. Each main engine 
is provided with two silencers, one for use when the 
exhaust turbo-supercharger is in operation, and the 
other for use when the engine exhausts directly to 











atmosphere. The capacity of the former silenceis, 
which are simple cylindrical expansion chambers, is 
125 cub. ft. each. The direct exhaust silencers which 
are circular tanks, with axes vertical, fitted with three 
horizontal baffles, have a capacity of 306 cub. ft. each. 
The generator engines exhaust independently of tlie 
main-engine silencers. The auxiliary-engine silencers 
are of the usual expansion chamber type. The net 
capacity of each is 12-8 cub. ft. Along the centre 
of the silencer is fitted a 6-in. diameter pipe having 
circular holes cut communicating with the silencer 
body. The exhaust gases pass from the silencer body 
into the central pipe and out at the end. In Table III 
below are given the weights of the propelling machinery 
of the vessel in running condition, including the pro- 
pellers and shafting, together with the weights of the 
auxiliary machinery, and other apparatus in the 
engine-room. 

The main propelling engines were built by Messrs. 
Scott’s Shipbuilding and Engineering Company, at 
their engineering works at Greenock, to Messrs. Holt’s 
specification. The rating of each engine is 2,750 brake 
horse-power at 138 r.p.m., the power being developed 
in six cylinders acting on the four-stroke cycle, single- 
acting, with six cranks. The method of fuel admission 
to the cylinders is by blast-air from an engine-driven 
compressor. The engines are supercharged on the 
Buchi system, 7.e., by means of a centrifugal blower 


driven directly by an exhaust-gas turbine placed at 


TABLE III.— Weight of Machinery in the Engine-room. 


Part. Weight, 


tons. 
Main engines, complete with all pipes and fittings, | 
including thrust-blocks and shafts, but excluding 
fly-whecls sie a “a os “ie 7 492-2 


Fly-wheels eos De oe ess 5 ah 5 
Shafting, stern gear, and propellers .. is fae 101- 
Boiler, oil-fuel burning plant, steam and steam 


exhaust pipes a. = as =5 we 2°5 
Fuel-oil system (including pumps) ‘ -| 33-0 
Cooling water system (including pumps) 9-5 
Auxiliaries, | Lubricating oil system and piston cool- | 
pipes and< ingoilsystem(including pumps) .. | 20-6 
fittings. Gas exhaust system (including blowers) | 18-3 
| Pumping system (bilge ballast and | 
general service pumps) ee val 17°5 
( Electric generator system Ye eit 98°38 
Fittings on board, funnel complete, engine-room 
floors, ventilators, gratings, workshop, lifting gear, 
tools and outfit a i os mA ae 124-9 
Airreservoirs .. is is a ie aul 33°2 
Spares, main engine and auxiliaries, including two | 
0 


spare propeller blades and propeller shatt oo| 








Total.. oe Pe se be a 


Water in system se ae as A a 5-0 

Water in boiler to water level .. oe = 3-2 

Water in reserve feed tank os as th és 76-0 

Lubricating oil in system and in reserve A sc 20-0 
Total... 






Total running weight 1,098 -4 


the end of the exhaust manifolds of each engine. The 
overall dimensions of each engine are :—Length, 35 ft. 
ll in.; breadth, 12 ft. 2 in.; and height, from bottom 
of bedplate to top of fuel valves, 28 ft. 2 in. The 
engines are bolted directly to the tank top, special 
longitudinal stiffening girders being fitted in the double- 
bottom beneath the fore-and-aft lines of the holding- 
down bolts. In addition, the engines are bolted at 
the sides to cast-steel chocks which are riveted to the 
tank top. The longitudinal part front view of the 
engine, Fig. 4a, and the end view, Fig. 4B, show the 
arrangement which follows generally the practice for 
marine reciprocating steam-engines, in that heavy A 
frames, bolted to a common bed-plate and crank-case, 
serve as supports to the cylinders above, the cylinder 
jackets being carried on a cast-iron cylinder beam or 
bearer.” The combustion loads occurring within the 
cylinders are carried from the beam to the bedplate by 
sixteen steel through-bolts 4 in. diameter each, by 


23 ft. 6 in. long. A complete cylinder comprises a 
| separate water-cooled head, a water-cooled liner, and 


an uncooled cylindrical extension piece, which projects 
through the underside of the beam and is detachable 
from the liner to facilitate withdrawal of the piston. 
Each extension piece has four connections to the force- 
feed lubricators. The cylinder head is secured to the 
beam and expansion of the liner takes place downwards. 
The crank-case is totally enclosed by light steel plates, 
and by a diaphragm furnished with a gland for the 
passage of the piston-rod and situated just above the 
crosshead guides. The diaphragm serves to carry the 
telescopic pipes for the supply and discharge of cooling 
oil to and from the pistons, and to prevent carbonised 
lubricant falling into the crank-case. The centre-lines 
of the cylinders and the crankshaft are in the same plane. 
Each cylinder is provided with the following valves, 
viz., one air-inlet, one exhaust, one fuel-injection, one 
starting-air and one combined decompressor and lief 
valve. The air-inlet valve opens 70 deg. before the 
crank reaches top dead-centre and closes 35 deg. 
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after bottom dead-centre. The exhaust valve opens 
421 deg. before the crank reaches bottom dead-centre 
and closes 60 deg. after top dead-centre. Each valve 
is carried in a separate cage and its control spring is 
not encased ; only the exhaust-valve cages are water 
cooled. The spindles of the exhaust and inlet valves 
are provided with a guide sleeve, fitted with spring 
rings arranged for mechanical lubrication. No stuffing 
box or packing is required. The valves and seats are 
of€Perlit iron. The principal dimensions of the en- 


last section is bolted the thrust-shaft, which is provided 
with collars for the fly-wheel and the thrust-bearing, 
respectively. The lay-shaft is driven at half engine 
speed by spur-gearing from the main crankshaft. 
It is essentially a four-throw crankshaft actuating, 
through four long tension rods, four similar cranks in 
the camshaft. Each engine is provided with a set of 
six high-pressure single-acting plunger pumps for the 
fuel supply, driven at engine speed through spur-gearing 
eccentric and connecting-rod, from the main crank- 


gines are :—Average stroke, 51-18 in.; average bore, | shaft. A common crosshead actuates the six plungers. 
94-41 in.; clearance volume, 2,115 cub. in. From | The full stroke capacity of each pump is 1-125 cub. in., 
these particulars the following quantities have been and the designed pressure of supply is 1,000 lb. per 





Fig.44. PART FRONT VIEW OF ENGINE. 
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calculated :—Indicated horse-power factor for six|square inch. The supply of fuel to the cylinders is 
cylinders for 1 r.p.m. and 1 lb. per square inch, 0-1815 ; | determined by the length of time of seating of the 
tatio of compression, 12-32; swept volume, one piston | suction valves of the pumps. The suction valves are 
per stroke, 23,950 cub. in. Diametral clearances of | raised off their seats by the cams in the suction 
3 mm. at the combustion end tapering to 1 mm. at | chest of the pump unit. When the engine is stopped, 
a distance of 278 mm. from that end are allowed on/also when the engine is being started and all the 
= piston. The number of rings per piston is 8, the | cylinders are taking air from the manceuvring reser- 
— one of which is a scraper ring. The material is | voirs, the shaft on which the cams are mounted 
as ogg Perlit iron, and the joint adopted is of|is in such a position that all the suction valves are 
4 orm. Provision is made for locating half of the | held off their seats; as the cylinders are switched off 
oa circumferentially in their grooves. The com-|from connection with the air supply, the respective 
. — is made up of one section of one crank | suction valves are allowed to seat. The cams can 
e air compressor (at the forward end of each/|also be rotated on their spindle by means of the 
—. A one section of three cranks for the three fuel control lever for regulation of speed by the atten- 
neat °y linders, one plain journal which carries the dant, and independently by the governor. The fuel- 
a el driving the lay-shaft through a 2 to 1 | injection valves are of the needle type. The amount 
thre lon gear; one section of three cranks for the | of lift of the valve is fixed, and the valve opens 11 deg. 

e after cylinders. To the after coupling of the | before the top dead-centre is reached. The camshaft 





is driven by four coupling-rods, directly from the lay- 
shaft. In respect of each cylinder the camshaft 
carries three pairs of cams (one of a pair being for 
ahead and one for astern running) for the air-inlet, 
exhaust and starting-air valves; the shaft also carries 
a cam for the fuel-injection valve and a cam for the 
indicator drive. No adjustment of the fuel admission 
cam is provided, except for that described later. The 
bell-crank levers for transmitting the motion of the 
cams to the valves are mounted on a reversing shaft, 
which is parallel with and equal in length to the cam- 
shaft. The time of opening of the air-inlet, exhaust, 
fuel and starting-air valves depends upon the required 





Fig.4B. END VIEW OF ENGINE 


direction of rotation of the engine, and to permit of the 
cam rollers in these cases being passed from the ahead 
to the astern cams, and vice versa, during manceuvring 
operations, the respective bell-crank levers are mounted 
on eccentrics keyed to the reversing shaft, any rotation 
of which therefore lifts all the rollers clear of the cams 
(‘‘ stop” position) and then lowers them into contact 
with the cams according to the direction of rotation 
required. The starting-air valve lever for a cylinder 
is not mounted directly on an eccentric but is carried 
on a fulcrum at the top of an “‘ assisting ’’ lever mounted 
on the reversing shaft. The lower end of the lever is 
provided with a roller which is kept in contact with a 
cam on the starting shaft by means of a return spring. 
The displacement of a given roller from the plane of its 
astern cam to the plane of its ahead cam is effected by 
the obliquity of the axis of the eccentric drum (on which 





the bell-crank lever is mounted) to the centre-line of 
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the reversing shaft. From the “stop’’ position, one 
quarter of a full turn in one direction brings the cam 
rollers into contact with the ahead cams, and one-quarter 
of a turn in the opposite direction brings the rollers into 
contact with the astern cams. The reversing shaft is 
rotated, with the assistance of a pneumatic servo-motor 
operating through a simple rack and pinion, by the 
reversing lever at the starting platform. Rotation 
of the reversing shaft serves to open the decompression 
valve on each cylinder. For locating the reversing 
shaft when the engine is running on fuel in either 
direction a stopper gear is provided. The stopper 
or detent is actuated automatically when the starting 
Jevers are moved. Thus in the “ stop”’ position the 
detent is out, allowing the reversing shaft to be turned 
either to its ahead or astern position. In the “ start” 
position the detent is slightly in, preventing rotation 
of the reversing shaft, and in the * fuel’’ position the 
detent is fully in. However, when the engine is 
running ahead, the detent may be partly withdrawn, 
by means of a hand-wheel adjustment, to allow the 
reversing shaft to be rotated a few degrees towards its 
astern position, thus making the fuel valve open later 
and closer earlier, should that be required. Each 
engine has a separate apparatus which consists of a 
single-stage turbine wheel and two impeller wheels 
mounted on a common shaft. The two exhaust 
branches from an engine supply exhaust gas to the 
pair of semicircular segments in which are placed the 
guide vanes acting as impulse nozzles for directing the 
gas on to the blades of the rotor. The blower consists 
of two impeller wheels in series, and the diffuser of the 
second impeller wheel consists of blades which have 
been permanently fixed in the most suitable position 
after trial. The compressed air from each blower passes 
to an induction manifold extending along the back 
of the engine. The supercharging units were manu- 
factured by Messrs. Brown, Boveri, of Baden, and the 
supercharging arrangements are, as already stated, on 
the Buchi system. 

The tests ashore were carried out on the port engine 
only, at Messrs. Scotts’ Shipbuilding and Engineering 
Company’s Engine Works at Greenock, the trials being 
conducted in their marine engine erecting shop, from 
Wednesday, August 27, to Saturday, August 30, 1930. 
The schedule of loads and speeds, calculated from the 
simple approximation to propelier law,* in accordance 


TABLE IV.—Schedule of Loads and Speeds, Test Nos. 


1 to 13 (except No. 12). 


Speed, r.p.m. 


Applied External Load. 


Torque, Nearest Calculated High | Low 
Nominal. | Ib.-ft. Brake — from Pro- | Speed. Speed. 
Weight. peller Law. 
Full 
19-93 138 150+ 126 
j 14°95 120 132 108 
4 9-97 98 110 86 
{ 4-98 69 81 57 





; t As the governor was set to operate just above 142 r.p.m. 
it was not possible to run the engine at the speed, 150 r.p.m., 
stated in the table. 

with which the trials ashore of the port engine were 
conducted, is shown in Table IV, annexed. The con- 
stant in the relation, torque = constant x (revolu- 
tions per minute)", was determined from the condition 
of rated full power of the engine, namely, 2,750 brake 
horse-power at 138 r.p.m. For a given load on the 
engine, the speed calculated from the foregoing relation 
is referred to as A, that at 12 r.p.m. above the calculated 
speed as B, and vhat at 12 r.p.m. below as C. In tables 
in which the results are recorded, the Tests Nos. 1 to 
13 have been arranged in descending brake horse-power, 
that is, the engine speeds for a given torque follow the 
order B, A, C. The serial number merely shows the 
chronological order followed when conducting the 
tests. Several tests, additional to the schedule just 
described, were carried out; these were a test of the 
engine developing power in excess of its rating (Test 
No. 12), and tests to determine the slowest speeds at 
which the engine would run. All the foregoing were 
carried out on the port engine. 

The procedure described in the former reports was 
closely followed throughout the tests, namely, the 
attendants were informed what brake-load and speed 
would be required for a particular test, no other con- 
ditions as to running being laid down. By means of 
preliminary observations it was ensured that a suffi- 
ciently long stabilising period had elapsed, before any 
test was commenced. The timing of the fuel admission 
to the cylinders was that at which it was intended the 
engine should run at sea. The quantity of fuel passing 
to the engine was measured, by volume, using one or 





* Torque = constant x speed?, assuming constant 


other of a pair of vertical cylindrical tanks (of cast 
iron, smooth-bored internally) graduated to read direct 
in pounds of water. Either tank, by means of a three- 
way cock, could be put into communication with the 
suction of the engine fuel-pumps. The tanks were 
filled from the top from an elevated service tank, 
through a supply pipe. Readings of the level of the 
fuel in the tank in use were made at five- or ten-minute 
intervals from the signal to start, in order to check 
the regularity of consumption during each test. No 
intermediate readings of level were lost during replenish- 
ment of a tank, as that not previously in use was 
brought into action at a convenient time signal. 
Leakage at the fuel-pump plungers was weighed at the 
conclusion of each test and deducted from the amount 
recorded at the measuring tank. At the conclusion 
of the tests the calibration of each tank was verified. 
The brake used was made by Messrs. Heenan and 
Froude, Worcester, and was of the multiple-lever 
type, in which the force necessary to keep the stator 
in equilibrium is weighed on a steelyard. Calibration 
tests were made on the lever system of the brake, and 
the results obtained were satisfactory. The water 
for the dynamometer was supplied directly from the 
town mains. All gauges and thermometers placed at 
important points were calibrated and the tabulated 
results duly include the necessary corrections. The 
engines were fitted with distant-reading, mercury-in- 
steel, index pyrometers made by the Cambridge In- 
strument Company. A pyrometer was fitted in the 
exhaust pipe of each cylinder; at the entry to each 
nozzle of the exhaust-gas turbine; and at exit from 
the turbine. In the case of ‘the port engine, high- 
reading, nitrogen-filled, mercury-in-silica-glass thermo- 
meters, housed in deep pockets, were placed at each 
of the points above mentioned. A Harding additive 
instrument was fitted to each engine and all records 
of speed were obtained by it. The recorded speeds 
of the turbo-blower were averaged from periodical 
spot readings of a tachometer fitted to each machine. 
The dry- and wet-bulb hygrometer was suspended 
at the middle platform of the engine near the wooden 
cage surrounding the measuring orifice placed at the 
entrance to the suction pipe of the turbo-blower, 
but as much as possible out of the way of draughts. 
The standard barometer was situated in the works 
laboratory, which was in the bay adjacent to the test 
shop. The instruments used on the power cylinders 
were Maihak external-spring oil-engine indicators, 
and the method of drive was through steel tapes from 
cams carried on the main camshaft. The instruments 
used on the injection air-compressor were of the 
same kind, and the method of drive was by means of 
rocker and link from the air-compressor crosshead. 
The air induced by the suction of the exhaust gas-driven 
turbo-blower was measured by passing it through a 
rounded orifice. The diameter of the throat of the 
orifice was measured by Messrs. George Kent and 
Company, and found to be 17-82 in. Special 
precautions were taken to ensure a steady flow of air 
into the orifice by surrounding it with a wooden cage, 
all sides of which were pierced with narrow slits in 
order to damp as far as possible any oscillations in the 
approaching stream. The fall in pressure was mea- 
sured for each test on a sensitive differential mano- 
meter of curved-tube type specially arranged for the 
committee by Messrs. Kent. The pressure in the air- 
main was read on a mercury column. Indicator cards 
show the variation in pressure in the main. No 
attempt was made to measure by direct means the 
air drawn in by the injection-air compressor. The 
quantity of air entering the engine in the blast was 
computed from the indicator cards of the low-pres- 
sure stage of the compressor. The volume of free 
air drawn in is taken to be the swept volume of the 
low-pressure piston multiplied by the ratio of the in- 
tercept of the atmospheric line to the length of the 
card. For the purposes of the tests ashore, the quan- 
tities of water passing through the air-compressor 
and coolers, lubricating-oil cooler, cylinder jackets, &c., 
were measured in a 5$-in. Helix meter belonging to 
Messrs. Scotts’. The lubricating oil passing to the 
pistons for cooling purposes and that passing to the 
main bearings of the engine were, respectively, measured 
in a 4-in. hot-water meter, lent to the Committee by 
Messrs. Glenfield and Kennedy. The last-mentioned 
meters were of special construction to permit the passage 
of oil of varying viscosity. The terminal temperatures 
as well as the intermediate temperatures of the several 
cooling circuits were observed periodically throughout 
the trials. In the case of the lubricating oil circuits 
(for cooling the pistons and for lubricating the bearings) 
the weights of oil have been calculated using the specific 
gravity of the oil at a temperature at a point near the 
meter, and for the calculation of the heat absorbed by 
the oil in passing through the engine the specific heat 
has been taken as the mean of the specific heats at the 
temperatures of entry and exit. All the fuel analyses 
were carried out at the Fuel Research Station, Green- 
wich. The results of the analyses of the samples of fuel 





Table V, below, where also will be found the analyses 
of the fuel used during the trials at sea. The samples 
represent the quality of the fuel actually consumed 
in the engine. 


TaBLeE V.—Analyses of Fuel Oil. 

[Data determined by the Standard Methods of the 
Institution of Petroleum Technologists, to which the 
Serial Numbers given refer. ] 





Tests Ashore. Trials at Sea, 


Test or run number 1to 9. /11 to 13.) 1 to 13. 14, 
Calorific value, B.Th.U. 
per Ib. 19,500 | 19,510 | 19,490 | 19,440 


Specific gravity at 60 deg. 








s aR 0-863 0-862 0-863 0-863 
Flash point— 
Closed (Serial No. F.O. 
4); Gea. Be. as ae) ee 181 180 182 
Open (Serial No. L.O. 
7A), deg. F. .. oo| 162 162 170 170 
Viscosity (Serial No. F.O. 
8) by Redwood No. 1 | 
viscometer) : 
( 70deg. F.| 39-0 38-9 41-4 40-8 
Seconds at } 150 deg. F.) 30-0 30-0 31-2 31-3 
1 200 deg. F.| 27-8 27-9 28-6 29-2 
Engler distillation— 
Temperature at first 
drop, deg. C. o-{ 209 210 200 
Fraction / 250 deg. C 23-0 32-7 29-5 
(per cent.) } 300 deg. C 74-3 74-0 66-0 
up to— 350 deg. C. 89°3 89°38 88-0 
391 deg. C. 95-0 95-0 96-0 
Total recovery, per cent.! 97°38 98-6 99-2 
Residue - 2-1 1-2 0-5 
Loss yf 0-1 0-2 0-3 
Maximum boiling point, 
deg. C. nea --| 392 392 391 392 
50 per cent. distilled at | 
temps., deg. C. -.| 266 267 274 27 
Water content, per cent. trace trace nil nil 
Ultimate analysis— 
Carbon, per cent. 86-24 86°56 85-14 
Hydrogen _,, wot 28-34 13-34 | 12-97 
Sulphur oe ia 0-34 0-33 1:37 
Nitrogen _,, a nil nil nil 
Ash (Serial No. F.O. 10), 
per cent. ae ..| 00022 0-0015 | 0-0015 — -0-0088 
Carbon residue and free | 
carbon, Conradson | 
(Serial No. F.O. 9), 
per cent. +e 0-03 0-02 O-14 0-15 
Sott asphaltum (Serial No. 
A 13), per cent. is 0-08 0-06 nil nil 
Hard asphaltum (Serial 
No. F.O. 12), per cent. nil nil nil nil 


Cold test, settling point 
(Serial No. F.O. 114), 
deg. F. ae ..| below 0 | below 0 below 0. below 0 

Impurities ++ nil {| nil | _ oil nil 





To simplify the calculations, average figures from 
the ultimate analyses of the fuel used for the tests 
ashore have been adopted, namely :— 


Component. Per cent. 


Carbon 86-33 
Hydrogen ae es .-. 13°34 
Sulphur ae ae exe --- 0°33 
Nitrogen ie sae mae os Nil 
100-00 


From the foregoing average analysis, the following 
quantities have been calculated in respect of the 
combustion of | Ib. of fuel :— 


lb. 
(a) Weight of CO, formed si oss «6O°R8 
(b) a steam formed ide ‘2° 
(c) os SO, formed ae ... 0-0066 
(d) = Oxygen required for (a) 2-30 
(e) - Pa ae (b) 1:07 


(f) 5 7 (c) 00033 
(g) Theoretical total weight of air required 14-60 
The average gross calorific value has been taken to be 
19,500 B.Th.U. per lb. 


(To be continued.) 








Tue BoroveH Potyrecunic.—The annual distribu- 
tion of prizes and certificates, earned during the 1930-31 
session by students of the Borough Polytechnic, Borough- 
road, London, §.E.1, took place in the Edric Hall of the 
Polytechnic on the evening of November 12. The 
Chairman of the Governing Body, Mr. D. Clifford 
Highton, presided, and Professor ©. E. Inglis, O.B.E., 
F.R.S., presented the awards and gave an address. In 
the course of his speech Professor Inglis said that at 
the Borough Polytechnic the real objects of a technical 
school were kept well to the fore. Its students were 
given an opportunity to combine manual dexterity with 
a true appreciation of the fundamental principles under- 
lying their trade or profession. Disraeli had once 
defined the practical man as being an individual who 
perpetuated the mistakes of his predecessors. Students 
should therefore develop their critical faculties and get 
the acquisitive habit, which was the most valuable gift 
education had at its disposal. The list of successes for 
the 1930-31 session showed that 20 students had secured 
National Certificates in Mechanical Engineering - br 
these, seven had gained Higher Certificates and 10 h 4 
obtained distinctions. Furthermore, 22 students hac 
been awarded National Certificates in Electrical Engl- 
neering; 13 of these had gained Higher Certificates 








slip. 


oil collected during the trials ashore are given in 





and nine distinctions had been secured. 
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Fie. 1. 





Fia. 2. 


RESEARCH LABORATORIES OF THE 


ENGLISH STEEL CORPORATION, 
LIMITED, SHEFFIELD. 











LABORATORY AT VICKERS WORKS. 


SORIA EERINE 


Hanp Scrapine A 12-Ton INGot ror Macroscopic EXAMINATION. 








WAL a 


APPARATUS FOR CREEP TESTS. 


scientific research. Sir Joseph Thomson, in the 
course of his speech, said that science and industry 
had not always been friendly disposed to each other. 


| The fault, however, had not been altogether on the 


Tur question of research has for a number of years | side of the manufacturers; scientific men had not 
been taken very seriously by all our leading steel | always realised the immense amount of work that had 
manufacturers, and, as a result, many developments of | to be done when transferring a discovery from the 


far-reaching and world-wide importance have eman- 
ated, in the first place, from the laboratories of British 
steelmakers. In regard to research activities, Sheffield. 
firms have always been in the front rank, and a further 
step in this direction was taken on November 17 last, 
when Sir Joseph J. Thomson, O.M., F.R.S., Master 
of Trinity College, Cambridge, opened the extended 
research laboratories of Messrs. The English Steel 
Corporation, Limited, at Vickers Works, Sheffield. 
The opening ceremony was presided over by Viscount 
Falmouth, Chairman of the local board, who paid 
a tribute to Sir Joseph’s great record in the realm of 





shelter of a laboratory to the “‘ rough-and-tumble ” of 
an industrial works. In conclusion, he urged research 
workers to look out for the unexpected when con- 
ducting their investigations. Unforeseen results might 
lead to the establishment of new industries, which 
would help to solve our unemployment problem, and 
this matter was of particular importance because 
research in the older industries often led to the employ- 
ment of less labour in the carrying out of the process 
investigated. 

Before proceeding with our description of the 
laboratories, it should be explained that the process 


| 
| 


of rationalisation which brought about the linking of the 
steel interests of Messrs. Vickers, Limited, Sheffield, 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, Openshaw, and Messrs. Cammell Laird and 
Company, Limited, Sheffield and Penistone, to form 
The English Steel Corporation, Limited, also necessi- 
tated a corresponding fusion, or reorganisation, of the 
metallurgical-research laboratories previously main- 
tained by each of the firms concerned. The concen- 
tration of the research resources of the Corporation 
at a selected works offered great advantages, and it 
was eventually decided to extend considerably the 
existing laboratories at Vickers Works, Sheffield, 
and to accommodate therein the combined research 
staffs of the three constituent firms. The necessary 
extensions have now been completed, and it was these 
reorganised laboratories which were officially opened 
by Sir J. J. Thomson. It is necessary to add, however, 
that sufficient scientific staff and equipment has been 
left at the other works of the group to carry out such 
research work as could not be efficiently conducted 
from a distance. 

The metallurgical and research department at 
Sheffield is divided into four main sections, respectively 
dealing with chemical analysis, works observation, 
metallography and research. Briefly, the function of 
the general chemical laboratory is to analyse all raw 
materials entering the works and all finished products 
leaving it, and also to conduct check determinations 
at various stages of manufacture. A special labora- 
tory for non-routine and research analyses, and a corro- 
sion laboratory for conducting salt-water spray and 
other accelerated corrosion tests of materials, also form 
part of the chemical-analysis section of the department. 
The works observation section of the department is 
among the most interesting and important; it serves 
as a link between the research laboratories and the 
works. It is staffed by trained metallurgists, who have 
an office for records in the department, but no direct 
laboratory duties. Their business is to apply, in the 
works, the results of investigations and researches 
completed or in progress in the department. Their 
aim is also to extend scientific methods, to study 
existing processes with the object of improving them 
and developing new methods, and to detect and en- 
deavour to eliminate the causes of defects in materials, 

The metallographic section undertakes a certain 
amount of routine work, but its main concern is re- 
search. It possesses a pleasantly situated and well- 
arranged microscopy laboratory, a photomicrography 
room with a dark-room conveniently annexed, a\spacious 
macroscopy laboratory and a thermal laboratory. The 
microscope room is devoted entirely to visual micro- 
scopic examination, the micro-sections being polished 
and etched in the adjoining preparation room, which 
contains the usual polishing apparatus and etching 
installation. Microscopy is, of course, an essential 
concomitant of modern metallurgical science, and 
the many interesting specimens set out for the 
inspection of visitors on the occasion of the opening 
ceremony testified both to the energy and utility of this 
section of the research department, and also gave an 
indication of the wide ground covered. The photo- 
micrography room is equipped with three outfits, 
two for high-power work and one for the low-power 
photography of large specimens. Many interesting 
specimens were also exhibited in the macroscopic 
laboratory. As its name implies, this laboratory is 
devoted to the examination of full-size sections pre- 
pared from ingots, forgings and castings. Ample 
floor space and capacious etching tanks are therefore 
provided. Sulphur printing, and direct-contact prints, 
or “nature prints,” as they are also called, of deeply 
etched sections, are carried out in this laboratory. 
It will be recalled that, when taking a nature print, 
the specimen is first polished, then etched very deeply, 
and finally inked over by means of a roller. A sheet 
of white paper is then pressed on to the inked surface, 
and a permanent picture of the internal grain arrange- 
ment of the metal is secured. Fig. 1, on this page, 
depicts the preparation, in the works, of a longitudinal 
section of an experimental 12-ton ingot by hand 
scraping after smooth planing, prior to sulphur print- 
ing and etching. 

In the thermal laboratory, experimental researches 
connected with the heat treatment of steels of all 
descriptions are conducted in electric and gas furnaces 
provided for the purpose. Temperature control is 
naturally of vital importance, and electrical-resistance, 
thermo-electric, and optical pyrometers of various types 
are installed. A useful feature is the provision of oil 
and water quenching tanks mounted on wheels, which 
can thus be moved from place to place. The physics 
laboratory is housed in a large well-lighted room, 
and is equipped with apparatus for the determination 
of the heating and cooling curves of alloys and the 
critical points of steels. Other pieces of apparatus 
installed are employed for measuring electrical resist- 
ance, magnetic properties in magnetising fields up to 





3,000 gauss, thermal expansions up to 1,000 deg. C., 
and thermal conductivities up to 400 deg. C. 
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Of perhaps greatest interest to engineers is the | vations of the Thomson-Joule effect, combined with 


mechanical-testing laboratory. This is well equipped 
with a variety of modern machines for conducting 
static and dynamic tests of all descriptions. It should 
be pointed out that all ordinary routine mechanical 
tests of works materials are carried out in an inde- 
pendent inspection department, and the research 
laboratory is therefore free to devote its attention to 
long-time mechanical tests, involving variations in 
time and temperature, and to other delicate work. At 
the eastern end of the mechanical-testing laboratory is 
a battery of six machines for the investigation of the 
creep of steels under continued load at elevated tem- 
peratures. A general view of these testing machines 
is shown in Fig. 2, on page 683. As may be seen, 
the load is applied by means of weights on the single- 
lever principle, the ratio being 20:1, and the test 
pieces, the gauge length of which is 4 in., are main- 
tained at a constant temperature in the cylindrical 
furnaces shown in the figure. The shackles employed 
are made of special heat-resisting steel. Autographic 
records of temperature and of extension are taken on 
continuously revolving drums, which rotate once in 
every 24 hours. Furthermore, extension readings are 
also taken optically by viewing, through the telescope 
shown, the reflection of a fixed scale in a small tilt- 
ing mirror attached near the extremity of the lower 
shackle. A third method of taking extension readings 
involves the use of an ingenious system of mercury 
dilatometers. Briefly, the gradual movement of the 





main loading lever actuates a plunger which drives | 
mercury into a length of glass capillary tube. Using | 
these various devices, we were informed that it was | 
possible to detect differences of extension of the order | 
of one four-millionth of an inch, or a rate of creep of | 
one hundred-millionth of an inch per inch per hour. 
The metallurgical and research department also | 
comprises a machine shop, a laboratory for the repair | 
and maintenance of pyrometers, and a library of techni- 
cal literature and periodicals. In concluding our 
description of the research activities of the English | 
Steel Corporation, some emphasis should be laid on 
that which we stated at the commencement, namely, 
that not only have the stage laboratories, run in con- | 
nection with the various open-hearth and electric steel | 
furnaces for the rapid analysis of bath samples, been 
retained in full activity, but that the moulding-sand 
testing laboratory at the Grimesthorpe Steel Foundry, 
the chemical and metallographic laboratories of the 
Openshaw Works, Manchester, and a number of other | 
laboratories in the works of the various related firms | 
are being maintained. These, however, are kept in close 
contact with the central organisation at Vickers Works. | 


STEAM RESEARCH IN EUROPE | 
AND IN AMERICA.* 
By Professor Dr.-Inec. Max JaKos. 
LECTURE I1I—(continued from page 653.) 


B.—Tue FunpaMentAL THERMODYNAMICAL PRro- 
PERTIES OF WATER AND STEAM. 

III.—Optical (Spectroscopic) Measurements—T heories | 

and Thermodynamical Evaluation and Control of the 

Results of Experiments—(continued). | 

3. General Basis of Steam Tables.—Before comparing | 
the available results of this theory on which Callendar | 
based his steam tables, with the experimental results | 
of other research workers, I should like to deal with | 
the bases of the latest German and American steam , 
tables. Each author, in drawing up his tables, started | 
from such properties of steam as seemed to him | 
especially suitable for this purpose, and which were | 
known from extensive series of experiments. The | 
values in question were reproduced by empirical | 
formulae ; from these—using some other properties | 
as secondary bases—with the aid of known thermodyna- | 
mical relations, the remaining properties sought for 
were calculated. In this, two points were kept in mind : 
(1) the thermodynamical consistency, which, for in- 
stance, is given if an equation of the latent heat leads | 
to r = 0 at the critical point; (2) the consistency with 
their own or other workers results of experiment (of | 
course only as far as the author of a table acknowledged | 
their exactness). 

As early as 1912 1 suggested} starting from the | 
values of the specific heat of steam cp, owing to the | 
fact that their variation with pressure is a good | 
criterion for the deviations from the ideal state of gas, 
and I think I was the first who proceeded in this way 
to calculate the specific volume v. It is usual now to 
prefer the calculation of v from cp rather than the 
reverse way. Mollier, as well as Knoblauch and his | 
co-workers, in Germany, start from the Munich values | 
of the specific heat, whereas Keenan, in the region of | 
lower pressures, bases his tables on the Harvard obser- | 











* Third of a course of four lectures delivered in May, 
1931, before the University of London. 
t M. Jako», Zeitschr. d. Ver. deutsch. Ing., 1912, page 
1980. ' 


|}up to 30 atmospheres. 


| Cy = 11991 mg 
| C, = 83054 mg 


the Munich values of specific heat, and, at higher pres- 
sures, starts from the Massachusetts volume measure- 
ments. Further, it is general to use the liquid heat 
values, the saturation pressure, and the latent heat, the 
first in the widest range having been determined by the 
Bureau of Standards, the two latter in the Reichsanstalt. 

4. The Basis of Mollier’s Steam Tables (1925).—Pro- 
ceeding now to the fundamentals of the various recent 
steam tables, I should like to begin with Mollier’s of 
1925. Mollier started from the following form, com- 
mended by Professor Callendar : 





RT c 
The simple adiabatic equation holds good if 
P ‘ 
ee ———_. : 
RT cy [= eke ) (46) 
\ KL, 
and 
cp = — (47) 
are true; from which follows 
a. (48) 


Cp = po + ¥( <—- 
\ t k—1/ 
® and WV being function symbols. 
From the Munich measurements of cy, Mollier 





derives ; 
P me 
Cp = Cp + 2, = + b; ia (49) 
Ts fn 
and, from; this, 
RT 1 p2 
ed a> ae eee (50) 
a,T3 i 


These equations sufficiently reproduce the region 
To proceed further, with 
Dieterici’s values of liquid heat, and the Reichsan- 
stalt’s saturation pressures, Mollier uses the empirical 
equations 

Pp Pps 


Cp = Cpp + 4 —z + O35; - (51) 
T3 
with 
cpy = 0°47, 
and 
RT 1 p2 
v= J P — a, e re = by a (52) 


These new equations are not quite consistent with 


| Callendar’s theory, retaining, however, the form of 


Callendar’s equations. Mollier used them up to the 


| critical region, excluding a small field near the satura- 
| tion limit. As far as I know, Professor Mollier is now 


occupied with a new edition of his tables, taking into 


| consideration the recent experimental work. 


5. The Basis of the Munich Steam Tables of 1931.— 
Since Mollier based his newer tables generally on 
the Munich values of specific heat, and started from 


| an equation for cp, his equation of state is very similar 
| to that of the Munich tables, as Professor Knoblauch 


wishes to call the proposed new edition of the tables of 
Knoblauch, Raisch and Hausen. Dr. Hausen, who drew 


| up the equations for this new edition, has been kind 


enough to send me for these lectures his still unpub- 
lished calculations.* He starts from an empirical 
equation for cy — Cp, reproducing perfectly the 
Munich cy measurements up to 120 atmospheres 
(according to the paper of Knoblauch and Koch). 


This equation 
f P \m, (TR\”, : P \m, (Te\"2 
co — en = Cr( 55)" Cr)" + ea (ag) CF) 
(53) 


. P \ms ; Tr\"s 
+ 3 (p,)" (2) 


in which P, and Ty signify the critical values, has the 
same form, but one term more than Mollier’s. The 
constants of the equation are :— 

C, = 05311 m, = 1 ny = 35 PE = 22505. 104 kg. /m?. 
- 18 

= 60 Tr = 647°2° C. abs. 
Comparing this with Mollier’s equation, the third term 
with the high exponents m, = 12 and n, = 60 is 


3 Ng 
9 
= 12 ng 


| especially interesting. 


the well-known thermodynamical 


C7 v Cep 

nh a oo PO ) 

0 7) P (2 T 
one obtains, by once differentiating equation (53) with 
respect to p, and then twice integrating it with respect 


RT Tk f P \m,-1 al 
J a . : 
Pr Re [¢ Px) ( T 


c" (~)"" (? ike Le” (J (3) ] 
eee +f, (P)+ Tfe (P) : . (55) 


- Since published in September issue 193] of Forschung 
auf. d. Gebiete d. Ingenieurwesens, page 319. 


According to 
equation 


(54) 


|to T 








| 
| 





The equations for i and s, also resulting from (53), and 
containing the same functions f, and f,, will not be 
treated in detail. 

The functions f, and f, were determined by means 
of experimental values of v and ?, especially from those 
for the saturation limit, but also from some for super- 
heated steam, namely, the Reichsanstalt values of r, 
the Bureau of Standards values of 7’, and the Massachu- 
setts Institute values of v. 

So Hausen obtained 


f, (P) = 0°01148 ( 





Pe \? a 
Pe + 3) (56) 
and 

0°0652 
070001 P + 1 
Pe \* = 
P 5) . « (57) 

E+ 

At zero pressure these functions, remaining finite, are 
negligible:compared with the first term of equation (55), 
which becomes infinite at zero pressure; so equation 
(55) passes over, with infinitely decreasing pressure, to 
the law of ideal gases. The equations (53) and (55), 
though only based on experimental values up to 120 
atmospheres, still give correct values above 200 atmos- 
pheres, as is to be seen from Koch’s experiments, 
about to be published. Only near saturation are the 
Cy values beyond 135 atmospheres too high, and 
the v and i values too small. Therefore, in this 
region Hausen used the Reichsanstalt values of latent 
heat and saturation pressure, and the volumes observed 
by the Massachusetts Institute. The Munich tables 
on this point refer to the American experiments. We 
shall at once see the corresponding procedure in the 
American taoles. 

6. The Basis of Keenan’s Steam Tables of 1930.— 
Keenan, following on a suggestion of H. N. Davis, 
combined the Harvard measurements of the Thomson- 
Joule effect with the Munich measurements of the specific 
heat ina remarkable way. He starts from the equation 


(O4% 0% - 
(53), : (53), =Cp:tp .  . (58) 
which is given immediately by the definition of cy and i. 
Now, taking the ratio on the left from the American 
observations by Davis and Kleinschmidt and the values 
of cy from the experiments of Knoblauch and his 
collaborators, Keenan, from equation (58), calculates for 
each observed value of cy a value of cy). The latter 
values, plotted as a function of the temperature, lie in 
a rising band, the breadth of which, at 150 deg. C., 
amounts to +5 per cent. of cp), but only + 2 per cent. 
in the region between 225 to 375 deg. C., which is a 
small amount when one takes into consideration the 


104. f, (P) = 0°0233 — 





— 0°1520 ( 


facts that ae cannot be very exact, and that, by 


this procedure, cy, is obtained from cp values for 
different pressures from }$ to 30 atmospheres. A 
systematic influence of the pressure is not to be 
observed. The mean curve of cy), determined by this 
band, Davis and Keenan consider as the most con- 
sistent result of the American measurement of the 
Thomson-Joule effect and the German ¢y observations. 
From the Thomson-Joule values, and the mean values 
of cpp, they now calculate conversely cy for the different 
temperatures, and finally obtain the i values, on a 
system which is based on a combination of American 
and German experimental work. 

From these rectified values of i, Keenan starts 
calculating his steam tables. For this purpose, he uses 
the thermodynamical formula 


pr re 
( T) =-JE(S 
oT /p 
from which, by integration with respect to T, follows 
‘eee p (0% 1 . (60) 
ar Tf ti (Sp)e4T $@) = 


He determines the function ¢ from the isothermal for 
350 deg. C., this being given by the gas constant (point 
for zero pressure), the Massachusetts measurements 
beyond 100 atmospheres, and the Harvard measure- 
ments below 40 atmospheres. Vice versa, for higher 
pressures, he obtains i from the Massachusetts v values, 
by integrating equation (59) with respect to Pp, 
namely :— 


2 /[oPv 
F * ; \* ' r ) dp+(T) . (61) 
- Dp 


What constant-pressur’ line is used as basis for the 
calculation of ~, is not seen from Keenan’s paper ; it 
is probably the curve for 1 atmosphere. Still, adding the 
Bureau of Standards values of liquid heat up to 56 
atmospheres, he obtains steam tables based, with the 
exception of the German cp values, only on American 
experiments. ae 
7. Further Thermodynamical Calculations of Specific 
Volumes.—Having dealt with the fundamentals of the 
British, German, and American steam tables, I should 
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— 


now like to pass on to the thermodynamical checking 
of values, first treating the determination of volumes 
from heat contents, and afterwards the converse. To 
begin with, I may refer to the values of latent heat r, 
directly observed in the Bureau of Standards and in the 
Reichsanstalt, the differences up to 270 deg. C. never 
being as much as 0-2 per cent. (See Table VIII.) 
Table [X contains, in the third column, values rj 
of the latent heat, observed directly by Fritz and myself, 
up to 310 deg. C. (101 kg. per square centimetre, 
1,400 lb. per square inch), and in the fourth column 
values 7x,’ which we calculated by subtracting the liquid 
heat, observed by Osborne and co-workers, from the 
total heat of dry steam according to Keenan’s tables. 
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The agreement (within 0-1 per cent.) is excellent. 
Column 5 contains values of the specific volume vy, 
calculated from our latent heat values by means of the 
Clausius-Clapeyron formula. These values are to be 
compared with those v’x in the sixth column, calcu- 


TaBLE VIII.—Latent Heat of Water. 
r(P T R) Measurements of the Reichanstalt. 
r(BS) Measurements of Bureau of Standards. 





int. Keal. | 





| int. Keal. 
Jeg. ——— canmeespesunannnate 
Deg. C. (PTR) Fe | r(B8) “Fe 
| 
100 | 539-0 | 539-2 
130 | 518-9 519-3 
150 | 504-4 505-0 
170 | 488-7 489-4 
200 | 462-6 463-5 
220 | 443-0 | 443-8 
250 409-2 409-85 
383-1 


270 | 382-7 | 
lated by Keenan, partly from the Thomson-Joule effect 
values and partly extrapolated from the volume mea- 
surements of Keyes and Smith. Up to 240 deg. C. 
they are nearly identical. Beyond this temperature 
our values are higher (by 1 per cent. at 310 deg. C.). 

Fig. 23 shows values of the volume of superheated 
‘team. In this, isothermals for 310 and 400 deg. C. 
are recorded, according to Callendar, to Keenan, and 
tothe Mollier Tables. At 100 kg. per square centimetre, 





2 per cent. 
8. Thermodynamical Determination of Heat Con- 
tents.—We now come to the thermodynamical determi- 


liquid heat of saturated water. In Fig. 24, the earlier 
values of Barnes, Callendar and Dieterici are com- 
pared, the ordinates representing. mean _ specific 
heats. Dieterici’s values (the heavy dots in the figure) 


are obtained by adding pe to his original values, 


u’ signifying the inner energy of the liquid. The 
full curve shows the liquid heat according to the 
recent measurements of Osborne and his collaborators. 
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| The upper dotted prolongation of the curve is based 
| on values which we have calculated by subtracting 
| the values of latent heat r, observed by ourselves, from 
| the total heat i’’, according to Keenan’s tables. It 
| will be seen that our curve fits closely to that of the 
| American, and extends to 270 deg. C. For comparison, 
the values given by Callendar’s theoretical equation are 
also recorded, by a dot-and-dash line. This curve, in 


TaBLeE 1X.—Latent Heat r and Specific Volume v’’. 
rs observed by Jakob and Fritz. 


rx calculated by Jakob and Fritz from 7’ 
Keenan, and from 7 according to 
Stimson and Fiock. 

v’’; calculated from #j. 


, 


according to 
Osborne, 


{dT : 
vx calculated by Keenan for (Tp), secording to 
v 


Davis and Kleinschmidt, and from v’ 
to Keyes and Smith. 


, 


according 














t Kg. int. Keal.  int.Keal.. |, Kg. ww Kg. 
deg.C.| Pome "Kg. |“ Kg. | ° °ms K mn 
180 | 10-23 480-3 480-8 | 0-1936 | 01936 
200 | 15-85 462-6 463-0  0°1270 ~—-0-1270 
220 | 23-65 443-0 443-4 | 0-0860 — 0-0860 
240 | 34-13 421-2 421-3 0-0597 | :0-0596 
260 | 47:85 396-4 396-1 | 0-042108 | 0-04196 
280 | 65-40 367-9 367-4  0-03014 | 0-02988 
300 87-61 3384-6 335-0 | 0-02153 | 0-02138 
310 100-65 315-6 _ 0-01830 0-01810 





| the whole region of our experiments (up to 310 deg.C.), 
| agrees remarkably well with our values. At 310 deg. 
| C. (which lies beyond the length of our curve) the 
| values are given at the lower left-hand corner of the 
diagram. Even here, the difference between Callen- 
dar’s and our points amounts only to 0-3 per cent. 

In the liquid field—beyond the lower limiting curve 
—TI have, in the first lecture, referred to the recent 
measurements of the specific volume, published by 


the order of magnitude of the differences is about | February last. 


From their observed values, one can 
calculate the total heat 7, and, from this, the differ- 
ential Thomson-Joule effect «, the specific heat <cy, 
and the entropy s of water, by means of the thermo- 
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From these equations, Trautz and Steyer calculated 
i, « and cy, and Keenan (using the test points of 
Keyes and Smith) i and s. Fig. 25 shows an i, p-dia- 
gram, in which are recorded Keenan’s isothermals for 
water (extrapolated to 400 kg. per square centimetre). 
These indicate that the total heat of water below 
260 deg. C. increases with the pressure, and beyond 
260 deg. C. decreases. According to equation (63), 
this signifies that 260 deg. C. is the inversion tempe- 
rature, at which the Thomson-Joule effect passes zero. 


nation of heat contents, and again may begin with the | dynamical formule 
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TABLE X. 
Latent Heat r iat. Joules 
Gram. 
| a —_—_—_—___ 
6 deg. C | | According to 
Observed by ee oes 
Jakob and Fritz. ne, 
Stimson and 
Fiock.* 
See TE a aR De 6 
270 } 1601-8 1604-0 
280 | 1540-0 1540-5 
290 | 1473°4 1472-0 
300 1400-8 | 1396-8 
310 1821-2 | 1313-4 








* r = 0-00258 (374 — 6)? — 56-8868 (374 — 6) 
+ 249-9 (374 — e)t — 113 (874 — 6)* 


On the other hand, according to Trautz and Steyer, 
the inversion temperatures are 245 deg. C. at 50 kg. 
per square centimetre, and about 268 deg. C. at 300 kg. 
per square centimetre, and change by a linear law 
within these limits. The agreement between these 
American and German results of observation is very 
good. 

The change of the specific heat of water will be dealt 
with in a later diagram, in connection with the values 
for superheated steam. Before referring to this, we 
have still to deal with the calculation of the latent 
heat. I have already referred to the excellent agree- 
ment between the direct measurements of the Bureau 
of Standards and the Reichsanstalt (Table VIII). 
An interpolation formula, given in Table X, derived 
by Osborne, Stimson and Fiock from their tests, 
gives, at 310 deg. C., values which are 0-6 per cent. 
too small compared with our direct measurements. 
On the contrary, our test points agree very well with 
the values we calculated from Keenan’s 7” and Osborne’s 
i’, as has already been pointed out. Very illuminating 
is a manner of demonstration, due to Keenan, shown 
in Fig. 26, in which one starts from a chord in the 
r-curve (in a 1, t-diagram), and records the difference 
between r and this chord. In the figure, in which 
beyond 100 deg. C. only test points of the Reichsanstalt 
are recorded, the excellent agreement of Keenan’s 
with our values will be seen. It should be observed 
that in this region a difference of 1 per cent. would 
amount to almost the height of one square. 


TABLE XI.—Proportion of Mean Molecular Heat between 
110 deg. and t. 


A = Difference between observed values (Holborn, 
Austin, Henning) and theoretical values (Henning 











and Justi). 
a> Uae ete +s ome 4 — 
Cp 420 | | Cong | 
t Cp air la per cent. | t Cp No \4 per cent. 
) : ae 
270 1-926 | + 0-7 | | 
440 1-980 | 41-5 | 
620 1-988 | + 0-4 | | 
820 1-954 {| + 2-3 | | 
826 | 1-927 —1-2 
| 1181 | 1-970 ae 
| 1320 1-988 + 0-9 





Coming now to the energy of superheat, I should 
like once more to mention the older calorimetric 
measurements of Holborn, in co-operation with Austin, 
and later with Henning, in the Reichsanstalt. These 
experiments on gases at atmospheric pressure embrace 
the region until beyond 1,300 deg. C. and, though rather 
primitive regarding their calorimetry and thermo- 
metry, agree quite well with the newest results of the 





Trautz and Steyer and by Keyes and Smith, both in 


quantum theory, as shown in Table XI. 
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As I mentioned in the first lecture, Henning and 
Justi more recently recalculated these measurements 
and, since the absolute values seemed to them not to be 
free from objection, they gave only relative values, 
i.e., the relation of the specific heat of steam to that of 
air or nitrogen. From Table XI it will be seen that the 
greatest deviations from the values calculated accord- 
ing to the quantum theory generally amount to about 
} per cent. to 14 per cent. Only at 820 deg. C. is there 
a discrepancy of 2-3 per cent. But here the theoretical 
value lies between the experimental values obtained 
relatively to air and relatively to nitrogen, and, since 
the absolute values of the specific heat of diatomic 
gases, as we formerly demonstrated, -are to be con- 
sidered as very exact, the value of the specific heat of 
steam obtained theoretically at atmospheric pressure, 
up to 1,300 deg. C., seems to be exact to within 1 per 
cent. Fig. 27 shows the theoretical curve with a large 
ordinate scale, and for comparison some other interest- 
ing lines are included, namely :— 

(1) the curve according to my own measurements 
in co-operation with Knoblauch in 1906, which, as you 
see, was exact at least within 2 per cent. ; 

(2) the curve calculated by Davis and Keenan from 
the Harvard and the Munich measurements, which 
to-day may be considered as the best existing. The 
agreement with the theoretical curve is excellent. 

(3) the horizontal line for cy, = 0-477 according 
to Callendar, which he wished to be accepted as a stan- 
dard. Actually this line deviates up to about 5 per cent. 
from the most probable curve, which was the reason 
why Mollier, in his tables of 1925, employed cp, = 0-47 
as a bette r average value. 

I may remind you that, when dealing with the spec- 
troscopic measurements, in addition to the triangular 
model of the steam molecule with the characteristic 
temperatures 2,280 deg. C. absolute and 5,370 deg. 
C. absolute, according to Wohl and v. Elbe (forming the 
basis of the theoretical curve in Fig. 27), I men- 
tioned also the straight-line model, according to Kohl- 
rausch and Dadieu, from which the vibration with 
the characteristic temperature @ = 2,280 deg. C. abso- 
lute, should be thermally inactive. The equation in 
question gives a curve lying much too low, namely, 
below our axis. If this model be right, then, according 
to Justi’s suggestion, the diminution of polymerisation 
should correspond to the difference between this curve 
and that calculated by Davis and Keenan. If, for 
instance, at a certain temperature the whole of the steam 
consisted of double molecules, the dissociation of each 
mol (gram-molecule) of the steam into single molecules, 
according to Nernst’s calculation, would require 
2,500 calories (gram-calories). Unfortunately, in the 
present state of science, an exact calculation is not 
possible, because we do not know which complexes 
of molecules exist, and which quantities of these will 
be dissociated into simpler complexes. Not being a 
theorist in spectroscopy, I can only give my opinion 
upon this matter, namely, that it would be a remarkable 
coincidence if, over the whole range of temperature, the 
dissociation heat had exactly such an amount as to give 
the Davis-Keenan curve, if added to the Kohlrausch- 
Dadieu curve, all the more so as Wohl and v. Elbe’s 
curve also agrees very well with that of Davis-Keenan. 
It is difficult to imagine that the course of Wohl and 
v. Elbe’s curve should be only accidental, as Justi 
suggests. 

Callendar’s theory, however, is not compatible with 
this suggestion, because, according to this theory, at 
zero pressure complex molecules would not exist. On 
the other hand, the curve of Wohl and v. Elbe contra- 
dicts Callendar’s suggestion of a constant value cy). 
I think that, on this point, we should have to begin 
with the revision of Callendar’s theory, namely, intro- 
ducing, instead of his constant value c,,, a variation of 
Coo» according to the actual change of Cp) With the 
temperature. 

For high pressures, Keenan has calculated the energy 
of superheat from his steam tables. As I have already 
stated, these tables are based on the Munich specific- 
heat experiments up to 30 atmospheres, but do not 
depend on these experiments beyond that pressure. 
The curves in Fig 28 represent the lines of constant 
pressure, calculated by Keenan, the plotted points being 
Knoblauch and Koch’s test points up to 120 atmos- 
pheres. Regarding the general character of this curve 
system—rise with the pressure, decrease, and then in- 
crease with rising temperature—nothing need be said. 
At the time when Knoblauch and I first found this 
variability for steam, a similar variability for other 
gases had also been observed, as we suggested in 
1906. Keenan’s curves and the Munich points agree 
remarkably one with another. Only at high tempera- 
tures and pressures Keenan’s curves have some humps, 
deviating from the Munich points, which cannot be 
real. For instance, the 120 kg. per square centimetre- 
curve at 430 deg. C. passes much too high above the 
point of Knoblauch and Koch. In this respect, 
Keenan’s steam table needs some correction. 





The newest and still unpublished Munich c,-values* 
for 120 kg., 160 kg., and 200 kg. per square centimetre, 
for which I am indebted to Dr. Koch, are recorded in 
Fig. 29. The highest values observed by him amount 
to four times the specific heat of water under ordi- 
nary conditions. A further diagram (Fig. 30) shows 
the increase of the total heat at the constant pres- 
sure of 240 kg. per square centimetre observed by 
Koch using a step by step method. He _ began 
his measurements at the arbitrary temperature of 
376-2 deg. C. and determined the increase Ai, of the 
total heat i, under constant pressure, above this 
point. Dr. Koch claims to have freed his water from 
air by a special arrangement, so that his curve can 
be compared with that of Professor Callendar for pure 
steam. In Fig. 30 Callendar’s curve is also given. One 
sees that Koch’s observations do not agree with 
Callendar’s, but that they confirm the objection of Davis 
and Keenan, mentioned in the second lecture, to Cal- 
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lendar’s theory of the critical region. In Fig. 30, 
I also show the cp-curve for 240 kg. per square centi- 
metre, calculated by Koch from his Ai-curve. It will 


be seen that the specific heat rises with the temperature | 


on the left, but decreases on the right, the maximum 
being about 36 times the specific heat of water under 
ordinary conditions. Trautz and Steyer, for 250 


and 300 kg. per square centimetre, also found such | 


maxima, although at much lower values and probably 
less exactly, and generally established an increase of 
Cp on the liquid side (at the left) and a decrease on the 
superheated steam side (at the right). An exactly similar 
behaviour is known, for liquid and gaseous air, from 
the Thomson-Joule effect measurements of Hausen, 
and has been observed also in other substances. To 
have the corresponding diagram for water and steam 
is a remarkable enlargement of our knowledge of the 
properties of steam. 


Now finally, we have briefly to deal with the sum of | 
Fig. 31 gives | 


liquid heat, latent heat and superheat. 
a comparison of the total heat of superheated steam 
according to Callendar and Keenan, the recorded 
points referring to Knoblauch, Mollier and others. 





* The investigation will be dealt with in the January, 
1932, number of Forschung auf. d, Gebiete d. Ingenieur- 
wesens. 


In the range of higher superheat, the agreement 
between the American and British values is quite good, 
In the saturation region, on the contrary, Callendar 
has higher values. I have, therefore, included points 
calculated from our own values of the latent heat, 
and Osborne’s values of the liquid heat. A perfect 
agreement with Keenan’s saturation line will at once 
be recognised, whereas Callendar’s curve passes hizher, 

At the International Steam Tables Conference jn 
1929, Professor Callendar remarked, concerning this 
discrepancy, that the immediate determination of the 
latent heat afforded too low values, and that of the 
specific heat near saturation too high values, owing to 
the small quantity of wetness always existing in the 
steam. By this, he implied that too little energy would 
be necessary for evaporating, whereas too much would 
be needed for superheating. I objected that, in this 
case, in our experiments, one would certainly have 
observed an influence of the velocity of evaporating 
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(varied as 1: 6) and that Davis and Keenan’s calcula- 
|tions of cp), for the same temperature, should have 
| given higher values if based on the Munich high-pres- 
| sure values of Cp, and lower values if based on low-pres- 
| sure values, the former lying nearer to saturation than 
the latter. The Harvard values of the Thomson-Joule 
| effect, also used in the same calculation, are not affected 
by Callendar’s objection, because in these experiments 
the steam was several times superheated and cooled, 
so that every trace of humidity would have vanished. 
Therefore, near and at saturation, I prefer Keenans 
values, which agree quite well with our direct measure- 
ments and to Callendar’s in the same range. 
We shall return to this point at the end of this 
| lecture when dealing with the international co-opera- 
| tion in the steam tables work and giving a comparison 
| of different steam tables. 
(To be continued). 





BRITISH PRODUCTION OF Pic-IRON AND STEEL.—For 
some considerable time past it has been our regrettable 
duty to draw the attention of our readers to the depress- 
ing fact that the number of blast-furnaces in operation 
in the United Kingdom was dwindling month by month, 
It is with some gratification, therefore, that we place 
on record the fact that the number of furnaces I 
| operation at the end of October had risen to 66, four 
furnaces having been blown in during the month. and, 
what is more important, none having been damped 
down or blown out. According to the monthly memo 
randum of the National Federation of Iron and Steel 
Manufacturers, Caxton House, Tothill-street, London, 
S.W.1, the production of pig-iron during October 
amounted to 284,200 tons, compared with 248,200 — 
in September, and 415,000 tons in October, 1930. bie 
October output of steel ingots and castings totale 
| 457,400 tons, against 400,500 tons in September, anc 
| §12,500 tons in October, 1930. 
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THE IGNITION QUALITY OF FUELS | not used for this part of the work as erratic diagrams 
IN COMPRESSION-IGNITION | “°% expected from the engine. 


ENGINES. 


By G. D. Borruace, M.E., and J. J. Brorze, M.E. 


(Continued from page 606). 
THE DETERMINATION OF IGNITION QUALITY. 


Indicating.—At the same time as the aural obser- | 
vations, which were liable to be affected by subjective | 


errors and external noises, indicator diagrams were 
obtained and analysed during the tests. As a rule, 
indicator diagrams were taken out-of-phase in order 


to obtain a good time picture of pressures during | 
An ordinary small Maihak oil engine in- | 
dicator was generally used, with which quite clear | 


ignition. 


diagrams were secured as shown in Fig. 6. These 


were marred only by vibrations, after the sharp | 


Figs. 7 and 8 show the optical indicator as fitted 
to the Thomassen engine. The pressure-recording 
| element has been reduced to a mechanical minimum, 
| viz. a membrane disc of high tensile steel, the 

angular deflection of which is directly recorded by a 


DIAGRAMS OBTAINED WITH MAIHAK INDICATOR. 














Fie. 7. 


pressure rise occurring with late ignition, as the oscil- 
lation frequency of the indicator mechanism itself was 
too low to follow the sudden pressure variations 
which occur with knocking. Knocking diagrams 
obtained with this indicator show the well-known 
waves in the expansion line, due to oscillations of 
the indicator mechanism ; these waves, increasing 
very regularly when throttling, prove the extremely 
regular character of the knock. The amount of 
inertia effect of the indicator being dependent on 
the course of the actual pressure rise, it was thought 
that analysis of the steepness of the indicated 
pressure rise curve would be useful, and as a matter 





; Mirror (prism), a, 





of fact results were obtained from the diagrams 


which showed most remarkable conformity with the | 


audible knock rating. Pending the development of | 
a more rapidly acting indicator, which would give | 
accurate reproductions of the pressure curve, the | 
work was carried out at the beginning with this | 
relatively slow Maihak indicator, and the con- 
clusion has since been reached that, for this particu- 
lar kind of work, this gives results which are quite 
sufficiently accurate, whilst, moreover, it has the 
advantage of extreme simplicity and great ease of 
Operation. As it was considered highly desirable 
to obtain separate diagrams as clear and accurate as 
possible, in order to be able to check the Maihak 
diagrams, a new optical indicator was designed 
on lines conceived by Dr. W. J. D. van Dyck. It 





must be remarked here that the well-known Farn- | plate holder, and indicator movement are mounted | _ 
boro indicator, giving accurate readings, but need-| in such a way as to be quite free from the cylinder 


Ing 100 revolutions at least for one diagram, was | 





Fig.8. 


Cord 
Segment 
Torsion Spring 
(295 0.c.) g 


attached to it. The 
base of the diagram 
has been taken 
identical with that 
of the Maihak indi- 
cator diagram, so aS to enable direct comparisons 
to be made. The reciprocating movement has 
therefore been obtained by actuating a second 
mirror ld, from the same eccentric and roller 
movement as provided for the Maihak indicator. 
The eccentricity of 37-5 mm., however, resulted in 
too large an angular movement of any segment to 
which the motion could be transmitted, and a very 
big reduction was necessary. This was arranged for 
very successfully by placing the second, or recipro- 
cating, mirror on a platform, supported by spring 
leaves, which allowed it to respond to torsional 
movement only, while holding it rigid to other move- 
ments, especially those. of a vibrational character. 
The operating segment mounted on a shaft, co-axial 
with the mirror platform springs, is coupled to the 
eccentric movement by a cord held taut by an auxili- 
ary spring, and this shaft operates the mirror plat- 
form by means of a central torsion spring, consisting 
of a single straight piece of round spring steel with 
suitable ends. By choosing a suitable diameter for 
this spring, the angular movement of the segment can 
be transmitted with any desired reduction. The lamp, 


OPTICAL INDICATOR 


of the beam of light from a small 25-candle power 
lamp through a, 6, c, d, ensures freedom from move- 
ments of the cylinder head. The diagram scale is 
checked by admitting compressed air to the engine 
andcomparing optical and direct pressure indications. 

The Throttle Diagram. The Delay Curve and 
Knock.—Fig. 9 shows a typical series of diagrams 
obtained on normal 9 cm. by 12 cm. filmpacks, and. 
which are practically free from error. Defining 
ignition delay as the time measured between the 
beginning of the opening of the fuel valve and the 
beginning of rapid pressure rise (effective ignition), 
the delay curve, as it was proposed to call the 
line connecting the various points marking the 
beginning of rapid pressure rise, may be easily 
drawn in. The beginning of injection is of course 
constant. <A difficulty in the measurement of 
ignition lag occurred in the indicating of the fuel 
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valve movement, which had to be recorded at first 
on a separate drum and which, owing to its violence, 
caused every kind of indicator to fail after a short 
time. Finally success was attained in developing 
a more reliable mechanical indicator for this valve, 
fitted in such a way that it records on the same drum 
as the pressure indicator. 

A smooth diagram is obtained with small injec- 
tion delay, while with increasing delay, the rapid 
burning of the fuel already introduced is very 
soon indicated in the form of an explosion curve 
which corresponds with an audible knock. This 
explosion curve is followed by a combustion curve 
of very much the same shape as the corresponding 
part in the “smooth” diagram. Following 
Ricardo’s nomenclature,* the end of the delay 
period (phase 1), uncontrolled combustion (phase 
2), and the controlled combustion (phase 3) are 
clearly distinguished in the diagram. With in- 
creasing delay, the explosion increases at the cost 
of controlled combustion. 

It will be seen that during phase 2, combustion 
begins rather gradually, but ends more and more 


* Ricardo, The High-Speed Internal-Combustion Engine, 





head, thus obviating vibrations. Double reflection 


1931, 2nd edition. 
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abruptly, which proves that Ricardo’s statement, 
that practically all of the fuel injected before and 
during phase 2 burns up at once, is true for this | 
type of engine. It was found that it is mainly the | 
engine factors which govern the shape of phases 
2 and 3, whilst the fuel characteristics principally 
influence only the duration of phase 1. With 
very long delays, however, the diagrams begin to 
spread and flatten out ; this phenomenon is caused | 
by the internal conditions of the engine during such | 
delay more than by the fuel causing that delay ; 
the flattening out of the combustion line occurs | 
with all types of fuels once a delay period of approxi- 
mately the same length has been exceeded. The 
requirements for good combustion may be quite 
different from those for good ignition. 

Apparently there are two kinds of engine condi- | 
tions. The first, where a difference in delay period | 
between two fuels means only a difference in knock, 
whilst both fuels are able to give rapid and complete 
combustion ; the second, where a difference in delay 
period causes a decisive difference in combustion 
speed, and where too late ignition results in incom- 
plete combustion and misfiring. When it is seen, 
in practice, therefore, that an otherwise normal fuel 
gives slow combustion in an engine, this is in all 
probability due to the ignition characteristics of 
the engine, rather than to the combustion charac- 
teristics. The shape of the explosion curves leads 
to the suggestion that, in many cases, the end of 
phase 2 is the main origin of the Diesel knock, as 
sound is produced by vibrating elastic matter, and 
the conditions for producing vibrations are often 
most favourable at this stage. Every part of an 
engine may be considered as an indicator, capable 
of registering pressure variations by deflections. 
Supposing these deflections to be analysed into 
periodic functions, and compared with the frequen- 
cies of the engine parts themselves depending on 
mass and rigidity, the intensity of the vibrations 
could be expressed in figures. The sudden ending 
of phase 2, especially, would cause a high value 
in the analysis for high frequencies, and thus this 
part of the process may add most to the sound of 
the knock. 

ixperience has shown that the Diesel knock, 
though sometimes quite as disagreeable to the ear 
as a severe petrol knock, is much less harmful to 
the engine, as it is not accompanied by excessive 
combustion temperatures, like the latter. Only in 
cases where the knock is accompanied by high 
pressures, due to bad adjustment in many high- 
speed engines, may there be any ill effect ; yet such 
ill effect is due more to the high pressure than to 
the knock. As a rule, knock is quite independent 
of the actual pressures reached. 

Analysis of the Diagrams.—The Maihak diagrams 
were first analysed by plotting rates of pressure rise 
and ignition lag against the corresponding relative 
compression pressure obtained by throttling; the 





| 
| 
| 
| 


| tion is retarded. The rate of pressure rise falls 





normal correct compression pressure was taken as 
unity. The curves of rates of pressure rise for 
various relative compression pressures proved to 
be substantially of the same shape for all fuels. | 
Considering Fig. 10, in comparison with the dia- 
grams themselves, this shape is explained as 
follows :— 

(1) Above a certain relative compression pressure, | 
ignition takes place so readily as to cause no appreci- | 
able explosion, the quantity of fuel injected during 
ignition delay being still extremely small. The | 
diagram shows a combustion line wholly governed 
by fuel pump speed, taking into consideration slight 
corrections between fuels for specific gravity, heat 
value and possible lag in burning of non-volatile 
matter ; the rate of pressure rise curve runs almost 
horizontally, as at 1 corresponding with smooth 
running. 

(2) Starting from « critical relative compres- | 


lower relative compression pressures, asin part 2 
of the curve, corresponding with increased audible 
knocking. 

(3) This knocking increases until ignition is so 
late that the expansion movement of the piston 
begins to take effect, as well as the diffusion of the 
fuel mist into the excess air, so that flame forma- 


off again, as at 3, corresponding with decrease of 
roughness to perfect smoothness; the limit of 
ignition is then soon reached, and the engine misfires. 

At this limit of ignition, the curve drawn through 
the points of the beginning of combustion in the 
indicator diagram, the ‘‘ delay curve,”’ approaches 
the expansion line in a very gradual manner. It is 
realised that, in the neighbourhood of this point of 
contact, ignition delay is rather unstable, varying 
around an average. 

Observations.—The observations made with this 
method were as follows :— 

(1) By throttling, it is possible to make smooth 
fuels run roughly. By supercharging, it is possible 
to make rough fuels run smoothly, as shown in 
Figs. 3 (page 604, ante), and 11, opposite. 





(2) In this respect, all fuels behave on the 
whole in a like manner ; 
cnly pressure conditions 
would have to be ad- 
justed in accordance 
with the nature of the 
fuel in order to obtain 
the same behaviour for 
each of them. 

(3) A curious knock 
paradox is observed 
during throttling, the 
knock increasing with 
diminishing maximum 
pressures and decreasing 
with increasing maxi- 
mum pressures. 

The rule can be for- 
mulated that different 
fuels give different series 
of throttle diagrams, all | 1 
of which series have the 


Fig.10. 


Rate of Pressure Rise 


same character, but are —> [Rnock Frgure 





different in height, the 


of the fuel; for the normal range of fuels the 
influence of volatility, viscosity or surface tension 
is negligible. There are circumstances, such as air 
injection, in which viscosity has an influence on the 
manner of injection and thereby on ignition, but 
this influence can then be eliminated by mechanical 
adjustment. 

(9) The delay curve, or curve drawn through 
the points of the beginning of combustion on a 
series of throttled diagrams, is smooth for all fuels 
and has the nature of approximately : 


P x D = C as determined from Fig. 12, 


where P= relative compression pressure, D = 
ignition delay, and C = a fuel constant. 

A comparison of the delay curves forms the basis 
of the further development of the method of fue] 
testing which will be explained later on. 

(10) The knocking of all fuels begins within 
narrow limits at the same ignition delay. Knocking 
is more a function of delay in a particular engine 
than of fuel properties causing the delay. The 
delay curve showed, therefore, the fuels in the 
same order of merit as the knock figures. 

(11) Large engines and engines with very high 
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pressure, as brought out 
in Fig. 11. 

(4) The critical point, 
where parts 1 and 2 
of the rate of pressure rise curve meet, corresponds | 
with the audibility knock figure and is more 
accurately determined. 

(5) Although, at first, roughness increases with | 
ignition delay, smoothness of running may be| 
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| obtained after abnormally long delay periods. This 


may well be designated as the wrong and unstable 
kind of smoothness, in contrast with the right and | 
stable kind of smoothness obtained at high pres- | 


|sures, because smoothness is obtained in these | 


abnormal -synditions by slow ignition, plus slow | 
burning, iastead of by rapid reaction. In various | 
kinds of ‘gines, for example in the normal hot | 
bulb or . kroyd engine, and more than one high- | 
speed [I ‘sel engine, smoothness is very often | 
obtained a this way, which must of necessity mean | 
extreme sensitiveness to ignition quality of the fuel. | 

(6) Direct audibility knock measurement under 
fixed er ine conditions, does not necessarily put fuels | 
in the correct order of merit. Under certain condi- | 


tions, actually, the fuel that knocks may be at | 


2 . 


least one that burns well; in other words, may be | 


a a 
= 


0 
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compression are far less sensitive to ignition quality 
than others, even to the extent, especially for large 
engines, that the ignition quality is practically of 
no importance, within the range of petroleum 
Diesel fuels. Small high-speed Diesel engines, 
and more particularly certain hot bulb engines, 
may be extremely sensitive to ignition quality, 
often more than the speed and compression pressure 
would imply. 

(12) Some influence of viscosity and leakage was 
observed. Although the “ knock figure ” described, 
which had the appearance of being a fuel constant. 
like the H.U.C.R., had proved very useful in the 
research, it had to be abandoned, because it was 
dependent on both fuel properties and injection 
characteristics. The latter could not be kept 
sufficiently under control, especially with the first 


| system of fuel-injection, which embodied the principle 


of keeping the delivery line under pressure after 
the by-pass valve had cut off the supply in accord- 
ance with the action of the governor. When the 
correct pressure was maintained in the line until the 


sion pressure, identical with the aforementioned | the better one, which is an argument against audi- | following injection, the gradual slope of the fuel 


“knock figure,’ downward, the ignition delay | 


increases more and more rapidly, and consequently, 
the quantity of fuel injected during this period— 


bility knock rating. 
(7) Some influence of volatility on the height of | 
the rate of pressure rise curve was indicated by | 


pump cam resulted in fuel being delivered directly 
the first pressure wave reached the fuel valve, and the 
first part of the fuel was injected gradually but 


and, therefore, liable to uncontrolled combustion— | slower burning with less volatile fuels, though it | sufficiently atomized. Any leakage of fuel, either 


increases also. This uncontrolled combustion is 
much faster than the regulated burning and gives 
an idea of the combustion properties of the engine. 
The total effect of velocity and quantity is an 


was not possible actually to measure these differ- | 
ences. This is, however, a second point against | 
audibility knock rating. 

(8) The delay period is dependent, apart from 


increase in indicated rate of pressure rise towards the | engine characteristics, on the chemical properties 


along the needle valve stem in consequence of 
too low viscosity, or through the by-pass valve, 
caused a pressure drop during the non-delivery 
stroke. The pressure of the first wave was then 
too low, causing either a throttled injection with 
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insufficient atomisation or no injection at all, and 
the quantity injected at the second pressure wave 
at higher velocity had to be drawn on for ignition. 
Knocking then occurred far more readily, so that 
for this method of injection the knock figures were 
correspondingly higher. Diagrams of the needle 
valve movement showing this phenomenon are 
given in Fig. 13. It was felt that under these cir- 
cumstances the knock figures were still affected by 
too many engine characteristics and that the influ- 
ence of the viscosity of the fuel was complicating 
the tests; very thin gas-oil or kerosene was almost 
always injected in the manner last described. 
The phenomenon described above is of common 
occurrence, especially in slow-speed engines; it 


CORRESPONDING SERIES OF DIAGRAMS FOR TWO FUELS 
OF DIFFERENT IGNITION QUALITY. 
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Fig.i. 


Normat Co 


compression is large, including indicating faults in 
injection as well as in ignition. When the throttling 
method is used, indicating the needle valve lift can 
even be omitted if two points of the delay curve 
at sufficiently different pressures are taken and the 
increase in delay from one pressure to the other is 
determined. This is very valuable for the routine 
comparison of fuels, and in fact this is the method 
now used for determining ignition qualities, com- 
paring results with the delays measured for different 
mixtures of definite standard fuels, as has been 
previously explained. Rating is thus expressed in 
terms of difference in delay measured at two given 
pressures. In Fig. 14, a is the rating for fuel 1, } 
for fuel 2. From the general character of the curves 
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has probably accounted for many cases of unexpec- 
ted knocking or bumpiness. There is, of course, 
no definite viscosity limit at which the manner of 
injection changes, this limit depending on construc- 
tion, accuracy of fitting of the injection system, 
and other factors. 

Improvement of the Method.—These injection 
variations were finally overcome by changing over 
to a Bosch pump and injector. The advantages 
obtained were the starting of the delivery pump 
stroke with a positive plunger speed and relieving 
the pressure line after fuel cut-off, both tending 
to make injection as nearly as possible insensitive 
to viscosity. The knock figures obtainable with 
the new arrangement were, moreover, higher than 
previously, owing to the altered ratio of atomisation 
to quantity injected during thedelay. The throttling 
method was found still to have all its advantages, 
a series of diagrams being obtained with a clear 
delay curve. It is not easy to mark off ignition 





lag on a single diagram; the relative error at full 
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EFFECT OF FUEL LEAKAGE (AT b) 
ON INJECTION & DIAGRAM SHAPE. 


Fig.13. 
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MEASURING DELAY IN 
THEORETICAL DELAY CURVE 


J ee. 


Fig 5. 

















for each diagram in the ordinary way by throttling, 
as this is, of course, much quicker. Finer measure- 
ments can also be made with a special cam arrange- 
ment for driving the indicator drum, causing the 
part of the cycle under examination to be spread 
over a greater length on the diagram. The point 
is soon reached, however, at which this spreading- 
out causes the beginning of combustion to be less 
discernible; beyond this point nothing can be 
gained by spreading out the diagram. By tabulat- 
ing the differences in delay between two pressures 
as found for different fuels, a comparison of the 
relative ignition quality of these fuels is obtained, 
which can be checked against those of the standard 
fuels. 
(To be continued.) 








THE QUADRUPLE-SCREW TURBO- 
ELECTRIC LINER ‘‘ MONARCH OF 
BERMUDA.”’ 


Tue design of the quadruple-screw liner Monarch 
of Bermuda, which has recently been built, under 
the supervision of Messrs. William Esplen, Son and 
Swainston, Limited, London, for Messrs. Furness, 
Withy and Company, Limited, by Messrs. Vickers- 
Armstrongs, Limited, at their Naval Yard, Walker- 
on-Tyne, is likely to receive considerable attention, 
both from naval architects and engineers, while 
her performance will be watched with much 
interest as its influence on future developments in 
shipbuilding may not be inconsiderable. The 
Monarch of Bermuda is the first quadruple-screw 
merchant ship to be equipped with turbo-electric 
propulsion and there can be few vessels, in which 
electricity has, in addition, been more generally 
and lavishly used, not only for driving the auxiliaries, 
but for cooking, heating, lighting and other essential 
services. In respect of passenger accommodation, 
she is definitely a luxury vessel, being designed to 
carry 800 first-class passengers in single-berth, 
two-berth, and three-berth staterooms, all of which 
are most luxuriously decorated and furnished and 
provided with their own bathrooms. Comfortable, 


| though less ornate, accommodation is also available 


and can be used to house 30 first or second-class pas- 
sengers, as desired. Much larger spaces than is usual 
have been allocated to the public rooms. For in- 
stance, the dining saloon measures 98 ft. by 76 ft., 
and has a seating capacity for 432 passengers, 
accommodation which is exceeded in size by few 
hotels. The lounge and social hall is 87 ft. long by 
49 ft. wide, in addition to balconies and galleries, 
and is equipped with a stage and cinema room. 
Other features are a library and two writing rooms, 
a smoke room, a covered dancing space and three 
verandah cafés, two swimming baths, and a gym- 
nasium. Special attention has been paid to the 
artificial lighting, the desirable illumination in each 
room being first determined and then consideration 
being directed to whether this should be provided 
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it follows that if absolute pressures p and 39, | 
Fig. 15, are chosen, the rating expressed in difference 
of delay will be practically equal to the delay at 
pressure p itself. At present, 30 and 15 atmospheres 
are used; some of the results to be gi a later are 
based on measurements at other pressu 3. 

At a later stage, when the idea of a #1 testing 
engine for routine work had taken a mo*> definite | 
form, the need arose for determining more *4curately 
extremely small differences in ignition delay. In 
cases where accurate measurements are necessary, it 
was found quite feasible to make these tests at a 
lower engine compression ratio, which icreased | 
delay periods. The variation of the compression 
ratio in these extreme cases was obtained at first 
by means of an additional air space, constant in 
volume, but later on a small adjustable piston was 
designed. The additional air space thus obtained 
may be detrimental to engine performance at full 
load, but it is not so under the test conditions of 
low load. Being placed in the cylinder axis, but 
opposite the power piston, it has the minimum of 
influence on the combustion process. The method 
is to lower the engine compression ratio as far as 
necessary in accordance with the nature of the fuels 
to be compared, and to obtain the pressure variation 





directly, indirectly or semi-indirectly. In most 
cases, concealed lighting is used, about 5,000 fittings 
containing 20,000 lamps being employed for this 
purpose. The dining room is mainly illuminated 
from a central fitting which weighs almost a ton, 


| though, in addition, some 1,500 lamps are used for 


its concealed lighting. In the dance hall, three- 
colour illumination is employed. This is controlled 
by dimmers from the musicians’ platform, so that 
an almost unlimited number of effects can be 
obtained. In both the swimming pools specially 
designed underwater floodlights are used. 

The general appearance of the Monarch of 
Bermuda, which incidentally is the largest vessel 
to be built on the Tyne since the Mauretania, will 
be gathered from the illustration, which we pub- 
lished on page 650 of our issue of November 20. She 
is 576 ft. long on the water line and has a moulded 
breadth of 76 ft. 6 in., the load draught being 
26 ft. 3in. Her approximate gross tonnage is 20,500 
and her estimated speed 20 knots. The vessel has 
four complete steel decks with additional decks in 
the holds at both ends. There are also two almost 
complete decks in the superstructures as well as the 
usual navigating bridge and house. The hull is 
divided into a large number of water-tight compart- 
ments by bulkheads, the openings in which can be 
closed in emergency from the bridge by Stone’s 
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hydro-electrically operated watertight doors. Her 
safety at sea will be further increased by the provi- 


sion of a double bottom and an almost complete | 


double skin up to the water line. 


The requirements of the passenger accommodation | 
imposed a number of problems on the designers | 
and manufacturers of the machinery, since the 


The main propelling machinery; which, like the 
rest of the electric power equipment on the Monarch 
of Bermuda, was supplied by Messrs. the General 
| Electric Company, Limited, Magnet House, Kings- 
way, London, W.C.2, naturally forms the main point 
of interest in the ship. Its general arrangement is 
shown in Figs. 7 to 10, Plate XXXII. It consists of 












latter had to be installed in a more than usually | two 7,500-kw. General Electric—Fraser and Chalmers 
restricted space, while the height of the individual | turbo-alternators running at 3,000 r.p.m., one of 
units had to be kept low. This applied in a less which is illustrated in Fig. 3 on Plate XXXI. The 
degree to the auxiliary plant. That this has been | turbines are of the multi-stage impulse type, and 
satisfactorily and ingeniously accomplished will| are designed to operate with steam at a pressure of 
be gathered from Figs. 1 and 2 below, and Figs. 7 | 350 Ib. per square inch and a temperature of 650 
to 16, Plates XX XII and X XXIII, which show that , deg. F., the vacuum being 28 in. ; though generally 
the main turbo-alternators are arranged between | following this firm’s well-known design they are 
two boiler rooms, while aft of the second boiler, more than usually compact owing to the low head 
room, the auxiliary generator room, is arranged on | room. By using a broad exhaust casing, moreover, 
either side of one of the swimming baths, the four it has been possible to take full advantage of the 
main propulsion motors, are further aft followed vacuum and to provide adequate attachment for 
by oil fuel tanks. The cubicles containing the con- the condenser, which is bolted to the exhaust flange 
trol equipment and high-tension and direct-current | and mounted on springs. Each of the eight impulse 
operating gear for the propulsion machinery are in| wheels in the turbine is fitted with stainless-steel 
the turbine room at platform level, between the two | blades, which were machined, from the solid bar and 
generators as shown in Figs.7 and 9, Plate XXXII. are individually riveted to the wheel rims, while the 
The underlying principle of the arrangement has guide vanes are of stainless iron. Each wheel was 
been to keep the machinery as low as possible in balanced and tested at normal speed and at 30 per 



























way of the passenger decks. 


Fig.1 


(3020S) 


t> The steam-raising plant consists of eight Babcock 
and Wilcox marine type boilers, with superheaters 
and tubular air pre-heaters, which have been 
designed to work under the closed stokehold 
system of forced draught. These boilers were built 
under licence at the Barrow-in-Furness works of 
Messrs. Vickers-Armstrongs, Limited, and have 
a total generating surface of 42,260 sq. ft., with a 
total superheater surface of 17,840 sq. ft. and an 
air heater surface of 21,120 sq. ft., steam being 
supplied at a pressure of 400 lb. per square inch 
and a temperature of 650 deg. F. The boilers are 





fired with oil fuel on the Todd system and each 


group of four exhausts into its own funnel, the | 
third funnel being a dummy, with an observation | 


|the alternator. 


cent. over-speed. The wheels were pressed on the 


SWIMMING 


BATH 


shaft hydraulically, each unit being mounted on a 
separate seat and driving on to a separate key. 
The rotor is designed to have its critical speed well 
above the maximum running speed, and its shaft 
is located by Michell bearings of the well-known 
type, which take up the thrusts due to the steam 
pressure and the pitching of the ship. The journal 
bearings are mounted on steel pads, which permit 
the shaft line to be adjusted, while their ends are 
provided with safety strips to catch the rotor before 
the packing fins can touch, should the white-metal 
liners run out. The same arrangement is used on 
The glands consist of a forged-steel 
box on the casing, which contains a number of fine 


governor of the eccentric-ring, spring-loaded type, 
which is operated directly from the shaft, and a 
spring-loaded diaphragm, which is held down by 
the vacuum, so that steam cannot be admitted to 
the turbine, until the condensing plant has been 
started. The details of this equipment will be 
given later when we come to describe the methods 
by which the vessel is manceuvred. The governor 
relays are supplied with oil at a pressure of 
60 lb. per square inch from a gear pump, which 
is driven by the same worm as that which ope- 
rates the pump feeding the control gear. This 
pump also supplies oil for lubricating purposes, the 
pressure being reduced to 15 lb. per square inch in 
a control-valve box before it is transmitted to the 
bearings through a cooler. Aspinal control gear is 
connected to the lubricating system for operating 
the bulkhead self-closing valves on the main steam 
pipes and to prevent them from being opened, until 
the lubricating-oil pressure has been established. 
This gear can be tripped by hand either in the engine- 
room or from the deck. As at low turbine speeds 
the full oil pressure cannot be obtained from the 
main pump, a motor-driven rotary pump is brought 
into operation automatically by means of a pressure 
relay, when the speed falls below a certain figure. 








fins. 


A steam-driven centrifugal pump with a double- 
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pressure relay is also provided which starts automati- 
cally if both the other pumps fail to generate 
sufficient pressure. 

The condensers are of the Weir regenerative 
twin-type and were built by Messrs. Vickers- 
Armstrongs at Barrow-in-Furness. Each half is 
bolted to a common exhaust orifice in the turbine 
casing, the two halves working in parallel. They 
are provided with large steam lanes between the 
tube banks, so as to give a high vacuum with no 
under-cooling of the condensate. The total cooling 
surface of the condensers is 20,000 sq. ft., thus 
enabling a vacuum of 28-25 in. to be maintained 
with a sea-water temperature of 88 deg. F. The 


These fins project towards a similar set of | bottom of the condenser is arranged to carry a 


platform at the top and stores and other accommo- | fins mounted on a separate sleeve on the rotor, the | large volume of feed water, and is fitted with a 
two sets having different pitches, so that it is | float-operated valve through which a reserve supply 
Fuel oil tanks are arranged alongside and under the exceptional for them to come opposite each other. | can be admitted when the water level falls. This 


dation at its base. 


boiler-rooms and main motor room. Oil is supplied 
to the boilers by two steam-driven duplex pumps, 
each of which is capable of dealing with 18,000 lb. 
of fuel per hour. These pumps were supplied 
by Messrs. Todd Oil Burners, Limited, London. 
In addition, there are two electrically-driven 
rotary displacement type pumps with a capacity 
of 100 tons per hour, w.ich are used for transferring 
oil to the settling tanks. It may also be mentioned 
that a Babcock and Wilcox water-spray type of 
de-superheater is installed for obtaining saturated 
steam for the auxiliary machinery, and that air is 
supplied to the boilers against a water gauge 
pressure of from 2-75 to 3 in. by eight single-inlet 
fans. These fans were manufactured by Messrs. 
Matthew Paul and Co., Limited, Dumbarton, and 
are electrically driven. All the boilers are equipped 
with CO, recorders, Siemens multi-point temperature 
indicators being fitted on the steam ranges and 
superheater outlets. 





| Very fine clearances can, it is claimed, be obtained | water is de-aerated in the condenser itself, which is 
in this way without any danger of damage or | supplied with cooling water by two main circulating 
| wear.* | pumps, each of which can deliver 12,500 gal. per 
The nozzles for the first stage of the turbine are; minute. These pumps, and the three auxiliary 
made up of plates of Hecla A.T.V. steel cast into the | circulating pumps, were manufactured by Messrs. 
blocks, the latter being formed of a special mixture | Drysdale and Company, Limited, Glasgow, and are 
of cast-iron, while the nozzles themselves are Fesco- | driven by General Electric motors. The extraction 
\lised. The diaphragms are divided at the hori-| pumps, which are in duplicate, were supplied by 
zontal joint, the top halves being held by screws | the same firm and deliver the condensate through 
in the top half of the turbine casing, so that they | three-stage air ejectors, a drain cooler and a low- 
can be lifted with the latter clear of the rotor. At | pressure heater to the main feed pump suction. 
‘the exhaust end a diaphragm of special profile is |The main feed pumps, which were manufactured by 
/used opposite the blade tips, so that the moisture | Messrs. G. and J. Weir, Limited, Cathcart, are also 
thrown off is trapped and drained away from the|in duplicate, each being capable of delivering 
| steam passages into the condenser. | 125,000 Ib. of water per hour against a pressure of 
The control gear comprises a horizontal spring- | 500 Ib. per square inch. These pumps, which are 
|loaded governor, which is driven by a worm-gear | driven by steam turbines, discharge through in- 
/on the forward bearing pedestal, an emergency | termediate- and high-pressure heaters, which are 
= _|supplied with steam extracted from the main 
| * See ENGINEERING, vol. cxxviii, page 793 (1929). | turbines, to the feed water regulators on the boilers, 
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the final temperature being 300 deg. F. Extracted 
steam is also used for heating the evaporating plant, 
which consists of two Messrs. Weir’s vertical high- 
pressure evaporators. Each of these evaporators 
has a capacity of 35 tons per day when supplied with 
boiler steam at a reduced pressure of 200 lb. per 
squareinch. There is also a horizontal low-pressure 
evaporator for dealing with fresh distilled water. This 
is capable of evaporating 6,750 lb. of water per hour 
and is heated by steam from a low-pressure stage of 
the turbine, the vapour being led to the low-pressure 
heater. The feed watér is thus doubly distilled. 
An electrically-driven sludge pump, with an output 
of 6,750 lb. per hour is fitted to the low-pressure 
evaporator, while, in addition, there is a distilling 
condenser, which is capable of dealing with all the 
vapour from one of the high-pressure evaporators. 
The arrangement of this plant is »shown in 
Figs. 7 to 12 on Plate XXXII. 

Each turbine is direct-connected to its alternator 
by a flexible coupling, which is fitted with internal 
collars, so as to limit the relative movement of the 
two rotors when the ship is pitching. Each of the 
main alternators is of the three-phase type and has 
an output of 7,500 kw. at a pressure of 3,000 volts, 
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and a frequency of 50, when running at 3,000 r.p.m. | 
The design of these machines, in general, follows | 


normal practice, and they are continuously rated, | 
the maximum temperature rise, which is deter- | 
mined by temperature indicators in the case of the | 
stator and by resistance measurements in the case | 
of the rotor, being well within the limits laid down | 
in the British Standard Specification. Mica and 
micanite are used throughout, and in order to| 
maintain the insulation in good condition, during 
the time when the machines are not running, two 
1 kw. electric heaters are placed in each frame. 

The necessary current for excitation is obtained 
from four 750 kw. General Electric-Fraser and 
Chalmers generators, which supply direct-current at 
220 volts, both for this purpose, for driving the auxi- 
liaries throughout the ship, and for lighting, heating 
and cooking. The arrangement of this plant in the 
aft engine-room is shown in Figs. 17 to 19, page 691, 
while an illustration of one of the sets appears in 
Fig. 4, Plate XX XI. The turbines of these sets 
run at 6,000 r.p.m. and drive the generators through 
gearing, the speed of the latter being 750 r.p.m. 
The machines, which were also manufactured at 
the Fraser and Chalmers Engineering Works of the 
General Electric Company, operate under the same 
steam conditions as the main sets. The generators, 
which were built at Witton, are of the open com- 
pound marine type, and are provided with special 
insulation and finish to render them suitable for use 
in tropical conditions. 

The four propulsion motors, the arrangement of 
which is shown on Plate XX XIII, are connected to 
the generators through the control gear, which we 
describe in more detail later, by three 0-45-sq. in. 
lead-covered varnished-cambric insulated cables, 
each core being braided and wormed circular, after 
which it is lead-sheathed and braided and finally 
impregnated with fireproof compound. The cables 
are installed in groups of three, two on the port 
and two on the starboard side, non-ferrous packing 
glands being used where they pass through the 
bulkheads to ensure watertight protection between 
one compartment and the next. The cables termi- 
nate in boxes, which are mounted on the switch | 
cubicles and motors respectively. The choice of 
this type of cable was conditioned, both by the con- 
fined space and by the temperature. Vibration had 
also to be considered, and it was therefore suggested 
that the sheaths should be of hard rubber instead of 
lead, but this was abandoned, owing to the proximity 
of the cables on certain sections to the oil bunkers. 
It was also decided to use a number of three-core 
cables in parallel, as these were easier to handle than 
one big single core. The motors which are shown 
in Figs. 5 and 6, on Plate XXXI, are of the 
totally enclosed synchronous type and provided 
with heavy damping windings, in order that a high 
torque may be developed during reversal. Their 
output is 4,750 h.p. at 150 r.p.m., but in spite of this 
they are exceptionally light and compact, owing 
to the stator and end shields being built up of 
welded plates. The insulation has been designed 
to resist possible corrosion by sea air and moist 
heat and, in the case of the rotor, to withstand the 
induced voltage, which occurs during reversal. 
The shaft, which is directly coupled to the propeller 
shaft, is supported at each end on bearings which 
are mounted in the end shields, lubrication being 
effected by self-contained pumps and, in emergency, 
by rings. The latter are designed, so that they will 
operate at the maximum possible list of the ship 
in all directions. Like the alternators, each motor 
is equipped with a closed system of ventilation. 
This consists of a motor-driven fan and a tubular 
cooler, which is supplied with sea water. The four 
bronze propellers are of the solid type and each 
weighs about 5} tons. They were manufactured 
by Messrs. J. Stone and Company, Limited, 
Deptford. 

(To be continued.) 








THE MARKING OF ImporTED INsuLaTING TaPrE.—The 
Board of Trade has informed us that a Draft Order in 
Council has been laid before Parliament requiring 
imported adhesive insulating tape for electrical purposes 
to bear an indication of origin on sale or exposure for 
sale in the United Kingdom. The Draft Order is being 
ay and copies may be purchased in due course 
tom H.M. Stationery Office, Adastral House, Kingsway, 
London, W.C.2. 


DEFLECTIONS AND STRESSES 
IN STAYED PLATES. 
By J. Lockwoop Taytor, D.Sc. 

Various empirical formule are available for 
estimating the stresses due to bending in a uniform 
plate subjected to normal pressure and supported 
by stays pitched at regular intervals. In attempting 
a mathematical solution of the problem, the obvious 
assumption that the supporting forces are con- 
centrated at a series of points leads to the result that 


'the maximum stress, at the point of support, is 


infinite. While it is possible to obtain a finite stress 
value by assuming that the support is distributed 
over a certain area (cf. Nadai, Elastische Platten, 


| page 148, &c.), this hardly corresponds to the actual 


problem. It appears more natural to assume that 
the plate is either clamped or freely supported— 
according to the type of stay, and method of attach- 
ment—at a definite radius from each support point, 
and the mathematical work involved is actually 
simpler than when the plate is regarded as con- 
tinuous. 

The differential equation to be satisfied by the 
deflection w of a uniformly-loaded plate is of the 
form. 

PIE PO, i 

ve oe “Otay oy 

In what follows, the value of the constant C will 

be taken as unity, as the results can easily be 

generalised, and for the same reason the pitch of 

the stays, both horizontally and vertically, will be 
taken as 27. 

The basic solution is that for concentrated 
supporting force, viz. :— 
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of which a somewhat more convenient form is 
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the latter form holding for values of x, y between 
0 and 2,, 7.e., one complete “ panel” of plating, 
having a stay at each corner. The second form 
makes it obvious that the solution does actually 
fulfil the differential equation, since the terms 
occurring in the summation are all known solutions 
of V‘w=0, while the remaining term gives 
Viw = 1, as is required. 

It is fairly evident that the deflection must be 
approximately symmetrical around a_ support 
point, but, as this is fundamental to the solution to 
be obtained, it may be tested numerically by 
evaluating the deflection at corresponding points 
on the side and diagonal of the panel, respectively. 
Such points are (5 =) and (0, id =. at which 
the deflections measured relatively to the point of 
support are, respectively, 1-252 and 1-253 7. It 
may be concluded that, at any rate up to a radius 
equal to one-quarter of the pitch of the stays, the 
deflection is, for all practical purposes, symmetrical 
about the point of support, in every direction. 
From this it follows that, corresponding to a point 
of contraflexure (or more precisely of zero bending 
moment in the radial plane) on the z-axis, there is 
a series of such points at the same radius. In other 
words, the portion of the plate outside this radius 
may be regarded as freely supported at the edge. 
The actual radius for which this holds is 0-45 z, or 
0-225 times the pitch of the stays, in the present 
instance. Thus the solution, originally obtained 
for concentrated support, actually holds also for 
the case where the plate is supported at the edge of 
a circle of a particular radius. 

In order to generalise this result, it may be noted 
that the addition to wy, of a term Cw, = CV *w» 


=C @ wo + oe “0) does not affect the fulfilment of 
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n 
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the differential equation, nor the symmetry of the 
deflection about the point of support, which must 
now be regarded as the centre of a stay of finite 
radius. By giving to C a suitable value, the radial 
bending moment can be made to vanish at any 


required radius, to a close degree of approximation, 
Alternatively, the condition for a clamped edge can 
also be fulfilled at any radius, by a suitable value of 
C. 
The value of w,, defined as above, is 
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Along the edge of the panel, « = 0, 





—— cos ny 7 cosh n 7 
i nr? sinh nw \sinh n 7 n ). 
cosnycothna 7 
emt RE 
=-n[2 log 2 sin ¥ — 09-0074 cos y — +}. 


In order to fulfil the clamped-edge condition, we 
require the value of 
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| It is evident that w = (wy + C w,) can be adjusted 
by varying the constant C so as to fulfil the edge 


condition °” = 0 for any value of y, and, on 





oy 
substituting this value of C in the appropriate 
| expressions, the deflection and bending moment at 
| any point can be calculated. 


| The radial bending moment along the line x = 0 
Jeane 0? w Ow : 

is given by D (5+ + oS), where D is the 
flexural rigidity of the plate, and o = Poisson’s 
ratio = 0-3, say. The values are 
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— 0-0052 cos v) + 0:3. 


The value of C which will make the bending 
moment vanish at any given radius can thus be 
found, and, by substitution, the corresponding 
deflection and stress at any point. 


TABLE I.—Plate Clamped. 





Radius of stay 





(4)| Maximum 
| bending moment ..| 


| 
pieecamtaenaees oe 0 
oo) Pitch | Si & t | t 
(2)| Maximum deflection .| 9-04 | 5°84 | 4-30 | 2-83 1-74 
(3); Maximum bending | | 
| moment... sol 300) 7-04 | 5-53 | 4-15 | 1-92 
negative | 
‘| 


1-91 | 1-57 | 1-32 | 0-98 | 0-80 


pe 

The maximum deflection (2), Tables I and I, 
occurs at the centre of the panel, while the maxi- 
mum bending moment (3) is at the clamped edge. 
The maximum bending moment of opposite sign (4) 
occurs at the centre of the panel when the ratio of 
radius to pitch is greater than }, and midway 
between two stays in the same row for lesser ratios 
than }. The results may be generalised by multiply- 
ing the deflections by the factor — x EGR = 
where p is the pressure, 2a the spacing, E is Young’s 
Modulus, and ¢ the thickness of plating ; the bending 


2 
moments are to be multiplied by a and these 





6 
may be converted to stresses by the factor ~,. 
TaBLE II.—Plate Supported. 





| Radius of stay : , 
| m ~ Pitch . ia 4 4 

(2)| Maximum deflection | 10-27 9-12 7°67 4-26 
(3); Maximum bending ome a ‘a 


| moment .. «ef 2°22 | 
| : 

The maximum bending moment occurs midway 
between two stays in the same row, and is consider- 
ably less than the maximum when the plate 1s 
clamped, although greater than the corresponding 
moment occurring at the same point. It is to be 
noted that the bending moment at first increases, 
and then decreases with increasing radius. This 
peculiarity is associated with the phenomenon of 
the “ring of contraflexure ’’ noted in connection 
with the original solution for point support. For 
stay radii less than about one-eighth of the pitch, 
the radial bending moment changes sign at a radius 
from the centre, decreasing, with increase in stay 
diameter, from the limiting value 0-225 times the 
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pitch, previously noted. Mathematically, there- 
fore, the same solution serves for two alternative 
stay diameters. When the stay radius reaches 
about one-eighth of the pitch, the ring of contra- 
flexure coincides with the supported edge, and for 
larger radii the bending moment does not change 
sign. 

“The actual degree of constraint must depend on 
the type of stay and method of attachment, but 
complete clamping can hardly be anticipated, even 
with solid screwed stays fitted with nuts. However 
rigid the attachment, the high local stress will cause 
a tendency to readjustment through local yielding 
of the material, and, as in the case of an ordinary 
beam, a stress less than the maximum in either 
supported or clamped conditions is possible with 
a suitable intermediate degree of constraint. The 
minimum stress obviously occurs when the 
“positive” maximum at the edge of the hole is 
equal in numerical value to the “ negative ” maxi- 
mum, and its value can be obtained by interpolation 
between the two cases already considered. 


TaBLe III.—Lowest Maximum Stresses, for Optimum 
Degree of Constraint. 








Radius of sta 
~~ Pitch , % é ‘ t 
Bending moment 2-01 1-95 1-70 1-07 

















The factors for conversion to stress are as before. 
For purposes of comparison it may be noted that 
the comparable figures for a square plate (of side 27) 
subjected to a uniform pressure of unit value, and 
clamped at the edges, are: maximum bending 
moment, 2:03, deflection, 1-97 ; and for a supported 
plate, bending moment, 1-895, deflection 6-32. 
The bending moments are seen to be of the same 
order as those already given, the continuity of the 
plate evidently compensating for the discontinuous 
nature of the support. 

Comparison with Experimental Results —A num- 
ber of test results have been analysed by Mr. C. E. 
Stromeyer (J'rans., I.N.A., 1925, page 158) who 
finds that the stress at which permanent set is 
observed averages 13 tons per square inch, when 


calculated by the empirical formula ” So where D 


is the diagonal of the panel, measured between the 
circumferences (not the centres) of the supporting 
circles. The corresponding bending moment is 

2 
al and the numerical values corresponding to 
the four cases of Table III are 1-71, 1-49, 1-29, 0-92, 
respectively, ranging from 75 per cent. to 85 per 
cent. of the calculated figures. Alternatively, if the 
calculated bending moments are used, the average 
stress for permanent set is raised to 16 tons per 
square inch, which suggests that the minimum 
bending moments of Table III are those likely to 
be experienced in practice, rather than the more 
severe moments associated with a higher degree of 
constraint. 

It is also interesting to compare the calculated 
results with the Board of Trade formula for flat 
yen in marine boilers, which is of the form p = 

t 
ay +b” 
the two perpendicular directions. No direct allow- 
ance is made for the size of stay, but the varying 
values of the constant C, according to the method of 
attachment, may be regarded as a recognition of the 
influence of variation in the effective radius of the 
supporting circle. The range of variation in C, 
from 50 to 96 for plain plates, with ¢ in 32nds, and 
pitch in inches, happens to agree fairly closely with 
the range of calculated bending moments in 
Table III, and if it is assumed that the extreme 
values correspond, it is possible to deduce the work- 
ing stress. Converting ¢ to inches, and putting 
a,=6,,= 2a, the maximum working pressure, 


(32 #)2 
Zaz < 50, 96. The calculated stress 
pa 6 


-a Xx 2:01, 1:07, which, on substituting 
(32)2. 6 
— 100-5, 102-7, or 7,900 lb. 


for p, be 
’ comes ——— 
8 3? 


and 8,100 lb. per square inch, respectively, in the 
two cases. These appear to be reasonable values 
for material subjected to high temperatures, and 
May, therefore, be regarded as confirming the 
method of calculation. 


where a, b, are, respectively, the pitches in 
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PUBLIC WORKS, ROADS AND 
TRANSPORT EXHIBITION. 
(Concluded from page 668.) 


THE conclusion of our account of the Public 
Works, Roads and Transport Exhibition may fitly 
be prefaced by some comment regarding its scale. 
The exhibition was no smaller than that held two 
years ago—as a matter of fact, there were rather 
more exhibits, both individually and collectively— 
nor was the proportion of new material less. As the 
incidence of an exceptional number of exhibitions 
this year has made very heavy demands on our 
space, it has not been possible to give so full an 
account of this one as has been our custom, 
and much interesting plant has had to go un- 
noticed. 

Messrs. Reavell and Company, Limited, Ranelagh 
Works, Ipswich, exhibited a range of portable air 
compressors and pneumatic tools, and also a range 
of fixed air-compressing plant, examples of which 
have already been in ENGINEERING (see pages 376 
and 377 ante). One of the portable sets is illus- 
trated in Fig. 59, page 702. This has a displacement 
capacity of 74 cubic feet of air per minute. The 
compressor is vertical and single-acting with one 
cylinder, 6 in. in diameter by 44-in. stroke. The 
working pressure is 100 lb. per square inch. The 
mechanically operated piston suction valve is 
arranged relatively to the delivery valve in such a 
manner that the latter closes more slowly than with 
the valves in the more usual positions, an arrange- 
ment conducing to maximum delivery at high 
speeds. The air receiver is of 3 cub. ft. capacity. 
The engine is a Lister compression-ignition engine 
with a B.E.S.A. 12-hour rating of 17-6 brake horse- 
power at 1,000 r.p.m. Both it and the compressor 
are water-cooled by means of a radiator and circu- 
lating pump. The performance of the compressor 
may be gauged by its ability to run three chippers 
or caulkers simultaneously, or two back-fill rammers 
or one concrete breaker. The working cost with 
fuel at 6/. per ton, when running on full load, is 
43d. per hour. Automatic unloading gear is 
provided, the engine slowing down to idling speed 
until the minimum predetermined pressure in the 
receiver is reached. At this point the engine is 
again speeded up to meet the re-loading of the 
compressor. The frame is of the built-up steel 
type, carried on rubber-tyred wheels, with swivel- 
ling front axle. 

The tool illustrated in Fig. 60, page 702, also 
by Messrs. Reavell, is a B.A.L.-type concrete 
breaker, incorporating improvements on older de- 
signs. It has a balanced anvil block and a differ- 
ential piston. The anvil block is so arranged 
that air is admitted to its under side and holds it 
up against the striking end of the piston, a device 
which has eliminated the “riding” which was 
previously the chief source of fatigue to the operator. 
The hammer-blow has been increased by 30 per cent., 
and increased penetration obtained. The breaker 
will operate with pressures between 60 Ib. and 
100 lb. per square inch, and the new design has 
not increased the air consumption. The weight 
too remains the same, viz., approximately 87 Ib. 
complete with pick. The method of lubrication 
has been improved. An interesting addition to the 
example shown on the stand was the exhaust silencer, 
which reduces the intensity of sound emitted when 
working by about 25 per cent. This consists of a 
cylinder of aluminium, containing a perforated 
baffle, which is clamped to the body of the con- 
crete breaker and has as outlet a number of small 
circular holes. The weight is 141b. We understand 
that the silencer was tested recently before the 
Police Commissioners and was found to give very 
satisfactory results. 

From the wide range of pneumatic appliances 
and tools on the two stands of Messrs. Holman 
Brothers, Limited, Camborne, we select an example 
of a portable air-compressing set driven by a 
compression-ignition engine, using Diesel-grade fuel 
oil. This is illustrated in Fig. 61, page 702. It has 
a displacement capacity of from 110 cub. ft. to 
130 cub. ft. of air per minute, the compressor unit 
being of the firm’s well-known S type, 1.e., a single- 
acting two-cylinder machine with forced-feed lubri- 
cation to all bearings. The cylinders are 5} in. in 





diameter by 4}-in. stroke. The valves are of the 
Rogler-Hoerbiger type with stainless-steel plates, 
and unloading is effected by automatically holding 
the inlet valves open. Power is supplied by a 
Dorman 2 R.B.L. compression-ignition engine of 
the Acro type, with two cylinders 4} in. in diameter 
and 7-in. stroke. It may be easily started by one 
man, the compressor being disengaged by means of 
a hand-operated clutch. Both the engine and 
compressor are water-cooled, a large air-cooled 
radiator and circulating pump being fitted. The 
air receiver and fuel tank are situated at the back 
of the machine, the former having a capacity of 
7 cub. ft., and the latter holding 18 gallons of oil. 
The whole is mounted on an underframe of welded- 
steel channel construction, carried on four rubber- 
tyred road wheels. Both axles are provided with 
springs, and the front axle, to which the draw- 
bar is attached, is of the swivelling type. Of the 
numerous pneumatic tools, we illustrate in Fig. 62, 
page 702, a ballast tamper, designed for use in 
railway permanent-way work. This is generally 
similar in construction to the firm’s floor and back- 
fill rammers, but has an additional handle to enable 
it to be conveniently held at the correct working 
angle. It weighs 25 lb. and will give 850 blows per 
minute, with a consumption of 25 cub ft. of air, 
at a pressure of 80 lb. per square inch. 

Of the other exhibits shown by Messrs. Holman 
Brothers, a new drill-sharpening machine may be 
mentioned. This is a light-weight apparatus 
designed for the use of small quarry owners and 
others, and is called the “‘ Newgrip” sharpener. 
It is air-operated and can turn out accurate drill 
bits at the rate of from 50 to 120 per hour, while a 
dull steel may be re-sharpened in one heat in a few 
seconds. The maximum size of steel that can be 
dealt with is 1} in. in diameter, and the maximum 
size of bit 2} in. in diameter. The air hammer, 
which has a piston 3} in. in diameter, serves for both 
upsetting and swaging. When upsetting, it occupies 
a horizontal position and acts on the forming dolly, 
and for swaging it is swung into a vertical position 
and delivers its blows on the top forming die. The 
clamping of the steel for upsetting is done by direct 
air pressure, a load of 15,390 lb. being obtainable 
with a pressure of 100 lb. per square inch. No 
mechanical devices are used and the amount of air 
used in clamping is hardly appreciable, as when 
the hammer is swung from the vertical to the 
horizontal position, the dies close on the steel and 
the piston travels 3 in. only. The machine is 
operated by one hand lever and one pedal. 

There were not many new types of engine to 
be seen at the exhibition, but the design of opposed- 
cylinder engine illustrated in Figs. 45 and 46, 
page 694, and shown by Messrs. Petters, Limited, 
Yeovil, was remarked upon as a distinct novelty. 
This engine, which is known as the Petter Twin- 
Four, is a petrol four-stroke-cycle engine with 
two horizontal opposed air-cooled cylinders, 65 mm. 
in diameter and 85-mm. stroke, rated at 550 c.c. 
It develops 4 brake horse-power continuously and, 
as will be gathered from the position of the driving 
pulley relative to the cylinders, has single-reduction 
gear. The crankshaft runs at 1,500 r.p.m., and is 
geared by pinion and spur wheel, automatically 
lubricated, to the driving shaft, which rotates at 
750 r.p.m. This shaft carries a pulley 5 in. in 
diameter by 5} in. wide, and, when it is used for 
driving, takes the strain off the crankshaft. A 
coupling can, however, be fitted at the back of 
the engine if a high speed is required, eg., for 
dynamos, so as to provide a direct drive from the 
crankshaft. The cylinders and heads are cooled by 
a fan flywheel, the stream of air from which is 
directed on to the fins by the hood seen in the 
figures. It is claimed that the engine is thus 
suitable for outdoor work, such as driving concrete 
mixers, as there are no water-jackets to suffer from 
frost or hoppers which may be allowed to run empty. 
At the same time, it can be satisfactorily run in 
tropical countries, as tests on full load in a chamber, 
heated to 140 deg. F., have shown. 

The magneto is situated on top of the crank-case, 
as will be seen in Fig. 46. It is geared to the crank- 
shaft, and the governor is mounted on the same 
spindle and controls the carburettor in front. A 








cut-out lever marked with “ Run” and “ Stop” 
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Fia. 45. Fig. 47. 


Fics. 45 anp 46. 4-B.H.P. OpposED-CyLINDER PETROL 
Messrs. Petrers, LIMITED. 
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positions is provided. The lubrication system is 
wholly automatic, an oil container being formed 
in the crank-case. The oil is circulated by a 
plunger pump to the main, big-end, and _ half- 
speed shaft bearings. There are no external lubri- | 
cation pipes. The valve tappets pass through 
renewable guides in the crank-case. The inlet 
valves are of nickel-steel, and the exhaust valves of 
special heat-resisting steel. The silencer is situated ¢ |j 
under the flywheel. The cylinder centres are offset 
in the horizontal plane, and smooth, even running 
is obtained by their opposed position, together 
with balance-weights forged on the crank webs. 
The total weight of the engine is 224 lb. The fuel 
tank has a capacity sufficient for four hours’ running. | --——--—- 
A new model of the Petter Universal oil engine, 
working on paraffin or petrol, was also shown, and 
is illustrated in Fig. 47,annexed. The construction 
of this engine is well known, but attention may be 
drawn to the considerable improvements effected 
in this pattern. Formerly the engine had solid 
main bearings, and a gravity lubricator for the 
big-end connecting-rod bearing which had to be 
opened and closed by hand when starting and 
stopping the engine. Ball and roller bearings are 
now fitted to the crankshaft, which only require a 
little grease at intervals of from three to six months. 
Apart from the veduction of friction, this change | by 170-mm. stroke, and a capacity of 70 brake horse- 
has resulted in a considerable reduction of lubri-| power. The maximum speed is 1,400 r.p.m. The 
eating oil. The big-end bearing is now oiled by the | general form of the engine is clear from the figures, 
Calibrator force-feed lubricator seen behind the | but the most notable point, that of a combustion 
magneto and driven from the magneto spindle. |chamber, which is said to be constructed on a 
This bearing is thus automatically supplied with | new principle, cannot be so well appreciated. It 
fresh oil, which is afterwards used to lubricate the | is further stated that this invention has resulted in 
cylinder. No fuel oil enters the crank-case or| freedom from smoke in working, the attendant 
comes into the crank-case, though the base of | results of this complete combustion being that no 
the engine is utilised as a fuel tank. The magneto | carbon deposits are formed and the fuel consumption 
has been transferred to the governor side of the| is low, even when the heavier grades of fuel oil are 
engine, so that the flywheel and driving pulley are| used. The operating pressure is understood to be 
now brought close up to the bearing and the belt | comparatively low, and instantaneous cold starting 
strain on the crankshaft is reduced. |is possible. Further claims are made as to relia- 
Messrs. Tangyes, Limited, Cornwall Works, | bility and a high degree of flexibility combined 
Birmingham, may be numbered among the firms | with a uniform torque at any load or speed. 
with a variety of exhibits, showing as they did | 
several types of oil engine, different kinds of pumps, | 
including some for coal washing, and a range of | 
lifting tackle. Among the engines a new design for 
driving lorries was noticeable. This is an airless- 
injection engine working on crude oil and is made in 


Fig. 46. 
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two sizes, which are illustrated in Figs. 48 and 49, 
page 695. One of these, Fig. 49, is a 6-cylinder unit, 
with cylinders 110 mm. in diameter by 160-mm. 
stroke. It develops 120 brake horse-power, and has 
a maximum speed of 2,000 r.p.m. The other, Fig, 48, 
is a 4-cylinder engine with a bore of 130 mm. 





Works, Leicester, ranged over 
6 : : . 

Some of the concrete mixers show improvement in 
detail over machines previously exhibited, and the 
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UNIVERSAL PETROL-PARAFFIN ENGINE; 
Messrs. PreTrTers, LIMITED. 


measuring of cement, gravel and sand, automatic 
mechanical feeding from hopper to drum, automatic 
mechanical clean scraping of drum, and automatic 
discharge, merited close attention. The most novel 
exhibit was, however, perhaps the Kubit impact 
breaker for producing small stone, but as this has 
already been fully described and illustrated in 
ENGINEERING, on page 119 ante, it is unnecessary 
to deal with it further here. 

Messrs. R. H. Neal and Company, Limited, Plant 
House, Ealing, London, W.5, showed the new 
design of contractors’ crane illustrated in Figs. 50, 
51 and 52, opposite. This is known as the Rapid 
mast crane, and is capable of lifting 12 ecwt. 
through 10 ft. when using a plain jib as shown in 
Fig. 50. With two extension masts, as shown in 
Fig. 51, 5 ewt. can be lifted to a height of 35 ft. 
Power is provided by a 4-h.p. petrol engine cased 
in housing attached to the crane-post and swivelling 
with it, the post being mounted on a portable 
carriage. Both the jib and the power unit are 
readily detachable, which ensures a great amount of 
flexibility in use. Thus, the mast extension can be 
used inside a building, as shown in Fig. 52, or 
where the height is very great, the carriage and 
jib can be placed at the top of the structure and 
the engine and winding gear on the ground, with the 
rope passing between. Another new type of crane, 
known as the Rapid mobile crane, was also shown. 
This is mounted on an undercarriage fitted with 
solid rubber-tyred road wheels, though rail wheels 
or chain-track motion can also be fitted. With the 
normal jib of 22 ft. 6 in., the lifting capacity is 
2 tons at 14-ft. radius, at a speed of 80ft. per 
minute. Loads up to 3 tons can be handled at lesser 
radii, and 1 ton and smaller loads can be lifted at 
a speed of 160 ft. per minute by the use of a 
single rope. 

Power is provided by a four-cylinder water- 
cooled petrol engine of the Ford Motor Company’s 
make, this engine having been selected on account 
of the ease with which spare parts and replacements 
can be obtained in remote areas. The engine 


The display of Messrs. Frederick Parker, Viaduct | develops 40 brake horse-power, which allows an 
stone-breakers, | ample margin over the 18 h.p. to 20 h.p. required 
concrete mixers, and washing and drying machines. | for the full load. The drive is transmitted to the 


main shaft of the hoisting mechanism by a triple 
roller chain, running in a closed oil bath. A dis- 


multiple batch mixer with automatic mechanical | connecting clutch is provided for starting the engine. 
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Fie. 48. 4-CyLinperR ArruEss-INJEcTION Lorry ENGINE; 


Messrs. TANGYES, LimitTep. 














Fia. 50. 


The whole of the mechanism is placed behind the 
centre post, an arrangement giving a high degree of 
stability with minimum weight. The hoisting 
clutch and brake drum are mounted on opposite 
ends of the hoist barrel. A safety device is fitted 
by which the load is always securely held. The 
clutch and brake are operated by a single lever. 
When this is pulled back the load is raised, releasing 
it brings the load to rest, and pushing it forward 
lowers the load. The slewing gear is operated by 
reversing friction-cone clutches with renewable 
metal linings. The maximum slewing speed is 
5r.p.m. The travelling gear, the motion of which 
is transmitted to one axle of the carriage by a 
heavy roller chain, is fitted with a two-speed gear 
change, giving speeds of 13 m.p.h. and 5} m.p.h. 
The derricking motion is operated by the friction 
clutches used for the travelling gear, and through 
a steel worm and crown wheel. All the motions 
are controlled from the driver’s seat, from which 
there is an unobstructed view. Steering is also 
effected from this position by a large wheel. 
Messrs. Atlas Diesel Company, Limited, New 
Oxford House, Hart-street, London, W.C.1, is 
another of the firms whose range of exhibits is too 
wide to deal with as a whole, though a large propor- 
tion has not been exhibited before. We think, 
however, that the rotary air motor driven centri- 
fugal pumps, an example of one type of which is 
Shown in Figs. 56, page 696, have particular 








Fie. 49. 6-CyLInDER AIRLEsS-INJECTION LorRY ENGINE; 


Messrs. TANGYES, LIMITED. 





Fie. 51. 


Fias. 50 to 52. Contractors’ Mast CRANE; 
Messrs. R. H. Neat AND Company, LIMITED. 


interest. These small pumps are intended for low 
lifts such as are met with in dewatering excavations, 
the source of power, i.e., compressed air being gene- 
rally obtainable on such sites owing to the now 
|common use of tools also driven by it. The con- 
| struction is very simple and involving few parts, 
| both of which features render the pumps not liable 
to get out of order. They are stated to require no 
attention beyond occasional lubrication. The run- 
| ning speed is from 2,000 r.p.m. to 3,000 r.p.m., and 
| the capacity from 77 galls. per minute to 110 galls. 
| per minute when working within a total head, suc- 
' tion and discharge, of from 23 ft. to 29 ft. The air 
consumption is about 50 cub. ft. per minute at 85 Ib. 























Fig. 52, 


per square inch working pressure. The pumps 
are made in two forms, viz., vertical, weighing 35 lb., 
and horizontal, weighing 60 lb., the latter type 
being shown in the figure. This type requires a 
foot valve and strainer and a priming arrangement 
is provided, but the vertical type is intended to work 
submerged and these parts are omitted. The 
motor is automatically governed and is of the 
same type as is used by the firm in their grinding 
and other rotary pneumatic tools. It is shown in 
Figs. 54 and 55, page 696, applied to a grinder. 
The driving shaft is carried on two ball-bearings 
and one plain bearing, the rotor being situated 
between the first-mentioned, and the governor 
between one of the ball bearings and the plain 
bearing. The rotor is mounted eccentrically in its 
cylinder and carries two thin sliding strips in grooves 
in the rotor cut obliquely to its axis. These are 
kept pressed by centrifugal force against the 
cylinder wall and divide the cylinder into a 
pressure and an exhaust section. The point of 
attachment of the air supply pipe differs, however, 
in the pump and rotary tools. Two of the latter 
are shown in Figs. 57 and 53, page 696. The first 
illustrates a large disc grinder for use with emery 
paper or similar abrasive. It runs at a speed of 
4,500 r.p.m. and consumes 14 cub. ft. of air per 
minute, unloaded, at a pressure of 85 1b. per square 
inch. A straight handled pattern of the same tool 
is shown in operation in Fig. 53. 
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Fia. 53. 


Fies. 538 To 55. Arr-DrIveN GRINDER; Mgssrs. 
ATtLAs DireseL Company, LIMITED. 


The chief exhibit on the stand of Messrs. Mining 
and Industrial Equipment, Limited, 11, Southamp- 
ton-row, London, W.C.1, was an example of the 
Hum-mer electric vibrating screen. This machine 
was described and illustrated in ENGINEERING, 
vol. exxii, page 690 (1926), but the mounting of 
the wire mesh screen has since been modified, with 
the result that the efficiency has been still further 
increased. The screen cloth is now hooked over 
angle bars at either end, which are supported on the 
ends of forged rods lying parallel to the cloth and 
connected at the other ends to the casing by means 
of brackets. The angles are thus carried on 
resilient cantilevers instead of being rigidly attached 
to the casing, and this, together with the form of 
packing strips adopted and the method of finishing 
the ends of the cloth, has the effect of distributing 
the full amplitude of vibration over the whole 
screening surface and of abolishing dead spots. 
It may be recalled that the strong jarring vibration 
in this type of screen is obtained by the use of electro- 
magnets operated by alternating current, the 
variations in the magnetic flux causing movement 
of the screen without the use of contact breakers or 
any moving mechanical device requiring lubrication. 
Maintenance costs are therefore very low, while the 
power required is less than the equivalent of } h.p. 

Another of the firm’s exhibits was the Ro-tap test- 
ing sieve shaker illustrated in Fig. 58, annexed. 
The analysis of a crushed or ground product into 
different precentages of fineness is a tedious matter 
if the operations have all to be done successively. 
In the Ro-tap shaker any number of testing sieves, 
up to thirteen, of different meshes, are operated at 
the same time, and the classification of the various 
components of the material is thus automatically 
effected. The piled-up sieves, or one sieve only, as 
the case may be, are supported on a pan on an 
adjustable carrier, sliding on two vertical rods, and 
are held in place by a hinged hoop at the top of 
machine. The bottom ends of the rods are con- 
nected to a transverse plate through which run 
two vertical shafts. One end of the plate embraces 
an eccentric on one of the shafts, by which a cir- 
cular motion is given to it in a horizontal plane. 
The other end is free to make a straight line recipro- 
cating motion, so that the plate and, in conse- 
quence, with it the sieves, deszribe a path analogous 
to that traced by an engine connecting rod, this 
motion very nearly reproducing that employed 
in the manual operation of a sieve. The eccentric 
is driven by means of bevel gears on a horizontal 
shaft situated in an oil bath in the base of the 
machine. In the example illustrated, the horizontal 
shaft is rotated by a small motor controlled by a 
time switch. This shaft is provided with a cam, 
actuating, through a vertical rod, a hammer which 
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Fie. 56. ArR-DRIVEN CENTRIFUGAL PUMP; Fie. 57. Arr-DrRivEN BurFrina WHEEL; 
Messrs. ATLAS DigsEL Company, LIMITED. Messrs. AtLAs DireseL Company, LIMITED. 





thus loosens any small par- 
ticles clinging to the cloth. 
Here again, hand operation 
is successfully imitated. An 
interesting device for the 
further separation and test- 
ing of fine solids was shown 
in the Andrews Kinetic 
Elutriator for rapid labora- 
tory work. This operates 
hydraulically and can di- 
vide out a fraction as fine 
as minus 0-01 mm., or 
10 microns. This would be 
equivalent to 1,000 mesh if 
such a mesh could be made, 
the usual] limit of sieve test- 
ing being 200 mesh. 

A notable feature of the 
Exhibition was the atten- 
tion paid to word signs and 
traffic signalling apparatus. 
Amongst the latter, the dis- 
play of Messrs. Automatic 
Telephone Manufacturing 
Company, Limited, Liver- 
pool, may be mentioned. 
The system shown, which 
we understand is employed Fig. 58. Ro-Tar TrEsTInG SIEVE’ SHAKER; Messrs. MINING AND 
in about 200 cities in the INDUSTRIAL EQUIPMENT, LIMITED. 

United States, makes use of 

the conventional tri-colour signal lamps, but auto- | fed on to the apex of a fixed cone. The opposing 
matically varies the time cycle in accordance with | grinding surface is also conical, and the space 
the volume of traffic. This is effected by means of | between the two at the top is wider than that at the 
detector strips Jaid at intervals along the roads | bottom, and the material is gradually reduced as 
approaching the crossing, and below their surface, lit is carried downwards. The upper surface, or 
these strips being electrically connected to the light- | bowl, is connected to the base by a number of 
ing controls. The road with the greatest number | tension springs which yield when tramp iron, &c., is 
of vehicles operating the detectors is thus given a| met with. The bow] casting is formed with a thread 
longer period for clearance. Finally, a crusher may | on its periphery, so that it may be rotated, while 
be mentioned, shown by Messrs. Nordberg Manufac- | the machine is working, to adjust the grinding 
turing Company, Bush House, London, W.C.2.|clearance. Adjustable stops maintain the deter- 
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periodically taps the top frame above the sieves, and 





This was of the cone type, the rough material being | mined distance constant. 
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that, although he studied the chemical separation 
of manganese from iron, it apparently did not 
occur to him to investigate the alloying of manganese 
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| other metals with iron and steel. During these 
| years he carried on this work with such energy that 


FARADAY’S METALLURGICAL 
RESEARCHES. 





Few figures have so struck the imagination of 
the world as that of the unrivalled master in the 
interpretation of experimental results, Michael 
laraday, and not the least devoted of his disciples 
has been Sir Robert Hadfield. The recent celebra- | 
tions gave most prominence to Faraday’s electrical | 
work; primarily the occasion was an electrical | 
anniversary. But Faraday’s activities were of much | 
wider interest. The chemists have claims to him, | 
and Sir David Milne Watson, at the British Associa- 
tion meeting, claimed him for the gas industry. 
Sir Robert Hadfield at the same meeting presented 
a résumé of his work in metallurgy, a summary of 
which we gave in our columns at the time. Sir 
Robert’s paper before Section G, was largely a 


condensation of his Royal Society paper on “A 
Research on Faraday’s Steel and Alloys” (Phil. | 
Trans., A, vol. cexxx, September, 1931). Sir 


Robert has now done good service in publishing a 
still more complete account of this branch of 
Faraday’s work,* which we feel sure will be read 
with pleasure by all whose interest has been whetted 
by what has already been made known. It may 
be remembered that at the time of Sir Robert’s 
previous contributions on the subject certain 
specimens of Faraday’s steels had only ome into 
his hands too Jate for thorough investigation. 
Work on these has since been completed, and the 
results are embodied in this volume, which thus 
contains much original matter, in addition to the 
elaboration of previous material on lines which add 
greatly to the interest of the story. 

A pleasing feature of the volume just published 
is a folding table of Dramatis persone, which 
enumerates the persons by whom Faraday was 
influenced or with whom he came into contact, 
so far as concerns his researches on steel, together 
with illustrations of all the persons mentioned 
except Stodart, of whom an extensive search has 
failed to produce a portrait. Although the steels 
produced by Faraday have up till the present not 
proved to be of great practical value, his researches 
even to-day are of profound importance. Faraday’s 
steel alloys differed from those of to-day largely 
in their lack of manganese as a constituent. A 
study of the mass of unpublished information in 
Faraday’s Journal, shows that many of his negative 
results and unsuccessful experiments are of value 
and amount to discoveries. He was fortunate in 
having the assistance of Stodart for the practical 
forging, tempering and finishing of steel articles, 
and obtained from Wollaston much valuable assis- 
tance in supplies of platinum, palladium, rhodium, 
iridium, and osmium. It was by means of a 
generous gift from Wollaston of certain of these 
rare metals that Faraday was able to carry out 
large-scale experiments at steel works in Sheffield. 
It is characteristic of Faraday’s genius and insight 
that the principles which he laid down have made | 
developments possible, and his contributions to 
metallurgical research follow channels along which 
extensive investigational work has since been 
developed with considerable success. But for his 
early work on alloy steels this branch of science 
might have long remained a collection of uncorre- | 
lated and confusing facts. The work of Faraday 
has during the last century exercised a persistent 
directive impulse on numerous branches of science, 
and much of his mode of interpreting scientific | 
observations still persists as a source of inspiration. 
In everything he did there was an exceptional 
rapidity of mental movement, incessant never- 
resting energy of action, and tenacity to an extreme 
degree in pursuing an aim. 

Although his most striking and memorable 
discoveries were in the realm of electro-magnetic 
induction, and it falls to the lot of but few men to 





make discoveries that have so profoundly influenced 
our daily lives and civilisation, Faraday, during the 
Years 1819 to 1824, visualised and carried out his 


pioncer, systematic and correlated researches on 
the »!loys of steel with platinum, silver, rhodium 
and nickel, and was the first to attempt the syste- 
matic preparation of stainless steel by alloying 





, traday and his Metallurgical Researches, by Sir | 
vol 
and i] 


Hadfield, Bart., F.R.S., ete. London: Chapman ! 
ill, Ltd. [Price 21s. net.] 


it appears to have imparied his health, judging 
from correspondence with Schonbein and others. 
Subsequent to 1824, however, he does not appear 
to have pursued his investigation in this direction. 
Although the development of electrical technique 
was not sufficiently advanced in Faraday’s time 
to enable him to foretell the potential value of the 
alloys he produced and studied, the lack of suitable 
ferrous-alloys being a great handicap, we are now 


| better able, in the light of subsequent events, to 


estimate the value of his investigations and their 
direct practical bearing, on such matters as on 
long-distance communication. The application of 
ocean cables using nickel-iron alloy loading has, 
during the last twenty years, made great strides 
with considerable increase in rapidity of communica- 
tion. Faraday’s investigations surpassed all other 
standards, and he was far in advance of his con- 
temporaries in the realm of metallurgical know- 
ledge; otherwise his fundamental investigations 
would have led to earlier practical developments. 
The state of knowledge and practice in the iron and 
steel industries of the early 19th Century formed 
no receptive ground for the practical application of 
Faraday’s discoveries; there was but a limited 
demand for alloy steels, the possibilities of the 
adoption of incorrodible steels had not been appre- 
ciated or realised, and a guarded attitude of secrecy 
was adopted by steel makers, with an element 
of suspicion towards scientific innovations, as is 
revealed by Faraday in some of his communications. 
Faraday’s work indicated the way to the future 
development of alloy steels, and even in the small 
number of specimens which have survived to the 
present day there is the nucleus of modern alloy 
steels. He recognised that science is not the 
abstract, but a correlation of the abstract to actual 
experience. It is characteristic of his wide outlook 
upon science, that he should have dealt with metals 
as subject to the same natural laws as govern 
chemical bodies in general, in which capacity he 
brilliantly anticipated many conceptions by later 
metallurgists. 

It is only during the present year that Sir Robert 
Hadfield has been enabled, for the first time, 
thoroughly to investigate, analyse and subject to 
the fullest possible examination by all the resources 
of a modern research Jaboratory, the specimens of 
alloy steels prepared by Faraday at the Royal 
Institution and the further group of specimens 
containing some high alloy steels referred to by 
Faraday in his diary, and since deposited in the 
Science Museum. Some of these steels contain 
respectively as much as 48 per cent. platinum, 
48 per cent. rhodium, and 22 per cent. palladium. 
Sir Robert’s results of this long and arduous investi- 
gation show abundant evidence that the original 
metallurgical researches were animated with a 
breath of reality and discovery, betraying the 


|master mind in methods of accurate and patient 


observations, cautious interpretation, and a broad 
conception of metallurgical science. As stated by 


| Sir Robert, the researches ‘anticipated, in a 


remarkable manner, the facts and principles on 
which the present enormous development of alloy 
steels is based.” Although Faraday laid the 
foundation of systematic research on alloy steel, 
the application of such material on an extended 
practical scale, only followed Sir Robert Hadfield’s 
brilliant discovery and invention of manganese 
steel, which proved that the new world already 
visualised by Faraday was waiting to be explored. 
The modern extensive applications of special 
steels is evidence that his work in this sphere was 
considerably in advance of the needs of his day. 
Some surviving specimens of his alloy steels were 
exhibited, it will be remembered, at the recent 
Faraday Exhibition; they included a razor and 
specimens of knives, the platinum steel of which 
the blades were made having been prepared and 
melted by Faraday at the Royal Institution more 
than a century ago. 

Faraday’s initial investigation on iron, referred 
directly to the metal manganese, though none of the 


| specimens of steel alloys examined show anything 
| more than a trace of this substance, and there is 


no evidence that it had been added. It is surprising 





with stee]. His metallurgical work on ferrous 
metallurgy commenced in 1819 with the analysis of 
Wootz or Indian Steel. It was the excellent 
qualities of this material, the effect of carbon in 
changing iron into steel, the possibility of improving 
steel by alloying, and Stodart’s intense practical 
desire to manufacture the product in this country, 
which was largely instrumental in arousing Faraday’s 
interests in steel and steel alloys, and led to the 
joint classical paper with Stodart on “‘ Experiments 
on the Alloys of Steel made with a View to its 
Improvement,” in which is given a lucid statement 
of the particular directions in which it was hoped 
to improve steel by alloying, with a discussion of 
the possibility of any such alloys under similar 
circumstances proving Jess susceptible of oxidation. 
A further paper “‘On the Alloys of Steel” was 
presented to the Royal Society in 1822. The experi- 
ments are probably represented by the specimens 
of alloy steels which have recently been examined 
at the Hadfield Research Laboratories. The later 
stages of Faraday’s steel researches were represented 
by large-scale experiments carried out at Messrs. 
Sanderson’s Works, Sheffield, by Faraday’s repre- 
sentative. Subsequently, Faraday studied and 
made contributions dealing with ‘‘ The Magnetic 
Relation and Character of the Metals,” dealing very 
largely with the magnetic aspects of the subject, 
together with a most interesting physico-metallur- 
gical investigation of the relations of finely-divided 
gold to light, and the ductile properties of metallic 
gold. Sir William Pope recently exhibited the 
original solutions of colloidal gold prepared by 
Faraday, which stil] retain the brilliant colour 
which so many years ago must have delighted the 
enthusiastic spirit of that famous experimentalist. 
It is remarkable evidence of Faraday’s activity 
that it was during the course of his intensive studies 
of metal alloys, that he published his important 
paper on the condensation of gases, thus revealing 
the concentration of effort and thought which 
underlay al] Faraday’s experiments, and the genius 
which led him to make discoveries of the greatest 
importance in diverse branches of science. 

It is a matter of much regret that Faraday 
should have abandoned, at such an early period, 
his studies of the steel alloys. The cessation of the 
work appears to have been very largely due to the 
death of Stodart in September, 1823. Stodart had 
an extensive commercial connection with steel 
makers, together with practical experience and skill 
in the working of steel. As stated by Sir Robert 
Hadfield, “‘ Faraday was fully capable of carrying 
on with the scientific side of the work, but without 
access to forge, workshop and trade through his 
colleague, further substantial advance must have 
been impossible.” 

No one appears to have immediately proceeded 
with the further study of the metallurgical principles 
stated by Faraday, or appreciated the possibilities 
of developing the alloy steel industry, which is now 
of such importance in the construction of motor 
cars, aeroplanes, projectiles, machine tools, &c. 
There is evidence from the publications of Faraday 
that the manufacture of steel alloys was proceeding 
at Sheffield in 1822. Between 1824 and 1826, 
alloys of steel and silver were used to some extent 
in Sheffield for the manufacture of cutlery and 
fenders, and alloys of steel with rhodium and 
iridium were produced on a semi-manufacturing 
scale, based on Faraday’s instructions, and were 
the direct outcome of his researches. In detailing 
the present extensive investigation of Faraday’s 
steel and alloys, Sir Robert has recorded a very 
large amount of definite scientific information 
derived from a study of the composition and proper- 
ties of Faraday’s specimens. He has shown that 
Faraday’s metallurgical researches undoubtedly 
constituted the first true and scientific research on 
the important subject of the alloys of iron with 
other elements, while his fundamental statements 
of principles survive at the present day as logical] 
deductions from experimental observations. Sir 
Robert has prepared, from selected pieces of 
Faraday’s steel and alloys, actual articles of cutlery, 
including a razor and 20 very beautiful miniature 
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SMALL ROTARY AND PLUNGER PUMPS. 
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knives. Although actually the steel used in making 
the latter amounted to Jess than one ounce, the steel 
used has been thrice forged, the blades are hardened 
and tempered, and within the limitation of the size, 
are quite capable of giving a good account of them- 
selves. The volume contains a beautifully repro- 
duced series of microphotographs of the various 
steels which are of outstanding merit. To illustrate 
the great field now covered, Sir Robert has given a 
summary of his own researches dealing with the 
alloys of iron with aluminium, chromium, nickel, 
tungsten, cobalt, &c., and the subsequent develop- 
ment and perfection of heat resisting, rustless 
chromium steels and the later types of corrosion- 
resisting steels, high-speed tool steels and steels 
for armament purposes are well summarised, 
together with an outline of the remarkable progress 
made during the last 20 years in the metallurgical 
industry. 

In publishing this volume, Sir Robert Hadfield 
has performed a valuable public service. The 
results of his investigations will prove of consider- 
able value and benefit, and will doubtless lead to 
and inspire further developments. The work is a 
reminder of the activities of a man who consecrated 
his ability and intellect to the ideal of solving the 
great problems which nature presents to us on all 
sides. The volume is written with restraint and 
discretion, and is permeated with breadth of vision 
and practical experience. There is documentary 
evidence that Faraday foresaw the possibilities of 
alloy steels having specially valuable properties, 
though he failed to imagine the indispensable part 
that such materials would play in the civilisation of 
to-day. He taught us that knowledge, method and 
investigation are sure foundations on which we can 
build, and if we are wise we shall reflect on this 
example. 

Sir Robert Hadfield’s great sympathy with the 
difficulties of pioneers, extensive metallurgical 
knowledge and long industrial experience have 
given him an unique appreciation of the importance 
and significance of much of Faraday’s metallurgical] 
achievement, the measure of success he attained 
with very limited resources, his pertinacity in 
experiment and the diversity and importance of his 
discoveries. No one is better qualified to describe 
and accurately assess these early researches, and 
how a determined man overcame the extraordinary 
difficulties which confronted him. The author has 
captured some of the charm of manner and skill 
in exposition of the master, and has himself made 
important contributions t» the subject. The book 
will constitute a memorial to the metallurgical 
researches and intellectual eminence of Faraday, 
whose great natural gifts and investigations were 
directed by no other motive than the pursuit of 
knowledge, and at the same time forms a brilliant 
example of the value of creative science to industry. 


GENERATION OF ELEcTRICITY IN GREAT BrITAIN.— 
During the first ten months of 1931 the total amount of 
electricity generated by authorised undertakers in 
Great Britain was 9,083 million units, as compared with 
8,729 million units in the corresponding period of 1930. 
The former figure represents an increase of 4 per cent. 
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SMALL ROTARY AND PLUNGER 
PUMPS. 

We illustrate in Figs. 1 to 6, on this page, three small 
pumps of new type which have recently been introduced 
by Messrs. The Pulsometer Engineering Company, 
Limited, Nine Elms Iron Works, Reading. One of 
them has a rotary action, another a combined plunger 
and rotary action, both being valveless and the former 
self-priming. The third is a hand-operated plunger 
pump with valves in the plunger. A cross-section of 
the rotary pump is shown in Fig. 1. It is termed the 
Centrivac pump, and consists of a standard centrifugal 
pump fitted with sliding vanes in the impeller, which 
arrangement gives it a positive action on both the 
suction and delivery sides. The small pump illus- 
trated has 3-in. gas connections and, when run direct- 
coupled to an electric motor at a speed of 1,500 r.p.m., 
will give a discharge of 200 gallons per hour at a total 
head of 60 ft. The suction lift is 15 ft., and the pump 
starts at this height without priming. 

The construction will be generally clear from the 
figure. The impeller is set eccentrically in the casing, 
which is given the usual centrifugal-pump helical shape 
in its bottom half. The top half is, however, semi- 
circular in contour, with the centre set-off from that of 
the impeller. This off-set centre is also the centre of the 
sliding vanes, which are continuous across the diameter. 
The quadrantal portions between the vanes in the top 
half, which rotate past the suction opening A, are 
cut off from the delivery side of the pump by the sliding 
vanes. In the position of the impeller shown in the 
figure the space between the sliding vanes in the top 
right-hand quarter is in communication with the suction 
opening, while the space B has just ceased to be so and 
is transferring the fluid to the delivery side, where the 
full centrifugal effect comes into play to complete the 
discharge. 

As the vanes rotate round one centre and the impeller 
rotates round another, it is clear that the former must 
slide in and out relatively to the latter during a 
revolution. This sliding movement is effected by the 
fixation of the centre of the vanes. These, as already 
stated, extend across the diameter of the casing, ?.e., 
there are two and not four as would at first sight 
appear. The centre of each vane is recessed to 
embrace a block which rotates on a fixed pin attached 
to the casing cover, the recess in one vane being deep 
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enough to enable it to span the other. It follows that 
the outer ends of the vanes are not pressed against 
the casing by centrifugal force. As a matter of fact, 
they are just clear of it, and no wear can, therefore. 
take place. The vanes are housed in deep slots in 
the impeller and carry round with them the central 
block, across which they slide transversely as the 
impeller rotates. The cross-section in the figure is 
made looking towards the cover, which accounts for 
the suction port appearing in dotted lines, this cover 
being removable and allowing the pump to be dis- 
mantled without disconnecting the pipes or motor 
drive. 

The rotary plunger pump is shown in Figs. 2 and 3. 
It is known as the Viscos pump, and is intended for 
viscous materials such as tar, oil, bitumen, molasses, 
&c. It is constructed for delivery against a pressure 
of 250 Ib. per square inch, and will create a vacuum of 
28 in. of water. It is driven by a direct-coupled motor 
running at 1,000 r.p.m., and may be nrounted with the 
shaft either vertical or horizontal. The example 
illustrated is one of the latter type, the base plate 
having a vertical flange to form a drip tray for the 
gland. It is of the 1-in. size, the range manufactured 
being from $ in. to 3 in. diameter of pipes. It consists 
of a simple casing with a removable cover and con- 
taining a rotating ring clamped between two side plates 
and in contact with a bar across the casing at the top 
and bottom. The ring has three circular ports in its 
outer periphery which communicate with rectangular 
recesses in its inner periphery. In these recesses slide 
blocks, almost square externally and bored to receive 
the three rotary plungers, which are made in one piece 
carried on the shaft. 

The shaft and ring are each mounted on different 
centres, with the result that as they rotate together 
the plungers move in and out relatively to the ring. 
the blocks sliding in the recesses and taking up the 
eccentricity. Ports communicating with the suction 
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and delivery chambers are cut in the sides of the 
recesses to enable the blocks to slide freely. The action 
will be clear from Fig. 2. As the pump rotates in the 
direction indicated it will be seen that the top plunger 
is withdrawn until it reaches the bottom centre and 
the port in the ring is closed by the casing bar. The 
volume in the suction is thus increased and inward 
flow takes place. Once past the centre the plunger 
travels outwards and displaces the fluid in the delivery 
chamber, thus effecting discharge. Clearly, the pump 
may be run in whichever direction is convenient, and 
it will also be seen that it can be dismantled, without 
breaking the pipe joints, by removing the cover. As 
the pressure on each plunger is always directly in line 
with the centre of the shaft, no distortion is liable to 
occur under heavy pressures. An inspection of the 
pump at work on heavy oil showed it to run very 
silently and to give a continuous and non-pulsating 
delivery. 

The hand-operated plunger pump is shown in Figs. 4, 
5 and 6, and is very similar in general appearance to 
the well-known semi-rotary pump, being worked by 
a long lever handle. This is, however, moved backwards 
and forwards in a plane passing through the axis of the 
pump instead of with a sideways reciprocating motion. 
Internally the casing contains a hollow piston or 
plunger, which, as the pump is double-acting, is 
provided with two suction and two delivery valves. 
The piston is divided transversely by two horizontal 
partitions into three chambers, the two lower cham- 
bers being also divided vertically. The two suction 
chambers formed by this vertical partition are open at 
the bottom to the suction port, which is not covered 
by the piston at any part of the stroke. The discharge 
side of the suction valves opens into opposite ends of the 
pump cylinder respectively, the valves being housed 
in recesses in the piston, as shown in Fig. 6. Above 
them in similar recesses are the delivery valves, open- 
ing into a common chamber communicating with the 
delivery pipe. The method of limiting the valve lift 
will be clear from the figures. The removal of the 
cover withdraws the piston, when the valves can be 
examined. The pump illustrated is the }-in. size, and 
has a capacity of 500 gallons per hour at 100 double 
strokes of the lever per minute at a total head of 
50 ft. It is, of course, self-primiag, and is known as 
the Handiplunge pump. 








LABOUR NOTES. 


THE cotton industry appears to be faced with serious 
industrial trouble which may lead to a widespread 
stoppage of work if wiser counsels do not prevail. After 
a meeting in Manchester last Friday of the General 
Committee of the Federation of Master Cotton Spinners’ 
Associations, the following circular was sent by the 
Secretary to all the organisations which are parties to 
the 48 hours’ agreement :—‘‘I am instructed by my 
federation to give you and each of you formal notice 
determining the agreement entered into with you on the 
9th day of July, 1919, as and from the 3lst December, 
1931. At the same time, I am instructed to request a 
joint conference with representatives of the various 
organisations which are parties to the agreement, with 
a view to substituting, by agreement, if possible, an 
increase in the number of working hours and a corre- 
sponding alteration in wages rates.”’ 





Later in the day there was a meeting of the Central 
Committee of the Cotton Spinners’ and Manufacturers’ 
Association. According to Mr. John Grey, the chair- 
man, this was called to consider a question from the 
Federation of Master Cotton Spinners’ Associations as 
to whether the Cotton Spinners and Manufacturers’ 
Association ‘* were prepared to give one month’s notice 
to abrogate the hours and wages agreement of July 9, 
1919, and also to hear the report of the sub-committee 
that has been meeting the Weavers’ Amalgamation 
and negotiating with them on questions pertaining to 
the running of more looms to a weaver and the prices 
to be paid for same.” ‘On the question of hours of 
labour,” Mr. Grey went on to say, “the committee 
decided to adjourn its consideration. On the question 
of wages, the committee is of opinion that we ought to 
seek freedom of action to deal with the questions of 
the Uniform List of Wages Rates and of the alteration 
of methods of weaving. The committee has decided 
to consult the local associations and to ask them if they 
are in favour of giving one month’s notice from a date 
to be determined to abrogate the Uniform List of 
Prices for weaving and the Colne Coloured Goods List 
and all wages agreements. This will be referred for 
consideration at meetings of local associations to be 
called next week, with a recommendation from the 
Central Committee that the local associations give 
the Central Committee authority to tender this month’s 
notice.” 

An early and not unexpected result of the employers’ 
decision was the ending of the joint discussions regarding 
ways of reducing production costs in the spinning 





section. The joint committee met in Manchester on 
Monday for the purpose of resuming the negotiations, 
but at the outset the operatives’ representatives inti- 
mated that, in view of the changed circumstances, no 
useful purpose could be served by a continuance of the 
conversations. This is understood to be also the view 
of the Cardroom Amalgamation. A deadlock had 
been reached earlier, of course, in the negotiations on 
the ** more looms ”’ question. 





In a statement made to representatives of the press 
on Tuesday, Mr. Fred Mills, the president of the Federa- 
tion of Master Cotton Spinners’ Association, said :— 
“So long as the hours and wages agreement of 1919 
remains in existence we find it impossible to discuss 
with the trade unions’ representatives the question 
of hours and wages on its merits. The action recently 
taken by the Federation was decided upon as no other 
means lay in their power to secure a speedy and 
effective review of the wages agreement by all the parties 
who were signatories to it. The major item represent- 
ing costs of production is the item of hours and wages. 
It cannot be too clearly stated that the notice to 
abrogate the agreement by the Federation does not 
by any means involve a crisis in the trade. All the 
Federation has done has been to make the subject of 
the agreement an issue for review with the object 
of achieving what is necessary to secure a more com- 
petitive position in the markets of the world and at the 
same time to provide increased employment for the 
workpeople.” 

In the course of a statement on “ the present serious 
economic position’? of the country, submitted to the 
Federal Chancellor by the principal German employers’ 
organisations, including the Federation of Employers’ 
Associations and the Federation of Industry, it is 
declared that the existing distress is due partly to the 
arbitrary intervention of foreign countries, the disas- 
trous results of which have been aggravated by the 
world depression, and partly to the endless legislation 
limiting the freedom of action of private industry and 
ruining its productive capacity. German political 
authorities, it is contended, must learn that there can 
be no compromise between the capitalist and the socialist 
economic systems. They must decide definitely, 
publicly and unreservedly for the one method or for the 
other. It seems to the signatories indisputable that 
if such a decision is made in full realisation of the 
responsibilities involved, it cannot be otherwise than 
in favour of the individualist system, which has proved 
its vitality and its productive power, while all attempts 
at collective organisation have ended in failure. 





A reply to the employers’ statement has been issued 
on behalf of all the German trade unions. In it, it 
is claimed that the events of September showed as 
never before the collapse of a large part of the economic 
structure and the necessity for a systematic intervention 
by the State in national economy. The attempt to 
ascribe the tremendous economic distress to inter- 
vention of the State and to German social and wage 
policies cannot, it is declared, be upheld. In reality 
(the statement continues), the causes of the German 
economic distress are to be found in the general effects 
of the present economic system throughout the world, 
in international political disturbances, and in the lack 
of confidence among the nations. These would be 
intensified by any policy of exaggerated protection, 
bounties, super-rationalisation, misdirected capital 
investment, and any systematic reduction of purchasing 
power. Reductions of wages and salaries, and also 
retrenchment of measures of social policy, have been 
brought about during the past eighteen months with 
the object of finding a way out of the existing depression. 
The result has been a tremendous increase of the general 
distress. Every step further in this direction leads to 
a still lower depth of misery. The policy of narrow 
interests pursued by the employers’ organisations 
cannot result in the conquest of the depression. 

When the wages question in the electricity supply 
industry became critical, the National Joint Council 
agreed to refer it to the thirteen District Councils, 
with a strong joint recommendation to negotiate 
local settlements. The critical situation arose, it 
will be recalled, out of a demand by the employers 
for a reduction of a penny an hour and a counter 
demand by the workers for an increase of a halfpenny 
an hour. Any agreements reached in the districts 
were to be referred to the National Council for ratifi- 
cation. In the event of any district failing to reach 
agreement, the matter was to be transferred to the 
National Council for settlement either by agreement 
or by arbitration. A meeting of the National Council 
was held at the Ministry of Labour on Friday last week, 
to deal further with the matter. At its close, the 
following official statement was issued :—‘ Reports 
were received from the 13 area councils, three of which 
had settled the wage question. The principal one 
of these covers the Greater London area, These three 





have agreed that there shall be no reduction. Five 
other areas, which include the whole of Lancashire, 
Yorkshire and Scotland, have failed to come to agree- 
ment locally, and their cases will be heard by the 
National Council at an adjourned meeting on December 
7. The five other areas, covering most of the Midland 
area, have not yet completed local negotiations.” 





The Times correspondent in Berlin states that the 
provisional German unemployment returns for the 
first half of November show the total number of 
persons registered as in search of work to have risen, 
in round figures, by 220,000 to 4,844,000. The increase 
is said to be largely due to the seasonal cessation of 
open-air work, but, it is pointed out, it is smaller by 
12,000 than during the same period last year, though 
the total was then lower by 640,000. 

An umpire under the Unemployment Insurance 
Acts recently decided that the coal trimmers of Cardiff, 
Penarth and Barry are not entitled to benefit when 
‘standing off’? and participating in the wages pool. 
Under the pool agreement, which operated by arrange- 
ment with the employers, a certain proportion of the 
men were “stood off’’ for a week or part of a week, 
in respect of which they received unemployment 
benefit and also shared in the pool. The umpire 
ruled that men who participated in the pool could not 
be classified as genuinely seeking work. A court of 
referees, sitting at Cardiff, has now, by a majority, 
upheld his decision. About 3,000 men are affected. 








The International Labour Office has in the Press, 
and intends to publish shortly, a volume containing 
a collection of introductory studies on ‘‘ Social Aspects 
of Rationalisation.”” Commenting upon the book’s 
contents, Industrial and Labour Information, the 
organisation’s weekly organ, says that rationalisation, 
which may be defined as the systematic improvement 
of methods of technique and of organisation with a 
view to securing the minimum waste of labour and 
material, has made rapid strides in almost every depart- 
ment of economic activity since the war, and its direct 
and indirect effect on conditions of life and labour 
have been the subject of considerable discussion and 
research. In the work now about to appear, the 
International Labour Office endeavours to bring 
together and analyse the scattered and admittedly 
incomplete data which are available on the subject, 
and to trace the action and reaction between the 
rationalisation movement on the one hand and, on 
the other hand, productivity, hours of work, wages, 
employment, industrial hygiene, and accidents. 





Special interest attaches, at the present juncture, 
it is claimed, to the studies of rationalisation in relation 
to hours of work and in relation to employment. As 
regards the former, the facts appear to show that 
reduction in hours of work have given an impetus to 
more scientific methods of production and more 
intensive utilisation of effort, and that these, in turn, 
pave the way for fresh reductions, by developing 
efficiency and enlarging output at the cost, frequently, 
of increased strain on the individual. 





As regards the relationship between rationalisation 
and employment, such information as is available 
tends (Industrial and Labour Information says) to the 
conclusion that most rationalisation measures—for 
example, the introduction of machinery, scientific 
management, and the reorganisation of whole branches 
of industry—cause a certain amount of unemployment. 
The extent of such unemployment is less than is some- 
times imagined, and experience shows that for the 
most part it is only temporary, the majority of the 
workers displaced being reabsorbed into industry as 
production increases or is better adapted to market 
needs. At the same time, it is recognised that the 
steady march of rationalisation must inevitably lead to 
a certain permanent margin of unemployment. ‘Such 
unemployment,” says the writer, ““ may be considered 
as the price paid for progress,’ and the burden which 
it constitutes should be evenly distributed over the 
entire community. 

Under a Bill, which has been introduced in Spain by 
the Minister of Labour and Social Welfare, any differ- 
ence to which an industrial dispute may give rise, and 
any decision of workers to strike, or of employers to 
stop their undertakings, must be communicated to a 
joint conciliation board, which will consider how to 
establish agreement between the parties. If this for- 
mality is not observed, the following time limits are 
fixed before the strike or lockout may be declared : 
eight days if the strike or lockout entails deprivation 
of light or a suspension of railway traffic or if it 
results in leaving sick persons and hospitals without 
assistance; three days in the case of a stoppage of 
tramways or if the strike or lockout will deprive the 
population of a town of its food supply ; 48 hours in 
all other cases. 
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PERSONAL. 


Messrs. BrreMINGHAM ELECTRIC FURNACES, LIMITED, 
Birlee Works, Tyburn-road, Erdington, Birmingham, 
have entered into an agreement with Messrs. The Electric 
Furnace Company, Salem, Ohio, U.S.A., providing for 
the fullest interchange of technical information, designs 
and patent rights. By a second agreement, the Birming- 
ham firm have the patent rights in Europe and the 
British Dominions of Messrs. C. I. Hayes, Inc., Providence, 
Rhode Island, U.S.A., respecting their ‘‘ Certain Curtain ’ 
method of atmosphere control for the heating of steels 
without scaling or decarburisation. 

Messrs, WELSH Wacon Works, Limiter. Maindy, 
Cardiff, has been formed to acquire the extensive wagon 
building and repairing works at Cardiff and at Port 
Talbot, Llanelly, and a large number of repairing depots 
at all important railway junctions in South Wales and 
the West Country. These works and outstations, to- 
gether with those operated by Messrs. The Central Wagon 
Company, Limited, and Messrs. The Cambrian Wagon 
Company, Limited, which, by reason of a close working 
arrangement, cover the whole of the United Kingdom, 
provide a service for the prompt and efficient repair of 
wagons. 

Mr. James Fox Heatu, of Lindsay Grange, Oaken, 
near Wolverhampton, and 114, Hampton-road, Forest 
Gate, London, E.7, has started in practice as a civil and 
electrical engineer, specialising in electric traction, 
overhead transmission and industrial electrification. 

Messrs. THE LANCASHIRE DyNAMO AND Motor 
Company, Limitep, Trafford Park, Manchester, and 
Messrs. The Crypto Electrical Company, Limited, 
Acton Lane, Willesden, London, N.W.10, have decided 
upon a complete amalgamation as from January 1, 1932, 
under the joint title of Messrs. Lancashire Dynamo 
and Crypto Limited. No change, however, will take 
place in the management of the concerns. 


> 





Messrs. THE Marcont INTERNATIONAL MARINE 
COMMUNICATION ComMPpaANy. Limtrep, Marconi House, 
Strand, London, W.C.2, have formed a new department, 


to be known as the Electrical Service Department, 
which will undertake the inspection, maintenance, and 
repair of all shipboard electrical equipment. An agree- 
ment has already been concluded with Messrs. Alfred 
Holt and Company, Liverpool, under which the new 
Department will take over all the electrical and wireless 
maintenance works of the 80 ships of that firm. The 
manager of the new department is Mr. J. Allen, for 
the past twelve years electrical superintendent to Messrs. 
Holt. 

Messks, THE STANTON IRONWORKS ComPANy, LIMITED, 
near Nottingham, having acquired a financial interest 
in Messrs, Wilson Brothers Pipe Fittings, Limited, 
Bridgeton Foundry, Glasgow, have entered into a working 
arrangement whereby the Glasgow Works will be utilised 
by Messrs. Stanton Ironworks for assisting in dealing 
with Scottish orders for standard sand-cast and De 
Lavaud spun iron pipes and spirals. 


TENDER. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of the undermentioned tender, the closing date of which 
is given. Further details may be obtained on applica- 
tion to the Department, the reference number given 
being quoted. 





Engineering Tools.—The supply of emery wheels, 
pliers, vices, hammers, knives, dies, taps, drills, &c. 
Stores of the Ordnance Services Department, Egyptian 
Army, Citadel, Cairo ; December 21, (Ref. No. G. 10961.) 








CONTRACTS. 


Messrs. THE SpeRRY GyroscoPe Company, LIMITED, 
Great West-road, Brentford, Middlesex, have designed, 
and are supervising the construction, in the Naval Con- 
struction Works, Barrow-in-Furness, of Messrs. Vickers- 
Armstrongs Limited, of gyro stabilisers to prevent the 
rolling of the new passenger liner Conte di Savoia, 
owned by Messrs. Lloyd Sabaudo, Genoa. The plant, 
which. is now nearly complete, includes three gyro- 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Little new is ascertainable 
concerning the Cleveland pig-iron trade. The greater 
part of the restricted output continues to be absorbed 
by producers’ own foundries and steelworks, and the 
surplus available for sale is inadequate to the moderate 
demand. Stocks are decreasing at a slower rate than of 
late, however, owing to purchasers failing to take full 
deliveries as they fall due against contracts. Quantities 
stored are not of excessive dimensions, and little ex- 
pansion of demand would necessitate an increase of make. 
At the moment, however, there is little prospect of 
movement in the direction of preparation for enlarge- 
ment of output. There is continued Indian competition 
for Scottish orders, but pig consumers beyond the 
Tweed are taking rather more iron from this district. 


Home trade is steady, though far from large, and 
export inquires show some little improvement. Makers’ 
fixed minimum prices stand at :—No. 1 grade, 61s. ; 
No- 3 g.m.b., 58s. 6d.; No. 4 foundry, 57s. 6d.; and 
No. 4 forge, 57s. 

Hematite-—Conditions in the East Coast hematite 


department alter but little. Stocks are decreasing scme- 
what, but are still heavy. Makers and merchants report 
odd transactions with overseas customers, but sales are 
chiefly to home consumers. Steady deliveries are being 
made to firms in Sheffield, and in the Midlands. Terms 
of sale vary after individual bargaining. Sellers ask up 
to 66s. for ordinary qualities, but have accepted 65s. 6d., 
and buyers state that they can shade the latter figure. 





Foreign Ore.—The position as regards foreign ore is 
still such as does not admit of transactions except in 
spot lots. Consumers have large stocks, and heavy 
deliveries to accept against old contracts. Nominally 
best rubio remains at 17s., c.i.f. Tees. 

Blast-Furnace Coke.—Market sales of Durham blast- 
furnace coke are few and small, as local consumers are 
using their own makes. Good medium qualities are 
offered at 17s., delivered here. 

Manufactured Iron and Steel.—Recognised market 
rates for semi-finished and finished iron and steel are 
unchanged. Constructional steel production keeps on 
a substantial scale, and in one or two other departments 
plant is slightly better employed than it has been, but 
more orders for nearly all descriptions of material are 
still urgently needed. Common iron bars are, 101. ; best 
bars, 107. 10s.; double best bars, 111.; treble best 
bars, 111. 10s. ; packing (parallel), 87. ; packing (tapered), 
107. ; steel billets (soft), 5. 15s. ; steel billets (medium), 






6/. 12s. 6d.; steel billets (hard), 71. 2s. 6d.; iron and 
steel rivets, 111. 5s.; steel ship plates, 82. 15s.; steel 
angles, 81. 7s. 6d.; steel joists, 81. 15s.; heavy sections 


of steel rails, 81. 10s. for parcels of 500 tons and over, and 
91. for smaller lots; fish plates, 121. 10s.; black sheets 
(No. 24 gauge), 81. ; and galvanised corrugated sheets 
(No. 24 gauge), 97. 10s. 

Scrap.—Business in scrap is fairly active, and prices 
are firm. Light cast iron is 40s.; heavy cast iron, 45s. ; 
machinery metal, 47s. 6d. ; and heavy steel, 42s. 6d. 

Tees Iron and Steel Shipments.—Shipments of iron 
and steel from the Tees last month were slightly better 
than the loadings for October. November clearances of 





| pig-iron amounted to 13.956 tons, of which 6,122 tons 


| tons for the Union of South 


| tons ; 


went coastwise and 7,834 tons to foreign destinations. 
The shipments included 1,303 tons for Norway, 1,263 
Africa, 900 tons for China, 
860 tons for Germany, and 830 tons for the Netherlands. 
Manufactured iron and steel shipments, at 35,963 tons, 
were approximately 4,590 tons larger than in October. 
Of the total, 23,886 tons went overseas and 12,077 tons 
coastwise. The principal ey were :—Canada, 4,100 
Union of South Africa, 3,974 jan: Portuguese 
East Africa, 3,890 tons ; maken Rhodesia, 3,051 tons ; 
and India, 2,149 tons, 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Tron and Steel.—An irregular tendency has developed 


| in the iron and steel trades locally, mainly in the heavy 


scopes, each weighing 100 tons, the wheels of which are | 
| majority of cases there has been aslight setback as com- 


13 ft. in diameter. 


Messrs. ANEMOSTAT ComPANY, LiMiTED, Glasgow, 
have received a contract for a ventilation and electrical- 
heating system for the new Parkhead motor-omnibus 
garage, owned by the Glasgow Corporation Tramways 
Department. Special features of the installation are the 
arrangements for exhausting the engine fumes of the 
omnibuses and the electrical thermal- “storage equipment, 
of 500 kw., using direct current at 575 volts, which is 
being supplied by Messrs. Bastian and Allen, Limited, 22, 
Cross-street, Essex-road, London, N.1. 

Messrs, THE GENERAL Evrctric Company, LimItTeD, 
Magnet House, Kingsway, London, W.C.2, have received 
an order for a generating set tor use at the Stonebridge 
Park power house of the London, Midland and Scottish 
Railway. The contract, which is in connection with the 
Euston and Broad Street to Watford electric service, 
includes a 20,000 kw. turbo-alternator, a condensing 
plant, and auxiliary machinery. 

Messrs. VICKERS-ARMSTRONGS LIMITED are to build 
a sister ship to the Monarch of Bermuda at their Barrow- 
in-Furness Works. The main propelling machinery will 
be supplied by Messrs. The General Electrie Company, 
Limited, Witton, Birmingham. The order for the vessel 
has been placed by Messrs, Furness, Withy and Company, 
Limited, London, 


| automobile and electrical engineers. 


| 
| 


sections. 
raw and 


Although in individual instances the output of 
semi-finished steel tends to increase, in the 
pared with the past few weeks. This setback is less 
apparent at steelmaking furnaces than at rolling mills, 
forges, foundries, and other intermediate departments, 
where difficulty is again found in planning advance 
programmes. It is attributed to diverse causes, some 
of them seasonal, and others relating to the political 
position. A certain amount of business is believed to 
be held up pending the Government’s decision respecting 
imported iron and_ steel. Conflicting interests are 
involved, and there is ready appreciation in the trade 
itself of the Government’s hesitation to impose a flat-rate 
duty either on raw steel or on partly-finished products. 
It is felt that buyers are not likely to come forward with 
orders more than sufficient to cover immediate needs 
until the fiscal outlook clears. Meanwhile, prices are 
more or less stationary. After renewed activity in iron 
and steel scrap, sales locally have again fallen away. 
Consumers are prepared to do business at the low rates 
recently ruling, but distributors are adopting an attitude 
of caution in the belief that_an upward movement in 
values must soon be seen. Flatness is also evident in 
ferro alloys. Good business continues to be done with 
Sales of high-class 
magnet steel are notably progressive. Further advance 
is recorded in various classes of cold-drawn steel, respect- 
ing which special investigations are in progress at Shettield 





University. Toolmakers anticipate a certain amount 
of benefit from the new duties, though they point out 
that this will be relatively small in regard to American 
competition, since the majority of American toolmakers 
maintain large distribution branches in Canada. 

South Yorkshire Coal Trade.—The advent of more 
wintry conditions is expected to stimulate the demand 
for house coal, which for several weeks has been below 
expectations. Supplies are ample at collieries and depots, 
and to relieve the position low-priced offers have been 
made. Inquiries from London and the provinces are 
circulating with rather greater freedom than was the 
case a week ago. Steam coal is a moderate market. 
Inland requirements tend slowly to expand, but enquiries 
on export account are materialising at a slower rate 
than was anticipated. An improvement is recorded 
in smalls. Textile consumers are taking larger supplies, 
though new business continues to be somewhat disappoint- 
ing, and stocks are still on the heavy side. Furnace 
coke is in better demand on central-heating account, 
and more active conditions characterise business in gas 
coke at recently improved rates. Quotations are: Best 
branch handpicked, 26s, to 27s.; Derbyshire best 
brights, 20s. 6d. to 21s. 6d.; Derbyshire best house, 
22s. to 22s, 6d.; screened house, 19s. to 20s. ; screened 
house nuts, 17s. to 18s. 6d.; Yorkshire hards, 17s. to 
18s, 6d. ; Derbyshire hards, 17s. to 18s. 6d. ; rough slacks, 
93. 6d. to 10s. 6d. ; nutty slacks, 7s. 6d. to 8s, 6d, ; and 
smalls, 5s. 6d. to 6s. 6d. 











NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—A dull state continues to prevail 
in the Scottish steel trade and most makers are short of 
specifications. The general demand is so limited that 
production is very small, and although a change for the 
better is expected, it is recognised that world conditions 
will require to improve considerably before there is much 
expansion. Local shipbuilders are not in a position to 
place orders for plates and sections at present, but are 
hopeful for the future. The makers of black steel sheets 
are still doing quite well in the thinner gauges, but 
heavier sorts move slowly. Inquiries for shipment lots 
are very satisfactory, and there is every probability of 
expansion in this direction at no distant date. The 
following are the current market quotations :—Boiler 
plates, 9. per ton ; ship plates, 8/. 15s, per ton ; sections, 
8l. 7s. 6d. per ton; black steel sheets, }-in., 7/. 10s. per 
ton; and galvanised corrugated sheets (No. 24 gauge), 
101. 12s. 6d, per ton, all delivered at Glasgow stations. 

Malleable-lron Trade.—Conditions ruling in the 
malleable iron trade of the West of Scotland during 
recent weeks have not changed, and makers are still very 
short of orders. The re-rollers of steel bars are also hard 
put to it to keep plant running, so poor is the demand. 
The current prices are as follows :—Crown bars, 101. 5s. 
per ton for home delivery, and 91. 10s. per ton for export ; 
and re-rolled steel bars, 61. 7s. 6d. per ton for home de- 
livery, and 6/. 5s. per ton fer export. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
is still very quiet, as the demand for the local qualities 
is very limited. Production has now been increased to 
five furnaces, but this is only to make up the stock of 
certain brands which have been going down, and does not 
point to any real increase in trade. Consumers are little, 
if any, better off for work, and the demand from overseas 
is still only fair. Prices are unchanged and are as follows : 
Hematite, 68s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 72s. per ton, and No. 3, 69s. 9d. per 
ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—--The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, November 28, only amounted to 
237 tons. Of this total, 206 tons went overseas and 
31 tons coastwise. During the corresponding week of 
last year, the figures were 795 tons overseas and 38 tons 
coastwise, making a total shipment of 833 tons. 

Wages in the Iron Trade.—The following intimation 
has been made by Sir John M. MacLeod, Bart., C.A., 
Glasgow, to the joint secretaries of the Scottish Manu- 
fac tured Iron Trade Conciliation and Arbitration Board : 

‘In terms of the remit I have examined the employers 


books for September and October, 1931, and I certify 
that the average net selling price brought out is 
101. 7s. 029d.’ This means that there will be no change 


in the wages of the workmen. 

Shipbuilding Contracts.—Messrs. Lithgows, Limited. 
Port-Glasgow, it is reported, have contracted for two new 
eargo vessels. Messrs. H. Hogarth and Sons, Glasgow, 
have just placed an order with them for another steamer 
of 6,500 tons carrying capacity, and Messrs. Kaye, Son 
and Company, Limited, London, have also ordered a 
vessel of 6,000 tons gross for their fruit-carrying trade. 


Messrs. Lithgow have thus secured four new contracts 
during the past four weeks. 
Scottish Shipbuilding.—That work in the Scottish 


shipbuilding industry has been at a very low ebb is 
clearly illustrated by the output returns for the month 


of November, when the launches comprised only six 
vessels, of a total of 8,322 tons, all from Clyde yards. 
During the same month last year the Clyde output 


was 21,479 tons, and for this year to date the figures 
are 54 vessels of 149,203 tons, against 181 vessels of 
488,549 tons for the same period of last year, and 235 
vessels of 628,816 tons for the record year, 1913. 
The brighter side of the industry is, however, the fact 
that during the past few weeks Scottish shipbuilders 
have booked quite satisfactorily and eleven contracts 


have been reported. The Burntisland Shipbuilding 
Company, Limited, have booked four orders while 
other contracts—four cargo steamers, one lightship. 


one 50-ton auxiliary yacht, and one 63-ft. twin-scre\\ 
motor yacht—have been placed with Clyde firms, 
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NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

The Textile-Machinery Industry.—The improvement 
noted in the last few weeks by Lancashire textile-machi- 
nery manufacturing firms is being continued steadily, 
and conditions generally, in this section, are more en- 
couraging than they have been for several years past. 
Business at the Textile Machinery Exhibition, which 
closed on Saturday last, exceeded all anticipations, and 
it is estimated that machinery to the value of between 
75,0001. and 100,000/. was ordered during the period 
the exhibition was open. One of the largest contracts 
was that obtained by Messrs. Casablancas High Drift 
Company, Limited, for the complete machinery for a 
Lancashire cotton mill, at a cost of approximately 
15,0007. Messrs. Sir James Farmer Norton and Company, 
Limited, of Salford, also received useful orders from 
Roumania, Jugoslavia and Chile ; and Messrs. Sanderson 
and Rostern, Limited, of Manchester, and Messrs. The 
Harrison Patent Knitting Machine Company, Limited, 
are other undertakings reporting good inquiry. 

The Position in Structural Engineering.—The impetus 
realised in constructional steelwork circles earlier in the 
present year is not maintained, and most firms report 
a falling off in the demand in the last few weeks. Most 
firms are at present working short time, and do not 
anticipate any improvement in conditions before the 
beginning of 1932. Messrs. Edward Wood and Company, 
Limited, of the Ocean Ironworks, Trafford Park, Man- 
chester, who have now completed most of the extensive 
contracts booked a few months ago, are continuing 
to secure small orders. In the last few days they have 
booked work for a new garage for the Derby Canal 
Company, Limited, and 300 tons of steelwork for new 
buildings for the Luton Water Company, Limited. 
Messrs. Harry Peers and Company, of Bolton, have 
been entrusted by the Manchester Corporation Transport 
Department with the erection of steel shelters at the new 
Manchester municipal motor-omnibus station; and 
Messrs. Royce, Limited, of Trafford Park, Manchester, 
are to supply steelwork required for extensions to the 
coal-grate gantry at the Barton power station of the 
Manchester Corporation Electricity Department. 


Additional Plant in Operation.—The re-opening by 
Messrs. John Summers and Sons, Limited, of their steel- 
works plant at Shotton, near Chester, provides work 
for an additional 800 men; and on December 3 the new 
furnace erected by Messrs. The United Steel Companies, 
Limited, at Workington, was put into operation. Its 
estimated output is 2,700 tons per week at least, and, 
with the output of other furnaces in the district, will 
guarantee a make sufficient for any demands likely to 
be made upon the district for some time to come. Con- 
siderable headway has now been made with the new 
wharf which is to provide waterside facilities for the 
works of the Lancashire Steel Corporation, Limited, 
at Irlam. It will be equipped with railway connections 
and the most modern appliances for the rapid handling 
of iron ore. 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—The depreciation in the value of 
Sterling has not brought any extra trade to South Wales. 
While it has cheapened the cost of coal abroad, colliery 
owners and exporters are handicapped by the fact that 
imports into their chief market—France—are limited 
by licence. At the same time, possible buyers in other 
countries are holding off in the hope that they might 
eventually secure their requirements on even more 
favourable terms. Exporters, too, are not keen on 
selling ahead at present prices, as a further fall in the £ 
would, of course, mean the receipt of less foreign money. A 
step towards disposing of the enormous quantity of small 
coal “ banked ” on account of the inability of collieries 
to find a market for it has been made by the South 
Wales Coal Marketing Association in introducing a 
special class in the minimum scale of prices, under which 
banked smalls can be sold at 2s, per ton less than fresh 
wrought smalls, which range from lls. to 13s. 6d. per 
ton. Banked smalls cannot, however, be sent to certain 
counties by rail or by sea, and neither are they to be 
sold to France unless they are allowed into that country 
with an importation license. Already a quantity of 
banked small has been sold for patent-fuel making at 
the new price. Imports of foreign coal into France 
have been further reduced, the quantity which is to be 
allowed in from December 1 being 72 per cent. of the 
1928-30 average, as compared with 80 per cent. up till 
the end of November. In the meantime, Welsh dry 
large and nut coals are favourably placed for orders, 
but all other descriptions of large and small are plentiful 
and readily obtainable at minimum prices, based on 
19s. 6d. per ton for best large, and 13s. 6d. for best 

He 


smails, 

The Quarterly Audit.—The joint audit of the South 
Wales coal trade for the quarter ended October showed 
a loss of 1-52d. per ton, compared with a loss of 0 -82d. 
in the previous quarter and a profit of 2-32d. for the 
three months ended April. The trading results for the 
last quarter were the worst since the January quarter. 
Production in the October quarter at 9,766,000 tons 
was 18 per cent. less than two years ago, while exports 
were at the rate of only 19,000,000 tons per annum, as 
compared with 30,000,000 tons in 1913. 

Tron and Steel—Exports of iron and steel goods last 
week amounted to 6,812 tons, compared with 21,434 
tons in the preceding week. Shipments of tin-plates and 
terne-plates fell from 13,433 tons to 4,847 tons, of black- 
plates and sheets from 1,675 tons to 734 tons, of gal- 
vanised sheets from 3,603 tons to 949 tons, and of other 











iron and steel goods from 2,723 tons to 282 tons. 





NOTICES OF MEETINGS. 





INSTITUTION OF ELECTRICAL ENGINEERS.—To-night, 
7 p.m., Victoria-embankment, W.C.2, Meter and Instru- 
ment Section Meeting. ‘‘ An Investigation of Problems 
Relating to the Use of Pivots and Jewels in Instruments 
and Meters,” by Mr. V. Stott. Mersey and North Wales 
(Liverpool) Centre: Monday, December 7, 7 p.m., The 
University, Liverpool. ‘“‘The Design of a Distribution 
System in a Rural Area,” by Mr. E. W. Dickinson and 
Mr. H. W. Grimmitt. South Midland Centre:: Monday, 
December 7, 7 p.m., The University, Birmingham. ‘* The 
Electrical Heating of Buildings, by Mr. R. Grierson, and 
at Scottish Centre: Tuesday, December 8, 7.30 p.m., 
Engineers’ Rooms, 39, Elmbank-crescent, Glasgow. 
North Midland Centre: Tuesday, December 8, 7 p.m., 
Hotel Metropole, Leeds. ‘‘ Dielectric Phenomena at 
High Voltages,” by Mr. B. L. Goodlet and others. 
London Students’ Section : Friday, December 11, 7 p.m., 
Victoria-embankment, W.C.2. Lecture. ** Oil-filled 
Cables,”’ by Mr. R. E. G. Horley. 


Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., Royal Society of Arts, John-street, Adelphi, W.C.2. 
Presidential Address. ‘‘Some Aspects of Development 
in the Generation and Transmission of Electricity, its 
Influence of the Design of Plants, and the Growth in 
the Utilisation of Electrical Power,” by Dr. S. L. Pearce. 
Friday, December 11, 7.30 p.m., 39, Victoria-street, S.W.1. 
‘** Oxygen Machine Cutting,” by Mr. C. G. Bainbridge. 


Royat Institution.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘‘ Optics of Electrons,” by Professor G. P. 
Thomson. Monday, December 7, 5 p.m., General 
Meeting. Tuesday, December 8, 5.15 p.m., ‘‘ Air Waves,” 
by Mr. F. J. W. Whipple. 


INstITUTE oFr British FounDRYMEN.—Lancashire 
Branch: Saturday, December 5, 4 p.m., College of 
Technology, Manchester. “Silicon as an Alloying 
Element,” by Mr. J. Arnott. Burnley Section: Thurs- 
day, December 10, 7.15 p.m., Municipal College, Burnley. 
‘“Modern Foundry Practice and Developments,” by 
Mr. J. Masters. Birmingham, Coventry and West Mid- 
lands Branch: Thursday, December 10, 7.30 p.m., 
Chamber of Commerce, New-street, Birmingham. 
‘Modern Application of Sand Blast Plant,” by Mr. J. F. 
Allen. Scottish Branch : Saturday, December 12, 4 p.m., 
Royal Technical College, Glasgow. “An Engineer’s 
View of the Foundry,” by Mr. H. Gardner. East Midlands 
Branch: Saturday, December 12, 6 p.m., University 
College, Nottingham. ‘‘ Cast Iron from the Ore to the 
Casting,” by Mr. P. A. Russell. Newcastle-on-Tyne and 
District Branch : Saturday, December 12, 6.15 p.m., 
Neville Hall, Newcastle-on-Tyne. “ Heat-Resisting 
Alloys,” by Mr. J. F. Kayser. Wales and Monmouth 
Branch : Saturday, December 12, 6.30 p.m., University 
College, Cardiff. ‘‘ Foundry Work, in India,” by Mr. G. 
Morgan. 


Socrety or ENGINEERS.—Monday, December 7, 
6 p.m., Geological Society, Burlington House, Piccadilly, 
W.1, ‘‘ Reinforced Concrete Cylinder Bridge Founda- 
tions, Masonry Piers and Earthworks in East Africa for 
the Mapuka Causeway,” by Mr. J. R. Paris. 


INSTITUTION OF PRODUCTION ENGINEERS.—Manchester 
Section: Monday, December 7, 7.30 p.m., College of 
Technology, Manchester. ‘‘ Changing Incident of Costs 
in Production,” by Mr. A. Perry-Keene. Luton, Bedford 
and District Section : Wednesday, December 9, 7.30 p.m., 
Red Lion Hotel, Luton. ‘‘ Time Study and Ratefixing 
Charts,” by Mr. J. Ronald. London Section: Friday, 
December 11, 7.30 p.m., Society of Motor Manufacturers 
and Traders, 83, Pall-mall, S.W.1. ‘‘ The Machining of 
Non-Metallic Materials,’’ by Mr. W. Phillips. 


WoLVERHAMPTON AND District ENGINEERING 
Socrety.—Monday, December 7, 7.30 p.m., Victoria 
Hotel, Wolverhampton. ‘‘ The Choice and Maintenance 
of Machine Tools,” by Mr. H. A. Drane. 


Royat Society oF Arts.—Monday, December 7, 
8 p.m., John-street, Adelphi, W.C.2, Howard Lecture. 
‘* Diesel Engines ” (Lecture III), by Mr. H. R. Ricardo. 
Wednesday, December 9, 8.30 p.m. ‘‘ Roads and Road 
Transport,” by Sir H. Maybury. 


INSTITUTION OF CrviL ENGINEERS OF IRELAND.— 
Monday, December 7, 8 p.m., 35, Dawson-street, Dublin. 
“Construction of Road Bridge over the Sabaki River, 
Kenya Colony,” by Mr. C. J. Buckley. 


BRITISH ASSOCIATION OF REFRIGERATION.—Tuesday, 
December 8, 5.30 p.m., Institution of Mechanical Engi- 
neers, Storey’s-gate, 8.W.1. Discussion on “ Refrigera- 
tion in Road and Rail Transport.” 


INSTITUTE OF TRANSPORT.—Birmingham and District 
Section : Tuesday, December 8, 6 p.m., Queen’s Hotel, 
Birmingham. ‘‘ The Progress and Development of 
Commercial Aviation,” by Mr. C. A. Barnard. Man- 
chester-Liverpool and District Section: Friday, Decem- 
ber 11, 6.30 p.m., Midland Hotel, Manchester. ‘“ The 
Possibilities of the Diesel Engine in Road Transport,” 
by Mr. F. E. Crooke. | Newcastle-on-Tyne and District 
Section : Friday, December 11, 7.30 p.m., Station Hotel, 
Newcastle-on-Tyne. ‘“‘ Life on an Indian Railroad” by 
Mr. J. W. Mitchell. 


oF MECHANICAL ENGINEERS.—<South 
Wales Branch: Tuesday, December 8, 6 p.m., Royal 
Metal Exchange, Cardiff. ‘‘ The Metallurgical Expert 
and the Engineer,” by Mr. A. P. Hague. Western 
Branch: Thursday, December 10, 7 p.m. Merchant 
Venturer’s Technical College, Bristol. ‘‘ Recent Develop- 
ments in the Application of Electric Arc Welding ” by 
Mr. E. P. 8S. Gardner. Yorkshire Branch: Thursday, 
December 10, 7.30 p.m., Hotel Metropole, Leeds. Chair- 
man’s Address by Major F. L. Watson. Glasgow and 


INSTITUTION 





West of Scotland Branch: Thursday, December 10, 
7.30 p.m., Royal Technical College, Glasgow. Thomas 
Hawksley Lecture. ‘‘ The Mechanical Aspects of Elec- 
tricity” by Mr. Ll. B. Atkinson. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, Decem- 
ber 8, 6 p.m., 85, The Minories, E.C.3. “‘ Nickel and 
Nickel Alloys in Marine Engineering ’’ by Mr. J. McNeil. 
Junior Section : Thursday, December 10, 7 p.m. “ Fuel 
Oil Burning,”’ by Mr. 8S. Grant. 


Institute oF Metats.—Swansea Local Section, Tues- 
day, December 8, 6.15 p.m., Y.M.C.A., Swansea. ‘ Use 
of Cast Iron in the Non-Ferrous Industry,” by Dr. 
A. L. Norbury. North-East Coast Local Section: Tues- 
day, December 8, 7.30 p.m. Armstrong College, New- 
castle-on-Tyne. Joint meeting with Society of Chemical 
Industry. ‘‘ Industrial Heat-Treatment Furnaces,” by 
Mr. J. T. Lowe. Birmingham Local Section : Thursday, 
December 10, 7 p.m., Chamber of Commerce, New-street, 
Birmingham, “ Pulverised Fuel,” by Mr. R. Jackson. 
London Local Section : Thursday, December 10, 7.30 p.m., 
Society of Motor Manufacturers and Traders Limited, 
83, Pall Mall, S.W.1, Joint Meeting with Institute of 
British Foundrymen. ‘ Deoxidisers and Fluxes,” by 
Mr. G. L. Bailey. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Coventry 
Centre : Tuesday, December 8, 7.30 p.m. King’s Head 
Hotel, Coventry. ‘‘ Transmission,” by Mr. L. H. 
Pomeroy. 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
December 8, 7.30 p.m., 198, West-street, Sheffield. 
“The Fuel Problems of the Metallurgist,”” by Mr. H. C. 
Armstrong. 


INSTITUTION OF WELDING ENGINEERS.—North- Western 
Branch : Tuesday, December 8, 7.30 p.m., College of 
Technology, Manchester. ‘‘ Welding in Boiler Works 
Practice” by Mr. E. W. Thompson and Mr, A. Jeavons. 
London : Thursday, December 10, 7.45 p.m., Institution 
of Mechanical Engineers, Storey’s-gate, S.W.1, Kine- 
matograph Film, ‘‘ Oxy-Acetylene Welding,” followed 
by discussion on ‘‘ Examination of Welders,’’ by Mr. 
P. L. Roberts. 


Institution oF Crvit ENGIngEERS.— Wednesday, 
December 9, 6 p.m., Great George-street, S.W.1. Informal 
Meeting. ‘‘ Road Traffic Signalling,” by Mr. E. 
Aldington and Mr. E. B. Hugh-Jones. 


InstiruTion oF Locomotive ENGINEERS.—Birming- 
ham Centre: Wednesday, December 9, 6.45 p.m., 
Queen’s Hotel, Birmingham. ‘“‘ Wrought-Iron and 
Steel Tubes,” by Mr. G. H. Willett. 


Nortu-East Coast INstTituTION OF ENGINEERS AND 
SHIPBUILDERS.—Graduate Section : Wednesday, Decem- 


ber 9, 7.15 p.m., Bolbee Hall, Newcastle-on-Tyne. 
** Handling of Ship’s Cargo,” by Mr. N. Denholm. 'ees- 
side Branch : Thursday, December 10, 7.30 p.m. Cleve- 


land Scientific and Technical Institution, Middlesbrough. 
“Welding,” by Dr. A. F. Birstall. Newcastle-on-Tyne : 
Friday, December 11, 6 p.m., Mining Institute, Newcastle- 
on-Tyne. ‘‘Improved Marine Steam _ Reciprocating 
Engines: Does their Performance Justify their Extra 
Cost,” by Mr. J. N. Hendry. 


INSTITUTION OF ENGINEERS-IN-CHARGE,—Wednesday, 
December 9, 7.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4.  ‘‘ Recent Developments in Ignition- 
Compression Engines,” by Mr. O. Wans. 


DiesEL Enetne Users’ Assocration.—Thursday, 
December 10, 3.30 p.m., Caxton Hall, Westminster, 
8.W.1. ‘“‘ Heavy-Oil Engines for Water-Pumping Plant,” 
by Mr. C. W. Casse. 


Royat AERONAUTICAL SocteTy.—Thursday, December 
10, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2.  ‘“‘ Air Flow,” by Mr. W. 8. Farren. 


Opticat Soctety.—Thursday, December 10, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, 8.W.7. ‘‘A New Photo-Electric Spectro- 
photometer,” by Mr. F. C. Smith and Mr. E. R. Holiday. 
Demonstration of ‘‘ A Device for Focussing Projectors,”’ 
by Messrs. The General Electric Company, Limited. 


INSTITUTION OF CHEMICAL ENGINEERS.—Friday, 
December 11, 6 p.m., Chemical Society, Burlington 
House, Piccadilly, W.1. ‘‘ The Manufacture of Asphalt 
from Cracking Process Residues,” by Mr. F. M. H. Taylor. 


ILLUMINATING ENGINEERING Socrety.—Friday, 
December 11, 7 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. Presidential Address, by Sir F. 
Goodenough. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
December 11, 7.30 p.m., Queen’s Hotel, Keighley. 


“Pumps, Ancient and Modern,” by Captain E. 
Marsh. 

Hvtu AssociaTION OF ENGINEERS.—Saturday, Decem- 
ber 12, 7.15 p.m., Municipal Technical College, Park- 
street, Hull. ‘‘ Fuel Oil and its Application to Industrial 
Purposes,” by Mr. O. S. Sharratt. 


Tue MarkING or ImporteD ABRASIVE MATERIALS.— 
The Standing Committee appointed by the Board of 
Trade is to hold an inquiry, at 11.30 a.m. on Monday, 
December 14, and at 10.30 a.m. on Tuesday, December 15, 
to ascertain whether imported abrasive wheels, cylinders, 
cups, cones, discs, rollers, blocks, bricks, stones and 
sticks, consisting of grains of natural or manufactured 
abrasive bonded together with other material, should be 
required to bear an indication of origin. The inquiry 
will be held at the Board of Trade Offices, Great George- 
street, London, 8.W.1, and communications should be 
addressed to the secretary, Mr. E. W. Reardon, at that 
address. 























































































































702 ENGINEERING. (Dec. 4, 1931. 














TRANSPORT EXHIBITION. 





AT THE PUBLIC WORKS AND 


(For Description, see Page 693.) 





EXHIBITS 
















TEEVPPTTT 





























SEyPeee EY Ce 








ENGINEERING 





Fig. 59. PortaBLe AtR-CoMPRESSING SET ; Messrs. REAVELL AND Fie. 60. PNEuMATIC CONCRETE BREAKER ; 
Company, LIMITED. Messrs. REAVELL AND CoMPANY, LIMITED. 
































Fie. 61. PorTABLE ArrR-CoMPRESSOR SET; Messrs. HOLMAN Fic. 62. Pneumatic Battast TAMPER; MEsSRS. 
BrorHers, LIMIrep. Hotman BrotuHers, LIMITED. 





| Main dimensions, 105 ft. by 20 ft. by 8 ft. Built by; ‘‘ FLatHouse.’’—Single-screw self-trimming collier; 
LAUNCHES AND TRIAL TRIPS. | Messrs. Richard Dunston, Limited, Thorne, near Don- | triple-expansion engine. Launch, November 10. Main 


* Ciiona.”’—Twin-screw oil-tank motorship;  six-| caster, for Messrs. The Grimsby Express Packet Com- | dimensions, 242 ft. by 36 ft. 6 in. by 18 ft. Built and : 
cylinder, four-cycle, single-acting Harland and Wolff- | pany, Limited. | engined by Messrs. Swan, Hunter, and Wigham Richard- q 
B. and W. Diesel engines. Trial trip, October 14.| “Bren Sapter.” Single-screw, self-propelled, bulk | son, Limited, Sunderland, for Messrs. Stephenson, Clarke ; 
Constructed for the carriage of 11,900 tons of petroleum | oj]-carrying lighter for coasting service combined with | 224 Associated Companies, Limited, London. ; 
in bulk. Built and engined by Messrs. Harland and | above-bridge navigation inthe River Thames; five- ‘“* GEorGIc.’’—Twin-screw cabin-class motor liner for a 
Wolff, Limited, Glasgow, for Messrs. Anglo-Saxon | cylinder Norris, Henty and Gardner Diesel engine. | the Liverpool-New York service ; ten-cylinder, double- q 


Petroleum Company, Limited, London. | Trial trip, November 10. Main dimensions, 132 ft. by | acting, four-cycle Harland and Wolff-B. and W. Diesel E: 
“TRENT.”’—Steam coaster for general-cargo service | 25 ft. by 9 ft. 6 in. Built by Messrs. The Rowhedge | engines. Launch, November 12. Main dimensions, 680 ft. 4 

between Grimsby and Hull; compound surface con- | Ironworks Company Limited, Rowhedge, ‘near Col- | by 82 ft. by 43 ft. 9 in. Gross tonnage, 28,000. Built and : 

densing engines supplied by Messrs. Plenty and Son, | chester, for Messrs. National Benzole Company, Limited, engined by Messrs. Harland and Wolff, Limited, Belfast, 

Limited, Newbury, Berkshire. Launch, November 7, ! London. . | for the White Star Line. 
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ENGINEERING PIONEERING, 

THE attention which is being paid to scientific 
investigation of all kinds at the present time is 
tending to give the layman an incorrect idea of 
what science per se has actually achieved in the 
material world. The whole of modern material 
civilisation rests, in a sense, ultimately on the 
application of scientific knowledge, but that appli- 
cation has usually not been made by scientists and 
has frequently not even been explained by them 
until after its practicability had been demonstrated 
by engineers. 

The history of water purification provides an 
instructive case in point. Here the chemist was 
called in at an early date and developed most 
ingenious methods of detecting both fresh and less 
recent sewage pollution, but this led to little or 
nothing. The engineer had, therefore, to do his 
own pioneering, and thus invented sand filtration. 
This was found to be singularly effective. London, 
supplied mainly from the polluted Thames and 
Lea, had a very much lower death rate from 
water-borne diseases than Glasgow, supplied from 
the apparently uncontaminated but also untreated 
water of Loch Katrine. A still more striking proof 
of the efficiency of the engineer’s unaided discovery 
was supplied during the great Hamburg cholera 
epidemic of 1892. Hamburg, assuming its water 
sources to be pure, did not make use of sand filtra- 
tion. Altona, further down stream, and actually 
taking in its supplies below some of the outlets 
of the Hamburg sewers, did, and consequently 
escaped almost scot free. The chemist. could not 
explain the engineer’s results, but ultimately the 
biologist did. 

In another case, however, it was the biologist 
who was unable to help. During the construc- 
tion of the Hudson River tunnel, work was 
being. brought to a standstill .by, compressed-air 
disease. The medical men proved useless, and. the 














engineer once again had to do his own pioneering. 


Reflecting on conceivable causes, Mr. (now Sir 
Ernest) Moir reasoned that a possible remedy might 
be the adoption of very slow decompression. The 
experiment was made and proved successful. Some 
years afterwards, the matter was reinvestigated by 
the doctors and biologists, who added explanations 
but nothing of fundamental importance to the dis- 
coveries of Sir Ernest. It. may further be noted 
that of recent years, medical researchers have 
been similarly supplementing the pioneering work 
on fatigue of another great. engineer, Mr. F.. W. 
Taylor, and again have. rather. confirmed his dis- 
coveries than added fundamental facts to our know- 
ledge. Of course, we all recognise that it was the 
biologist, Sir Ronald Ross, who made practicable 
the construction of the Panama Canal, without the 
appalling death roll from malaria which was so 
largely responsible for the failure of the French 
efforts. 

Another instance of successful pioneering, in 
which the engineer had to rely almost entirely 
on his*own resources, is that of transatlantic wire- 
less telegraphy. Sir Ambrose Fleming has related 
how he and Marconi sat on the Galway shore 
wondering whether the feat were possible. America, 
they realised, was down below them, not out in front 
of them,:-and the only analogy provided by pure 
science was that of the bending of light round an 
obstacle. If the earth was replaced by a j-in. 
bicycle ball, and the wireless waves by ordinary 
light, we would have a scale model of the problem 
to be solved. The prospect was, therefore, not 
very encouraging, yet it was nevertheless decided 
to attempt the apparently impossible. It then re- 
mained to design the apparatus and decide on the 
power required. Here, again, there was little or 
nothing to serve for guidance, and so as Sir Ambrose 
has said, they were driven willy nilly to fall back 
on the good old engineering rule of “‘ guessing half 
and doubling it.” 

To-day the mechanical engineer is attempting 
further pioneering work in the use of steam at high 
pressures and temperatures, and, as_ before, he 
has to find his own solutions. The metallurgist, 
so far, has not succeeded in compounding a material 
which will withstand the novel conditions, and can 
yet be supplied at less than a prohibitive price. 
The engineer has, therefore, to use what is available, 
and devise methods by which such user can be 
made safe. He is, moreover, the only professional 
man called upon to guarantee results, and if his 
judgment proves at fault, may incur losses and 
penalties running into tens of thousands of pounds. 
The help the chemist. can give him in most of his 
work is limited to ensuring that materials supplied 
comply with the specifications. It is, moreover, 
the physical rather than the chemical properties 
of a material which are generally of most im- 
portance. A bad razor blade may, for instance, 
show a very satisfactory analysis and yet prove a 
very unsatisfactory article; generally speaking, 
chemical constitution is far from furnishing satis- 
factory guidance as to how materials will behave 
in practice. The late Professor Arnold, some years 
before the war, greatly annoyed our makers of 
refractories by specifying German products for his 
steel furnace, since he found these would withstand 
many more melts than those of home manufacture 
then obtainable. One of his complainants, on being 
confronted with the comparative figures, declared 
that he would be ashamed to supply a material with 
so wretched an analysis as the imported article. 
The fact was, however, the German makers had found 
that physical characteristics were even more import- 
ant than chemical composition, and, following up 
this idea, were able to supply lasting refractories from 
somewhat indifferent raw materials. Ultimately, it 
is satisfactory to note, Professor Arnold was able 
to obtain from home sources, refractories which 
surpassed the imported. Some few years ago, 
25 per cent. nickel steel, as the results of laboratory 
tests, was held to have exceptionally good physical 
properties, and was, accordingly, somewhat ex- 
tensively used. It often proved, however, most un- 
reliable in service, and made necessary many 
costly. replacements. 

Even in regard to chemical manufactures it is 
the engineer who, in general, has to bridge the gap 
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success. Until the engineering problems had been 
solved, the ammonia soda process had, we believe, 
involved the bankruptcy of most of those who 
attempted to exploit it. The problem of avoid- 
ing heat losses and consequent waste of fuel is an 
engineering, not a chemical, one, and to come to 
matters of more recent date, the success of the 
synthetic ammonia process as developed at Billing- 
ham, has undoubtedly been largely due to the 
engineer, Mr. H. A. Humphrey. It may be noted, 
moreover, that the kind of chemistry concerned in 
this process is mainly what is known as physical 
chemistry, having to do with the conditions essen- 
tial to large yields. These depend on the second 
law of thermodynamics first formulated by an 
engineer. 

Again in connection with power generation, the 
remarkable boiler efficiencies now attained have 
been almost exclusively due to the engineer. The 
chemist could teil him what proportion of CO, 
corresponded to perfect combustion without excess 
of air, but not how closely this limit could be 
approached. The introduction of pulverised fuel 
firing is again to be attributed to the engineer, and 
involved many costly experiments, of which by no 
means all were successful. It is true that Bettington 
seems, by instinct, to have hit at the very outset 
upon the general principles which should govern 
the design of pulverised fuel plant, but owing to 
his early death in the great war, these had largely 
to be rediscovered by his successors. Further, those 
who, 30 years ago, attempted to design steam tur- 
bines of their own had many a disastrous experience. 
In the case, for example, of a large marine turbine 
built in Germany during these early days, the shaft 
welded itself to the diaphragms, as the result of a 
touch, and it took days of work to clear the wreck. 
The makers also of one of the most successful of 
the earlier impulse steam turbines had so many 
vases of stripped blades that they admitted, confi- 
dentially, that their profits almost disappeared in 
making matters good. At a later date most 
turbine builders had troubles from disc vibration, for 
which the engineer had to find both the cause and 
the cure, whilst to-day he is as already noted, 
confronted with great difficulties owing to the 
tendency of the materials available to ‘“ creep” at 
high temperatures. 

The uncomfortable fact is that engineering is not 
a science. Matters would be much simpler if it 
were, but this is a desideratum hardly likely to be 
ever attained, and certainly not within the lifetime 
of anyone now living. Engineering is essentially 
an art which, however, is distinguished by the use 
it makes of mathematics and science. The artist 
pure and simple has not to make things work, 
and many architects seem to think that the last 
object with which a house is built is to be lived in, 
but the engineer’s aim is always primarily utilita- 
rian. His first objective is to make things work, 
and his second to make them fool-proof, and some- 
times this may be the more arduous task of the 
two. His success in mastering it is in some directions 
little less than extraordinary. The modern motor 
car or aeroplane can be entrusted to the care 
and guidance of women, or even girls, practically 
devoid of any knowledge of either theoretical or 
applied mechanics. This has been a remarkable feat, 
the difficulty of which was enhanced by the accom- 
panying demand for a drastic reduction in weights 
without any accompanying decrease in the margin 
of security. In spite of having to satisfy these 
primary requirements, the best engineers have a 
fair claim to be considered as artists. Some, no 
doubt, are satisfied with getting something that 
will work, or that will meet effectively some public 
requirement, and are responsible for machines and 
structures which appear to have been assembled 
rather than designed. Others, on the other hand, 
have an innate feeling for form such as was 
displayed by Rennie in the case of the Waterloo 
Bridge, and pace the architects and correspondents 
of the daily Press, Rennie is not without successors 
who could rival his achievement to-day. Perhaps 
it may be not out of place also to remind his 
architectural critics that it was the engineer which 
saved St. Paul’s, a feat which we have little hesi- 
tation in affirming to have been beyond the 
technical capabilities of the fellow profession. 








ROAD CONSTRUCTION AND 
MAINTENANCE. 


THE report* on the administration of the Road 
Fund, lately issued, shows a further increase in the 
relative proportion of motor driven to horse-drawn 
vehicles. During the year under review, licences 
were issued for 2,260,500 motor vehicles and for 
53,015 horse drawn, the corresponding figures for the 
previous year being 2,172,800 and 66,471, respective- 
ly. There is now, it appears, one motor vehicle 
for every 22 persons in the kingdom, whilst one 
person in 16 has a driving licence. Ten years ago, 
the cars registered numbered but 873,700, whilst 
only 1,106,000 persons were licensed to drive. The 
cost of adapting the roads to motor traffic has been 
very high, and it is, perhaps, an open question 
whether the whole of the expenditure has been wise. 
There is, in fact, a somewhat widespread impression 
that the joy rider has received rather more than 
due consideration. Schemes such as the Victoria 
Dock-road improvement, most urgently required 
for goods traffic, have been held up for years, whilst 
money seems always to have been forthcoming for 
the improvements demanded by the private car 
owner. Until the present crisis became serious, 

-arliament was, of course, also prepared to supply 

the greater part of the 12,000,000/. required for 
bringing about the long desired scheme of trans- 
ferring Charing Cross railway station to the south 
side of the river. Astart has now been made on 
the Victoria Docks scheme, but the long delay must 
have led to great waste of money. 

There are now 177,256 miles of public highways, of 
which 26,417 miles are regarded as Class I roads and 
15,924 as Class IT, the grading being on the basis of 
their relative traffic importance. In the case of 
Class I roads, the Road Board is prepared to contri- 
bute up to 60 per cent. of approved expenditure, the 
corresponding figure for Class II roads being 50 per 
cent. The total expenditure on road maintenance, 
improvement, and construction by the local authori- 
ties in 1928-1929 (the last year for which figures 
are available) was 52,182,7501. in England and 
Wales. This is equivalent to 317-2d. per head of 
population, and to 46-8d. per pound of assessable 
value. In Scotland, the total cost was 5,908,5651., 
equivalent to 289-8d. per head of population, and 
to 34-4d. per pound of gross valuation. In 1913- 
1914, the cost in England and Wales averaged 
112d. per head, and 19-4d. per pound of assessable 
value. During the year 1930-1931, the cost of 
maintenance was 461/. per mile in the case of Class I 
roads, whilst Class II cost 3441. per mile. 

The net expenditure of the Road Board during 
the year in question was 27,893,678/. This is 
rather less than the receipts from motor taxation, 
which amounted to 28,523,7081., but of this total, 
5,071,0501. were retained by the Exchequer for 
general purposes. The commitments of the Road 
Board on programmes already authorised, now 
amount to 62,513,0001. Of this total, 37,428,0001. 
are on account of programmes expedited with a 
view to finding work for the unemployed. 

Under the new Road Traffic Act, the local 
authorities are deprived of the right to licence 
public service vehicles, a power they have repeatedly 
abused in the past, in order to try to bolster up 
older means of urban transport to which they 
were previously committed. They will, however, 
still retain powers to fix parking places for public 
service vehicles, and in the case of the large cities 
will have some control over the routes to be followed 
within city limits. The report mentions many 
areas in which tram lines are now being taken up, 
and the tramear, which has long been not merely 
a great obstruction to traffic in itself, but a cause 
of obstruction in others, will no doubt ultimately 
disappear from our highways, though some decades 
must elapse before this policy is likely to be accepted 
by certain cities. 

In all the work now in progress much attention 
is being given to esthetic considerations. In certain 
cases, roads are being restricted in width, where an 
increase of this would involve the sacrifice of well- 
wooded slopes ; in many widenings, the pathways 


* Report on the Administration of the Road Fund for 
the Year 1930-31. H.M. Stationery Office. Price 2s. 
net, 





are being located behind lines of existing trees, 
Most of the new or reconstructed bridges are of 
reinforced concrete faced with granite or local 
stone, but, in the case of a bridge over the Spey 
at Grantown, the concrete surface is itself to be 
exposed, but the aggregate has been selected so 
as to give it a faint buff colour. During the year, 
some 830 bridge schemes were submitted to the Road 
Board for approval. Most of these were plans for 
reconstruction, but 105 were for new bridges. The 
spans were generally small, but in 156 cases 
exceeded 50 ft. 

A large steel lifting bridge is being built across 
the Tees to connect Stockton and Middlesbrough, 
the industrial developments at Billingham having 
rendered inadequate the old transporter bridge. 
The new bridge will have a clear span of 250 ft., 
and when raised will give a headway of 120 ft. 
above high water. Another important bridge is 
proposed for Kincardine-on-Forth. This will have 
two swing spans each of 200 ft. in the clear. 

One of the bridges built by General Wade over the 
Spey in 1754 is to be superseded by a new reinforced 
arch bridge of 240-ft. span. The old bridge was of 
three spans, measuring, respectively, 72 ft., 40 ft., 
and 19} ft. It will be repaired and retained in 
use for foot traffic. Other work of some historic 
interest as affecting Telford’s road to Holyhead, 
has been found necessary at Penmaenbach, where 
the existing road is to be diverted for a distance of 
647 yards, of which 188 yards will be in tunnel. 
This tunnel will have a width of 34 ft. and will be 
high enough to admit double-decked omnibuses. 

Mention is made in the report of some of the 
climatic difficulties met with on the Tyndrum—North 
Ballachulish section of the road from Glasgow to 
Inverness. The rainfall at Carnock amounted to 
90-37 in. during the year, whilst 78-51 in. was 
recorded at Inverary. Some engineering difficulties 
have been encountered in the construction of the 
Kent Coast road, where it has been necessary to 
found the culverts carrying the marsh ditches under 
the road on 12-in. by 12-in. piles of reinforced 
concrete driven to depths of from 40 ft. to 60 ft. 
Good progress has been made during the year on 
the Liverpool and East Lancashire road. Here it 
was necessary to haul large quantities of filling 
material, and the contractors have found that in this 
work fast motor lorries have given the best service. 

Experimental work still continues, but the 
results attained are being published as a separate 
document. It is noted, however, that, on the 
East Ham and Barking by-pass, concrete surfacing 
is showing a continued useful life. Blue brick 
surfacing has also worn well, save where the founda- 
tions have been weak. Many of the public will 
doubtless be glad to learn from the report that 
what is officially considered as a fairly effective 
silencer is now available for the exhaust from 
pneumatie drills. 

The accident statistics show that the private car 
is much more dangerous than the public service 
vehicle, being responsible for 59 per cent. of the 
accidents investigated by the Board. Commercial 
vehicles accounted for 13 per cent., and the public- 
service vehicles for the remaining 28 per cent. The 
human factor was responsible for over half the total. 
Two of the long-distance motor-coach accidents 
are attributed to fatigue of the driver consequent 
on excessive hours of duty. 








DIESEL ENGINES. 

On Monday, November 23, at the Royal Society 
of Arts, Mr. H. R. Ricardo, F.R.S., delivered the 
first of a course of three lectures on Diesel engines. 
He said that the Diesel engine was still in its infancy. 
It had been developed largely because the demand for 
petrol, due to the advent of the motor-car, had left 
the oil refiners with immense quantities of inter- 
mediates, which were a drug on the market. These 
could, it was true, be burnt under boilers, but 
were so unstable that they could not be used in any 
engine which required an external vaporiser. ‘The 
conditions were such, and the need for a suitable 
engine was so great, that even had Dr. Diesel 
never existed, a very similar engine would. he 
believed, have been developed by others, and at 
much the same time. It was a little ironical that 
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whilst Dr. Diesel failed in his primary object of 
making an engine which could burn coal directly, 
this engine turned out to be a very good oil engine. 
Prior to Dr. Diesel’s work, the fuel for all internal- 
combustion engines had to be gasified. The heavy 
petroleums, however, could not be gasified without 
cracking, and the solid carbon liberated in this pro- 
cess would choke up the vaporiser or the cylinder. 
The essential principal of the Diesel engine was 
injection of the fuel into a cylinder, in which the 
temperature was so high that ignition was immediate. 
In these circumstances, if the oil particles did crack, 
they burnt in free air, and any carbon separated 
had no opportunity of becoming a nuisance. 


dense, through which fine particles of oil found it 
difficult to make their way. With solid injection, 
pulverisation and even distribution of the charge 
became mutually incompatible, and a compromise 
had to be adopted. Matters were improved if solid 
injection were supplemented by setting up turbu- 
lence in the air, so as to secure violent relative 
motion between it and the oil particles. The best 





results were obtained when the motion of the air 
was at right angles to the direction of the jet. 

To ensure starting from the cold, a compression 
pressure of about 450 Ib. per square inch was 
required, and this pressure might be greatly increased 
if detonations occurred. Hence, a Diesel engine 


In the ordinary engine the danger of detonation | had to be heavy and complicated, and the materials 


fixed a limit to the possible compression of the charge. | and workmanship had to be of the best. 


In the past, 


The heavier the oil used, the lower was this limit, | therefore, many oil—engine builders had adopted 
so that even were it possible to use such oils in an| the compromise known as the semi-Diesel engine. | moreover, provided with a fan, so that the compres- 
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ordinary engine, the compression ratio would have 
to be very low. 

In the Diesel engine, the air was compressed to 
400 lb. per square inch, and the temperature raised 
to about 600 deg. C. before the fuel was admitted. 
The crux of the problem was to introduce this fuel 
in a fine spray, evenly distributed throughout 
the combustion chamber. In all the earlier Diesel 
engines, and even now in some of the larger, the 
fuel was sprayed into the cylinder by compressed 
air. This was effective but had the drawback of 
the cost and complication involved, and, moreover, 
the air compressor absorbed about 10 per cent. 
of the total engine output. The spraying air had 
to be supplied at a pressure of about 1,000 Ib. per 
Square inch, and the period of supply lasted over 
a crank angle of only some 20 deg. The fuel valve 
Was fitted with perforated rings through which the 
oil percolated down to the needle valve. These 
mings were commonly known as pulverising rings, 
but in point of fact, did no pulverising whatever. 
—_ function was to prevent the charge from col- 
ecting 
blown in as a solid lump when the valve opened. 

Air injection had now been generally abandoned 
and repiaced by solid injection. The difficulty 
with this was that the injection took place into air 
at 30 atmospheres pressure, and correspondingly 








i acai ; 
/0 quickly round the needle valve and being | gradual increase of compression pressure, and a 
|reduction in the area of hot surface provided, but 
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Fig. 5. THEORETICAL DIAGRAM. 
CONSTANT VOLUME AND CONSTANT 
PRESSURE CYCLES. 
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In this case the compression pressure was about 
150 lb. per square inch, and the temperature required 
for ignition was secured by the use of heated sur- 
faces. The combustion chamber was, therefore, 
uncooled and at times was nearly red hot. The fuel 
was sprayed on to the hot surface. Cracking 
occurred, but the solid carbon separated did not 
adhere readily to hot surfaces and was carried off 
in the exhaust. The combustion was partial only 
and the efficiency low. Moreover, the temperature 
of the hot surfaces varied with the load, and in the 
wrong way, increasing as the load increased, whilst 
at light loads they cooled off so that ignition failed. 

To check the over-heating at high loads, water 
was sometimes injected with the charge, whilst at 
light loads a lamp might be necessary to maintain 
the temperature required for ignition. In other 
cases, as the load increased the spray was deflected 
from the overheated to cooler surfaces. The low 
first cost of these engines made them popular 
20 years ago when fuel economy was less necessary 
than to-day. Various troubles, however, led to a 


the increase of pressure involved an increase of 
weight and a lamp was still necessary in starting up. 
The self ignition point of the fuel oil was a domi- 


Lb. per Sgn. 
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nant factor in the working of Diesel engines. Fuel 


might burn either rapidly or slowly, and the term 
oxidation was applied to the latter case. With rise 
of temperature, the rate of oxidation increased very 
rapidly. At a temperature of 200 deg. C., days 
might be required for an oxidation which, at 250 deg. 
C., would require merely minutes. In slow com- 
bustion or oxidation, heat was generated less rapidly 
than it was dissipated. At higher temperatures, 
however, the reverse was the case ; ignition occurred 
and a flame was established. 

The lecturer had studied the conditions necessary 
for self ignition by means of a variable-compression 
engine. In these experiments, the temperature was 
adjusted as required and the charge was then sud- 
denly compressed. An optical indicator gave the pres- 
sures produced, from which the temperatures attained 
could be deduced. The combustion chamber was, 





Fig.3. DIAGRAM SHOWING THREE PHASES OF 
COMBUSTION PROCESS IN COMPRESSION 
IGNITION ENGINE. 
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sion might be made either in stagnant or turbulent 
conditions. A typical diagram was reproduced 
in Fig.1. Here the horizontal line showed the delay 
period. In this oxidation was proceeding, other- 
wise the pressure would have fallen, owing to the 
outward motion of the piston. Ultimately, the 
ignition point was reached with a corresponding 
very rapid rise of pressure, which was followed by 
the usual expansion line. 

There was, however, no fixed and definite self- 
ignition temperature, since it varied with the 
conditions. Thus with stagnant air, the self-ignition 
temperature of an oil might be 300 deg. C., whilst 
if the air were made turbulent, thus increasing the 
rate of heat loss, the ignition temperature might 
be raised to 310 deg. or 318 deg. C. 

If instead of heating a mixture of vapour and air 
we injected cold oil into heated air, the droplets 
would begin to evaporate and, if the temperature 
were high enough, ignition would occur. Each 
droplet then consisted of a liquid core surrounded 
by vapour burning as fast as it could get to oxygen. 
Here again, there was a delay period, the duration 
of which depended on the excess of the air tempera- 
ture over the ignition temperature. The greater 
this excess the shorter the delay, but there was 
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always some. Pressure affected the duration of this 
period by increasing the number of contacts of the 
fuel with the oxygen. 

A curve showing the relation between the delay 
period and the air temperature was reproduced 
in Fig. 2. The fuel was Diesel oil, the pressure 
atmospheric, and the air was still. It would be 
seen that a delay of about 2 seconds with an air 
temperature of 350 deg. C., was reduced to less than 
iy Second when the air temperature was 600 deg. C. 

With air injection of the charge, it was possible 
to get a nearly constant pressure line on the Diesel 
diagram during the period of combustion. With 
solid injection this was not possible. Three distinct 
stages could be detected during the period of com- 
bustion in a Diesel engine. There was first a delay 
period, then a rapid rise of pressure and tempera- 
ture, when ignition occurred, and this was followed 
by a stage in which, although combustion continued, 
owing to the further injection of fuel, the rate of 
rise of pressure fell off, owing to the increasing speed 
of the piston. An ideal diagram, in which these 
successive stages were indicated by the figures 1, 2 
and 3, was reproduced in Fig. 3, whilst a corres- 
ponding practical diagram was represented in Fig. 4. 
If no ignition occurred, the pressure would fall off 
as indicated by the dotted line in Fig. 3. The 
longer the delay period, the more rapid was the 
subsequent rise of pressure, and it was important 
to make the delay period as short as possible. 

In the case of the petrol engine, there were only 
two combustion stages. There was a delay period 
following the passage of the spark and then a rapid 
rise of pressure, the duration of which depended 
entirely on the turbulence. An increase of speed 
increased the delay period, but since the turbulence 
increased in the same ratio as the speed, the dura- 
tion of the second period was not affected. 

At one time it was maintained that high-speed 
Diesel engines were impossible, but actually com- 
bustion was completed in a Diesel engine in about 
two-thirds the time taken in a petro] engine running 
at the same speed. Hence, so far as combustion 
conditions were concerned, the Diesel engine could 
be run faster than the petrol engine. The hindrances 
to this were mechanical, not chemical. Some 20 
years ago, a physicist had maintained that the limit- 
ing speed of an internal-combustion engine was 300 
r.p.m., this conclusion being based on experiments 
in closed vessels containing stagnant mixtures. 

Internal-combustion engines were commonly 
classed as operating on either the constant-volume 
cycle or the constant-pressure cycle, represented, 
respectively, by the Otto and Diesel engines, 
but no engine really worked exactly on either cycle. 
With the same compression ratio, the Otto cycle 
was more efficient than the Diesel, as indicated 
by the theoretical diagrams reproduced in Fig. 5. 
The compression ratio was the same in both cases, 
but the constant-volume diagram was far larger 
than the constant-pressure one. With the Otto 
cycle, however, the limiting compression ratio was 
5-4 to 1, and the corresponding air-standard effi- 
ciency was 30 per cent. With a Diesel engine in 
which the compression ratio was 14 to 1, the air 
standard efficiency rose to 56 per cent. In large 
Diesel engines, the strength of available materials 
limited the pressure which could be used, but in 
small engines the compression ratio could be 
increased. The possible gains by this procedure 
were represented by the theoretical diagrams 
reproduced in Fig. 6, which showed that raising 
the compression from 450 Ib. to 550 Ib. per square 
inch gave a gain of 44 per cent. The smaller the 
engine the greater the loss to the cylinder walls, 
but this was largely offset by the higher running 
speed. Hence, small and large Diesel engines had 
about equal efficiencies. The best result he had 
found for a large Diesel engine developing 1,000 
brake horse-power, was a consumption of 0-35 Ib. 
per brake horse-power hour. The running speed 
was 80 r.p.m. With a small Diesel engine running 
at 1,300 r.p.m., a consumption of 0-347 Ib. per brake 
horse-power hour had been recorded. The fuel used 
was the same in the two cases, and the small engine 
drove all its auxiliaries. He did not know whether 
this was the case with the large engine. The 
figures quoted corresponded to a thermal efficiency 
of 39 per cent. : 


THE CENTENARY MEETING OF 
THE BRITISH ASSOCIATION. 
(Continued from page 646.) 
GEOPHYSICAL METHODS OF PROSPECTING. 

On the morning of Friday, September 25, a 
discussion was held in Section A (Mathematical 
and Physical Sciences) on “‘ Geophysical Methods 
of Prospecting, with Special Reference to Instru- 
ments,” contributions being made by Professor 
A.S. Eve, Professor A. O. Rankine, Mr. A. Brough- 
ton Edge, Dr. J. H. Jones, Mr. Lancaster Jones, 

and Capt. H. Shaw. 

Professor Rankine said the chief difficulties in 
the use of ordinary magnetic variometers for 
surveying purposes were due to the diurnal fluctu- 
ations of the elements of the earth’s magnetic 
field, as well as to the onset of sudden and 
unanticipated magnetic storms. The effects of 
these had to be allowed for before conclusions 
could be drawn as to indications due to local 
deposits of magnetic material, and this elimination 
was attended by much uncertainty. A properly 
constructed magnetic torsion balance would be 
unaffected by the large-scale variations of the 
earth’s normal magnetic field and would indicate 
only the local anomalies it was desired to find. 
There were, however, particular difficulties in the 
way of constructing a successful magnetic torsion 
balance of the Cavendish type, which seemed to 
require the combination of two magnets having, 
and preserving always, an equality of magnetic 
moments to an approximation of 1 in 108. This 
objection, however, did not apply to the form 
analogous to the gravity gradiometer, for which 
only one magnet would be required. Calculation 
showed that, with the magnet steels now available, 
relative sensitivities at least as great as that attained 
with gravity gradiometers might be anticipated. 
It should thus be possible to make a comparatively 
small instrument which would be sufficiently 
sensitive to indicate unmistakably the decrease 
in the vertical magnetic component in moving a 
distance of 4 cm. northward in the latitude of 
London. 

Unless special precautions were taken, a mag- 
netic gradiometer would, of course, act as a 
gravity gradiometer, owing to the masses of its 
parts, although the effect of gravity could be 
eliminated by suitably distributing the masses in 
the design. This, however, would generally be 
unnecessary, since, with modern magnets, the mag- 
netic response could be made about 50 times as 
great as the gravity response. An objection to the 
use of a magnetic gradiometer, Professor Rankine 
concluded, was the time required for observations, 
but, in suitable cases, it might be used with advan- 
tage in combination with the gravity gradiometer 
without increasing the time required. In other 
cases, the time occupied would be less than for 
gravity surveys. 

Mr. Broughton Edge’s communication related 
to recent developments in electrical prospecting 
instruments, and referred to the work carried out 
under the auspices of the Department of Scientific 
and Industrial Research, with the co-operation of 
British instrument manufacturers, for the purpose of 
producing a series of reliable prospecting instruments 
and the auxiliary equipment required for their use 
in the field. The experience gained in Australia 
during 1928-30 by the Geophysical Experimental 
Survey, had, he said, been applied to this purpose. 
He then dealt with the features of interest of some 
of the instruments already completed. Referring 
first to the spontaneous polarisation method, he 
said that for the investigation of naturally occurring 
phenomena, such as arose in the neighbourhood of 
certain types of sulphide ore bodies, a portable 
direct-current potentiometer and non-polarising 
electrodes had been designed. The potentiometer 
had two ranges from 0-50 my. and 0-100 mv., 
was self standardising, and could be used on a 
tripod without any special levelling. The non- 
polarising electrodes, with which contact was 
made with the ground, were either of the usual 
copper-copper sulphate type, or of silver immersed 
in a chloride or sulphate electrolyte ; the salts of 
potassium or sodium were generally employed. 





The electrolyte was contained in a porous pot, and 





by preparing it in the form of a jelly, the electrode 
could be kept in use for long periods without 
attention. 

With regard to the resistivity method, the author 
said it was commonly held that, for the measurement 
of earth resistivities, it was preferable to employ 
alternating rather than direct current. In view 
of the natural earth potentials and the electrode 
polarisation e.m.f’s. that had to be contended with 
when direct current was used, there seemed to be 
good grounds for this view, but, in practice, the use 
of alternating current or reversed direct current 
had certain disadvantages. One of these was that 
the resistivity values obtained were dependent on 
the frequency employed and, in some cases, on 
other factors not always appreciated. Direct-cur- 
rent measurements were free from such objections, 
and could be made without difficulty if the potential 
electrodes employed were of the non-polarising 
type, and if all extraneous potentials were balanced 
before the current circuit was closed. The potentio- 
meter, previously referred to, was provided with a 
special auxiliary circuit for this purpose, and had 
been found to be effective for resistivity survey work. 

One of the principal difficulties experienced in 
surface potential electrical surveys in which alterna- 
ting-current was used had been to take proper 
account of the phase displacements which arose in 
the neighbourhood of concealed conductive deposits, 
and which were of prime importance when making a 
search for the actual position and extent of the 
latter. To overcome this difficulty, a simple form 
of alternating-current bridge or ratiometer had been 
devised which served various useful purposes. 
Potential and phase anomalies could be investigated 
along selected lines of traverse, or a complete 
picture of the surface potential distribution could 
be obtained over a large area. In the latter case, 
two distinct series of lines were followed over the 
ground surface, known as equipotential and equi- 
quadrature lines, respectively. These lines could 
either be traced directly over the ground with the 
ratiometer, or could be derived from observations 
made with the same instrument along a closed 
series of traverses. Since such a survey was 
conducted so that the potential spacing of the lines 
in each series was known, it followed that the 
surface ellipse at any point was determined by the 
angle of intersection of the equipotential and equi- 
quadrature lines that passed through it and by the 
line intervals in its neighbourhood. For most 
practical purposes, it would be possible, after a 
little experience, to appreciate the potential and 
phase anomalies and their practical significance 
bya simple inspection of the linear diagram provided 
by the two series of lines. It was believed that this 
new method of representing the rather complex 
surface potential conditions met with in practice 
would prove more satisfactory to the electrical 
prospector than any hitherto developed. 

A communication by Dr. J. H. Jones dealt with 
the design of seismographs for recording artificial 
earthquakes in connection with geophysical pro- 
specting. These instruments had to be robust, 
portable and highly sensitive, and the pendulum 
system must have a suitable periodic time and a 
convenient damping arrangement. It was important 
to design the pendulum to give a maximum magnifi- 
cation of the ground movement at the end of the 
helm, the motion of the helm being further magnified 
by some mechanical or electrical device. A serious 
disadvantage common to all mechanical methods 
was that the coupling of the magnifying device 
to the pendulum introduced a constraint on the 
motion and reduced the periodic time of the system. 
In a simple device for magnifying the motion of the 
pendulum used by the author, a phosphor-bronze 
strip carrying a soft-iron element and a small 
mirror was attached to the end of the helm. The 
soft-iron element was situated in the magneti¢ 
field of two small magnets, and was set in rotation 
by the motion of the pendulum. The periodic 
time of the pendulum system was increased by the 
action of the magnetic field on the element, and, by 
simple adjustments of the magnets, both the period 
and magnification could be varied over wide limits. 

Mr. Lancaster Jones’ communication dealt with 
the gravity gradiometer. In his introduction. the 
author stated that the practical application of the 
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gravitational method to prospecting was limited 
by the comparative slowness of operation of the 
torsion balance, and by the difficulty of correcting 
the quantities measured for topographical and other 
disturbing effects. These difficulties had been 
encountered by Captain Shaw and the speaker in 
1924, when gravitationally surveying an iron-ore 
region in Cumberland, to a part of which access 
was only possible for a few hours each day, it being 
at other times covered by the tide. The only 
torsion balances then available were of the standard 
Eétvés type, which necessitated a stay of at least 
four hours at each station. They were, therefore, 
led to consider the design of a gravity torsion balance 
which would be very portable, would give the neces- 
sary data at each station in a period not exceeding 
three hours, and would operate satisfactorily in the 
day time. 

As a result of some three years experiments, the 
gravity gradiometer was produced, its object, as its 
name implied, being to measure only the gravity 
gradients at each station. The instrument could, 
however, be readily converted for the determination 
of curvature magnitudes if required. In the latest 
design of the gravity gradiometer, four masses were 
employed in the beam, three being of about 18 gm. 
each and the other of 5 gm. In plan, the masses 
were distributed at the vertices of a quadrilateral, 
at equal distances of 4-5 cm. from the suspension 
wire. Three of them, including that of 5 gm., were 
fixed to the beam, while the fourth was supported 
by a light rod about 45 cm. above the beam. With 
this arrangement, a suspended system of masses 
was obtained which was totally insensitive to curva- 
ture magnitudes, but retained its sensitivity to 
gradients. Moreover, since the moment of inertia 
of the system was relatively small, owing to the small 
horizontal dimensions, the system had a compara- 
tively short period of swing. The oscillations were 
critically damped by means of a large mica disc 
attached to the beam, and, with this arrangement, 
the total time expended in each azimuth setting 
before the beam came to rest did not exceed 25 
minutes. Thus the necessary minimum of three 
azimuth settings could be obtained in a little over 
an hour,and although one or two repeat settings were 
usually taken, it was rarely necessary to expend 
more than two hours at a station. The instrument 
was extremely small and compact, and its weight 
was such that it constituted a simple one-man 
load for small distances. Its compactness, moreover, 
enabled a particularly small and rapidly erected 
hut to be employed, and, in practice, it had been 
found rarely necessary to occupy more than 
20 minutes in the whole process of changing station 
for a distance of some hundreds of yards. From the 
first, little trouble had been experienced in taking 
daytime observations, which had been carried out 
successfully even in climates such as those of India 
and Australia. The sensitivity of the latest form 
of gradiometer, the author said in conclusion, was 
such that there was no difficulty in taking readings 
to within one quarter of an Eétvés unit. 

Captain H. Shaw said an important development 
of the Geophysical Experimental Survey in Austra- 
lia had been the design of British apparatus, and, 
in addition to the electrical apparatus described 
by Mr. Broughton Edge, a magnetic instrument 
had recently been introduced. In the magnetic 
method of prospecting, it was generally convenient 
to measure the vertical or the horizontal component 
of the earth’s field, or both, although the vertical 
component was generally used. As the instruments 
had to be employed in regions to which access was 
difficult, essential characteristics of the design were 
portability and robustness, in conjunction with a 
high degree of sensitivity. For the Australian survey, 
two Schmidt vertical-component variometers made 
by the Askania Werke, of Berlin, had been employed 
satisfactorily, but, since the completion of the 
Survey, a British vertical-component variometer 
had been designed in which several new features 
had been incorporated, with the object of increasing 
its robustness. The instrument was made in three 
main parts, consisting of the instrument proper, 
the centre-work and the tripod, and precautions 
had been taken in the design to prevent the derange- 
ment of the axis, and to make the centre-work 


convenience in fitting up the instrument, three 
pegs were provided on the base registering with 
holes in the centre-work, and by means of a rotating 
clamp which engaged with the pins, the instrument 
could be secured and at the same time drawn down 
on to the plate. 

The magnetic system consisted of two parallel 
lozenge-shaped magnets of cobalt-steel located 
between copper dampers, an improved releasing 
device being fitted which, when turned at a 
uniform rate, caused the magnet system to be 
lowered rapidly at first and afterwards, as the knife 
edges approached the support, at a much slower 
rate. Increased protection from the effects of 
temperature variations was obtained by employing 
a thicker lagging of cork. A screw-focussing eye- 
piece was provided, and the levels were mounted 
together in one block, in a convenient position so 
that they were always in view. With regard to the 
performance of the instrument, the author said he 
understood that a short test had been carried out 
in which the agreement between repeated readings 
was about equal to that obtained with the Askania 
instrument. Another test, he said, had shown that 
the instrument gave reliable results with a maximum 
deviation from the mean value of about 7y, where y = 
10-5 gauss. Certain minoralterations were, however, 
still required, and additional tests were needed, 
but it would appear that we were now within 
measurable distance of having a satisfactory British 
magnetic variometer. He concluded by remarking 
that only a few years ago no reliable British instru- 
ments were available for any geophysical methods 
of prospecting, and it was therefore particularly 
satisfactory that we were now equipped with good 
British instruments for all methods. 


SomME APPLICATIONS OF DIFFERENTIAL GEOMETRY 
To MECHANICS. 


Professor A. J. McConnell, of Trinity College, 
Dublin, read a paper, in which he showed that the 
behaviour of a dynamical system expressed in 
generalised co-ordinates can be represented by curves 
in space of an appropriate number of dimensions. In 
particular, that when the system has a_ potential, 
and the usual relationship between its kinetic energy 
and the generalised co-ordinates holds good, the 
curves in question are geodesics in a space of N 
dimensions where N denotes the degrees of freedom 
of the system. Moreover, if the representation be 
made in space of N + 1 dimensions, these geodesics 
are minimal or null-geodesics ; but in this case the 
additional geometric co-ordinate must satisfy a 
certain differential equation, if there is to be a unique 
correspondence between the dynamical system and 
its geometrical representation. 


(To be continued.) 








STEAM RESEARCH IN EUROPE 
AND IN AMERICA.* 
By Professor Dr.-INec. Max Jakos. 
LECTURE I1I—(concluded from page 686.) 
C.—INTERNATIONAL CO-OPERATION. 
1. Survey of the Different Experimental Bases as a 
Whole.—I shall now try to survey the experimental 
bases of steam technics as a whole. This is best 
demonstrated by a type of diagram which I recom- 
mended in 1912, and applied for water vapour, and 
which H. N. Davis recently extended to a sort of 
geographical demonstration of the regions of steam 


research, Fig. 32, page 708. With i as ordinate and 


the pressure p, for instance, as abscissa, for an ideal gas, 
all isothermals would fall together into a horizontal 
line at unit distance from the horizontal axis, pv = RT 
being the law of ideal gases. For an actual gas, on the 
contrary, we obtain lower points, the distance of the 
horizontal line giving the fraction by which, at the 
temperature in question, the volume is smaller than 
that of an ideal gas of the same pressure and tempera- 
ture. It will be seen from the figure, referring to 
water and steam, that the saturation line of steam 
begins at zero pressure with the ordinate 1 and sinks 
to about 0-25 at the critical pressure, which signifies 
that there the volume is only a quarter of the amount 
which an ideal gas would have at 225 kg. per square 
centimetre and 374 deg. C. Further, it will be seen 
that the isothermal of 500 deg. C., even at 250 atms., 





* Third of a course of four lectures delivered in May, 





readily removable for transport purposes. For 





1931, before the University of London. 


shows a deviation of only 24 per cent. from the ideal 
volume, but that water (the lower branch of the 
saturation line) is very far from the ideal gas state, 
namely, by 80 to 100 per cent. 

Davis, in such a diagram, has recorded the regions 
covered by the individual research workers, and I, for 
my part, brought this diagram to the present state. 
In it only first-class experiments are recorded and 
only those which have already been published in detail. 
In consequence of this, Callendar’s work, though 
extended over a much wider range, is represented 
only by two relatively small parts, direct test points 
being generally not communicated in Callendar’s publi- 
cations. The area of the regions is, of course, entirely 
accidental, the diagrams signifying only the position of 
the regions of research, and not their size or import- 
ance. In the upper left-hand corner, the small region of 
the earlier Munich volume measurements is shown, the 
Harvard Thomson-Joule measurements following a little 
to the right. This region is overlapped by the Munich 
Cy measurements, which have now been carried to 
200 atms. Here, in the region from 120 atms. to 
200 atms., I record also Koch’s recent tests, which are 
not yet published, but the figures for which are in my 
possession. The Munich region is overlapped by the 
Massachusetts experiments and partly by Callendar’s, 
his province being to the right of the critical point. 
Havliéek’s constant-pressure lines are shown as vertical 
chain-dotted lines. 

In the saturation regions, the domains of the Bureau 
of Standards and of the Physikalisch-Technische 
Reichsanstalt are shown; in the water region, the 
Bureau of Standards’ measurements on the saturation 
line and also the Massachusetts measurements, the latter 
appearing as a narrow band between 150 and 360 deg. C., 
showing that at high pressure the influence of tempera- 
ture on the volume is small. The relation between 
pressure and temperature at saturation (Reichsanstalt 
and Massachusetts measurements) does not appear in 
the diagram, which covers only volume values. In 
this diagram, as in a map of Central Africa, the blank 
regions are particularly interesting, marking the areas 
still unexplored. As in the map of Africa, these regions, 
some decades ago, were very large, and are now fairly 
small, the thermodynamical properties of steam to-day 
being quantitatively known over a wide extent. 

2. The International Steam Tables Conferences.—It 
may be asked, however, how matters stand with the 
practical application of these results? As we have 
seen, since Mollier first published in 1904 and 1906 his 
diagram and tables, similar tables have originated in 
various countries. For instance, in America those of 
Marks and Davis and recently Keenan’s Tables; in 
England Callendar’s Tables; in Germany those of 
Knoblauch, Raisch and Hausens and in Switzerland 
Stodola’s Tables. Of course, every country used its 
own tables, but, owing to greater or smaller differ- 
ences existing, difficulties arose, in international 
commerce—that is, when engines were supplied to 
another country—the contracts often not mentioning 
the steam tables which should serve as a basis. For 
these and other reasons, the British Electrical and 
Allied Research Association convened an International 
Steam Table Conference, which was held in London in 
1929, the participators being steam-research workers 
and organisers of steam research. The aim of the Con- 
ference was an international discussion of the available 
results, the fixing of reliable figures, and the considera- 
tion of the regions in which new experiments seemed 
to be necessary. The principal goal, though unattain- 
able at the first attack, was an international steam 
table. 

At this conference, two chief difficulties arose, on 
which the meeting might easily have been wrecked :-— 
(1) the question of units (2) the procedure for accept- 
ing or rejecting the individual results of research. 
Obviously, at least for the purpose of discussion, 
some common units had to be agreed upon, although 
each research worker naturally brought forward his 
values in the units of his country. Originally, results 
were expressed in the physical centimetre-gram-second 
system, the inch-pound system and the metric system ; 
temperatures were expressed in degrees Fahrenheit and 
Centigrade ; the British thermal unit, the gram-calorie, 
the kilogram-calorie and the electrical heat units, such 
as the joule or the kilowatt-hour, were used. It will 
not be forgotten by any participator, how, for translat- 
ing the values from one system into another, a special 
calculator was sent for, who, with his calculating 
machine, continually recalculated the values, and how 
one was almost compelled to stand in a queue in order 
to give him the values to be transformed. We could 
easily have had a second Tower of Babel in this field. 
It is a matter of great satisfaction that a single system 
of units for the comparison, the discussion, and for the 
international publication of the values was agreed to; it 
was resolved to take for this purpose the metric system 
with temperatures in degrees Centigrade and with the 
kilocalorie as heat unit, that is, the heat quantity 
which raises 1 kg. water by 1 deg. C. Since, however, 
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nearly all calorimetric measurements are carried out 
electrically, it would also have been necessary to 
agree on a conversion factor, by which this kilocalorie 
could be calculated from the joule or the kilowatt-hour. 
It was pointed out that the best-known measurements 
of the heat equivalent deviated one from another by 
almost 0-1 per cent., and further, that there was 
no unity in the definition of the calorie, for instance, 
concerning the standard temperature. A solution was 
found by deciding to adopt as a basis a thermal unit 
defined as 1/860 of the international kilowatt-hour, as 
described in the second lecture. 

This resolution is an extremely practical one. Some 
of its advantages, as enumerated in my paper, “ An 





(5) If 1/860 of the international kilowatt-hour is 
established as the thermal] unit, as proposed in London, 
this unit is quite independent at all times of future 
measurements of the electrical heat equivalent, and is 
only dependent upon any subsequent modifications 
to the international kilowatt-hour that may, perhaps, 
take place. 

Modification of the kilowatt-hour can, however, 
only consist in the adoption of the ‘‘ absolute ”’ (me- 
chanical) unit of energy in place of what is termed the 
‘international’ (electrical) unit, which differ from 
one another by less than 0-05 per 
cent. If electrical engineers ever 
agree to such a modification to 





(7) It is only by defining in the above or a similar 
manner the kilocalorie in terms of electrical units of 
energy that it may be possible to save the calorie at 
all as a generally adopted thermal unit. Otherwise 
physicists will, in the future, doubtless calculate direci ly 
with the kilowatt-hour, or with the joule as a therrial 
unit, as is, for example, already the practice of the 
Bureau of Standards as well as, to some extent, also of 
the Physikalisch-Technische Reichsanstalt. The kilo- 
calorie is, however, so handy a unit, and one so well 
established in practice, that heat engineers will un- 


















































































































International Thermal Unit,’’* are :-— their most important practical 
(1) The international kilowatt-hour, to which the | international unit, the heat engi- 
thermal unit is to be related, is a generally recognised | neers could surely follow, espe- 
and practically employed unit of energy. cially as caloric energy measure- 
(2) The conversion value of 860 is simple and easy | ments are generally less accurate 0-30 1 
to remember. than electrical energy measure- 
(3) The thermal unit proposed differs by less than | ments. 
0-05 per cent. from the ‘“kilocalorie” (kilogram| It would, however, not be | 
calorie) used in various countries ; with the same degree | practical to establish the thermal 0-80 Eg 7 
of approximation its thousandth part equals the various | unit at this stage as equal to iS 
values of calorie (gram calorie) employed in physics. 1/860 of the “absolute” kilo- B 
For instance, use is made in Germany of a ** 15-deg. watt-hour, instead of 1/860 of the E > 
kilocalorie ”’ 1/860-4 international kw.-hour, as | ‘‘international’’ kilowatt-hour, 0:70 7 
measured by Jaeger and von Steinwehr (Physikalisch- | and so relate it to the mechanical I g 
Technische Reichsanstalt); in England of a ‘‘ mean | instead of the electrical unit of SS € ne 
kilocalorie”’ (= 1/100 of the total heat of 1 kg. of | energy, since heat quantities are p : NS 
water at 100 deg. C.) = 1/860-2 international kw.-hour, | measured still more rarely me- 0:60 iS -S—— 
as measured by Callendar (Imperial College of Science | chanically than calorically, but SIs 8 
and Technology, South Kensington); and in the United | rather, as stated, almost exclu- = es 
States of a ‘‘ mean kilocalorie ”” = 1/859-7 international | sively by electrical methods. ; 3 
kw.-hour as measured by Osborne, Stimson and Fiock| (6) The interest of physicists 0:50 |, K I 
(Bureau of Standards). The British value lies exactly | in the accurate establishment of >| Jakob & Fritg 
between the American and German values. | the mechanical and the electrical “les Heat of 7 
We may omit other kinds of calories which are used | thermal equivalent is in no way . Vaporisation ™ 
(for example, the 20-deg. calorie), and which all differ | affected by the London resolu- 0°40 § = 
slightly from one another. It might, however, be| tions. On the other hand, there = = 
mentioned that, according to the above American | is nothing in the term “‘ calorie ”’ Re s 
measurements, the 15-deg. calorie is said to be by 0-16] to indicate that, in establishing 5 
per cent. smaller than the mean calorie. this unit, we must base our con- 0°30 F 7) Tallendar 
(4) Since the determination of heat quantities| siderations on the heating of = & Total Heat 
nowadays is almost exclusively based on methods | water; indeed, one of the chief hes 3 
with electrical heating and measurement, and electrical | difficulties hitherto encountered “a ! 
energy is chiefly generated from thermal energy, it is| has been that it has not been 0-20 8 f 
almost always necessary to convert kilowatt-hours to | possible to reach an agreement as ~ Le ; 360° 
calories, and vice versa. It has, therefore, been|to whether a temperature rise s an 
necessary, up to the present, always to choose and|from 0 to 100 deg. (‘‘ mean ree < 150 
decide upon one of the conversion values mentioned | calorie’) or a temperature rise : a G ; 
under (3). Agreement as to which of these values is | of 1 deg. (‘‘ true calorie ”’) should a 
the most accurate would appear, at present, to be | be taken as a basis, or at what ei 
out of the question, since the results have in all cases | temperature this latter rise should | | 1 <= Bure of Standards, Liquid Heat 
been the outcome of most carefully executed measure-| take place. This difficulty is, “ 50 700 
ments, in which it was impossible to discover any errors. | happily, evaded by the proposal (270K) int wae 250 : 300 
On the other hand, no difficulty was met with at the | of the London Conference. ; P g/ Peas 
TABLE XII.—SarturatepD STEAM. | doubtedly be unwilling to discard it. The consequence 
: : ——____—_——————————- | would be that, in future, scientists and engineers would 
—— Saturation Pressure. Specific Volume. Total Heat. use in their calculations entirely different thermal 
>. a oe om _ Se ee ee Senne _ | units, which would be extremely regrettable. 
Demaieaton: tee, © | 150 oso | on a | a - | a wae ; For this heat unit, defined as 1/860 of the interna- 
nin Oe oe ees a ne ie APs aie) Ae Rade 4: MN VOR is (sh eG |e s/w) Oe ee tional kilowatt-hour, the London Conference proposed 
Tolerances, according to skeleton | the simple name, “international kilocalorie,” and 
tables (per cent.) . -| 0-1 t 0-2 + 0-1 £ 0:3 £0-S | £23 t 0-2 + 0:6 + 1:3 | applied this in the publications of the adopted values. 
Knoblauch, 1923... .. ..| 00 | -o1 | = | aoa |-06|  — | 400 | —0o-4 |  — | Of course, the word “international” refers first of 
= ‘ ieee — || | | a -only to-the international steam: fable Conterencs. 
Moller, 1925 0-0 | —0-1 — 0-1 + 0-3 | —0-4 + 1-0 | +0-2 — 0-4 | —2-3 |The London Conference, however, also decided to aim 
eS eae ae Ey peg? eee = ee ee ees ____ | at a general adoption of this designation, by proposing 
Callendar, 1920 0-7 ane _ Oe | 48:1 | a tL 0-7 + 0-9 | it to the bodies competent for the introduction of inter- 
ao a national units, namely, the National Physical Labora- 
SR a een aan ey ees, ere ae ee aD od | ~o4 | tory, the Bureau of Standards, the Physikalisch- 
spices st sii were -? si 0, si os °'! | Technische Reichsanstalt, the Bureau at 
|des Poids et Mesures in Paris, the International 
TABLE XIII.—SuperuHeateD STEAM. | Electrical Commission, and so on. This matter. how- 
‘i é sage Se HOMER see mobayeb been tinAlty Gocident. 
Specific Volume. Total Heat. | Still more important and difficult was the second 
— : | point, namely, the treatment of the single values of 
Preswe. 8... 50 150 250 50 160 2x9 the several investigators, each of them naturally 
em.2 a : . . considering his values as correct, and insisting on their 


Temperature, deg. C. .. 

Tolerances according to 
skeleton tables (per | 
cent.) .. e die 


Knoblauch, 1923 





Mollier, 1925 
Callendar, 1929 . . --| 40-8 +0-7 | +0-8] +3-8 | +2-9 


Keenan, 1930 -| —0-5 —0-4) —0-5] +0-1 
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London Steam Table Conference in agreeing on 1/860 
as a practical mean value, criticism being avoided 
about the accuracy of the different measurements of 
the electrical heat equivalent. 


* Zeitsch d. Ver. deutsch. Ing., vol. 74 (1930), page 880. | 





It will, of course, be possible later, if desired, to 
determine by accurate measurement the temperature 
at which the temperature of 1 kg. of water is raised | 
exactly by 1 deg. by the application of 1/860 of the | 
international kilowatt-hour. An investigation of this | 
kind, however, would not have any interest for engineers. | 


being accepted. The consequence would have been an 
endless discussion concerning each point, thus hinder- 
ing the Conference in its work. On this point, however, 
a very suitable and practical resolution also removed 


| the difficulty, namely, for each state to agree upon 


a mean value which the majority of the partici- 
pators deemed to be the best, and to add to each 


| value a tolerance sufficiently large to include such 
| deviating values as could not be proved to be false. 
|The assumed values and tolerances should be set up 


as preliminary international tables, which, as they 


‘only contained a few standard values, were called 
| ‘* International Skeleton Tables.” 


The different na- 
tional tables were to be recognised as correct, as long 
as their values did not fall outside the adopted toler- 
ances. The Skeleton Tables, so composed, were 
first published in 1929, and then corrected and enlarged 
by a Second International Steam Table Conference 
held in Berlin in 1930, and re-published in the present 
year. I should like once more to emphasise, in this 
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connection, the great services of the British Electrical 
and Allied Industries Research Association, who 
suggested this international co-operation and arranged 
the first Conference. 

Finally, I should like to illustrate, in two tables, 
how the steam tables of the different countries agree 
with the skeleton tables. In Table XII, I record, for 
different states, the tolerances of the skeleton tables 
as a percentage (first line), and in the following lines 
the deviations of the different national tables from the 
assumed values of the international skeleton table. 
If the latter deviation exceeds the tolerance, the 
deviation is underlined. In this table, the values for 
saturated steam are shown. It will be seen that only 
the newest table, that of Keenan, of 1930, remains 
always inside the tolerance; the Knoblauch tables 
extend only to 60 atmospheres. A new edition is in 
the press. 

Table XIII refers to superheated steam at the highest 
temperatures and pressures. In this case, some of the 
values in Keenan’s table also fall slightly outside of 
the tolerances, the other tables showing greater differ- 
ences, one point of Callendar’s table falling very far 
out. It may be mentioned that the new diagram of 
Callendar, published in 1930, differs in some respects 
from his values of 1929, which are used in the table. 

A third Conference is planned for 1932 or 1933. If, 
finally, a single international steam table is arrived at, 
this will be a unique document of international co- 
operation in the field of’ scientific technics. On the 
other hand, the question arises if therewith the whole 
of steam research will be finished. The concluding 
lecture will show you that this will not by any means 
be the case. In addition to the purely thermodynamic 
work, treated up till the present, there are numerous 
problems of a quasi dynamical character, which are 
still insufficiently investigated. The next lecture will 
deal with such problems as evaporation and con- 
densation, supersaturation and superheating, heat 
convection and radiation. 








THE “‘“ARDIFF ENGINEERING 
EXHIBITION. 


Tue number of firms exhibiting at the Cardiff 
Engineering Exhibition, which opened on Wednesday, 
November 18, and closed last Saturday, was larger 
than it was last year, which may, we hope, be taken 
as an illustration of that optimism which is now 
very slowly beginning to spring up in industrial circles. 
The increase in the number of exhibitors is undoubtedly 
in part due to the fact that more space is available in 
the new Greyfriars Hall than in the older building, 
and it is unfortunate, therefore, that it is only a tem- 
porary structure and is scheduled for demolition at 
the end of March. If the exhibition is to continue 
its usefulness, the argument that a public hall should 
be built in Cardiff for the express purpose of housing 
such activities has a good deal to commend it. As itis, 
the South Wales Institute of Engineers, who are the 
organisers of the exhibition, are to be congratulated 
on having scored a success in difficult circumstances. 

More than one of the mining exhibits was designed to 
show the progress that is being made in the substitution 
of steel for timber in supports. For instance, Messrs. 
The British (Guest, Keen, Baldwins) Iron and Steel 
Company, Limited, Cardiff, showed a conical tunnel, 
which is formed of steel arching girders and struts. 
Messrs. Tredegar Iron and Coal Company, Limited, 
Tredegar, also exhibited colliery arching, of which 
27,000 tons are in use in their own collieries. 
Messrs. Dry Washers (Coal and Minerals), Limited, 
Sunderland, were exhibiting a model of a 50-ton 
static dry-washing plant. ‘This consists of a trough 
table comprising three rectangular cells, each narrower 
than the one preceding it, the object being to maintain 
the bed of coal at the correct depth as it moves along 
the table. Beneath the table is a large stationary 
air chest, in which pressure is maintained by a fan. 
Coal is continuously fed from a hopper on to the table, 
which is given a smooth, oscillatory motion by an 
eccentric, the rate of delivery being controlled by a 
rotary star feeder. As the coal reaches the table and 
Is exposed to the upward air pressure from the chest 
't tends to stratify, the heavy foreign matter falling to 
the bottom. The resultis that by the time the end of 
the first cell is reached, the upper layers consist of clean 
coal, which can be skimmed off by a knife-edge and 
guided to the side by V-shaped walls, over which it 
is discharged. The process is repeated in the second 
cell, while at the end of the third the middlings are 
discharged over the skimmer and the stone from the 

‘ase of the table. Messrs. Mining Appliances Company, 


Limited, Dronneid, Sheffield, exhibited an example 
of their driving gear for jigger conveyors. 

Messrs, Glyn Engineering Works, Pontypool, 
towed a helt conveyor of the Gath-Fisher type, the 
“tying rollers of which consist of spiral springs. The 


enc ees 
np of these springs are secured by a nut and eyelet 
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the roller has a conical shaped opening to allow an 
appropriate movement of the bolt when the spring 
sags under the load on the belt. As the amount of this 
sag depends on the load, the belt is self-troughing, and 
is supported at all points over its width under every 
condition of load. The belt is positively driven by being 
passed over two rubber-faced rollers and then over a 
wooden roller. Both the former are 3} in. in diameter, 


the bottom one being driven through reduction gearing | 


with a ratio of 7 to 1 by a 3-h.p. motor, thus giving a 
belt speed of approximately 100 ft. per minute. The top 
roller is driven through gearing from the bottom roller 
and at the same speed, and its tension is adjustable by 
springs. A jib is provided at the delivery end of 
the conveyor, which projects so as to deliver the coal 
into the tram. 

The increasing attention which is now being paid 
to securing adequate illumination at the coal face, was 
evidenced by more than one exhibit. Messrs. Ceag, 
Limited, Barnsley, were showing a high candle-power 


miner’s lamp, which is supplied by a 2-4-volt, 22- | 


ampere-hour alkaline battery, and gives 3-1 candle- 
power for ten hours on one charge. Its weight is 
11 lb. The plate assembly of this battery is encased 
in a steel cover, which is surrounded by an insulating 
housing, the whole being rigidly fixed to the cell lid. 
The latter carries terminal nuts of different sizes, so 
that it is impossible to place the battery on charge 
incorrectly. Lamps both for miners and _ officials 
were also exhibited by Messrs. Concordia Electric Safety 
Lamp Company, Limited, Cardiff, and by Messrs. 
Oldham and Son, Limited, Denton, Manchester. 
The latter’s display included a 4-volt cap lamp, the 
ease of which is of die-cast aluminium alloy. This 
case is fitted with a magnetic lock. The head piece 
consists of a high-pressure synthetic-resin moulding, 
while the contact block, which carries the spring 
plungers for connecting the battery to the lamp, is made 
of acid-resisting 'and heat-resisting material. The 
lamp is fitted with a modified parabolic reflector, so 
that an evenly distributed beam is obtained, the 
candle power being approximately 9. 

Among the exhibits on the stand of Messrs. The 
English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C.2, was a flame-proof mining 
switch of the self-isolating draw-out type, which has 
been designed to carry 175 amperes at pressures up to 
3,300 volts. In more than one way this unit marks 
a distinct advance in the design of electric control 
equipment for mining work, and we therefore propose 
to deal with its construction in detail in a future issue. 
The same firm also showed a mining type liquid 
controller, which comprises an oil-immersed reversing 


contactor, a liquid regulator, and a combined lever | 


frame and master switch. The contactor consists 
essentially of two triple-pole double-break oil switches, 
which close with a combined rolling and sliding action. 
The former action ensures that the current-carrying 
part is well-removed from the breaking area, so that no 
separate sparking contacts are necessary. The fixed 
contacts are mounted on porcelain insulators and the 
moving contacts on an insulated square steel bar, 
which is fixed diagonally so that any dirt is washed off 
when the contactor operates. The reverser is operated 
by magnets, mechanical interlocks being provided to 
prevent both switches from being closed at once. In addi- 
tion, interlocking contacts trip the breaker if any 
attempt is made to remove the tank or top cover when 
the switch is closed. The liquid regulator is fitted with 
three moving electrodes connected so as to form a star 
point, and three fixed insulated electrodes. The 
electrodes themselves consist of a number of blades 
riveted and welded together. The moving and fixed 
electrodes interleave, the former being connected to 
an operating rod by brass rods and the latter being 
secured to copper stems which pass through the 
bottom of the tank. The operating rods are secured 
to a horizontal bar which slides vertically in guides, 
while they themselves slide in insulating bushes in 
the fixed part of the top cover. This bar is fitted 
with a connecting rod at each end, the latter being 
connected to two cranks on a common shaft. In 
addition, the crankshaft carries a third or main crank, 
which is connected to the driver’s lever. All the 
moving masses are balanced by weights fixed to the 
main operating crank. The driver’s lever is carried in 
a frame on which a master switch for operating the 
stator switch is also fixed. 

A third exhibit on this stand of which mention may 
be made was the Closvent motor. This consists essen- 
tially of a totally-enclosed casing round which an outer 
cooling shell is fixed. A fan mounted on the shaft 
at the pulley end of the motor runs in this casing and 
produces an ample current of cooling air round the outer 
surface of the casing. Inside the latter is a second fan, 
which serves to equalise the temperature of the parts 
and to dissipate heat outwards. 

Messrs. The Igranic Electric Company, Limited, 147, 
Queen Victoria-street, London, E.C.4, showed a control 
panel which has been designed for use with all types 
of steel-mill plant, such as ladle cranes and ore bridges. 


On this panel, each accelerating contactor is fitted with 
two shunt coils, one of which is the usual closing coil, 
while the other is a holding-out coil and acts on the 
tail-piece of the armature, the length of the air gap 
of the magnetic circuit being adjustable by shims. 
This holding-out coil is connected to one coil of a solid- 
core transformer, the number of coils on the latter being 
!one more than the number of accelerating contactors. 
The first coil on this transformer controls the “ plug- 
ging”’ switch, by means of which the motor is reversed 
through the whole of the resistance. The second coil is 
short-circuited through the holding-out coil of the first 
accelerating contactor, while the third, fourth and fifth 
coils are each connected across the steps of the accelera- 
| ting resistor, so that there is a definite drop across their 
| terminals when the motor circuit is first closed. The 
| third and fifth coils assist each other and are opposed 
| by the fourth. At starting, the flux set up in these 
two coils overcomes that due to the third, with the 
result that a current flows through the second coil, and 
the holding-out coil of the first accelerating contactor, 
| to which it is connected. When this first contactor is 
closed by the operation of its closing coil, a change in 
flux occurs in the transformer core and a transient 
|current is set up in the third coil, so that the second 
| accelerating contactor is controlled by its holding coil. 
The actual holding-out period is so arranged that the 
motor is brought up to speed quickly and smoothly, 
irrespective of the load conditions. 

Messrs. Haslam and Stretton, Limited, Cardiff, 
exhibited a portable electric vulcaniser for vulcanising 
| damaged trailing cables, tyres, belts, and other similar 
articles. It consists essentially of a hot plate formed 
with a semicircular groove 8 in. long by 13-in. diameter, 
in which the two pieces of cable that are to be joined 
| are inserted after having been wrapped with a number 
| of layers of Vul-K-Leek sheet. They are then secured in 
| position by screwing down a cover, in which a similar 
| groove is cut, on to the lower plate. The current is 
next switched on and maintained until the vulcanising 
process is complete. When the cables are less than 
1% in. in diameter, suitable liners can be inserted in the 
groove to ensure proper contact and efficient trans- 
mission of the heat. Belts can be dealt with in the same 
way by scarfing the ends and treating them with a 
compound, after which they are heated up in the way 
just described, the only difference being that the 
surfaces of the plate and cover are, in this case, flat 
instead of being grooved. A tensile test on a 3-in., 
| four-ply belt treated in this way showed that the 
scarfed joint was capable of withstanding a load of 
1-19 tons. The Evershed-Midworth system of repeti- 
tion, summation and distant control, constructed by 
Messrs. Evershed & Vignoles, Ltd., was also shown on 
this stand. By this system the indications of any electri- 
cal or mechanical instrument, or originating movement, 
can be repeated at one or more desired positions. 














ENGINEERING TRAINING AND 
EDUCATION. 

Highway Engineering Examination.—The Examina- 
tion Board of the Institution of Highway Engineers is 
holding the half-yearly examination in highway engi- 
neering on December 19 and 20 at some convenient 
centre in the Midlands. The examination embraces 
seven sections and includes questions and practical 
tests which demand a full knowledge and thorough 
experience in highways and bridges. The successful 
candidates are awarded the Viarumur Diploma and 
are eligible for election to the grades of fellowship 
and associate-fellowship of the Institution. Applicants 
for the examination must be members, associates, or 
students of the Institution. Examinations are being 
organised in South Africa, India, Australia, and New 
Zealand. Full particulars may be obtained from the 
Secretary-General, Institution of Highway Engineers, 
Church-street, Stapleford, Cambridge. 

Scholarships in Naval Architecture and Marine 
Engineering.—The Martell and the Denny scholarships 
in naval architecture are to be offered for competition 
in 1932; the first has a value of 1301. per annum and is 
tenable for three years, and the second is worth 75l. per 
annum and is tenable for four years. The Parsons 
and the Denny scholarships in marine engineering are 
also to be offered for competition in 1932; the first- 
named is tenable for three years and is worth 1501. per 
annum, while the second has a value of 751. per annum 
and is tenable for four years. The Denny scholarships 
are open to boys under 19 years of age from the public 
and secondary schools, who have not yet begun their 
apprenticeship, and are tenable at Glasgow University. 
The remaining scholarships are open to apprentices 
under the age of 23, and are tenable at the Royal 
Naval College, Greenwich, Glasgow University, Arm- 
strong College, Newcastle-upon-Tyne, Liverpool Uni- 
versity, and The City and Guilds (Engineering) College, 
London. Further particulars regarding any of these 
scholarships may be obtained from the Secretary of 
the Institution of Naval Architects, 2, Adam-street, 
Adelphi-terrace, London, W.C.2. 
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THE STROWGER-HUDD AUTOMATIC 
TRAIN CONTROL SYSTEM. 


In the report of the Automatic Train Control Com- 
mittee, which was published last year, attention was 
called to a system in which no electrical apparatus was 
carried on the locomotive and it was mentioned that the 
Southern Railway Company had agreed to give it a 
trial under working conditions. The system referred to 
was invented by Mr. A. E. Hudd, and is owned by Messrs. 
Automatic Electric Incorporated, of Chicago, though 
all the equipment referred to below has been made by 
Messrs. Automatic Telephone Manufacturing Company, 
Limited, of Liverpool. Tests were first carried out at 
Wraysbury on the Staines and Windsor branch of the 
Southern Railway, but as the conditions at this place 
did not allow of high speeds being run, a second instal- 
lation was laid down on the up through line at Byfleet 
and a 4-6-0 type engine, Sir Gaheris, of the King Arthur 
class, was equipped with the necessary receiving appa- 
ratus. It is stated that speeds up to 78 m.p.h. have been 
attained over this length of line in regular service and 
have shown that the apparatus is quite immune from 
the effects of vibration or shock. 

The system consists essentially of a number of ‘ in- 
ductors,’ which are laid between the running rails and 
are either permanently in operation or are switched in 
by the movement of the signal levers, depending on 
the duty they are required to perform. In addition, 
there is a receiver on the locomotive, which is carried on 
an attachment to the lifeguards, so that there is a 
clearance of 4 in. between it and the inductors and of 
5 in. between it and the rail level. The receiver con- 
sists of an H armature with four salient poles, which is 
carried on a vertical spindle, so that it floats above four 
soft-iron collector plates. Its movement is, however, 
restricted to a fraction of an inch in each direction by 
the fact that these plates carry raised semi-circular pole 
pieces, which act as stops. One pole of the armature 
is provided with a spring blade which covers a pilot 
valve in a rubber hose pipe through which connection 
is made to the train control valve in the cab of the 
locomotive. The latter valve is normally held on its 
seat by a diaphragm, behind which a constant vacuum 
is maintained, and when it is released, air is admitted 
to the train pipe, thus operating the brake, while a small 
amount is also diverted for sounding a hooter. 

The first inductor, which is placed some 200 ft. from 
the distant signal, consists of a number of permanent 
magnets which are laid at right angles to the direction 
of travel. When the locomotive passes over it, two 
of the poles in the receiver are energised, so that the 
armature is drawn away from its normal position and 
the pilot valve opened. The result is that the train 
control valve is released, the hooter sounded and a 
slight application of the brakes occurs. The driver is 
therefore, always warned that he is approaching a 
distant signal, whether the latter is at ‘ danger” or 
‘‘clear.”” The second inductor, which is placed at the 
distant signal itself, consists of an electro-magnet laid 
parallel to the rails. This magnet is connected to a 
primary battery through about 135 ft. of track circuit 
and a switch, which is opened or closed by the signal 
lever. When the signal is at ‘‘ danger” the inductor is, 
therefore, unenergised, so that the receiving apparatus 
is unaffected and the warning hooter continues to 
sound and the brakes remain applied, owing to the 
armature being still in its operating position as the 
result of the action of the first inductor. If, on the 
other hand, the signal is ‘‘ clear” the track circuit is 
closed and the electromagnet in the second inductor is 
energised. As the field of this magnet is at right 
angles to that of the first, the armature in the receiver 
is restored to its original position. The pilot valve and 
train control vaives are therefore closed, so that the 
brakes are released and the hooter ceases to sound. 

The third inductor is placed at the home signal and 
consists of both permanent and electro-magnets, the 
latter being energised in the way just described when 
the signal is “ clear.”” If, therefore, a train approaches 
a home signal which is at ‘‘ danger,” the permanent 
magnet operates the receiver armature as in the case of 
the first inductor, with the result that the hooter is 
sounded and the brakes are applied. If, on the other 
hand, the signal is ‘clear’ the electro-magnets are 
energised, and, as their field is sufficiently strong to 
neutralise that of the permanent magnet, the armature 
of the receiver is maintained in its normal position, 
and no application of the brake takes place. To release 
the brakes after they have been applied, and to stop 
the hooter, a plunger is provided, which acts on a 
diaphragm and rocker shaft and restores the armature 
to its normal position by mechanical means. To pre- 
vent this diaphragm from being continuously operated 
it is fitted with a small leak hole, and the plunger 
is re-set by a spring directly it is released. Arrange- 
ments can also be made for rendering this re-setting 
plunger inoperative, until the speed has been reduced 
to, say, 25 m.p.h. 

As will be seen, the system does not relieve the driver 









DIAGRAMS OF THREE MONTHS’ METAL PRICES. 
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Notr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of the 
London Metal Exchange for “fine foreign” and “‘ standard’ metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted for 
steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 Ib. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


of responsibility, but it has the importaat features that | Quirey as the member with experience in railway busi- 
at every distant signal an intimation is given whether | ness. The appointments of Messrs. Parkes and Quirey 
the arm is at ‘‘ warning ” or “ clear,” and that in foggy | date from November 4. 

weather, after the former indication has been received, 








it is possible to allow the train to drift towards the Seer ee es ae See 
home signal, thus adding to the safety of operation and 
economising time. We understand that the system 
can also be used with the Westinghouse brake, and can 
be arranged so that it is not interfered with by traction 
currents. : 








Rattway Rates Trrpunat.—The secretary to the 
Ministry of Transport informs us that, on the retirement 
of Messrs. Locket and Jepson from the appointments of 





IN ScoTtLaAnD.—To give members an opportunity of 
meeting informally, the Council of The Institution of 
Engineers and Shipbuilders in Scotland has decided to 
organise a series of luncheons throughout the session, 
to be held on the second Thursday in each month. On 
each occasion it is hoped to arrange for a speaker on 
some subject of general interest, whose remarks will not 
occupy more than 10 minutes. The first luncheon will 
be held at the Ca’Doro Restaurant, Union-street, Glasgow, 
on December 10, at | p.m., when the president, Mr. A. 
Gilchrist, O.B.E., will make some introductory remarks. 


permanent members of the Railway Rates Tribunal,| The proceedings will terminate at 2 p.m. sharp. No 
established under Section 20 of the Railway Act, 1921, | elaborate arrangements will be made, and no tickets will 
Mr. H. E. Parkes, has been appointed as the member! be issued; the cost will be 2s. 6d., payable on entering 





with experience in commercial affairs, and Mr, John' 





the restaurant. 
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THE COMBINE AND WINDROWER IN 


CANADA. 











Fic. 1. WinpRowER At Work. 








Fie. 2. GRAIN IN WINDROWS. 


THE COMBINE AND WINDROWER | factors which may make this process inadvisable, un- 


| profitable, or even impossible. In some areas, con- 
IN CANADA. | siderable loss may be caused by pests before the grain 
In general, it used to be commonly accepted as an|is ripe enough to harvest with the combine. In 
axiom that, after harvesting grain must stand in the | parkland areas, where pot-holes and low spots are of 
stook for a period of somewhat uncertain duration, and | common occurrence in grain fields, the crops rarely 
that the stooked grain must ‘‘ sweat” in the stack for | ripen uniformly, and the heavy stand in the low places 
still another period before threshing. The advance of | may be damaged by frost during the waiting period. 
mechanical means of harvesting took due recognition | An extraordinary growth of green weeds in a short 
of this condition, and considerable ingenuity, time and | crop may make it impossible to harvest the grain 
money were spent on the separate implements for | without taking a large quantity of the green weed 
cutting, stooking and threshing, although without any | seeds. In many cases this condition has caused grain 
marked degree of success in the development of stook- | to spoil in the bin. These factors have been responsible 
ing machines. for the introduction and use of windrow harvesters and 
It is now over a century since thought was first | header barges as auxiliaries of the combine. 
given to the possibility of performing all the opera-| The essential feature of the windrower, one of which 
tions of harvesting at once. The earliest authentic | is shown at work in Fig. 1 above, is that the grain is 
record of a combined harvester and thresher is contained | left in an open windrow upon the stubble, where it 
in a patent issued by the United States Patent Office | has an opportunity to dry before threshing, as shown 
in 1828. Probably harvester combines were built | inFig.2. The windrower isa relatively simple machine, 
before and after that date by men who did not secure | and need not be described in detail, as it consists 
their rights by patents and the records of their work | essentially of those portions of a combine machine 
were lost. In 1890, the combine was introduced into | comprising the reaper, with a suitable conveyor to 
the dry inter-mountain region of California, Oregon | throw down the cut grain in the form of a windrow. 
and Washington. There climatic conditions were | The advent of the windrow-harvester as an auxiliary 
favourable, and the machine became a decided factor | to the straight combine emboldened farmers to risk 
in harvesting wheat crops. A few years later it was | combines in districts that hitherto had been considered 
introduced into parts of Australia where similar climatic | entirely unsuited to their use. On the average wheat 
conditions prevail. Combines became fairly common in | farm, the introduction of a combine or windrower does 
the winter wheat areas of the United States between | not necessarily entail any drastic change in farm 
1913 and 1918, but were not used in the spring. The} practices. In general, the methods that have proved 
striking developments that have taken place recently | profitable in grain farming when the crops were 
were outlined in an article on combined reapers and | harvested by the binder and separator will be found 
threshers in ENGINEERING, vol. cxxviii, page 482 / quite suitable when farming with the combine. A crop 
(1929). As will be clear from that article, and from | which is free from weeds and matures uniformly is 
the description of the Clayton and Shuttleworth | highly desirable when the combine is used, but most 
Combined harvester and thresher in ENGINEERING, | farmers endeavour to grow such a crop in any case. 
vol. cxxxi, page 139 (1931), the combine is a machine | One outstanding result of the introduction of a combine 
designed to harvest and thresh grain crops in a single | on a farm is that the peak load of work is transferred 
Operation. Work of this sort is popularly known as | from the autumn to the spring. The combine largely 
Straight combining,’ in distinction to various eliminates the necessity for a large crew in the harvest 
modifications accomplished by means of windrow | season. Owing to the increased necessity for early 
hary esters, pick-up attachments and header barges. maturity, it enhances the desirability of early seeding, 
_ Straight combining, where conditions are favourable, | and thus it has been a motive behind the demand for 
is the most economical means of harvesting that | farm tractors and larger implements, such as disc 
has vet been devised. There are, however, saeany | huenows and wider seed drills. 











MARINE OIL ENGINE TRIALS. 
(Continued from page 682.) 


In previous reports a process of “‘ fairing”? the fuel 
consumptions and indicated horse-powers was adopted. 
The Committee consider that this process masks, to a 
certain extent, the true interpretation of the figures, 
and in their present report no such procedure has been 
followed. The deductions have been made and the 
curves plotted in respect of the observed data without 
any adjustment whatever to a fair line. The general 
conditions governing the tests ashore are given in 
Table VIII, page 712. Table IX, on the same page, 
shows the deductions made from the main indicator 
cards; Table X, gives the deductions from the indi- 
cator cards on the injection-air compressor. Table 
XI, page 713, gives a summary of the mechanical 
efficiency, brake horse-power, friction horse-power, and 
so on, obtained on the various tests; and the thermal 
balance sheet is given in Table XVIII, on the same 
page. Curves connecting various sets of observations 
are shown in Figs. 17 to 25, on pages 712 to 715. The 
arrangement of the tables and curves plotted there- 
from are substantially in the order followed in the 
previous reports, and, in general, they may be regarded 
as self explanatory, but a word of explanation may 
be given regarding the thermal balance sheet, Table 
XVIII. The quantities exhibited as radiation, &c., 
were obtained by subtracting the total of the quantities 
of heat accounted for from the thermal input to the 
engine. The thermal equivalent of the horse-power 
expended in friction (being: indicated horse-power — 
brake horse-power — compressor horse-power) is ex- 
cluded from the amounts of heat brought to account 
as the principal amount of heat generated in friction, 
namely that of the rings against the walls of the cylin- 
ders, is dissipated into both jackets and piston-cooling 
circuits, and is therefore already included, although 
indeterminately, under these amounts. The heat 
rejected to the compressor jackets and coolers has also 
been excluded from the thermal balance-sheets. 

Turning now to tests additional to the programme 
already dealt with, a trial of the engine developing 
power in excess of its rating was made, using the fuel 
of which the analysis is given in Table V, column 2, 
page 682 ante. The external conditions under which 
the engine developed the excess power, namely the 
brake load and the speed, were calculated from the 
relation, torque = constant x speed?, used in the 
compilation of Table IV, page 682, ante, the amount 
of excess power developed being 10 per cent. above the 
rated full power of the engine. The duration of the 
test was one hour, and the averages of the periodical 
observations are recorded in the tables in Test No. 12. 
A slow-running test was carried out on August 28, 
after the conclusion of Test No.7. The brake was full 
of water, but carried no load other than that found 
to be necessary to keep the beam floating. The slowest 
speed maintained over a period of five minutes was 
30 r.p.m. The pressure of the injection-air was 580 |b. 
per square inch; and the fuel control numeral was 
23. At the conclusion of the test the engine was 
accelerated to full speed. Light-spring diagrams were 
taken off each cylinder during each of the trials of 
Series A. For Test No. 13, the mean effective pressure 
of the negative loop was 2-8 lb. per square inch, the 
horse-power expended in pumping was 70, the average 





pressure above atmosphere on the exhaust stroke was 
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6-8 lb. per square inch, and on the suction stroke was 
2-9 lb. per square inch. The compression pressure, 
as determined from the compression-re-expansion dia- 
grams (average of 12 cards), reached was 402 lb. per 
square inch. Records of torsional oscillations were 
taken during certain of the tests ashore and on the 








The trials at sea of the T.S.M.V. Polyphemus were 
carried out in the Clyde Estuary on Thursday, Friday 
and Saturday, October 30 and 31, and November I, 
1930. The manceuvring, &c., trials were carried out 
on the first day, the measured mile runs (runs Nos. 
1 to 12) and the fuel consumption run at service speed 


TABLE VIII.—GENERAL CoNDITIONS GOVERNING THE TESTS.* 





a |} a | cf} B 


Test Number 7 





a) @ } os = || eG 





4 








6 3 


9 





1 | 9 S|} 4 





Date, August, 1930 29th || 30th | 20th 


| 


|| 28th |; 27th | 28th || 27th 27th 27th || 28th | 28th 28th 
p.m. |} am. | p.m. || am. | p.m. | am. || p.m. | a.m. | am. || p.m. | p.m. r a.m. 
Time of start .. 5-21 || 8-45 4:0 || 11-45 | 3-30 | 10-15 | 25 | 10°55 | 9-25 | 4-15 | 1-46 | 8-50 
Duration . min. 60 || 240 | 60 || 60 | 180 60 60 | 120 | 60 || 60 120 | 60 
Interval between obser- || | i| | i| | \ 
vations . Inin. 5 7 10 | 5 |i 6.) om 3 5 |i 5 10 | 5 || 5 10 5 
Average speed ..r.p.m. 142-3 || 138-4 | 124-6 | 131-9 | 121-2 | 108-4 || 110-2 98-0 | 85-2 || 81-6 | 68-6 | 58-2 
wey on brake .. - 21-23 || 19-93 | 19-93 14-95 | 14-953) 14-95 || 10-012) 9-994 | 9-97 | 5:0 | 5:0 | 4°95 
‘uel-pump control, | | | | | \| | | | 
numeral os -- | 63-3 || 58-0 | 56-8 47-3 | 46-7 | 46-6 || 38:7 | 38-4 38-4 | 31-0 41-0 | 30-6 
Air compressor suction | i | HI | 1} | 
throttle, numeral .. | 0-09 || 0-10 | 0-09 | 0-08 ] 0-117) 0-11 | 0-10 1 0-077| 0-07 | 0-075 
! | 


0-10 | 0-08 
1] | 


* The direction of rotation was ahead and the manceuvring drum indicated throughout the tests that six cylinders were taking fuel. 


A a | @ lex 


~ 


Test Number... 12 13 | il 


Pressure, ib. per sq. in.— 


TABLE IX.—Inpicator Carps (POWER CYLINDERS)—DEDUCTIONS. 








aAlcH| sB A c || B re ees. 


eS i) 8 | eo | ae a SS 


At end of compression. . 635 590 550 || +510 485 | 470 445 435 | 430 || 420 415 405 

Maximum during firing 745 730 | 710 || 640 635 | 635 590 590 595 || 515 520 510 

At end of expansion 63 54 | 50 37 35 35 25 25 | 25 14 15 15 
Mean indicated pressure, | 
Ib. per sq. in.— | | 

Cylinder No. 1 (forward) 135 124 128 || 102 97 | 99 72 73 | 75 | 44 46 47 

ee & ” 142 137, | 136 |; 111 106 108 81 82 | 88 [| * 5a 53 54 

No. 3 147 141 | 144 110 109 | 111 || 85 8 | 87 | 57 57 56 

No. 4 128 120 | 120 |} 95 | 96 | 96 || 72 71 | 70 || 44 43 41 

No. 5 we 139 131 | 127 100 99 98 77 74 76 || 49 45 46 

» No. 6(aft) .. 141 131 134 || 104 103 101 | 80 75 79 50 49 48 

Average 5 ie 139 131 132 104 102 | 102 | 78 | 77 79 | 49 49 49 

Indicated horse-power .. 3,590 3,290 | 2,980 2,490 | 2,240 | 2,010 || 1,560 | 1,370 | 1,220 730 | 610 | 520 


*Thermal equivalent of 
indicated horse-power 152-2 | 139-5 | 126-3 || 105-7 | 


95-0 | 85-2 || 66-2 | 58-1) 51-8 || 31-0] 25-9 | 22-0 


| 
| 
| | 
| 
| 


* In units of 1,000 B.Th.U. per minute. 


TABLE X.—INJeEcTION-AIR COMPRESSOR: PRESSURE 


AND BEFORE EACH STAGE; INDICATOR CARDS—DEDUCTIONS, 


BY GAUGE IN RECEIVERS ; TEMPERATURE OF AIR AFTER 


A | A Cc B A Cc B A Cc i Bt} A Cc 

Test Number = 12 13 11 7 4 6 || 3 2 1 2 Wj 8 8 5 

Pressures by gauge, Ib. 
per sq. in.— 
Blast-air and = high- | | 
pressure stage delivery 1,170 1,150 1,100 1,080 1,050 1,000 1,000 960 | 910 800 750 650 
Middle-pressure stage | 
delivery ie ce 182 194 203 179 187 191 200 210 | 209 192 197 | 177 
Low-pressure stage 
delivery i ie 24 27 29 24 26 27 28 30 | 27 29 33 29 
Temperatures, deg. F.- | 
After cooler ee ae 66 65 68 68 68 70 69 67 65 66 69 68 
High-pressure stage— | 
Delivery ‘3 ot 298 296 283 288 278 259 261 246 232 229 212 190 
Suction - a 64 64 66 64 64 64 66 64 63 69 | 64 | 62 
Middle-pressure stage— | 1 | 
Delivery oa be 293 298 284 284 275 263 27 259 247 =| 246 235 211 
Suction a ae 73 74 74 72 72 67 72 70 os || “72 | TA 67 
Low-pressure stage 
delivery = $s 312 317 314 305 307 294 308 299 292 289 284 260 
Indicator Cards, Deduc- 
wOns ; 
Pressures, Ib. per sq. in.— 
High-pressure stage— 
Delivery a sa} SO 1,260 1,190 1,180 | 1,135 | 1,045 1,070 1,020 970 835 780 | 670 
Suction ‘ ae 159 17 186 161 169 175 185 191 202 182 | 182 | 166 
Middle-pressure stage— 
Delivery = as 201 211 218 195 202 203 216 216 | 224 || 205 210 185 
Suction - ea 15 18 20 16 19 19 22 233 | 26 24 26 23 
Low-pressure stage- 
Delivery as vin 28 31 33 27 29 29 33 33 36 31 34 30 
Suction es ae 8 7 7 8 7 7 7 7 6 || 6 6 7 
Mean indicated pressuies, 

Ib. per sq. in.— | 
High-pressure stage .. 357 377 375 350 347 332 346 338 336 || 298 293 252 
Middle-pressure stage . . 74 77 80 71 75 74 80 79 82 76 7 71 
Low-pressure stage .. | 15-5 17-5 18-6 15-4 16-9 17-0 19-2 19-2 20-7 18-6 20-6 18-4 

Total i.h.p. of compressor 156 162 151 139 135 118 130 115 | 108 91 78 59 


*Thermal equivalent of 
Lh.p. .. we aie 6-62 6°87 6-40 5-90 
Volumetric — efficiency, 


L.P. stage : 0-62 0-68 0-71 0-62 0-68 0-68 0-75 0-76 


Weight of atmospheric 
air induced, lb. per min. 30 32 30 28 


* In units of 1,000 B.Th.U. per min. 


trials at sea, using a Geiger torsiograph lent by the 
authorities of the Royal Technical College, Glasgow. 
The particulars obtained and the deductions therefrom 
appear in an Appendix (not reproduced). From 
records taken on the full-power test of the port engine 
(Test No. 13), the consumption of lubricant, at 138 
r.p.m., was at the rate of 8-60 gallons per day (24 hours) 
for the power cylinders, 0-49 gallon per day for the 
injection-air compression, and 0-31 gallon per day 
for the inlet and exhaust valve spindles, measured 
together, making a total consumption of 9-40 gallons 
per day. This quantity excludes the oil used in hand 
lubrication. 





5-73 5°01 5°52 4-88 4:37 || 3-86 3-31 2-50 


0-82 0-75 0-82 0-77 


27 25 28 25 24 21 19 16 


(run No. 13) were carried out on the second day, and 
the fuel consumption run at full speed (run No. 14) 
on the last day. 

For the slow speed and trailing tests 1,816 tons of 
fuel, ballast, and stores were on board ; the draught was 
12 ft. 10 in. forward and 18 ft. 9 in. aft (mean 15 ft. 
94 in.). For the measured mile and fuel consumption runs 
the draughts were: 15 ft. 3 in. forward and 18 ft. 8 in. 
aft (mean draught 17 ft.). There is, however, a liability 
to slight error in these draughts as the surface of the 
water was a little disturbed. In Table XX, page 714, 
are shown particulars, provided by the builders, of the 
coefficients, displacements, &c., for both the fully- 





loaded and the trial conditions. The bottom was 
clean, as the vessel came out of dock on October 29, 
the day previous to the trials. The wind and sea 
conditions throughout the trials were good, and all 
parts of the programme were carried through satis- 
factorily. 


Fig.i7. FUEL CONSUMPTION AND INDICATED 
HORSEPOWER — BRAKE HORSE-POWER. 
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The measured mile trials were carried out off Skel- 
morlie and were arranged thus :— 


4 runs (Nos. 1 to 4) at nominal engine speed of 120 r.p.m. 
138 ,, 


4 ,, (Nos. 5 to 8) 99 ” ” 
2 ,, (Nos. 9 and 10) % ” ” 98 ,, 
2 ,, (Nos. 11 and 12) ie ce ee 69 ,, 


In the case of each of these speeds, the consecutive 








runs were made alternately south and north. 
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The fuel consumption runs were arranged as follows : 
Between Skelmorlie Bank and Brodick Bay, Isle of 
Arran, and back to Greenock, three hours’ run at nomi- 
nal engine speed of 120 r.p.m. The above pair of 
runs are referred to in the tables as Nos. 13 and 14, 
respectively, and the observations and deductions are 


FUEL CONSUMED PER MINUTE. 


Fig.20 
SPEED & TORQUE CURVES. 


22 
20 
18 


16 


12 


10 


Fuel per Miuue-Lb. 





0 
(3022.0.) 


Revolutions per Mirurte 


“ENGINEERING” 


Fig.23. PERFORMANCE CURVES 
OF SCAVENGE-AIR BLOWER. 
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recorded along with those of Runs Nos. 1 to 12 in the 
tabulated results, On October 31, during the measured 
mile runs and the fuel consumption trial] (run No. 13), 
both sea and wind were negligible. During the full- 
power, fuel consumption run (run No. 14) on November 
1, the relative wind in the first half of the trial was on 
the port quarter, nearly abeam and very light. In the 
second half the wind was nearly ahead, with velocity 
relative to the ship of 29 knots during the last 14 hours. 
The sea was smooth throughout the trial. 

During the measured mile runs the vessel was on 
her course from four to five minutes before entering the 
miles, and a Walker’s log was trailed from aft. The 
calibration curve obtained was used to determine the 
speed during runs Nos. 13 and 14. 

In the case of the measured mile runs (runs Nos. 
1 to 12), the revolutions made by the engines were 
recorded when the signal was received from the bridge 
that the vessel was passing the line of posts on entering 
the mile course, and again on leaving, as well as at 
intermediate intervals. The level of the fuel in the 
measuring tank in use was observed at one-minute 
intervals from the time the vessel had been put on a 
Straight course before entering the mile, and the 
observations were maintained until the vessel was turned 
out of her course on its completion. It was possible 
to obtain one set of indicator cards from each main 
engine during each run. Temperatures, &c., were 
also recorded during each run. In the case of the fuel 
consumption runs (runs Nos. 13 and 14), the revolutions 
made by the engines and the level of the fuel in the 
main measuring tanks, and in the smaller measuring 
tanks supplying the electric generators, were observed 
periodically. Indicator cards were taken, and other 
observations in the engine-room were recorded half- 
hourly. The speeds of the main engines were arranged 





so that, for no helm on the ship, the revolutions per 
minute should be as near as possible to the respective 
nominal revolutions mentioned above. For the 
measured mile trials, the controls were altered as 
little as possible between the successive runs at any 
given nominal revolutions per minute once the required 


Fig. 21. 


Table XXIII, injection-air compressor, performance ; 
Table XXIIIB, injection-air compressor, mean indi- 
cated pressures and indicated horse-power. In these 
tables, averages only from the observations made 
throughout all runs at a given nominal speed are 
recorded. The temperatures at the starting platform 


FUEL PER B.H.P. PER HOUR-BRAKE HORSE-POWER; FUEL PER 
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TABLE XI.—A, Brake Horse-PowEr; B, Friction Horse-Power; C, MECHANICAL EFFICIENCY ; 


D, FUEL-QUANTITIES AND DEDUCTIONS. 





|| H | | 
Test Number ye 12 | 18 | 11 | 7 | £2 7° | 3 | z | 1 9 


A, Absorption Dynamo- | | 1 | 
meter— 

Brake horse-power -- | 3,020 || 2,760 

Brake mean effective 


| 2,480 || 1,970 | 1,810 
117 || 110 | 110 || 82-4 | g2- 


| 1,620 || 1,100 | 980 
| 

| 
| 


| 

pressure, Ib. per sq. in. | 4 82-4 || 55-2 55-1 | 27-5 
Thermal equivalent of | | | | 

b.h.p. for one minute*.. |128-0 ||117-0 |105-1 || 83-6 | 76-8 | 68-7 46-7 | 41-5 36-1 || 17-4 14-4 12-3 

B, Friction— | | \| | | | | | | 

Friction horse-power | 414 || 368 249 381 | 295 | 272 || 330 | 275 | 267 || 229 192 171 
Friction mean effective | H | | } | 

pressure, lb. per sq. in. 16-0 14-7 15-5 15:9 | 13-4 | 13-8 || 16-5 15-5 | 17-3 || 15-5 15-5 16-2 
| | 


Thermal equivalent of 
f.h.p. for one minute* | 17-6 15°6 14°8 16-2 12 
C, Mechanical Efficiency 1 | 











-6 | 11-5 |} 14-0 | 11-7 | 11-3 














| 
| | 
(b.h.p./i.h.p.) per cent. | 84-2 || 83-9 83-3 79-2 | 80-8 | 80-6 || 70-6 71-5 | 69-7 | 55-4 55-8 | 56-8 
D, Fuel Quantities and | | } } | | } | 1] | 
Deductions— | \| | | | || } 
Quantity per hour, Ib. .. | 1,264 || 1,094 960 || 755 | 683 | 611 || 437 | 384 338 || 198 169 144 
me per minute, Ib. 21-10 || 18-30 | 16-00 || 12-60 11:40 | 10-20 || 7-30 6:40 | 5-64 3°30 2-82 | 2-40 
Temperature, deg. F. .. 75 || 71 75 || 7% | 82 | 73 |i 79 | 75 70 75 76 | 70 
Weight per b.h.p. per | | | I} | 
hour, Ib... nee ++ | 0-419|| 0-397) 0-387)! 0-383) 0-377| 0-377|| 0-397; 0-392) 0-398 | 0-483) 0-497) 0-496 
Weight per i.h.p. per 
hour, Ib... me .. | 0°35 || 0-33 | 0-32 || 0-30 | 0-31 | 0-30 || 0-28 | 0-28 | 0-28 || 0-27] 0-28 | 0-28 
Heat carried in fuel per | i | H H} 
minute* aa af 411 || 357 312 || 246 | 222 | 199 || 142 | 125 | 110 HI 64-4 55-0 46-8 
Thermal efficiency— || | 1} || 
b.h.p. basis ro a 0-312); 0-328! 0-337|| 0-339) 0-346) 0-345 | 0-328) 0-332 0-327]| 0-270, 0-262) 0-263 
ih.p. basis 0-37 || 0-39 | 0-41 || 0-43 | 0-43 | 0-43 || 0-47] 0-47 | 0-47 | 0-49 | 0-47 | 0-47 
' | | | | | 





* In units of 1,000 B.Th.U. per min. 





TABLE XVIII.—TuHERMAL BALANCE SHEETS (ALL QUANTITIES IN Units oF 1,000 B.TH.U. PER MINuTE). 























| ! | i| | | | 
| <A | Ae) Ol] B | A € B | A c B | A | c 
Test Number | 12 13 11 | 7 | 4 6 f -E oP Bob cd 9 | 8 | 5 
| | | | | | 
| | | | | | | | | 
To heat in fuel .. .. [411-0 |/357-0 + |312-0 | 246-0 /222-0 |199-0 ||142-0 |125-0 |110-0 || 64-4 55-0 | 46-8 
By thermal equivalent of : | | || | | 1] | 
Brake horse-power .. {128-0 |/117-0  |105-1 || 83-6 | 76-8 | 68-7 || 46-7 | 41-5 | 36-1 || 17-4 14-4 | 12-3 
Air-compressor horse- | | | | I] | | 
power a oe | 6 6-87 | 6-40 || 5-90] 5-73} 5-01 }| 5°52 | 4-88 | 4-37 |} 3-86 | 3-31 2-50 
By heat rejected through: | | | | | | 
Jackets and heads | 56-10 46-20 | 42-10 || 32-45 | 32-50 | 28-20 1] 22-65 | 20-90 | 20-60 || 10-83 | 12-94 | 9°33 
Pistons .. <s .. | 13-60 || 11-40 | 10-60 || 8-40] 8-40 | 7-60 || 6-02 | 4-83 | 4-84 ! 3-24 | 2-46 | 1-58 
By heat drop through | || | i} | | | | | 
turbine a Ps eC) 11-61 | ‘87 || 5-74 4-54 3-10 || 1-81 | 1-67| — 0-62 | 0-30} 0-21 
By heat carried away in (157-85 ||137-53 |111-08 || 84-87 | 74-90 | 57-92 || 42-84 | 36-45 | — || 15-96 | 15-63 | 10-87 
exhaust gases vat || II |. |} | } | 
By radiation, &c. -. | 81°72 || 26°39 | 27-85 || 25-04 19-13 | 28-47 || 16-46 | 14-77 —_ | 12-499) 5-96 10-01 








2-0 pe ||142-0 ppas-e |110-0 || 64-4 
i | 


55-0 | 46-8 








speed had been attained. The running conditions are 
given in Tables XXI and XXII, pages 714 & 715, and 
the observations made in the engine-room, mainly for 
comparison with those obtained during the trials 
ashore, are shown in tabular form as follows :— 
Table X XI, ship and engines’ speed, indicated power, 
fuel for main engines and deduced torques; Table 
XXII, engine controls, pressures in cylinders, exhaust- 
gas observations, speed of turbo-blower, tempera- 
tures of cooling water and oil, and of lubricating oil ; 





in the engine-room varied between 68 deg. and 79 deg. 
F. on the first day of the trials, and was about 68 deg. 
on the second day. 

The fuel consumptions and the deductions made 
from the indicator diagrams are recorded in Table X XI, 
and should be inspected in conjunction with the 
remarks which follow on fuel and its measurement, 
indicated horse-power, and estimation of torque 
deduced from main engine data. The exhaust gases 
from the funnel, comprising the gases from both main 
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MARINE OIL ENGINE TRIALS. 


TABLE XXI.—SHIP AND ENGINE SPEEDS ; MEAN INDICATED PRESSURES; INDICATED HORSE-POWER; MECHANICAL EFFICIENCY 
(FIG. 18A) AND TORQUE; FUEL CONSUMPTION AND TORQUE FROM FIG. 17; SHAFT MEASUREMENT OF TORQUE. 






















































































l l 
Nominal r.p.m. of engines .. 138 | 120 | be be 188 120 
Wind, velocity and direction Southerly, nil to 6 knots. nil | | 
ao. i | in “a. 4 — - ot te Fle oe | 9 | 0 | 12 14 13 
Run number | 5 6 7 | 8 1 2 3 4 | | 
ieee | .m. a.m. a.m. a.m. a.m. p.m. | p.m. p.m. p.m. | 
Time of day .. : 1.8 11.20 11.49 72.8 9.49 10.8 10.25 10.48 12,27 | 12.48! 1.11 | b.88 10.0-2.0) 1.50-4.50 
Direction of run a ma | South North South North South North South | orth | Seuss | ae | ae Te bout 15 13-42 
Ship’sspeed ..  .. knots | 15-25 14-68 | 15-41 14-72 13-49 12:94 | 13-57 | 18-02 11-50 | 10-91 | 8-39 | 7:76 | abou +42 
| | 5 aa 
= | s i or, Rees ee | 
eee | 15-01 13-25 | 11-21 | 8-08 | about 15 | 13-42 
a ea = ; ieee i (aca en ee ee ee l l Se 
| | | | , | 3 | ; Peo) Pl ao Bs 
Pe. Si P ll aLPl) aL el es) Pie 2 18) Se ) 8 ee eee ae OF 
Engine speed ..T.p.m. |187-5/139-3 137-5 138-8 139-3 139-5 139-3 138-7)118-5 119-8 120-5 121-3 120-8 ait wai 122-3 95-6 99-2,99-4 99-0/71-2/71-0 69-8 68-4 137-5 137-3)120-4 121-8 
| | | ~_ ee) ae, See (a ee ee ES Pee ee ee eS eee ee 
ne a, eee = (as: (aaa - a a | | | | | | | | | | 
Mean ened pressure, Ib. | | | | | | H | | | | | 
Dnde No.1 | 7 | 91/101 | 100; 96] 94) 96 | 70 | 71 | 75 | 51/53 | 50| 50| 111/118 | 90| 96 
. I | 117 | 116 | 115 | 120| 87] 95] 91] 101/100} 96| 94 06 | 6s | | | 9 
er No. 3 es 109 137 | 109 | 130 113 | 1420 | 120 | 123 | 100| 93] 99) 96| 102 | 100} 95 | 100 | 67 | 78 | 72 | 72 | 50 | 54 | 62 | 51 | 116 | 131 | 98 | 100 
eS ae 109 | 100 | 103 | 105 | 110 | 105 | 111 | 104; 82| 85) 87| 88] 90| 85| 87 | 92 | 66 | 60 | 71 | 63 | 48 | 45 | 50 | 43 | 113 | 109| 90/ 3s 
. No.4 ..  ::/ 99/114 | 106 | 117 | 108 | 113 | 112 | 109 | 86| 92) 92| 100! 91| 98| 85 | 100 | 63 | 69 | 69 | 75 | 43 | 53 | 50 | 49 | 103 | 116 | 86| 94 
» No.5 2. 2. | 110 | 110 | 108 | 112 | 113 | 113 | 114 | 117) 84| 90| 89/| 94| 89) 98) 89/| 95 | 62 | 66) 72 | 72 | 45 | 51 | 49 | 49 | 109 | 113 | 86 | 93 
No. 6 (aft) .. | 107 | 122 | 113 | 125 | 112 | 122 | 110 | 118 | 90 | 103 | 105 | 105 | 102 | 102 | 93 | 100 | 71 | 80 | 70 | 77 | 50 | 56 | 56 61 114 leo 91 | 102 
Average .s ee ee | 107 | 116 | 110 | 117 | 112 | 115 | 114 | 115 | 88] 93] 94] 97} 96) 96 | 90 97 | 66 | 70 | 71 | 72 | 48 | 5 | 58 | | | 
| | ina oe ee ee eS 
earn WEY | |- | | | | | 
Port en > | | | | | | | ’ ‘ 
A sp 2,670 2,740 2,840 | 2,880 | 1,890 | 2,050 | 2,100 1,900 | 1,150 | 1,280 | 620 | 670 2,770 1,960 
eeaponiamati: cent. | 90-0 | 80:5 | 81-0 81-5 74-5 | 76-5 | 77:5 75-5 | 64-0 67-0 | 54:0 | 57-0 81-0 | 75-0 
“ Brake” horse-power ..| 2,140 2,210 2,300 2,350 | 1,410 | 1,570 | 1,630 | 1, ‘ 32 | 64 
Corresponding torque lb.-ft. 81,700 84,300 86,800 88,600 | 62,500 | 68,400 71,000 64,800 40,600 | 46,000 | 24,400 | 28,600 | 85,600 | 64,000 
Torque, mean of means or _ | i a ess ae ave “eee Ae 
eae forruns.. me 85,450 68,200 43,300 | 26,500 85,600 | 64,000 
atin ice tit ek eres Mes IN pa 
Starboard engine— | | " e H Ee | 670 | 620 2.900 2.110 
Indicated horse-power ..| 2,930 2,940 2,920 2,890 2,020 2,140 2,120 — | Sn) a oe | a , 
Mec cal efliciency | Th) ad - " 
sented oe. 82-0 82:0 | 81°5 81-5 76-5 77-5 |} 77-5 77:5 | ey | yt py | yoy | py Bd i 
“ Brake" horse-power .. 2,400 2,410 | 2,380 2,360 | 1,545 1,660 1,640 1,670 ‘ | ass , 
Corresponding corgee Ib.ft. | 90,400 91,300 89,600 89,400 | 67,800 71,900 70,800 71,600 | 44,500 | 46,200 | 28,100 26,100 | 91,000 70,000 
tt | 
wT Gare 
a Ko = it 90,300 70,900 45,350 27,100 91,000 70,000 
—___—__|—— SS ——— | 
Total fuel per hour to main | < 
engines - wae 1,734 1,728 1,749 1,761 | 1,125 1,188 | 1,158 | 41,181 637 | 673 $26 | 329 1,740 1,177 
| | EE Sole 
F ; _ (oa Stan | paeune | | | 
Port engine— | | | 
Fuel per minute (estimated) | | | 2-62 2-85 14-20 9-44 
Ib. 13-78 13-90 14-37 14:65 | 9-07 9-65 | 9-61 9-46 5-06 5°58 2°62 | 2 2 
Torque, from Fig. 17 Ib.ft. | 82,500 83,200 84,800 | 86,400 63,800 67,200 | 66,600 | 65,200 | 39,600 | 43,400 | 22,900 | 26,400 | 84,800 65,400 
Torque, mean of means or ; ae a toy ji 
mean for runs, 84,100 66,300 | 41,500 24,650 84,800 | 65,400 
ee cee ene ae |e : 
one engine— | | 
‘uel per minute (estimated . | | " 
cli pias % 15:12 | 14-90 14-78 14-70 9-69 | 10-07 9-69 | 10-22 5:56 5-64 2-82 | (2-64 14-80 | ppd 
Torque, from Fig. 17 1b.-ft. | 88,500 88,200 | 86,900 | 86,700 | 67,500 | 69,200 66,500 | 69,500 | 43,400 | 44,000 | 25,900 | 24,600 | 88,300 | ; 
; ES Pa Ree POM PekeNes ise | 
Torque, mean of means or ‘ Ee ace | rk 
oo be fer runs Bi = 87,560 68,000 | 43,700 25,250 | 88,300 | 69,500 
| SetL re. 
yee ——— SS | | 
Torsionmeter observations, | | 
torque Ib.-ft.— | | | 
Mean of means or mean for | | | 
runs— g 
aie | 5 1,500 
Port engine os ars 81,200 60,550 38,100 19,750 | 60,400 | 81, 
ae _ bias a 79800 | 60,300 | 38,500 16,050 | 60,900 | 81,400 





engines and the generator engines, were observed | square inch, and between 13 and 14 lb. per square inch For normal running at sea, the main yt — 
periodically, and were noted, generally, as being|for the starboard engine. Switchboard readings | the electric-generator engines receive their — 0 
invisible ; occasionally, however, they showed as a very | of the electrical energy generated showed that the | fuel from one or other of the daily supply tan 8 = 
faint grey colour against a background of cloud. The Taste XXIIIB.—Injection-Air Compressors, Mean | taining centrifugal oil; when the boiler is in use, 


x . ; Horse: é | supply of fuel for the furnace is drawn from the same 
— Tata XX. eee ee aa Indicated Pressures and Indicated — Power | source. For the purposes of the trials at sea, the 


| measuring tanks employed on the trials ashore were 
| placed on a hatch top on the main deck and were 

I: Res oe ‘replenished periodically with fuel from the daily 
Cy Ree Star- | | Star- | service tanks through a hand-pump. Both the main 








Load | Trial Run Number. 14. | 13. 
_ | Condition. Condition. 

















| ingine. Port. Port. 2 
Draught forward .. ee ee .-| 26 ft. 6}in. 15 ft. 3in. | poem board. | board. | engines drew their fuel from these tanks. Readings 
aft 26 ft. 64 in.| 18 ft. 8 in | | g ; : : Se: 
Total displacement, tons a “")""12:804 | 7.680 | ee = |———| —_—— | of the level in the particular tank in use, therefore, give 
Moulded displacement (excludes bossing, * _ | Mean indicated pressure, | the fuel consumptions in the two main engines geo’ ; 
— pov Smad ee ie 12,674 6,947 | Ib. per square inch— oe? ‘ies the individual consumptions, shown in Table XXI, 
*K coefticient (on moulded displace- High-pressure stage 398 | 368 | 9 | 72 Z : * eae mption 
ment and dimensions) . . ae Ker 0-709 0-661 | Middle-pressure stage 79 71 87 76 | hav e been obtained by Rares: — total bse ed 
Midship area (moulded), sq. ft. Ae 1,438 836 | Low-pressure stage..| 18-0 16-6 19-7 18-2 | in the proportion of the indicate orse-power lope 
Prignatio” molent (un a . oa — | Total indicated horse- - a a, by each main engine. During the measured mile 
I coeflicient (moulded) .. is *727 ° | ower .. me es : a | 5 es . fi R » eVEFY. 
Wetted surface (moulded), sq. ft. as 35,860 26,130 , \ | | — readings ra the level = S See wee —_ vie 
Wetted surface total, including all eee SSS minute, beginning at the time when a straight cours 
appendages, sq.ft. .. ..—..|_ 86,720 | 26,990 | total load during the daytime on the two generators | had been set, and, in the case of the fuel consumption 
a ———— ___'______ | in use was 611 amperes on the first day of the trials, | runs, observations of level were made at five-minute 


silencing of the exhaust appeared to be effective.| the greatest load on a generator being 345 amperes | intervals. The fuel used in the generator engines 
The pressure of supply in the forced-lubrication and | and the lowest 250 amperes; and on the second day | was measured similarly, using a smaller pair of cali- 
piston cooling-oil systems varied between 12 and 14 Ib. | the total load was 693 amperes, the greatest load on a| brated tanks. The intervals between observations 
per square inch for the starboard engine. The pressure | generator being 370 amperes and the lowest 303 amperes. | of the level in the tank in use were half-hourly. The 
of the cooling water supplied to the jackets and heads | The pressure of supply was sensibly constant throughout | boiler was not under steam, so that observations of 
of the port engine varied between 12 and 14 lb. per | at 220 volts. the fuel used in its furnace were not made. 
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MARINE OIL ENGINE TRIALS. 


TABLE XXII.—A, Enemve ContRot ; 


D, Exuaust Gas Pressures; E., SPEED OF BLOWER; 


B, PRESSURES IN 


CytinpEers; C, ExHaust Gas TEMPERATURES ; 


F, OspsERvaTions aT Arn Main; G., TEMPERATURES OF 


Cootmna WATER, &c. 
















































































Run Number | 5-8 | 1-4 | 9 and 10 | 11 and 12 | 14 | 13 
| | 
| ] 
A. Engine Control— P 8 eS | § Bet 8 Py | g | P s P 8 
Fuel pump control numeral ae 50 51 43 44 36 | 37 31 | 82 || 51 51 43 44 
B. Pressures in Cylinders (lb. per sq. } 
in, | | | | 
Maximum during firing 650 655 620 | 630 || 550 565 505 | 525 || 650 660 615 625 
At end of expansion nis -- |} 30 | 35 24 | 2 19 19 14 14 (|| «#31 32 24 26 
C. Exhaust Gas Temperatures, deg. F.— || | | | 
(i) At exit from cylinders : | | 
Highest .. ee a 700 | 690 590 610 || 505 560 || 360 405 || 700 700 595 620 
Lowest 640 625 548 550 450 | 460 300 | 300 645 22 550 560 
Average .. err -» || 670 660 565 585 485 525 335 345 670 665 570 595 
(ii) At entry to turbine nozzles : | 
Cyl. Nos. 1, 2 and 3 a «+ || 760 745 600 600 560 | 575 || 430 435 780 755 615 620 
- » 4, 5, and 6 765 775 610 620 555 | 590 | 410 | 435 770 780 615 640 
(iii) At exitfrom turbine .. -- || 695 690 570 565 555 565 || 485 | 435 710 705 575 590 
D. Pressure in Exhaust Manifold, | 
inches of mercury— || | | | | 
Cyl. Nos. 1, 2, and 3 || 6°78 | 5-36 || 3-44 | 2-69 || 1-60 | 1-35 || 0-77 | 0-70 || 6-71 | 5-53 3-46 | 2-88 
‘a » 4,5, and 6 . || 6-78 | 5-24 || 3-50 | 2-79 || 1-80 | 1-35 || 0-83 | 0-70 || 6-64 | 5-43 || 3-50 | 2-84 
E. Speed of Turbo-blower, r.p.m. || 8,730 | 3,480 || 2,670 | 2,460 1,820 | 1,630 || 1,185 | 1,080 || 3,770 | 3,550 || 2,6 2,520 
F. Observations at Air Main— | 1] | | 
Pressure, in. of mercury .. || 8°19 | 7-14 || 3-86 | 3-24 || 1-60 | 1-50 || 0-64 | 0:58 || 8-14 | 7-50 || 3-84 | 3-46 
Temperature, deg. F. Pee -. || 119 | 109 || 94 84 || 100 | 95 95 87 116 108 99 | 92 
G. Costing Water to Jackets and || | || | | | 
Heads— 1] | | | | | 
Temperature at inlet, deg. F. -- || 61 | 59 | 57 57 56 56 54 | 55 | 62 60 62 60 
rege outlet ,, «|| OF | @ 86 | 86 |} 82 | 81 70 | 70 || 98 92 86 86 
G. Cooling Oil to Pistons— \] | | | | | | 1| 
Temperature at inlet, deg. F. -- || TL | 115 |] 105 | 104 117 121 119 121 || 116 | 115 || 115 118 
on ee outlet (average) | | | } 
deg. F. “a oe -- |} 185 | 187 || 122 | 121 || 127 131 127 | 128 || 136 | 138 134 135 
G. Lubricating Oil— | | | {| | | 
Temperature at inlet to bearings, || | | | 
deg. F. oe oe “e ee i| 110 114 101 | 104 || 118 117 119 122 110 | 115 113 116 
iI | | | | | 
TABLE XXIII4.—Insection-Arm ComPprRESsSOR—PERFORMANCE, 
| | | | 
Run Number aa Ae i| 5-8 | 1-4 i| 9 and 10 | 11 and 12 | 14 | 13 
| 1] 1] I 
|| | | | | 1] 
Pressures by gauge, Ib. per sq. in.— i| 8 P & if & Ss || P B- t 2 | 8s || P | 8 
Blast-air and high-pressure stage || | 1] | | | | | } | 
delivery .. = ve -- |/1,050 |1,070 || 990 /1,005 || 850 | 820 || 675 705 1,050 (1,090 |/1,010 (1,010 
Middle-pressure stage delivery .. || 190 82 || 205 208 || 205 | 177 || 210 92 203 | 187 211 | 190 
Low-pressure stage delivery 25 | 24 || 29 | 30 || 30 | 2 || 82 | 80 |) 27 | 25 || 30 | 25 
Temperatures, deg. F.— 1} | 1} 
Aftercooler.. ..  ..  ..|| 57 | 56 59 | 56 || 57 | 56 |} 57 | 57 || 58 | 56 || 59 | 57 
High-pressure stage delivery .. || 299 | 296 || 284 | 275 || 255 | 251 || 220 | 218 || 303 | 287 || 280 | 280 
Middle-pressure stage delivery .. || 284 292 277 292 || 250 275 || 252 248 || 287 281 | 287 | 279 
Low-pressure stage delivery eee | 814 | 336 316 | 335 | 302 | 317 || 290 299 | 343 334 | 332 | 327 
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The fuel consumptions in tons per day for all purposes 
obtained during run Nos. 14 and 13 were as follows :— 
Run No. 14, main engines together, 18-65; generator 
engines, 1-21; and total fuel (all purposes), 19-86. The 
corresponding figures for run No. 13 were 12-60, 1-14, 
and 13-74, 

(To be continued). 








Etectriciry Suprty BY PowER COMPANIES: 
Erratum.—In line 10 from the bottom of the first 
column, on page 556, of the article on Electricity Supply 
by Power Companies in our issue of October 30, it was 
State that the area covered by the power companies 
was 699,452 sq. miles. The figur 
Ziven earlier in the article, should be 24,303 sq. miles. 


, which correctl ; ‘ F 
be 24,303 sq af | but to secure protection against eyestrain and other | 


INTERNATIONAL COMMISSION ON 
ILLUMINATION. 


At the meeting of the International Commission 
on Illumination, which was held in Cambridge in 
September last, a number of resolutions covering the 
various phases of the work of that body were formally 
adopted. These included one to the effect that, as the 
Comité International des Poids et Mesures had now 
brought photometric standards within its scope, colla- 
boration between it and the International Commission 
on Illumination was desirable. To enable this to be 
done, a Select Committee, composed of one member 
nominated by Germany, the United States, France, 
Great Britain, Holland and Japan, respectively, has 
been appointed and Mr. C. C. Paterson has been 
instructed to enter into negotiations as to the best 
method of effecting collaboration. Under the heading 
of definitions, it is recommended that the symbol n 
|should be used for refractive index, and that a new 
term indicating the quantity which arises in defining 
the luminous impression produced by a light source, 
when the observer views it directly from a sufficiently 
great distance for the source to have no apparent 
diameter which can be appreciated visually, should 
be introduced. It is further suggested that in all the 
official publications of the Bureau, the numbers used 
to express illumination quantities should be given in 
a system based on C.G.S. units. 

The nominal range of an automobile headlight beam 
in any direction is defined as the distance at which 
| an illumination of 1 lux is produced on a vertical plane, 
and the driving beam as one required to produce 
| upon a vertical surface 100 m. in front of the car, on 
| the centre line and at a distance above the road surface 
| equal to that of the centre of the headlights, an illumi- 
| nation not less than 1 lux or greater than 25 lux. It 
|is recommended that information should be collected 
| to show the effect of traffic-control signs in reducing 
accidents and facilitating traffic. As regards factory 
j} and school lighting, the appraisal of glare is referred 
back to the Secretariat with the request that they 
enlist the co-operation of the various National Com- 
mittees in studying this question. It is also recom- 
| mended that the connection between pressure of supply 
| and illumination should continue to receive attention, 
| and that efforts should be made not only to determine 
the illumination required to ensure efficient performance, 








harmful effects. To facilitate international com- 
parison of street lighting installations, the following 
information is required : A complete description of the 
lighting units with their gas or electricity consumption, 
the spacing, height and transverse position of the units, 
and the average and minimum illumination. The 
Commission confirms its recommendation that measure- 
ments of illumination shall be made on a horizontal 
plane placed 85 cm. above the ground, except in special 
conditions where the height adopted shall be stated. 
It also approves the following conclusions of the 
Committee on Photometric Precision: Visual measure- 
ments are most accurate when the illumination on the 
photometric screen is between 5 and 20 lux. Under 
these conditions, and with no colour difference, the 
mean error for a set of at least ten readings is 0-25 per 
cent. For visual measurements by direct comparison 
with an illumination of the photometer screens between 
20 and 100 lux, and for colour differences not exceeding 
that corresponding to a voltage difference of 25 per cent. 
in watts per candle, the mean error, with three observers, 
each making at least ten observations, is 1 per cent. 
For commercial measurements under constant condi- 
tions.with two observers, each making six measurements, 
the error is 3 per cent. for visual work. 

It is recommended that at all parts of interiors where 
the daylight factor at a height of 85 cm. is less than 
0-2 per cent., the daylight shall be regarded as in- 
adequate for work such as ordinary writing over reason- 
able periods. As regards glare, investigations should 
proceed into the sensation of discomfort associated 
with the presence of bright sources and into the time 
variations of glare effects. Under the heading of 
aviation lighting it is laid down that boundary lights 
and obstruction lights must be distinguishable from 
each other, the latter being red and fixed to indicate 
the dimensions of the obstacle, while the former shall 
be orange, white, or red and white, and arranged so 
that the exact shape of the ground can be distinguished 
during flight. Landing lights must be placed so as to 
avoid causing glare to the pilot, and so that the vertical 
illumination of the landing area is as uniform as possible. 
An airport beacon should be placed on the ground 
or in its immediate vicinity. It must not dazzle the 
pilot and should under average visibility conditions 
be visible from the last airway beacon. It is desirable 
that each airport beacon should incorporate something 
to indicate the aerodrome. 








ROAD AND RAILWAY LIGHTING AT 
THE PORT OF LONDON AUTHO- 
RITY DOCKS. 


THE necessity for improved artificial illumination of 
which much is now being heard is not confined to 
interiors nor to public thoroughfares, but can with 
advantage be extended to dock systems and railway 
yards. That this has been realised, among others, by 
the Port of London Authority will be gathered from 
Figs. 1 and 3 on page 716, which show the results 
obtained with the new fittings that have been recently 
installed for lighting the roadways and other parts of 
their property. The problem that had to be solved 
differed in some respects from that which has to be 
faced by street lighting authorities, since dockyards are 
not public thoroughfares, and the roads are frequently 
crossed by railway tracks. For economic reasons, 
care had to be taken to confine the luminous energy 
to places where illumination was necessary and to 
ensure evenness of distribution, as obviously bright 
patches of light interspersed with areas of darkness 
would be dangerous. As a result of considerable 
experiment, it was found that these conditions were 
best fulfilled by the use of the multiplane reflectors 
made by the Electric Street Apparatus Company, 
of Canterbury. In these reflectors, a view of one of 
which is shown in Fig. 2, evenness of illumination is 
secured by collecting the light from the upper hemis- 
sphere and from the sides where it is not required, and 
concentrating it on the roads and tracks. The result 
is that the area near the standard is directly illuminated 
by the light from the lamp and that further off, where 
the candle power would in the ordinary way begin to 
fall off, the reflectors come into operation, and provide 
the supplementary illumination necessary to disperse 
the comparative darkness. 

This is effected in the following way: it will be seen 
that though the light is uninterrupted in the lower 
hemisphere it is collected in the upper by a large 
number of flat reflecting facets, each of which produces 
a reflection of the filament in the direction where more 
lighting is required. Each of these reflectors produces 
an illumination equal to 80 per cent. of the flux of the 
original lamp over an angle proportional to the area of 
the facet. As there are thirty to forty of such areas, 
the flux from a 500 watt gas-filled lamp gradually rises 
from 600 to 5,000 candle power as the distance from 
the lamp increases. As there are no concentrated 
reflected images of the filament, but only an increased 





number of reflections, the effect obtained is not that 
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ROAD AND RAILWAY LIGHTING AT THE PORT OF LONDON AUTHORITY DOCKS, 





Fie. 1. 


of a condenser or parabolic reflector, but is equivalent 
to increasing the number of lamps in the fitting. The 
reflecting facets are mounted so that only the front 
surfaces are exposed, the sides and backs being buried 
in cement, which prevents the ingress of gases or 
moisture. All the facets are also cemented into a 
casting so that a practically unbreakable reflector is 
secured. Moreover, cleaning is easily effected, there 
being no globes or other parts to remove. The fitting 
illustrated is only typical, several different angles and 
sizes being used to obtain the results desired, the 
selection depending on whether the standards are 
placed at the side or down the centres of the roads. 
Special fittings had also to be employed for the 
illumination of the docks. 

In the case of the roads on the Port of London 





Authority’s property, the fittings, which can be clearly | 
seen in Fig. 1, consist of a steel standard 30 ft. high, 
on which is mounted two 500 watt lamps and two 
Bi-multi reflectors of the kind just described. The | 
standards are spaced 400 ft. apart, but in spite of | 
this, we are informed that the horizontal illumination 
does not fall below 0-07 ft. candles, a figure which is 
often not attained in the thoroughfares of many im- 
portant cities and towns. On the railways running 
through the Authority’s area, similar fittings have been 
adopted, though the spacing in this case is decreased | 
to 250 ft. These results are obtained with a consump- 
tion of 2-5 watts per linear foot on the roadways 
and of 4 watts per foot on the railways, figures which | 
make the high efficiency of the installation as a whole 
apparent. 

It may be added that both the locomotive sheds and 
dry docks are illuminated in the same way, the results 
in the case of the latter being particularly good, com- 
pared with those obtainable with ordinary symmetrical 
distribution as the ship occupies an area where much 
of the fuminous energy may be wasted. 











THE MARKING OF IMPORTED ABRASIVE CLOTH AND 
ParerR.—The Board of Trade has referred to its Standing 
Committee an application for an Order in Council to | 
require the marking with an indication of origin of | 
imported abrasive cloth and paper in sheets, circles, | 
bands, strips or any other form. Representatives of | 
any interests substantially affected by the application, | 
who desire to be heard in opposition at the public | 
inquiry to be held subsequently by the Committee, | 
should communicate with the Secretary, Mr. E. W. 
Reardon, at the Board of Trade, Great George-street, | 
London, S.W.1, not later than December 5. 


W. E. HieHrietp SxHre.p Competition, 1931.—The | 
ninth annual competition for the W. E. Highfield Shield, 
which is organised by the Board of Control of the 
Association of Supervising Electrical Engineers, has 
recently been opened. The shield and a prize, the value 
of which is 5 guineas, will be awarded to the author of 
the best paper, not exceeding 2,000 words, dealing with 
the electrical industry and/or the Association. A second 
prize, the value of which is 3 guineas, will also be awarded, 
as will two associates’ prizes of a value of 5 guineas and 
3 guineas, respectively, Other prizes may be awarded 
at the discretion of the examiners. All papers must 
reach the general secretary of the Association, Chalmers- 
house, 43, Russell-square, London, W.C.1, not later than 
noon on December 15. It is anticipated that the decision 
of the examining board will be announced early in 
January, 1932. 

















Roap LicutTine ; Royat ALBERT Dock. 


Fie. 2. Br-Mutt1 REFLECTOR. 





Fic. 3. ARRANGEMENT OF LAMpPs ON RariLtway SIDINGS. 


CATALOGUES. 


Coal Cleaning.—The dry cleaning of coal by the 
Birtley apparatus is described, and particulars of plants 
now in operation are given in a catalogue received from 
Messrs. The Birtley Company, Limited, Birtley, Co. 
Durham. 


Oil Pumps.—Messrs. Worthington-Simpson, Limited, | 


| Newark-on-Trent, have issued a catalogue of heavy- 


service pumps for forcing oil along pipe lines and creating 
high pressures. Both the examples illustrated are 
horizontal double-acting two-plunger pumps. One has 
4-in. diameter cylinders and 18-in. stroke and lifts 
220 gallons per minute against a pressure of 2,900 lb. 
per square inch (6,720-ft. head) with a 520-h.p. motor. 
The other is driven by a 100-h.p. motor and is capable 


| of delivering 3,750 barrels of oil per 24 hours against a 
| normal pressure of 600 Ib. per square inch. 


Conveyors.—Some examples of conveying and elevating 


| appliances are illustrated in a catalogue to hand from 


Messrs. Marco Ltd., Leytonstone, London, E.11, makers 
of conveying appliances. These include flat and troughed 
belt conveyors, chain conveyors with wood slats working 
either on the level or on an incline, chain and bucket 
elevators run in casings, a vertical elevator with swing 
trays, and a portable band conveyor mounted on two 
wheels and suitable for flat or inclined conveying. They 
can be adapted for packages such as boxes, sacks, barrels, 
&c., or loose material. 


Hydraulic Press Indicator.—An instrument for indi- 
cating and recording the power applied through hydraulic 
presses is described in a circular received from the makers, 
Messrs. Dobbie, McInnes and Clyde, Limited, 57, Both- 
well-street, Glasgow. The actual pressure applied on 
the ram during the stroke is taken direct on a small 
area and transmitted to a pressure gauge, where it is 
indicated on a dial, and also recorded on a chart attached 
toadrum. It is applied mainly to railway-axle presses, 


' 


the manufacture of lead-sheathed cables and testing 
machines, but can be fitted to any hydraulic press. 

Pumps.—-We have received two catalogues of centri- 
fugal pumps from Messrs. Gwynnes Pumps, Limited, 
Hammersmith, London, W.6. The ‘“‘G.D.” type, dealt 
with in one of the catalogues, is lined with Doulton acid- 
resisting stoneware and is capable of dealing with the 
corrosive acids and with chemicals which attack metals. 
The second catalogue deals with the “ R”’ type pump, 
which is suitable for water and general pumping, and 
is made in seven standard sizes from 1}4-in. to 6-in. inlets. 
Both pumps are supplied either for belt drive or direct- 
coupled to electric motors, and tables of capacities are 
given in each case. 

Surveying, Prawing Instruments, &c.—A new edition of 
their catalogue of surveying, drawing and other instru- 
ments, has been issued by Messrs. W. F. Stanley and 
Company, Limited, 286, High Holborn, London, W.C.1, 
Theodolites, mining dials, levels, and other surveying 
instruments and accessories occupy the first third of the 
450 octavo pages, several pages being devoted to a new 
mean-reading theodolite. The surveying instruments 


| are followed by small measuring instruments and tools 


for all crafts and purposes; and after these particulars 
are given of drawing instruments and materials and 
drawing office furniture. It is difficult to classify the 
remaining items which include optical, navigation, mete- 
orological and calculating instruments and others for 
measuring, and recording temperature, density, time, 
&c. The indexes are exhaustive and the binding 1s 
strong and neat. 








REGISTRATION OF MoTOR VEHICLES IN GREAT BRITAIN. 
—tThe number of new motor vehicles registered in the 
United Kingdom in September totalled 13,577, as against 
17,846 in September, 1930. The greatest decline took 
place in the registration of cars taxed on horse-power 
and in motor-cycles. 
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THE QUADRUPLE-SCREW TURBO- 
ELECTRIC LINER ‘‘ MONARCH OF 
BERMUDA.”’ 

(Continued from page 692.) 
THE all-electric control equipment for the pro- 


pulsion alternators and motors of the Monarch of | 


Bermuda, which we may now proceed to describe 
in some detail, is installed in three cubicles at the 








| 
| WwW 


|all four motors from one alternator only. 
system is, therefore, very flexible. 
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(3020.0)> EARTH 


shown in Fig. 7, Plate X XXII, of our last issue, and 
is rather more complicated than is customary, owing 
to the ship being a quadruple-screw vessel. Speaking 
generally, however, it will be the normal practice 
to operate her as a twin-screw ship, the two port 
motors and their propellers being supplied from 
the port alternator and the two starboard motors 
and their propellers from the starboard alternator, 
whether running ahead or astern. The full speed 
of the vessel can be obtained in this way. Full 
Speed can also be secured by supplying the two 
outboard motors from one alternator, and the two 
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leach motor can be connected to either set of ’bus 


bars through the two-way isolating switches IM1, 
IM2, IM3 and IM4, and can be reversed by closing 
one of each of the pairs of contactors D1 and Dla, 
D2 and D2a, D3 and D3a and D4 and D4a. When 
the alternator and motor isolators have been closed 
in the manner determined by the system of opera- 
tion it is desired to adopt, the turbines are run up to 
about one-eighth speed without any excitation on 
the alternator or motor fields, and the direction 





contactors are closed for ahead or astern running. 
The speed of the turbines is then increased to about 


inboard motors from the other, the method by! one-fifth speed and the alternator fields are over- 


hich this is effected being protected by Patent No. 
352,615. Alternatively, about 70 per cent. full speed 
|can be obtained, either by supplying one port and 
|one starboard motor from its own alternator or 
The | automatically pull into synchronism and thereafter 


Reference to Fig. 22, which is a diagram of the | 
| stator circuits, will show that each alternator can | speed adjusted by altering the speed of the turbine. 
| be connected to an independent set of "bus bars 
top platform level in the main generator room, as | through the isolating switches [Al and IA2, while 


Fra. 21. 


|excited, so that the motors start up as induction 
motors. When the latter have reached the speed, 
which corresponds to the alternator speed, excita- 
‘tion is applied to their field circuits, and they 





|run as synchronous motors. The fields of the 


|alternators are next reduced to normal, and their 


| To describe in detail how these various operations 
|are performed we may. first consider the normal 








Main Controut Boarp. 


running condition, both alternatcrs and all four 


;motors being in service, with the two starboard 


motors being fed from the starboard alternator and 
the two port motors from the port alternator. The 
first operation is to see that the booster selector 
switch marked BS in Fig. 24, which is a simplified 
diagram of the alternator and booster field con- 
nections, is in its normal position, so that the 
starboard booster, is supplying the starboard alter- 
nator, and the port booster the port alternator, 
the third booster being spare. (The boosters 
supply the main machine fields.) Switches BMI 
and BM3 are then closed connecting the booster 
motors to the 220-volt *bus bars and the boosters 
started by the push-buttons PBl and PB3. All 
these switches are mounted on the front of the 
direct-current cubicle, which is shown in outline 
in Fig. 23. The position of this cubicle in 
relation to the main alternators is indicated in 
Fig. 7, Plate XXXII, in our last issue. When 
the starters fpr these motors reach their running 
positions, the retaining circuits of the master 
contactors MC1 and MC2 are completed and green 
indicating lamps on the front of the cubicle light 
up. The cooling fans of the propulsion motors 
are then started by operating the push buttons 
numbered 36, 37, 60 and 62 on this cubicle, the fact 
that they are running being also indicated by the 
lighting of green lamps. Next, the alternator field 
switches AFS1 and AFS2, and the motor field 
switches MFS1, MFS2, MFS3 and MFS4, which are 
also mounted on this panel, and are shown in Figs. 24 
and 26 (this latter is a diagram of the motor field 
connections), are closed; and the turbines are run 
up to about one-eighth speed by opening the 
starting valves, one of which can be seen to the 
right and below the large handwheel in Fig. 21, 
which is an illustration of the main control panel. 

The emergency switches E] and E2, one of which 
can be seen to the left of the large hand wheel in 
Fig. 21 and which are indicated in Fig. 25, which 
is mainly a diagram of the protective circuits, are 
now closed, thus enabling a supply at 220 volts to 
be given to the master controllers C, and C,. The 
next operation is to close the contactor switches. 
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M1, M2, M3 and M4 by turning the small hand- 
wheels, visible just below the indicating lamps in 
Fig. 21 (these switches are not shown in the dia- 
grams). The direction control wheels on the main 
control board are then placed in their ahead posi- 
tion, which enables the direction contactors marked 
D1, D2, D3, and D4, in Fig. 22, to be closed, when 
the large main control wheels visible in Fig. 21 are 
moved from their stop positions. If, on the other 
hand, it is desired to go astern, the direction control 
wheels are placed in their astern positions, thus 
enabling the circuits of the contactors Dla, D2a, D3a 
and D4a to be closed. One of the direction control 
wheels is visible to the right and above the large 
wheel in Fig. 21. Everything is now ready for 
manoeuvring. 

Dealing, for the sake of simplicity, with the 
starboard side only, the main control wheel 
shown in Fig. 21, operates the master controller 
C1, which is indicated diagrammatically in Figs. 25 
and 26. When this wheel is in its off position, 





























































nected to the 220-volt supply through the master 


which is mounted in the direct-current cubicle, but 
is not shown in the diagrams. The operating coil 
of the contactor MC] is fed from the 220-volt supply 


lator [Al (Fig. 22) and the emergency switch EL. 
The current then passes through the auxiliary 
switch of this contactor to the interlock contacts 


switch on the alternator field switch AFSI1, the 
McColl relay, the interlocking switch, the booster 
selector switch and overspeed devices, the booster 
motor starter and the booster main switch back to 
the negative mains. The result is that if the alter- 
nator field switch AFSI, the alternator isolator LA] 
and the emergency switch El are closed and the 


contactor MC1 will close, and its operating coil 


and emergency switch, the retaining contact on 
MCI, the auxiliary switch on AFS1, the inter- 
locking switch, the booster selector switch and 
overspeed device, and through either BM1 or BM2, 
depending on which booster is in service, back to 
the negative main. Unless the master contactor 


alternator and motors, which are being operated 
from the master controller Cl, cannot be completed. 
These circuits will be broken if, during running, 
any of the protective apparatus mentioned operates, 
while restarting will be impossible until the various 
protective devices have been reset, and until the 
main control wheel has been returned to its stop 
position. The object of these interlocks is to 
prevent any possibility of the main motors being 


the boosters, are in operation, and to ensure that 
restarting after failure cannot take place without 
repeating the various starting movements in their 
correct sequence. 


is moved in a clockwise direction from its off 
sg: rm: . : ° 
position. This causes the circuit of the operating 
coil of the master contactor MC1 to be removed 
from the interlock contacts a and b on the controller 
Cl, though it still remains in the retaining circuit, as 
has just been described. Assuming that it is pro- 


a 


the first operating or ‘* dead slow’ position, a con- 
direction contactors D] ind D2 (Fig. 22) close, the 
fact that the latter operation has been completed 
being shown by the lighting of two lamps on the con- 
trol panel. The operating coil of the contactor MCla 
is also connected to the positive pole of the 220-volt 
supply and to the negative pole of the same source 
of supply through the emergency switch, the auxiliary 
contact of the field switch and the McColl auxiliary 


therefore open contactors MC1 and MCla. 


the last paragraph, moving the control wheel 
through half a revolution into the first operating 


the contact m on the master controller is con- | 


contactor MCl and the alternator field switch | 
AFS1, while the contact e is connected to the same | 
source of supply through a second contactor MCla, | 


through the auxiliary contact of the alternator iso- | 


4 and a on the main controller Cl, and thence | 
through the emergency switch El, the auxiliary 


main control wheel Cl is in its stop position, the | 


will be retained through the alternator isolator | 


MC1 is closed, therefore, the field circuits of the | 


started, until all the essential auxiliaries, such as | 


To begin maneceuvring, the main control wheel 


posed to go ahead, when the control wheel reaches | 


tactor MCla (not shown in the figures) and the two 


position opens the oil valve on the turbine control 
gear, so that the speed of the machine is increased 
from on-eighth to one-fifth full speed. At the same 
time the terminals m and f on the controller Cl (Fig. 
24) are connected together, thus closing the alter- 
nator field contactor AFC1 the retaining circuit of 
which is now completed through the terminal g on 
this controller by self-holding contacts. The result 
is that the alternator field is over-excited from 
the 220-volt supply through the armature of the 
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as induction motors. When this happens, the 
|stator current of the motors rises quickly to a 
peak value, which is indicated on the alternator 
and motor ammeters on the main control panel, 
while their speed is shown by speed indicators on 
the same panel. As the motors approach the 
maximum speed which corresponds to the speed 
at which the alternators are running, the stator 
| current falls away to a steady high value. 

| The control wheel cannot be moved inadvertently 
beyond its first half revolution owing to the action 


relay. The operation of any emergency trip will|of a sequence catch. This is now released by a 


slight anti-clockwise turn, so that further movement 


In addition to closing the circuits mentioned in! of the wheel through a second half revolution is 


| possible. This causes the contact / on the controller 


Cl to complete the operating circuit of the motor 














field contactors MFC1 and MFC2, shown in Fig. 26. 


These contactors then close, so that the motor 


fields are excited at 220 volts and the motors 
pull into synchronism with the alternator, the 
fact that they have done so being indicated by 


low steady readings on the alternator and motor 


ammeters. Movement of the control wheel beyond 
the position at which synchronisation takes place 
is prevented by a second sequence catch. When 
this occurs it can, however, be released and moved 


booster, and the two starboard motors start up| forward in a clockwise direction. At the end of 
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the second half revolution the booster field con- 
tactor BFC1, shown in Fig. 24, is closed by the 
contact k on the master controller Cl. This causes 
the booster field to be built up in opposition to 
the 220-volt supply, thus reducing the alternator 
field to its normal value. At the same time, con- 
tacts j and / on, this controller complete circuits 
through the retaining contacts on the motor field 
contactors MFC1 and MFC2, and on the booster 
field contactor BFC1, as shown in Figs. 24 and 26. 

During the second complete revolution of the 
control wheel the oil valve on the turbine control 
gear is opened further, so that the speed of the tur- 
bine is increased from one-fifth to full speed. This, 
and the other speed adjustments of the turbine that 
have been mentioned, are effected by a rotary valve 
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marked H in Figs. 27 and 28, which show the 
arrangement of the governing gear diagrammatically. 
This valve is connected to the spindle of the main 
control wheel, through gearing, and comprises a 
sleeve with ports so proportioned that they form 
a definite leak from the governing system. These 
ports are divided into three parts, the first serving 
to bring the turbines up to one-eighth speed, so 
that the direction contactors can be closed in the 
way already described. The second enables the 


speed to be raised to one-fifth, so that the excitation | 


Fig.25. 


ENGINEERING. 
increased and the pressure in the governing system 
lowered. The piston S therefore falls and moves 
the relays, so that the steam valves open until the 
speed corresponding to that port opening is reached, 
when equilibrium is again established. To ensure 
that no change in speed occurs, owing to an altera- 
tion in the temperature of the oil used for operating 
the governors, the pressure on the piston S is 
adjusted automatically by the oil viscosity adjust- 
ing tube R. This consists of two concentric pipes, 





the outer being of cast-iron and the inner of brass. 
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can be applied and the motors synchronised, while 
the third allows the speed to be adjusted to the 
desired manceuvring value. The governing oil 
pump O, on the turbine, being of the rotary gear 
type, gives a different pressure at each speed for 
a given opening of the valve H, and this variation 
in pressure is applied to a spring-loaded piston §, 
which is connected to the floating lever L of the 
main relays on the throttle valve. If, at any time, 
the turbine speed tends to rise, the pressure on 
the yovernor piston also rises, with the result 
that the main relays shut the steam valves and 
Maintain the speed steady. There is thus one 
definite turbine speed for each position of the con- 
trol wheel. To increase the speed, the latter is 
moved, so that the port area of the valve H is 











These pipes are anchored together at one end, while 
at the other the brass pipe is free to slide in a cage 
with a clearance at one end. As the temperature 
rises and the viscosity of the oil therefore decreases, 
the brass pipe expands more than the iron pipe 
and reduces this clearance, so that less oil leaks 
through the viscosity adjusting device R and the 
variation in pressure is compensated. 

Fig. 27 also shows the arrangement of the 
governing gear which, as mentioned in the first 
part of the article, comprises a horizontal spring- 
loaded centrifugal governor G, an emergency 
governor E of the eccentric spring-loaded type, and 
a safety device V, which will trip if the vacuum 
in the condenser fails. As already explained the 
main control gear determines the speed of the 
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turbine, but if this fails, the centrifugal governor G 
will act. The emergency governor E which forms 
a third line of defence, trips the emergency gear, 
and by means of the valve D reverses the oil 
connections to the relay, thus applying the full 
oil pressure above and releasing the oil pressure 
below the pistons, so that the springs are assisted 
to close the stop and throttle valves. The steam 
chest is provided with a stop and emergency valve 
A, main valve B, and overload valve C, each of 
which has its own relay cylinder and pilot valve. 
The first of these valves is fitted with hand gear, 
so that it can be secured in position when the oil 
pressure is off. It rises and falls with the main 
and overload valves, but at a slightly higher rate, 
thus ensuring two-stage throttling of the steam. 
It is claimed that this arrangement is particularly 
valuable at very low speeds, as the high operating 
pressure renders it essential for there to be accurate 
control over very small volumes of steam. The 
valves and their cages are cut from solid forgings 
of high-tensile steel, while their seats are accurately 
ported to give the correct load-lift characteristics. 
The main oil pump for supplying the governor gear 
and lubrication and the rotary pump for use at 
low speeds, are indicated at O, and T in Fig. 27. 

The port alternator and the two port motors are 
started up and controlled in the same way as that 
just described by operating the switches and the 
main control wheel shown on the further panel in 
Fig. 21. Under these conditions, the alternators 
and motors on the two sides of the ship run quite 
independently of each other. 

To stop the motors, when the ship is going full 
speed ahead, the main control wheels are turned 
in an anti-clockwise direction through two revolu- 
tions and pass without check through the sequence 
catches. The first revolution of the wheel reduces the 
speed of the turbines from its full value to one-fifth, 
by reducing the steam supply, while the final half 
revolution further decreases it to one-eighth. Just 
after the wheel reaches the ‘* dead slow” position, 
the field circuits of both the alternator and motors 
are opened, and just before reaching the “stop” 
position the direction and booster field contactors 
also open. The ship can then be brought quickly 
to rest by running the motors astern in, the way 
which will now be described. The steam can be 
cut off altogether by means of a handwheel on 
the main control board. This operates a three-way 
valve marked K in Fig. 27, which interrupts the 
oil supply to the governor relays, and also releases 
the oil under the relay piston. 


To reverse, either for stopping the ship or for 
manceuvring purposes, the direction control wheels 
on the main board are thrown over to their astern 
positions, an operation which is only effective after 
the main control wheels are in their stop positions. 
The main control wheels are then turned to dead- 
slow and the direction contactors Dla, D2a, D3a 
and D4a shown in Fig. 22, close, and the appropriate 
lamps light up. The main control wheel is now 
turned in the clockwise direction, the sequence of 
operations being the same as that already described. 
If at any time it is desired to put the outboard 
propellers out of action, with the four propellers 
running at full speed, the main control wheels are 
returned to stop and the contactor switches Ml 
and M4, already mentioned, but which are not 
shown in the diagrams, are opened. This prevents 
the direction contactors Dl and Dla and D4 and 
D4a from closing. Auxiliary switches on these 
contactors also prevent the motor field contac- 
tors MFC] and MFC4 from being closed, so that 
motors Nos. | and 4 are completely disconnected 
from the supply. To prevent the speed of the 
turbines rising above 70 per cent. of their full value 
under these conditions, even if the control wheel is 
completely revolved, auxiliary switches are fitted to 
the contactor switches M1 and M4, which close when 
the latter is opened. These switches are connected 
in the circuit of a solenoid shown at P in Fig. 28, 
which, when it is energised, prevents the turbine 
governor gear from opening the steam valves by more 
than a pre-determined amount. To run the two 
outboard motors from the starboard alternator and 
the two inboard motors from the port alternator, 
the motor isolators [M2 and IM4, shown in Fig. 22, 





are changed over, so that the starboard inboard 
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motor and the port outboard motor are connected to 
the port and starboard ’bus bars respectively. The 
starboard control wheel now controls the two out- 
board motors and the port control wheel the two in- 
board motors in the way already described. For 
reversing from full ahead to full astern under these 
conditions both wheels must be returned to their 
stop positions before the direction contactors can be 
changed over, though the starboard direction wheel 
still reverses the starboard motors and the port wheel 
the port motors. No provision is made for reversing 
the outer motors against the inner motors, as this 
will never be required. All four motors can be driven 
from the starboard alternator by the appropriate ope- 
ration of the motor isolators IM1, IM2, IM3 and IM4, 
so that all the motors are connected to the starboard 
*bus bars. At the same time the operating coils of 
all the motor field contactors, and of all the direction 
contactors, are connected to the starboard master 
controller and the isolator [A2 of the port alter- 
nator is opened. All motors driving the propulsion 
motor fans must be kept running, though one 
booster may now be shut down, as only one alter- 
nator is in operation Starting and stopping are 
effected by using the main control wheel of the star- 
board alternator for speed control and field switch- 
ing and the direction control wheels for reversal. 
When only one set is being used in this way, the 
maximum speed of the turbine is automatically 
limited by the solenoids, as already described. 
Similarly, all four motors can be supplied from the 
port alternator. It will be noted that the only 
switches in the high-tension circuits are the motor 
and alternator isolators and the direction contactors. 
These are housed in the cubicle illustrated in Fig. 20, 
the position of which is shown in Fig. 7, Plate 
XXXII, of our last issue, and are only operated 
when the excitation is off. 

To prevent the possibility of a short-circuit, the 
direction contactors of the motors are interlocked 
mechanically and electrically, so that both cannot 
be closed at the same time, the system employed 
being protected by Patent No. 352,615 and other 
provisional specifications. The main control wheels, 
the isolators [Al and IA2 and IM1, IM2, IM3 and 
IM4, on the control board and high-tension cubicle, 
and the emergency hand-operating wheels, whose 
function is described below, are similarly inter- 
locked. As shown in Fig. 20, there are two hori- 
zontal bars on each side of the board. The upper 
and lower bars on each side are mechanically 
coupled, so that they can be operated. simultan- 
eously. On the starboard side the bars are rotated 
by a lever ILI, shown in Fig. 29, and carry discs, 
which engage in similar discs on the two starboard 
motor isolators, the starboard alternator isolator 
and the emergency operating wheel for the starboard 
direction contactors. The result is that none of the 
four handwheels actuating these switches can 
be moved, unless this lever is in its lower position. 
Bellcrank levers prevent the lever IL1 from being 
moved into this lower position, unless the star- 
board control wheel is in its stop position, while 
when this lever is pulled into its lower position, 
the wheel itself is locked. A similar lever LL2, set 
of bars and interlocking discs are, as will be seen, 
provided on the port side. 

The inner ends of the two upper bars, shown in 
Fig. . 9, are fitted with a sliding coupling, which is 
operated by a lever visible in Fig. 20. Attached to 
this lever are a series of bell crank mechanisms, which 
engage with cams on the four motor isolators. These 
bell crank levers ensure that when any of the alterna- 
tive running conditions described are in use the port 
and starboard interlock mechanisms are coupled to- 
gether. Under normal running conditions, however, 
the port and starboard .nterlocks are disconnected, 
and the emergency gear, which enables the direction 
contactors to be moved mechanically, can be operated 
separately. When the coupling between the two 
sets of interlocks is opened by the upper lever the 
starboard motors cannot be changed over to the 
port alternator, nor the port motors to the starboard 
alternator. In fact, to alter the running conditions 
it is necessary to bring both the main control wheels 
to their stop positions, and then to close or open 
the coupling before the motor isolators can be closed. 

The two levers IL1 and IL2 are also interlocked 
with the door of the high tension cubicle on the 











Castell key system. The key which opens the 
cubicle door is normally inserted in a socket on 
these levers, interlocking discs being operated by 
the key and by each lever. When either one 
or both levers are in their upper positions the 
key is locked in its socket, but when they are both 
in the lower position, thus locking the control 
wheels at stop, the key can be withdrawn. Such 
withdrawal, however, locks both the levers in their 
lower positions. When the key is inserted in the 
door of the switch cubicle the direct-current circuit 
breakers in both sets of excitation circuits are 





in the centre of the lower half of the high-tension 
cubicle are the emergency wheels. They are indi- 
cated by HE] and HE2 in Fig. 29, and are used for 
operating the port and starboard direction con- 
tactors, respectively. Neither of them can be moved, 
unless one or both of the appropriate main contro] 
wheels are in their stop positions, according to 
running conditions. The method it is proposed to 
adopt for operating this part of the equipment is 
as follows: The chief operator at the control board 
will receive the bridge signals as usual and operate 
the direction control wheels on the control panel, 


tripped and cannot be re-set until the key is removed. | so that the appropriate lamps, visible at the top of 
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The action of turning the key in the lock of the 
cubicle door unlocks a second key. This second 
key is used to unbolt the door, an operation 
which in turn locks the first key in position. The 
second key can now be removed from its socket 
and retained by the operator, so long as he is 
working inside the cubicle. When the work is 
completed, the second key cannot be used to lock 
the door of the cubicle, unless the latter is fully 
closed, and, until the cubicle door has been bolted, 
the first key cannot be withdrawn and used to 
release the levers. 

Fig. 29 also shows diagrammatically the mechani- 
cal emergency gear, which has been provided should 
the all-electric equipment, described above, fail. 
Referring to Fig. 20, the two hand wheels shown 
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the high-tension cubicle, will light up. This will 
show an assistant operator at the latter position 
which pair of direction contents are to be changed, 
and he will then throw down the interlock levers IL1 
or IL2, which have already been referred to and are 
shown in Fig. 29, thus starting an alarm bell. He will 
next change the position of the direction contactors 
and return the interlock lever to normal, thus re- 
locking the contactors, and unlocking the control 
wheel or wheels. The closing of the direction con- 
tactors will cause the indicating lamps on the main 
control panel to show that the position of these con- 
tactors has been altered and will also extinguish the 
high-tension cubicle signal lamps, so that the chief 
operator can continue his normal operations, as soon 
as the assistant has returned the interlock lever to 
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its normal position. That the lever has been so 
returned will be indicated by the cessation of the 
alarm bell. 

When desired, the two sets of four field contactors 
for the starboard and port machines can also be 
operated mechanically by the wheels marked EFW1 
and EFW2 in Fig. 29. These wheels, one of which 
is shown on the extreme right of Fig. 21, are pre- 
vented from moving by a swinging interlock bar, 
unless the corresponding main control wheel Cl or 
C2 has been moved to a position between its stop 
position and the position representing not more 
than one-fifth full speed. For instance, if the con- 
tactor AFC] in Fig. 24 fails to close electrically, 
when the wheel Cl is operated, the attendant can 
turn EFW1 and close it mechanically through a 
series of cams. Further movement of EFW1 is then 
arrested by a sequence catch, and the attendant can 
now complete the starting operations all-electrically 
by using the wheel Cl as before. Again, should 
either of the motor field contactors MFC1 or MFC2 
fail to close electrically, the attendant can operate 
EFW1, so that the sequence catch is passed, thus 
closing MFC1, and MFC2 mechanically. Further 
movement of EFW1 will then be checked by a 
second sequence catch and operations can, as before, 
be continued electrically, by moving Cl. 


catch can be passed in turn and the wheel EFW1 
moved to the full extent of its travel, thus closing 
BFC] mechanically. The wheel Cl can then be 
used in the normal way to control the speed of the 
main sets, as desired. A second swinging interlock 
bar prevents the wheel Cl from being returned to 
its “stop” position until EFW1 has also been 
returned. This prevents the direction contactors 
from being opened, until the field circuits of the 
machines have been broken. 

To protect the machine windings and cables in 
the event of an earth or phase to phase fault, the 
alternating current system is fitted with protective 
relays of the McColl circulating current type. Before 
connection is made to the common star point, the 
three phases of the alternators are taken through 
the primary windings of three current transformers, 
the star point itself being connected to the ship’s 
frame. The three phases of the motors are also taken 
through three current transformer windings, which 
are also star connected, though the connection itself 
isnot earthed. The secondary windings of the trans- 
formers belonging to any one motor are connected 
in parallel with those of any other motor or motors, 
which are being supplied from the same alternator, 
through auxiliary switches on the motor isolator 
switch. A connection is then run from this system 
of transformers through one coil of the McColl relay 
to the secondary windings of the current transformers 
at the alternator star point, the three phases of these 
secondary leads being connected at each end. The 
remaining coils of the relay are star-connected, and 
the junction point is in turn connected to the star 
points of the current transformers, while the outer 
ends are connected between the alternator and motor 
current transformers. Any excess current in the 
secondary windings of the current transformers is 
thus diverted through the operating coils of the 
relay, so that the latter actuates an auxiliary relay 
and opens the retaining circuits of the master 
contictor. All excitation is therefore cut off from 
the faulty system. When reversal takes place, the 
hecessary modifications in the phase connections 
of the motor current transformers are made by 
auxiliary contacts on the reversing contactors. If 
the mechanical emergency mechanism for the field 
contactors is in use, contacts, operated by the wheels 
EFW1 and EFW2 in Fig. 29, transfer the protec- 
tive tripping system from the contactors to direct- 


current circuit-breakers on the auxiliary engine-room | 
board. Direct-current is thus cut off from the appro- | 


priate section of the propulsion switchgear, so that 
the operation of the protective system is not inter- 
fered with. If a booster fails, its starter will trip and 
Open an auxiliary switch, while a contact will also 
be opened, if the set runs away. In both cases the 
Tetaining circuit of the master contactor will be 
broken, so that the contactor itself opens and inter- 
rupts the field circuits of the alternators and motors 
that are then running. 
(To be continued.) 


Should | 
the booster contactor BFC1 fail, the second sequence | 
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Power and the Internal Combustion Engine. By Pro- 
fessor W. E. Datsy, F.R.S. London: Edward Arnold 
and Company. [Price 18s. net.] 

In view of the fact that numerous books have 

already appeared on various problems connected 

with the design of internal-combustion engines, 
there certainly seems to be room for one devoted 
to the common principles of this form of prime 
mover. This need has been filled by Prof. Dalby 
and although, at first glance, the title of his book 
rather savours of literary affectation, on further 
examination it will be found to be not inappropriate. 

Dynamical problems, balancing, governor design, 

crank effort and flywheel problems, and such-like 

mechanical subjects are omitted ; the author confines 
his attention to the energy or power aspect of the 
internal-combustion engine. 

Some of the chapter titles are less happy than 
that of the book, and convey an impression of loose- 
ness rather than an indication of the contents that 
follow. Chapter I, on ‘‘The Working Agent,” 
usually called the working substance, is followed by 
“Mixtures and Fuels.” The third chapter, on 
“The Engine and its Performance,” is followed by 
“The Performance of the Internal-Combustion 
Engine and the Performance Diagram.” Chapter V, 
on “ The Suction Gas Plant,” contains six pages, 
and is followed by a chapter of 66 pages on ‘‘ The 
Petrol Engine.” The seventh and last chapter, on 
“Heat Flow and its Effect on Design,” occupies 
27 pages. The index fails to withstand perfunctory 
attack ; the item ‘ detonation” is indexed against 
some work at least ten years old, whereas the more 
recent work of Callendar must be sought under his 
name. The work of Egerton and of Janeway is not 
mentioned. 

There are few engineers who are not indebted to 
Professor Dalby’s writings, and many of us have 
admired and envied his great gifts of easy exposition 
and fluency, but this makes one all the more 
regret a certain unevenness in the book before us. 
The first paragraph, for instance, is entitled “ Defi- 
nition,’ and reads: ‘The internal-combustion 
engine is a piston and cylinder heat motor which 
converts into work heat produced by charges ex- 
ploded within the cylinder itself.” 

Leaving aside considerations of the Holzwarth 
turbine, or of the various engines with combustion 
chambers either in the piston or outside the 
working cylinder, there seems to be little need tor, 
or utility in, such a definition when in the preface, 
“knowledge of the general action of the internal- 
combustion engine is taken for granted.” Again, 
on the second page, an article of three and a 
half pages begins under the title “‘ The Molecular 
Theory of Gases,” which the author states was 
formulated by Clerk Maxwell and described in his 
Theory of Heat of 1875. A reader who buys an expen- 
sive technical book is entitled to something better 
than this. The molecular theory of gases is very 
much older than modern science, and even the 
kinetic theory of gases, which is what the author 
intends to discuss, was formulated long before 
Maxwell. Daniel Bernoulli, in his Hydrodynamica, 
more than 150 years ago explained the pressure of 
air by the impact of its particles on the sides of the 
vessel containing it. Others developed the idea 
early in the last century, and Joule in 1848 calcu- 
lated the mean velocity of hydrogen molecules. The 
main work on the foundations of the kinetic theory 
was probably that of Clausius in 1859, and while 
such matters may not be of much importance in a 
book on engines, if they are included, they should 
be given correctly. It is not good for British science 
that an eminent writer such as the author should 
ascribe Boltzmann’s theorem on equipartition of 
molecular energy to Clerk Maxwell. 

To assume from what we have said that this 
book is uniformly defective would be unjust and 
ungrateful. Itis, however, obviously uneven. Some 
of the discussions are beautifully clear and graphic, 
and many of the diagrams are very illuminating ; 
but these good features show up in rather sharper 
contrast the occasional blemishes. On one page we 
have “A mol of a gas is a weight of the gas defined 
by the molecular weight of its own molecules,” and 








a battalion of oxygen.” There must be many 
people still alive who have a vivid and exact notion 
of the number connoted by the word battalion, and 
they will hardly find it easy to visualise a new unit 
of 23 x 10” troops. 

The book, which contains 280 pages, is printed in 
large clear type and is profusely illustrated, the 
illustrations including two folding plates. 


Economic Control of Engineering and Manufacturing. 
By Frank L. Erpmann. London: McGraw-Hill 
Publishing Company, Limited. [Price, 20s. net.] 

THE world-wide trade depression to-day is likely to 
pre-dispose people to read anything which appears to 
link industry and economics. It is not improbable 
that, when trade does revive, the value of the 
economic lessons learnt during the slump will be 
permanently felt. In so many cases, economic 
laws, if such an expression can safely be used, have 
been utterly ignored, and their consideration and 
observance cannot but be good for industry. 

A study of this question will undoubtedly be 
assisted by the book which is the subject of our 
review. It is written by an American professor 
of engineering, not necessarily a recommendation, 
but we think the book will be found quite to justify 
its purchase and its title. In his preface, the author 
says, “every material thing in this life has an 
economic aspect,” and he has made a successful 
attempt to apply this truth to the many phases of 
engineering manufacture. The book contains 402 
pages and is divided into 21 chapters. In these, 
the economic considerations are made which appear 
necessary in connection with the location of plant ; 
its equipment and maintenance; the product ; 
its development, design, manufacture, sale, and 
despatch ; the materials to be used ; their selection, 
purchase, and handiing. All these matters are 
dealt with in a manner which will stimulate thought 
and be found generally useful. 

Under the heading of ‘economic considerations 
in plant location,” the following points are men- 
tioned as needing consideration: The availability 
of raw materials; the availability and suitability 
of labour; the availability of power; industrial 
water supply ; the proximity of consumers’ markets ; 
transportation facilities; the cost of land; local 
conditions, such as taxes, banking facilities, and 
legal restrictions; room for expansion; climatic 
and atmospheric conditions ; and disposal of waste. 
The discussion covers a number of these points, such 
as the economics of one storey against multi-storey 
buildings, and whether it is better to buy, build, or 
lease. A number of examples are given for purposes 
of illustration. 

The question of the design of the product is quite 
usefully treated. Points mentioned as needing 
attention are: the sale of the product ; economical 
manufacturing methods; choice of materials ; 
safety to the operator; handling in the works and 
in shipment and maintenance of plant and equip- 
ment. The need for co-operation between the 
design and manufacturing departments is stressed, 
as is also the advisability of redesigning a product, 
after it has been on the market some time, in order 
to reduce manufacturing costs. A number of 
illustrations of wooden models representing machines 
as originally designed and subsequently manufac- 
tured are given. The value of the practice of 
making models in this way can readily be seen. 

Equally interesting is the chapter on “‘ Materials— 
Their Use and Conservation.” Special reference 
is made to the avoidance of waste, Henry Ford 
is quoted as saying that “Picking up and re- 
claiming the scrap left over after production is a 
public service, but planning so that there will be 
no scrap is a higher public service.” A number 
of striking examples are given of the economy 
which can follow the intelligent application of a 
scrap-avoiding policy. 

In another useful chapter the choice and purchase 
of equipment is considered. Emphasis is laid 
upon the importance of the right selection being 
made. The criterion as to what is the right selection 
is given as “that which can turn out the product 
at a cost which is the lowest per unit, all factors 
being considered.” These factors are dealt with, 
and their consideration will cause many revisions of 
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examples are given of economies which have followed 
the purchase of more suitable machines, while 
another is given of two once prosperous firms going 
into bankruptcy. 


At the sale of the respective | 


| PLANT FOR 


plants it was found that most of the machine-tools | 
offered were too old and out-of-date to be worth | 


purchase. The firms which had clung to them paid 
the inevitable penalty. 


In other chapters, the economics of plant replace- | 
ment are considered; of marketing policies and their | 


effect on manufacturing, &c., &c. 


Altogether the | 


book serves a really useful purpose in bringing | 
together, in this manner, matters which have been | 


given far too little attention. It can be recom- 


mended alike for the perusal of the student, the | 


works manager, and the director. 


Civil Engineering Design. By ArtTHUR A. ForRDHAM, 
B.Sc. Eng. (Lond.), Assoc.M.Inst.C.E., M...Struct. E., 
Lecturer in Engineering, University College of Swansea. 
London : Chapman and Hall. Price 21s. net. 


Tuts book, intended, it is apparent, for the use of | 


students, illustrates the application of the methods 
of design by worked examples. It is presumed that 
the reader is familiar with fundamental principles 
and the usual calculations, the endeavour of the 
author being to make practical use of this knowledge 


in particular cases such as may occur in practice. | 


The properties of steel sections used in construction, 
and the corresponding particulars of reinforced- 
concrete sections, are studied by worked examples. 
A steel-frame building of simple lay-out is then 
treated with sufficient completeness, the details 
displayed appearing to conform to good practice. 
Foundation bearing piles are dealt with by example 
in like manner. 
next developed as to the principal sections and plate 
thicknesses, though no remarks are offered on the 
need for close spacing of rivets in water-tight work. 


The design of steel lock gates is 
5S eS j 








Fie. 1. 


A roof principal of braced arch form, but having | 
free ends, and treated as a framed girder, is then | 
dealt with, followed by an examination of a similar | 


rib in which there is restraint at the springings, 
converting the frame into a two-hinged arch. A 


. . . . . . ! 
lattice-girder railway bridge is worked out in con- | 
siderable detail, and the determination of maximum | 


stresses in the various members due to the position 
of wheel loads receives particular attention. 


Al 


Williot displacement diagram for this bridge is | 
also given by which deflection of the main girders | 
is ascertained, supplemented by a check calculation. 


A chapter on impactallowances discusses, amongst 
other matters, the effect ‘of the 


hammer _ blow | 


of unbalanced driving wheels upon the supporting | 


rail. There follow, as worked examples, a small 
stiffened suspension bridge, and road bridges of 
small span in masonry, and in reinforced concrete, 
each in considerable detail. An impounding reser- 
voir for a waterworks scheme is also considered, 


beginning with the method of determining the capa- | 
city required from known data of rainfall, catchment | 
area and population to be served, leading up to the | 
design of a 120-ft. masonry dam, which is studied | 


in a very thorough manner, with many explanatory 
diagrams. 
water is also discussed. 


An earthen dam for a lesser depth of | 
This book, considered as a | 
whole, is an excellent attempt to help the student | 


Fie. 2. 


in his endeavour to get a grip of practical design. | 


The details are in fair accord with good practice, and | 


though the work of calculation may appear to the 


experienced designer in some cases a little overdone, | 
it is to be remembered that the beginner lacks the 
experience of the older man, who more readily 


perceives where he may draw the line at niggling 
refinement. 


The development cf the many formulz used, | 


although sufficiently evident to those who already 
know, not always very apparent, and the 
descriptive and explanatory matter will be better 
understood in parts, by those who may have followed 
the author’s teaching in class, as in some cases it 
stops short of being complete. The calculation 
work is particularly well displayed and the full- 
page diagrams, of which there are many, are 
clear and to a sufficiently large scale. References 
to writers of authority on the matters treated are 
given with advantage. As is desirable in a book 


is 


which should be much handled by the industrious | 


student, the paper is unusually stout. 


| 


|PLANT FOR NILE DELTA LAND- 
RECLAMATION SCHEME. 


THE important drainage scheme which is being carried 
out by the Egyptian Government has as its object the 
reclamation of nearly 2,000 square miles of land, which 
|is at present unsuitable for agriculture, owing to the 
| high percentage of salt contained in the soil. 
is a belt about 100 miles wide from the east to west, 
and from 25 miles to 10 miles in depth extending across 
|the northern part of the delta from Alexandria to 
| Port Said. 


The reclamation is to be accomplished by flooding | 


| the salty land with fresh water drawn from the Nile 
| by means of a system of canals. This water will per- 
colate through the soil, and carrying with it the salt 


in solution will eventually find its way to a system of | 
| drains at a level slightly below that of the canals and | 


fwd discharge into the lakes, Edku, Burullus, and 
Mensala, or directly into the sea. The configuration of 


| 
the land will to some extent permit the washing and 


NILE DELTA 


The area | 


drainage process to be carried out naturally by gravity, | 
' but it would be very greatly accelerated by lowering 


RECLAMATION. 


Moror AND GEARS COMPLETE. 





REDUCTION GEARS. 


| the level of the drains by even a few feet. It is, there- 
| fore, proposed to install high-capacity low-lift pumping 
| stations near the outlet of the drains to maintain a 
| lower water level in the drains. The discharge from 
| the pumping station will be at the level of the lakes 
and the sea, except for a slight gradient created by the 
| increased discharge. 
The 15 pumping stations to be built will be electrically 
| operated and supplied by power from three generating 
stations at present under construction at Aft, Belgus, 
and Seru. These stations will be coupled by a double 
transmission line conveying three-phase current at 
33,000 volts, and 50 cycles, switching stations and branch 
feeders being provided for the supply to the various 
pumping stations, while provision is also to be made for 
| the supply of energy from the system to various towns. 
Provision is made for later operation at 66,000 volts. 
The important orders placed with Messrs. Metro- 
politan-Vickers Electrical Company, Limited, in con- 
nection with this scheme comprise the whole of the 
equipment for the transmission line outdoor switching 
stations, of which thirteen are to be provided, together 
with the whole of the pumping station switchgear. 
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transformers control gear, and motors with reduction 
gearing for driving the pumps. 

The pumps are 68 in number and are of three sizes | 
with maximum discharges 24} cub. m., 5 cub. m. anc 
10 cub. m. per second, respectively, under heads of 
from 1-5 m. to 3m. The pumps are of the Gill axial 
type and manufactured by Messrs. Vickers-Armstrongs 
Limited.* The number of pumps in each station 
tanges from three to eight, the total capacity of a 
station varying from 4 cub. m. to 33 cub. m. per 
second. 

The pumps are individually driven, through the 
medium of reduction gearing, by Metropolitan-Vickers 
slip-ring motors ranging from 80-h.p. to 430-h.p., wound 
for 650 volts and running at approximately 975 r.p.m., 
the average ratio of the reduction gearing being about | 
¥ tol. Each motor is mounted on a bedplate, which is | 
an extension of the bottom half of the gear case, the bed- 
plate being in turn bolted to a special foundation stool 
arranged to incline the combined unit at about 45 deg. 
at which angle the pumps are designed to operate. The 
inclined stool also accommodates the oil tank, cooler, 
and strainers which are described below. The motors | 
mounted on their bed plates, complete with gears, are 


ENGINEERING, vol. exxxi, page 762 (1931.) | 


| all carried in separate housings. 
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shown in Fig. 1, the gears and their casings being shown 
dismantled in Fig. 2. The gears of the three sizes have 
centres of 14 in., 20 in. and 28 in., respectively. They 
are of the Metropolitan-Vickers double-helical single- 
reduction type, having teeth of involute form. In all 
cases the pinions are made from high-quality steel | 
integral with the shafts. The gear wheels and shafts | 
of the 14-in. and 20-in. gears are also integral with the | 


shafts, but in the case of the 28-in. gears the piesa 


| consist of cast-iron centres on which are shrunk forged 
| mild-steel rims, the wheel centres being pressed on and | 
keyed to the shafts. i 


The bearings for both pinions and wheel shafts and | 
for the motor shafts are of the roller type and of | 
Hoffmann manufacture. The pinions and the gear 
wheels are fitted with roller bearings at the upper end, 
the gear wheels having in addition ball location or 
thrust bearings at their upper ends. The bearings are 


The gears are arranged for a system of forced lubrica- 
tion, each being fitted with a rotary pump, driven from 
the lower end of the pinion, which delivers oil to the 
gear wheel and also to the upper pinion and wheel 
bearing, while the lubrication of the lower bearings 
is effected by the admission of oil under gravity from 





the gear case. The oil returns by gravity from the 


NILE DELTA RECLAMATION. 





PEDAL 


gear case, to an oil tank formed in the base of the angle 
bedplate. Duplicate oil strainers are fitted in the 
oil pump suction, so arranged as to enable one strainer 
to be withdrawn for cleaning while the unit is in 
operation. For cooling the oil, a tubular coil, through 
which water is circulated, is arranged in the oil tank. 

A number of gears of each size have been subjected 
to accurate efficiency tests under load. The method 
adopted, illustrated in Fig. 3, on this page, was to couple 


together the low speed couplings of a pair of similar 
| gears, coupling the pinion of the one to an electric 
|motor and the pinion of the other to a generator. 


Prior to the tests in question, the motor and generator, 
which were existing test-plate machines, were accurately 
tested for efficiency. For the gear test, the output of 
the generator was fed back to the motor, and the make 


| up power fed to the circuit to overcome electrical and 


gear losses, was accurately measured, and a combined 


| efficiency thereby obtained. The efficiency of the motor 
;and one gear is represented by the square root of the 


combined efficiency, and from this result the efficiency 
of one gear is obtained by the ratio :— 
Efficiency of one gear and motor 
Efficiency of motor. 

The results of tests on a pair of 14-in. and a pair of 
28-in. gears are shown by the curves produced in 
Figs. 4 and 5, representing the smallest and largest 
sizes involved. In the smaller gears, the efficiency 
was as high as 98-6 per cent. at the full-load of 145 h.p. 
In the case of the 28-in. gears the limitations of the 
motor and generator used for the purpose of the test, 
prevented the carrying out of the full-load test, but 
it is significant to note that at the partial load of 
225 h.p., or 52 per cent. of full load, these gears showed 
an efficiency of 98-93 per cent., and it is reasonable to 
suppose that the efficiency curve would follow the general 
characteristic of gear efficiency and that at full load 
the efficiency is at least as high as 99-2 per cent. It 
should be further noted that these gear efficiencies in- 
clude the power absorbed by the oil pumps supplying 
oil to the gear wheels and bearings. The results of these 
tests are clearly very satisfactory, and demonstrate 
that the modern gear, properly manufactured, imposes 
an almost negligible loss on a power unit. 





Economic Siruation IN Spain.—A_ confidential 
memorandum on the present economic situation in 
Spain, prepared by the Commercial Secretary to H.M. 
Embassy at Madrid, has been received by the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
$.W.1. United Kingdom firms desiring to possess a 
copy of the memorandum should communicate with the 
Department, quoting reference No, C.X. 3,681. 
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MARINE OIL ENGINE TRIALS. 
(Concluded from page 715.) 


THE analysis of the fuel used is recorded in Table 
The samples of fuel were drawn 
The 
temperature of the fuel in the measuring tanks was 


V, page 682 ante. 
from the fuel pump suction of the port engine. 


noted during each measured mile run, and throughout 


the fuel consumption trials, and the rates of consump- 
tion recorded in Table X XI, page 714, ante, and those 


just quoted include a correction for temperature, 
which varied between 39 deg. and 50 deg. F. during 
both days of the trials. No correction to the observed 
fuel consumption in respect of a curve obtained by 
plotting fuel consumptions against the aggregate 
indicated horse-powers has been applied. 
diagrams were taken from both engines on every run. 
The indicated horse-powers developed are recorded 
in Table XXI. Indicator diagrams from the injection- 
air compressors on each engine were taken during runs 
Nos. 13 and 14 only. The deductions from these are 
recorded in Table XXIIIn, page 714, ante. 


Using the mechanical efficiency-mean indicated 


pressure curve, Fig. 184, page 712 ante, deduced from | 


the trials ashore of the port engine, the shaft horse- 


power (forward of the thrust-block), corresponding | 


to the indicated horse-power developed by the engines 


at sea, can be derived, whence, knowing the revolutions | 


per minute, the torque can be computed. The shaft 
horse-power and torque for each run determined in this 
way are recorded in Table XXI. From the rate of 


fuel consumption of each engine (derived from the | 


consumption by both, in the way mentioned above) 


the shaft horse-powers developed can be obtained | 


using the fuel consumption-brake horse-power curve 
(Fig. 17, page 712 ante). The shaft horse-powers and 
the corresponding torques obtained in this way are 
also recorded in Table XX1. 


Torsional displacements were measured on both port | 
and starboard shafts by means of a ** Ford”? torsion- | 


meter, lent by Messrs. Siemens Brothers, Woolwich, 
mounted on each shaft. The torques transmitted are 


TABLE XXVI. 


Order on Telegraph 


R.P.M. on 
Tachometer. 
No. Direction. Speed 
1 Stop 
2 Ahead Dead slow 69 
3 Astern Full 116 
q Ahead Slow 98 
5 Astern Full 116 
6 Ahead Half 120 
y. Astern Full 116 
8 Ahead y 138 
0 Astern 116 
10 Stop 
11 Ahead Full 138 
12 Astern .. as = ‘ as 116 
13 Ahead... : s _ a 138 
14 Stop 
15 Ahead Slow 98 
16 Astern 61 
17 Ahead 98 
18 Astern 61 
19 Ahead 98 
20 Astern 61 
21 Ahead 98 
22 Astern 61 
23 Ahead 98 
24 Astern 61 
25 Stop 
exhibited, as means of mean or as means for the 


sets of runs, in Table XXI. The instruments were 
placed on the shafts at the forward ends of the tunnels, 
and these torques should therefore be less than those 
deduced from engine data by a small amount repre- 
senting losses in the respective thrust-block and the 


shaft bearing between the instrument and the thrust- | 


block. The propeller thrust was measured on the port 
shaft only. The ship is fitted with Michell thrust- 
blocks, but only the block on the port shaft was of the 
measuring type, permitting thrust measurements to 
be made without further adaptation. 

Two continuous records of the pressure in the system 
were taken over short periods during each run on the 
measured mile and at half-hour intervals on the two 
consumption runs. The apparatus used for recording 
the pressures was supplied by the William Froude 
Laboratory and was connected to the oil-pressure system 
{behind the rams) of the port thrust-block. Records 
were obtained by the elongation of a spiral spring 
actuated by a plunger in a small cylinder connected 
with the closed pressure system. The pressure was 
automatically recorded, together with time in half- 
seconds, on a strip of paper moved by clockwork. | 


Indicator | 


| : 

| The thrusts measured during the trials are shown as 
| values of thrust per square revolution per minute (xs) 
| 


| plotted to a base of revolutions per minute in Fig. 29. 
The ordinates have been derived from the mean thrust 
and the revolutions per minute observed at the moment 

| of taking the record. The base to which these values 

| are plotted is the mean revolutions per minute taken 

}over the run. The variations between the points 

| obtained from runs at any one nominal speed are 

| assignable to: experimental errors, cyclical variations 
in the engine speed, and the use of helm. In the 
| Same figure are shown, for the purpose of comparison, 
| the corresponding values of torque over (revolutions 


per minute)? (3) i 
| A manceuvring triai was carried out at about 2.30 p.m. 
| on the afternoon of October 30, off Skelmorlie, the object 
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| being to determine the rapidity with which the engines 
| could be manceuvred and the ability of the air compress- 

ing plant to meet the demands made uponit. Both 
| starting-air reservoirs were connected. The speed 
| of the engines was 120 r.p.m., and the ship was on a 
| straight course. The orders were given from the bridge, 


MANG@UVRING TRIAL, 


Time to Carry Out 
the Manceuvre, 


rpg 7 
naiaria. Pressure in 


Time of ; Reservoirs after 
Receipt of a Order, 
Order, Ib. per sq. in. 
Port Starboard 
Engine. Engine. 
m. Ss. 
0 00 12 11 465 
0 35 16 16 455 
0 54 66 63 435 
2 3 29 27 418 
2 35 25 26 402 
3 3 49 39 390 
3 55 25 26 383 
4 22 22 23 370 
4 27 23 24 363 
5 13 12 12 363 
5 27 18 18 355 
5 48 23 23 350 
6 #14 23 25 343 
6 39 12 11 343 
6 53 19 16 337 
¢ 15 14 18 330 
7 32 16 19 320 
7 «#61 21 21 314 
8 15 20 | 19 307 
8 38 18 19 300 
8 59 21 21 295 
9 23 18 18 290 
9 44 10 20 285 
1 6 20 21 280 
10 30 7 _ 280 


and the time intervals between the receipt of an order 
in the engine-room and the attainment of a given 
engine speed is recorded for each order in Table X XVI. 
The column headed ‘ R.P.M.” represents the speed 
of the engines as pre-arranged to agree with the titling 
of the telegraph, and the tachometers were relied upon 
to give the indication that a particular speed had been 
achieved. Immediately an order had been carried 
out, a signal was sent from the engine-room to the 
bridge. In the case of the reversals at full speed, 
Orders Nos. 7, 8, and 9, the nominal speeds were not 
quite reached, as insufficient time was allowed to the 
engines to attain them. 

A starting-air consumption trial was carried out 
with the starboard engine on the afternoon of October 
30, at 3.23 p.m., at the Tail-of-the-Bank, Greenock 
on arrival of the vessel from Skelmorlie. The ship 
had been on a straight course, with engines running 
at 120 r.p.m. The engines were stopped for over a 
minute before the first order was given. For the 
purposes of the test one reservoir only was in use, and, 
for the time being, was isolated from the other and from 
the charging system. The speeds attained were 


as indicated by the tachometer on the engine, and 
corresponded to ‘ahead slow’’ and “astern slow 
on the telegraph. The times taken to complete the 
various orders, which were alternately ahead slow and 
astern slow, and the corresponding pressures in the 
reservoir were noted. The ship carried 5 deg. star- 
board helm for most of the test, but this increased to 
15 deg. for about one minute at the middle of the test. 
The following particulars are averaged from the 
observations :—(i) The number of starts possible with 
an available initial pressure of 455 lb. per square inch 
is 65. (ii) The average time taken by the engine: 
(a) for all cylinders to fire is 11-5 seconds; (6) to 
attain the prescribed speed is 1-2 seconds; and (c) to 
stop turning is 7-5 seconds. (iii) The lowest pressure 
at which the engine started was 120 Ib. per square 
inch, the engine having refused to start with 115 lb. 
per square inch at the 66th order on the telegraph. 
(iv) The average volume of free air used per start is 
249 cub. ft. 

A slow-speed test was carried out on the completion 
of the starting-air consumption trial. At the time 
(3.55 p.m.) when the signal to commence the test was 
given, the engines were not running. Readings of the 
revolution counters were taken every half minute, 
and the observed revolutions per minute are as follows : 
The revolutions per minute recorded on readings over 
the final 10 minutes were: port engine, 29-7;  star- 
board engine, 33-7. The corresponding readings after 
five minutes were: port engine, 28-4; starboard 
engine, 33:2. The pressure of the injection-air to 
the port engine was 605 lb. and to the starboard engine 
620 lb. per square inch; the fuel control numerals 
were 27 for each engine. At the conclusion of the test 
both engines were accelerated to full speed. The 
speed of the ship corresponding to the above speed of 
revolution of the engines was about 3-5 knots, estimated 
from the revolutions per minute. 

A test was made, at the conclusion of the fuel con- 
sumption trial (run No. 14) on November 1, to determine 
the torque and the horse-power required to rotate the 
port engine against its internal resistance. For the 
purpose of the test the starboard engine ran at a speed 
of about 120 r.p.m. The fuel passing to the suctions 
of the fuel pumps of the port engine was shut off, but 
no other adjustments were made to that engine. Read- 
ings of the revolution counter of the port engine were 
taken every half-minute, and readings of the Ford 
torsionmeter on the port shaft were made at the same 
time. 

After the port engine had slowed down to a 
steady speed, which was approximately 62 r.p.m., the 
readings in the ** astern’’ direction of the torsionmeter, 
due to the transmission of torque from the trailing 
propeller to the engine, were observed to approximate 
closely to 15. This reading corresponds to a torque 
of 16,400 lb.-ft., the horse-power transmitted at the 
speed stated being 195. The blast pressure during 
the last part of this test was 620 lb. per square inch. 
The helm used on the ship during the test varied between 
10 deg. and 12 deg. 








AUTOMATIC TELEPHONY AT 
BRISTOL. 


TELEPHONE subscribers in the Bristol area are at 
present served by sixteen exchanges, which cater for 
nearly 40,000 subscribers. Ten of these exchanges, 
including Central with 9,600 lines and nine others 
within a five-miles radius, have just been changed 
over to automatic working, the equipment for this 
purpose having been supplied by the Automatic Tele- 
phone Manufacturing Company Limited, Liverpool. The 
system used is the five-unit Strowger, the apparatus, 
for the first time, being mounted on_pressed-steel 
channel shelves carried on single-sided racks. This, it 
is claimed, has many advantages over the previous 
practice, which involved line-switch units and selector 
trunk boards. In addition, as much as 30 per cent. 
is saved in floor space, while, the heights being 
greater than that of the equipment supplanted, 
better use is made of the head room available. The 








racks, which are of angle-iron and are riveted and 
welded to increase the rigidity, were assembled, wired 
and tested at the factory and transported as complete 
units, so that the only work that had to be done on 
site was to erect them and to connect up the multiple 
circuits. The use of the ‘‘ jack-in”’ principle of attach- 
ment to the steel shelves simplifies extensions and 
modifications, while the employment of standard 
mounting centres facilitates the grouping of the 
miscellaneous apparatus. Protection against dust 
and damage during cleaning, and the absence of soldered 
joints, are other points which are worth noting. 

In the Central Exchange, all the automatic equipment 
is installed on the ground floor, and is mounted on 
127 single-sided racks, 10 ft. 6 in. high, 22 of which 
carry the uniselectors which are directly associated 
with the subscribers’ lines, 94 the group and final 





approximately 98 r.p.m. ahead and 61 r.p.m. astern, 





selectors, and 11 the repeaters. The routine testing 
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of the first, second, third and final selectors is effected 
automatically, while, in addition, supervisory and 
alarm equipment gives visual and audible warning of 
any abnormality. In the case of the satellite exchanges, 
arrangements are made for extending the alarm circuits 
to the Central exchange at times when the former are 
left unattended. The Central exchange is equipped 
with a 4,730 ampere-hour battery supplied by the Alton 
Battery Company, which is charged by two motor- 
generator sets. These sets consist of a 365-volt 
three-phase motor driving a direct-current generator, 
the output of which is 1,200 amperes at 57 volts. Auto- 
manual, manual and long-distance trunk traffic is 
handled at A and B switchboards, the former com- 
prising nineteen operators’ positions. 

The satellite exchanges are equipped with Strowger 
discriminating selector repeaters, which discriminate 
between local and junction calls. In the case of the 
first, they absorb the first digit, and then operate as 
first numerical selectors, while, when a junction call 
is inaugurated, they work as repeaters, stepping in 
response to the first digit and then repeating the 
subsequent impulses. Generally speaking, the equip- 
ment in these exchanges is of the same pattern as that 
in the Central exchange, and all the exchanges were 
successfully brought into service on November 28. 
Six other exchanges are also to be converted. 








THE DESIGN AND CONSTRUCTION 
OF THE SARDA CANAL.* 
By Sir Bernarp Dartey, C.I.E., M.Inst.C.E. 

Tue Sarda river, where it passes into the United 
Provinces, India, has a catchment-area of 5,800 sq. 
miles and a maximum flood-discharge of 550,000 cusecs, 
while the volume carried seldom falls below 4,500 
cusecs for a short period in dry years. A canal has 
been constructed which will command a country 
200 miles long by 50 miles wide. Much of this is 
unsuitable for irrigation, and so only 1,350,000 acres 
will be irrigated annually. 

The headworks consist of a barrage with thirty-four 
bays of 50-ft. span, each closed by steel gates with 
quick-release gear to enable the whole to be thrown 
open quickly in case of floods. The canal-head has 
sixteen bays of 20 ft. each, with a permanent sill, 
behind which rising gates enable top water to be 
drawn off and silt to be thus excluded. The canal at 
the head has a bed-width of 350 ft., and with a water 
depth of 8-1 ft. and a slope of 1 in 6,666 will carry 
9,500 cusecs. A wide shallow channel was provided to 
minimise silt trouble and to avoid penetrating a sand 
layer lying only a few feet below the surface. For this 
reason, also, numbers of falls with drops of from 3 ft. 
to 5 ft. were given. These have long raised crests of a 
simple design, which has proved very successful. 

Escape-channels were built about 20 miles apart 
on main lines and closer on distributaries. The largest 
of these, at the tail of the main canal, was designed to 
carry 5,000 cusecs, which discharge can be passed 
back into the Sarda valley down a connected flight of 
falls with a total drop of 53-5 ft. Bridges were con- 
structed 3 miles apart in the upper reaches, where the 
canal passes through forest, 1} miles to 2 miles apart 
lower down on main lines, and 1 mile (or less) apart 
on distributaries. Numerous drainages are crossed ; 
these are generally negotiated by means of reinforced- 
concrete inverted syphons with batteries of pipes each 
5 ft. to 7 ft. in diameter. At the largest of these, 
the Jagbura syphon, near the head, the canal is taken 
in 28 pipes, each 6-5 ft. in diameter, and capable of 
taking 10,000 cusecs under a torrent with a flood- 
discharge of 50,000 cusecs. The canal road is taken 
over the torrent by a reinforced-concrete bridge with 
a span of 297 ft. between abutments. 

One branch of the canal discharges into the Deoha 
river, and a supplementary barrage of eleven spans 
of 40 ft. each enables this discharge and that of the 
river to be picked up by another canal-head, and so 
to feed the country on the other side of this river. 
For channels near.the head, which may have to 
carry heavy rolling silt, a critical velocity based on 
the Kennedy theory was adopted and a rather wide 
shallow section was given. Lower down, where silt 
will be almost all carried in suspension, the 1926 
formulat of Mr. G. Lacey, Assoc.M.Inst.C.E., for 
critical velocity was adopted. The depth of water 
in distributary-channels carrying less than 200 cusecs 
was fixed by an empirical formula, also devised by 
Mr. Lacey, namely D = 0-86 Bt, where B is the 
bed-width. A stream-lined standing-wave entry was 
given for each distributary-head, which cheapened the 
design and minimised the work of regulation. 

Percolation losses at the rate of 8 cusecs per million 
Sq. ft. of water-surface were allowed in the main 
branches near the head where the soil is sandy, being 

_* Abstract of a paper read before the Institution of 
Civil Engineers, on Tuesday, December 1, 1931. 
re — of Proceedings, Inst. C.E., vol. 223 (1927), 

e 292, 





reduced to 5 cusecs lower down in clay soils. Losses 
were enormous at first, but have now fallen*to these 
figures in most places. There is only one reach of 
30 miles where spring-level is very high and _ losses 
are still excessive; there about 12 cusecs per million 
square feet are lost at present, and waterlogging is 
only avoided by means of parallel seepage drains. 
Elsewhere no waterlogging is expected, chiefly because 
there are good transverse slopes, and also 1,700 miles 
of surface drains have been dug; these carry off 
quickly rain-water which used to accumulate in 
swamps and depressions and sink into the subsoil. 
Construction of the headworks and upper reaches 
of the canal was difficult, owing to the deadly forest 
area where none but aboriginal tribes immune to fever 
could exist. In addition, wild animals and dacoits 
caused panic among the labourers during the first 
years, until the introduction of light railways and 
armed police guards gave the necessary feeling of 
security. In spite of the efforts of a large anti-malaria 
staff, all work had to be stopped every year from June 
to November, and all staff and labour withdrawn. 
Except for locomotives to haul materials and pump- 
ing and lime-grinding machinery, few mechanical 
contrivances were employed, as these could not com- 
pete with the cheap hand labour available. Altogether 
70,000 to 100,000 labourers were employed during 
each working-season once construction had been fully 
started. The Sarda canal has taken eight years to 
construct; so far 3,925 miles of canal have been 
opened, and with further additions under construction 
the total mileage will exceed 4,000 miles. The whole 
cost has been Rs.95,000,000 (7,000,000/. approximately), 
and it is estimated that the net revenue will amount to 
Rs. 6,750,000 or 7-1 per cent. on the capital outlay. 








THE WELWYN WORKS OF MESSRS. 
NORTON GRINDING WHEEL COM- 
PANY, LIMITED. 


WHILE grinding is among the oldest of the useful 
arts, it being common knowledge that early man 
sharpened his tools and weapons by rubbing them on 
carefully-chosen pieces of stone, high-precision grinding 
is of comparatively recent introduction. The present 
importance of the grinding machine in the metal- 
working industries is mainly attributable to the fact 
that artificial abrasives, the grading and uniform 
qualities of which may be controlled by scientific 
methods, thus yielding a dependable product, are now 
employed almost exclusively for the manufacture of 
grinding equipment. Fused alumina and silicon car- 
bide are among the principal artificial abrasives now 
employed, and their preparation in the electric furnace 
from crude bauxite, in the one case, and from silica 
sand and coke, in the other, are mainly concentrated in 
the neighbourhood of Niagara Falls, where power is 
cheap and plentiful. One of the pioneer firms engaged 
in the manufacture of abrasive products, Messrs. Norton 
Company, of Worcester, Massachusetts, U.S.A., was 
founded in 1885. During succeeding years its activities 
expanded greatly, and it now maintains two installa- 
tions in Canada, namely, a grinding-wheel plant at 
Hamilton and an abrasive-manufacturing plant at 
Chippawa. In addition, it possesses a grinding-wheel 
manufacturing plant at Wesseling, in Germany, and 
another near Paris. Some time ago it was decided to 
install in this country a works, similar to those in 
operation on the Continent, and after numerous areas 
had been inspected, a site for the English firm 
known as Messrs. Norton Grinding Wheel Company, 
Limited, at Welwyn Garden City, Herts, was deter- 
mined upon. The foundation stone of the new factory 
was laid about eighteen months ago and manufacturing 
commenced in August last. 

The factory, which we were given an opportunity of 
inspecting on November 26 last, is a steel-framed, brick- 
built structure, conveniently situated on open ground. 
As indicated above, the artificial abrasives are manu- 
factured in North America, and these, together with 
various bonding materials, are received, at Welwyn, 
ready crushed and sized, and packed in sacks. The work 
carried out at the new factory consists in mixing the 
materials, and moulding, pressing, drying and, where 
necessary, firing them to form finished grinding wheels, 
discs, rods, &c. The raw materials are stored on the 
third, or uppermost, floor of the factory, and the various 
grades of abrasives, and also the bonding materials, used 
in making the vitrified alumina wheels, are sent down 
to the floor below by means of galvanised-steel chutes. 
On the second floor the abrasive materials are weighed. 
The operator in charge opens the ends of the appro- 
priate chutes, all of which are labelled, the material 
falling into a receptacle on a truck, where it is weighed. 
The truck runs on rails below the line of chutes. After 
weighing, the materials, again by means of chutes, are 
distributed to various parts of the first floor. The 
abrasive wheels are moulded and finished in various 
ways, depending, of course, upon the nature of the 
abrasive and the bonding material employed. 


The bonding material used in the manufacture of 
vitrified alundum wheels, for which fused alumina 
abrasive is employed, consists essentially of a mixture 
of clays and feldspar ground up together. The abrasive 
and bond, together with water, are mixed or puddled, 
in cylindrical vessels in which a mixer rotates. The 
mixing process is complete in about an hour, and the 
semi-liquid material resulting is poured out into 
a mould consisting of a ring made of galvanised-steel 
sheet, placed on a flat surface. In another and newer 
process the mixture of abrasive and bond, together 
with a low proportion of water, are moulded into 
the required shape by pressing. The mould and its 
contents are dried in a thermostatically-controlled 
steam-heated oven maintained at a temperature of 
about 130 deg. F. The wheel shrinks somewhat in 
drying, and the steel outer ring is easily removed. The 
wheel is then placed in a machine, the outside sur- 
faces are trimmed, or shaved, and the central hole 
bored; it is then ready for firing in the kiln at a 
temperature of about 2,000 deg. F. The complete 
cycle of operations in the kiln occupies about three 
weeks. The kilns at the Welwyn Works are of the 
beehive type, and are coal fired. The vitrified wheels 
are finally trimmed to the exact size by means of 
manganese-steel cutters, and, in some cases, by special 
silicon-carbide grinders. 

Bonding materials used for making grinding wheels, 
other than those of the vitrified type, are sodium 
silicate, shellac, Bakelite and rubber. After mixing, 
the ingredients are moulded by hydraulic pressure, 
and, in some cases, heat is also applied. Sodium silicate 
bonded products, after being pressed cold into the re- 
quired shape, are dried, and finally baked at a com- 
paratively low temperature. Before despatch, all 
wheels are thoroughly inspected and tested in a special 
department equipped for the purpose. In view of the 
exacting requirements of modern industry, tests for 
true-running are particularly stringent. On leaving 
the factory one carries away the conviction that the 
designers of the installation have admirably succeeded 
in their main object, in arranging the various depart- 
ments in such a way that the progress of the products 
through the various stages of manufacture follows a 
straightforward route involving the minimum of 
handling. Some emphasis should be laid on the fact 
that highly efficient dust-exhausting equipments has 
been installed on machines, and at other points where 
dry materials are handled. 

Messrs. Alfred Herbert, Limited, Coventry, who have 
been the sole selling representatives for Messrs. Norton 
Company, in Great Britain, for upwards of twenty 
years, are to continue to act in this capacity for Messrs. 
Norton Grinding Wheel Company, Limited. The 
Welwyn plant will, however, also supply grinding wheels 
to the Indian, Australian, New Zealand, and South 
African markets. 








THe Junior InstiruTIoN oF ENGINEERS.—At the 
annual general meeting of The Junior Institution of 
Engineers, held on November 13, Mr. J. Foster Petree was 
elected Chairman and Messrs. E. Ambrose and H. P. 
Wright, Vice-Chairmen. Awards for the 1930-31 session 
include the Institution Gold Medal to Mr. L. Clegg, the 
Institution Silver Medal to Mr. S. Dunlop, the Vickers 
Medal and Prize to Mr. T. P. Nicholls, the Dunn Medal to 
Mr. K. W. Willans, and the Tookey Award to Mr. T. H. 
Flowers. Local Section Silver Medals have been awarded 
to Messrs. J. L. Williams, A. H. Roberts, C. F. Adams 
and T. W. Stewart, and the Durham Bursary to Mr. W. 
Wood. 





THe InstiruTION oF MECHANICAL ENGINEERS : 
Errata.—We regret that in our report of the dis- 
cussion on the Sixth Report of the Marine Oil-Engine 
Committee at the meeting of the Institution of Mechan- 
ical Engineers, the name of Eng.-Lieut.-Commander §, F. 
Dorey was, on page 677 ante, incorrectly spelled as 
Dovey. The words “ships,” in the 4th and 5th lines 
of Commander Dorey’s remarks, should, moreover, read 
‘** shafts,’ the error being, no doubt, obvious from the 
context. In the same report, of the four ships mentioned 
by Mr. Freeman, three were built and engined by Messrs, 
Scotts’ Shipbuilding and Engineering Company, Limited, 
and one engined by Messrs, North-Eastern Marine 
Engineering Company. 





THe Late Mr. W. L. Bonze.—We regret to have to 
record the death of Mr. William Lockhart Bone, which 
took place on November 30 at his home, 16, Plymouth- 
grove, Manchester, at the age of 77. Mr. Bone received 
his engineering training on the Clyde, and subsequently 
proceeded to Manchester to take up the management of 
the Ant and Bee Works, on behalf of Mr. Thomas Adams, 
maker of the Adams valve. On the death of Mr. Adams, 
he purchased the business from the executors and 
continued as proprietor until a few years ago, when he 
retired. For the past 36 years Mr. Bone had been a 
director of Messrs. Emmott and Company, Limited, 
65, King-street, Manchester, the proprietors of the 
Mechanical World and Engineering Record, the Textile 
Manufacturer and other publications, and at the time 
of his death was chairman of the company. Mr. Bone 
was elected a member of the Institution of Mechanical 








Engineers in 1884, 
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LABOUR NOTES. 


AGREEMENT has been reached on the wages questions 
which have been under consideration for some time by 
the National Council for Dock Labour. Provisional 
terms of settlement were approved on Monday by a 





Amalgamaied Weavers Association unanimously ac- 
cepted the report of their representatives on the 
breakdown, and left the conduct of further negotiations, 
if any, with their central council. The negotiations 
were brought to an end, it will be recalled, by a claim 
of the operatives for a minimum wage of 50s. per week 


delegate conference of the Docks Section of the Transport | for plain cloth weaving, with percentage additions for 
and General Workers’ Union, whose general secretary, | wider and more elaborate weaves. 


Mr. Ernest Bevin, explained them at the close of the 
meeting. ‘* Notice,” he said, ‘‘ was given by the Port 
employers in May last for a reduction in the daily 


In the House of Commons last week, Sir H. Betterton 


minimum of 2s., and very serious alterations in the | stated that during the period August 31 to November 9, 


conditions of employment. Owing to the nature of 
the demand, a deadlock was reached. Early in 
November negotiations were re-opened and the whole 
question was referred to a sub-committee of the National 
Industrial Council in accordance with the constitution. 
The terms arrived at and recommended for acceptance 
represent a reduction of 10d. per day for time workers 


and 7 per cent. for piece workers, with slight modifica- | 


tions in relation to overtime at the week-end (Saturday 
nights). The other conditions based on the 1919 agree- 
ment of 44 hours, and the Shaw agreement, remain 
intact. The provisional settlement has been confirmed 
by to-day’s conference by 58 votes to 11. The new 
agreement will come into force from January 4. It 
affects 160,000 men at ports all over the country, and 
some 40,000 of these are in London.” 


The agreement states that, on January 4 next, the 
daily wages of men on time rates shall be reduced by 
10d., and the minimum daily wage on the half-daily 





hasis will be, for the greater ports, 11s. 2d., and for the 
smaller ports, 10s, 2d., respectively. In the case of 
men covered by Clause VI (b) of the Agreement of 


72,432 claims to unemployment benefit by men, and 
137,084 by women were disallowed by Courts of Referees 
in Great Britain. In addition, 2,516 claims were dis- 
allowed by insurance officers under the trade disputes 
disqualification. 


At the Vancouver Convention of the American 
Federation of Labour, it was proposed that the executive 
council should be authorised to enter into negotiations 
with President Hoover, and such other representatives 
of the Government as might be necessary, to the end 
that the Government of the United States might have 
unofficial observers stationed in the International 
Labour Office at Geneva. Commenting on the pro- 
posal, the Committee on Resolutions said :—** While 
your Committee is fully aware of the increasing inter- 
dependence of the interests of all countries, and that 
the United States is vitally concerned with trends and 
policies in all countries, we appreciate that many 
conditions and factors must be considered in connection 
with the appointment of an unofficial observer to the 
Sessions of the International Labour Organisation. 
We are fully appreciative of the need of having the 
information gathered at the Office representative of 


May 5, 1920, the same reduction of 10d. per day shall | conditions in the United States, and also of the fact 
apply to men whose rate of pay is 60s. per week or more. | that the United States has participated indirectly in 


The wages of those men whose rate of pay is less than 


60s. per week shall be reduced by 7 per cent., but no ' national Labour Office. 


man’s weekly rate of pay shall be reduced to a figure 
lower than 50s. per week. At Middlesbrough, where 
the method of adjustment of the daily wage since | 
August 4, 1921, has created an additional differential | 
of 4d. per day, the minimum daily wage shall be | 
reduced by Is. on each day of the week. Permanent 
men, whose wages are paid weekly, will be paid the 
reduced rates commencing with the week’s pay for the 
first week wholly worked in the month in which such 
reduced rates take effect. On and after January 4, 
piecework rates shall be reduced by 7 per cent. or its 
equivalent from the existing figure, but where special 
circumstances exist it shall be open to the parties 
by mutual agreement in any locality to average the 
reduction of blocks of piece rates so as to realise in 
total the reduction of 7 per cent. In the absence of 
mutual agreement, the 7 per cent. reduction shall | 
apply to the piece rates individually. On and after | 
January 4, the existing rates of pay for overtime shall | 
be readjusted in accordance with the reduced rates of 
pay, subject to certain conditions. 


At a meeting in Manchester on Friday last week, the | 
Central Committee of the Cotton Spinners’ and Manu- | 
facturers’ Association decided not to issue notices | 
terminating the existing price-list rates of wages and 
other wages agreements. An official statement made 
by Mr. John Grey, the chairman of the Committee was 
as follows :—‘‘ At the meeting of our Central Committee 
last week, it was decided to refer to the various local | 
associations for their consideration a recommendation | 
to give one month’s notice to the operatives’ associa- 
tions determining all wages agreements, and a meeting | 
of the Central Committee has been held this morning 
to consider the replies received from the local associa- 
tions. Whilst such replies show a large majority in 
favour of taking the action recommended by the Central 
Committee, it was felt that the majority was not suffi- 
cient to justify the giving of the notices determining the | 
wages agreements, and it was decided not to give them. 
The majority in favour was 68 per cent.” | 


The notices terminating the agreement on hours and | 
wages in the Spinning Sec:ion were considered by the 
executive of the United Textile Factory Workers | 
Association, on Saturday. it was agreed to accept the 
invitation of the Federation of Master Cotton Spinners’ 
Associations, to a joint conference, to discuss the ter- 
mination of the hours’ agreement of 1919, and the | 
employers’ proposals for an increase in the number of 
working hours and a corresponding alteration in wages 
rates. This acceptance covers both the spinning and 
the weaving trades unions. 


The deadlock in the negotiations on the ‘‘ more 
looms” question continues. .At a meeting in Man- 
chester, on Saturday, the general council of the | 





' relief ; 


| South 


| afforded ; 


| various commissions and undertakings of the Inter- 


We therefore recommend that 
this proposal be referred to the executive council for 
thorough investigation of policies and decision, and for 
such action as it deems advisable.”” The recommenda- 
tion of the committee was unanimously adopted. 


In his report to the sixth congress of the French 
General Confederation of Unitarian Labour—a body 
corresponding in its aims to the British Minority 
Movement—Mr. Monmousseau, the secretary, stated 
that there were, in France, 1,000,000 workers wholly 
unemployed and 4,000,000 partially unemployed. 


|The membership of the Confederation, it was added, 


had declined by 100,000 during the past two years. 
A report on policy, which was adopted by the congress, 
laid it down that the workers should fight against 
all reductions of wages, under whatever pretext; 
that the seven-hour working day should be a principal 
demand of the Confederation ; that action should be 
taken to secure a progressive increase of unemployment 
that unemployment insurance should be 
established on the lines proposed in the Bill presented 


| by the French Communist Party ; that militant action 


should be taken against “ capitalist rationalisation,” 


}and that the workers should reject entirely any 


collaboration with ‘the national and international 


| bourgeoisie (National Economic Council, International 


Labour Organisation, League of Nations).”’ It was 
also demanded that workers’ delegates should be 
elected to the Factory Inspectorate without distinction 
of race, sex, age or nationality.” 





A Workmen’s Compensation Bill was introduced in 
the South African House of Assembly early this year, 
but was subsequently referred to a Select Committee. 
The provisions of the measure were discussed by the 
African Federated Chamber of Industries at 
their recent Congress held in Port Elizabeth, and the 
following resolution was adopted :—** This Congress 


| reiterates its opposition to State control of insurance 


in respect of industrial accidents, and submits its con- 


| sidered opinion that amendment of the Workmen’s 
| Compensation Act is now overdue, and should provide 
|for compulsory insurance to cover compensation for 
| workmen’s injury and death resulting from injury : 


provide compensation on a higher scale than that now 
provide more simple machinery for the 
settlement of a claim for compensation; include a 
reasonable schedule of compensation for natives and 
Asiatics ; in virtue of the security given to workmen 
in claims for compensation, combined with the higher 
scale of benefits, it should remove the right to the civil 
action which is allowed under the existing law; it 
should give adequate and proper protection to workmen 
and employers by ensuring that no firm shall be 
permitted to trade without first proving that it is 
adequately covered by insurance ; and should provide 
a sufficient measure of control over private insurance 
companies to ensure that there is no tendency to exploit 
those who are compelled to make use of their services.” 










A memorandum recently presented to the Govern- 
ment of the Spanish Republic by the Higher Council 
of Spanish Chambers of Commerce, Industries and 
Navigation, has some bearing on the measures recent}, 
introduced by the Ministry of Labour, proposing to 
set up conciliation and arbitration boards and works’ 
committees. The Council states that the joint organi- 
sation has a very important mission to fulfil, but that in 
order that this may be effective it is necessary that any 
dispute should be considered illegal unless a previous 
attempt at conciliation has been made. The system 
of declaring arbitration awards binding on both parties 
should not be applied unless the parties have agreed 
to it, by written communication to the corresponding 
joint committee. The duty of the joint committee 
should consist in the strict application of social legisla- 
tion, and the expenses involved in it should be borne 
exclusively by the State. 


In regard to the relations of employers and workers, 
the Council points out that it has always recognised 
the community of interests between capital and labour, 
and reaffirms its conviction that the welfare of both 
depends on the rational and continuous increase of 
production, which is the ultimate basis'of all progress. 
It asserts that the right of management of undertakings 
belongs to those who bear the responsibility. The 
Constitution of the State should avoid, it thinks, those 
principles which are likely to disorganise national 
economic life, in spite of the good will of the men who 
have become their champions, and that in this matter 
the example of countries with longer experience than 
Spain should be followed. In the opinion of the Coun- 
cil, subsidies will not solve the unemployed problem. 
For its solution, the country must look rather to the 
encouragement of national production. 


At November 23, there were approximately 9,510,500 
insured persons, aged 16 to 64, in employment in Great 
Britain. This was 74,500 more than a month before, 
but 53,400 less than a year before. At November 30, 
the numbers of persons on the registers of employment 
exchanges in Great Britain, were 2,063,624 wholly 
unemployed, 452,423 temporarily stopped, and 105,980 
normally in casual employment, making a total of 
2,622,027. This was 6,912 more than a week before 
and 316,388 more than a year before. On November 
23, the number of totally unemployed persons was 
2,070,442, the number of temporarily stopped 435,705, 
and the number normally in casual employment 
108,968. Of the total number on the registers on 
November 30, 2,065,002 were men, 65,448 boys, 
445,227 women, and 46,350 girls. 


The Z'imes correspondent at Berlin states that, 
on December 1, there were 5,057,000 “‘ available un- 
employed ” in Germany, or 213,000 more than on No- 
vember 15. The highest figure previously recorded was 
apparently 5,045,000 on February 28, and this has now 
been passed. The total of 5,057,000 includes 1,366,000 
persons in receipt of unemployment insurance benefit, 
and 1,406,000 receiving transitional relief. The 
balance of 2,285,000 apparently includes a small 
proportion of persons not yet actually unemployed 
but at present under notice, a much larger proportion 
in receipt of “‘ welfare” or municipal relief, and a 
third fairly numerous class which is not classified in 
the figures published. 











THe Westianp Arrcrarr Society.—At the annual 
general meeting of the Westland Aircraft Society, held 
at Yeovil, on October 15, it was stated that 21 lectures 
had been delivered before the Society during the 1930-31 
session, The president for the present session is Mr. R. A. 
Bruce, and the honorary secretary, Mr. V. 8. Gaunt, 
Westland Aircraft Works, Yeovil. The membership 
totals approximately 300, and meetings take place at 
approximately weekly intervals from October until March. 
Applications for membership should be addressed to the 
honorary secretary. . 


Tue Late Mr, E, Garton.—Mr. Edward Garton, 
whose death, we regret to have to record, took place at 
Leamington Spa on November 23, had been_ sales 
manager at the Coventry works of Messrs. The British 
Thomson-Houston Company, Limited, for the past 19 
years. Mr. Garton was born in London 55 years ago, 
and was educated at Montrose College, Brixton Hill, and 
served his apprenticeship with Messrs. Seager Brothers, 
mechanical engineers, Dartford. He also studied elec- 
trical and mechanical engineering at King’s College. 
In 1897, Mr. Garton joined the staff of The British 
Thomson-Houston Company, but three years later 
entered the service of Messrs. General Electric Company, 
America, spending a year at their Schenectady works, 
and six months at their Lynn works. Returning to this 
country in 1902, he rejoined The British Thomson- 
Houston Company, taking up a position in the sales 
department of the company’s Rugby works; in 1912 
he was appointed to the position he held at the time of 
his death. Mr. Garton was Chairman of the British 
Ignition Association, Limited. 




















DEC. II, 193I.] 


ENGINEERING. 





al 








DEVELOPMENTS 


MESSRS. BROWN, 


IN 


BOVERI 











A 








AND COMPANY, LIMITED, ENGINEERS, 


Lg.2. 
... . 


MERCURY-ARC RECTIFIERS AND VALVES. 


BADEN, SWITZERLAND. 














Fia. 1. 


DEVELOPMENTS IN MERCURY-ARC 
RECTIFIERS AND VALVES. 


THE rectifying properties of the mercury are have 
now been employed for many years, the early rectifiers, 
suitable only for comparatively small outputs, taking 
the form of a highly exhausted glass bulb in which were 
mounted a number of anodes, corresponding to the 
number of phases to be rectified, and an auxiliary 
ignition anode used for starting the arc. The cathode 
consisted of a pool of mercury in the lower part of the 
bulb, the upper part of which was enlarged to form a 
condenser for the mercury vapour, the liquid mercury 
trickling back to the cathode. The secondary of a 
transformer was connected to the anodes and since 
current can flow through the mercury arc only from the 
anodes to the cathode, and not in the opposite direction, 
a direct current can be obtained by connecting the 
cathode through the load to the neutral point of the 
transformer. Rectifiers of this type are made to deal 
with outputs up to about 150 kw., although a number 
of units can be operated in parallel when higher outputs 
are required. 

The high-power rectifiers now extensively employed 
to supply direct current for railway and tramway 
Operation, as well as for distribution and other purposes, 
are similar in principle to those above referred to, the 
glass bulb being replaced by a welded-steel water- 
cooled cylinder continuously evacuated by electrically 
driven pumps and surmounted by a smaller condensing 
cylinder. Their development for these applications, 
which has been mainly due to the efforts of Messrs. 
Brown, Boveri and Company, Limited, of Baden, 
Switzerland, was fully described in an interesting paper 
read at the Liverpool meeting of the British Association 
in 1923, by Mr. R. L. Morrison, and reproduced in 
ENGINEERING, vol. cxvi, pages 507 and 543. In this 
paper, which may well be referred to as an introduction 
to the developments we are about to describe, the 
design of a high-power rectifier was illustrated and 
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described in detail, and several installations were dealt 
with. The development has, of course, continued 
since that time, so that up till June, 1930, Messrs. 
Brown, Boveri had supplied 1,850 rectifiers for a total 
output of 1,200,000 kw., including individual units 
for pressures up to 15,000 volts and for currents 
up to 16,000 amperes. A photograph of a 16,000- 
ampere unit is reproduced in Fig. 1, and a section and 
plan of this rectifier are given in Figs. 2 and 3, respec- 
tively. It has 24 main anodes constructed of a special 
steel, the shape being indicated by the dotted lines 
in the case of the anode on the extreme left in Fig. 2, 
and each anode being fitted with an arc shield partly 
cylindrical and partly conical in form. The anodes 
are mounted on the water-cooled top plate of the main 
are vessel, being, of course, carefully insulated from the 
plate, and air-tight joints being made by mercury 
seals. In the bottom of the are vessel, which is water- 
jacketted, the mercury cathode is situated, and above 
this is a thin steel electrode which is dipped into and 
withdrawn from the mercury for the purpose of starting 
the main arcs between the anodes and cathode. The 
starting electrode, which is electrically operated by a 
push button, is carried by the top plate of the con- 
densing chamber, seen in the centre of Fig. 2. The 
condensing chamber, it will be noticed, is water- 
jacketted similarly to the arc chamber, and it will 
also be seen from the figures that the outer ends of the 
anodes are fitted with easily removable water vessels 
formed with fins to facilitate the dissipation of heat. 
It may here be noted that the effective cooling of the 
anodes is necessary to prevent their temperature from 
rising to the point at which electronic emission com- 
mences, since this would interfere with the normal 
valve action of the rectifier and permit an internal 
flash-over. Another point to which attention may be 
directed is that, to prevent the arc from being extin- 
quished if the current should fall to a very low value, two 
small auxiliary anodes are fitted, one being shown to 
the right of the two main anodes on the left-hand side 








in Fig. 2. These auxiliary anodes serve to maintain 
the arc at current values below those at which the 
main anodes can operate. 

The conversion of alternating current into direct 
current, however, by no méans exhausts the possible 
applications of mercury-arc rectifiers. Research work 
and tests recently carried out by Messrs. Brown, Boveri 
and Company, Limited, in fitting these appliances with 
controlled grids seem likely greatly to extend their 
utility, not only to fields at present only covered by the 
employment of rotating machinery, but also in the 
solution of conversion problems insoluble by previously 
existing means. To explain these developments we 
may first point out that the mercury-arc rectifier is an 
electronic valve, the are of which burns in a partial 
vacuum of mercury vapour, differing in this respect 
from the other types of electronic valves having incan- 
descent cathodes, which require either a high vacuum 
or a gaseous atmosphere. In these, the anode current 
can be controlled by grids, and, at first sight, it would 
seem possible to control the current of a mercury-arc 
rectifier in the same way. In practice, however, the 
presence in the latter of positively charged ions in the 
mercury vapour considerably impairs the action of a 
grid, and special means had therefore to be developed 
to attain the desired results. 

The principle actually employed consists in applying 
to the grids, which are located between the anodes and 
cathode of a rectifier, a charge of which the polarity can 
be changed at will. If, for instance, the grid is nega- 
tively charged, no current can flow from the anode to 
the cathode, even if the anode is positively charged. 
If, however, the grid potential is changed from negative 
to positive, current will flow, assuming, of course, that 
the anode is still positive. It should, perhaps, be 
pointed out that if current is flowing the arc cannot 
be extinguished instantly by changing the potential of 
the grid from positive to negative. If the grid potential 
is so changed, the current will continue to flow until 
the anode potential falls to zero at the end of the 
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of the half-cycle; no current flows in the half-cycle 
during which the anode is negative. If, on the other 
hand, the grid is negatively charged, a negative space 
charge is formed round it, which retards the flow of 
electrons, and prevents the are from forming even 
during the positive half-cycle of the anode voltage. 
Fig. 5 shows the effect of the grid control. 
+ — We may now consider the effect of changing the grid 
polarity at various points during the half-cycles, as 
positive half cycle, when the arc will be extinguished. | illustrated by the diagram, Fig. 6. Initially, the grid 
By special means, we understand, it is possible to | is positively charged and the arc therefore strikes at a, 
extinguish the arc at any moment, even during the | the beginning of the first positive half-cycle. At b, the 
positive half-cycle, but as these means are not employed | grid potential is changed to negative and, as previously 
in the applications dealt with below they need not be| explained, the arc continues to the end of the first 
referred to here. The most important applications for | half-cycle at c. The negative charge being kept on the 
mercury-are rectifiers, or rather mercury-are valves, | grid, the arc will not restart at the commencement of 
with controlled grids, are in connection with the regu- | the next positive half-cycle, but will do so later in this 
lation of direct-current voltages in rectifier plants, the | cycle at the point d, when the grid potential again 
extinction of back-fires in rectifiers and the clearing of | becomes positive. It will be clear from this diagram 
short-circuits in direct-current networks, frequency | that it is possible to start the arc at any point in a 
changing, the conversion of direct-current into | positive half-cycle by merely changing the grid poten- 
alternating current, and the operation of traction) tial at this point from negative to positive. It is, 
motors without commutators on single-phase systems. | therefore, possible to arrange that the arc always 
In the last-mentioned application, the frequency can be | strikes with a constant time lag after the commence- 
chosen at will, so that the overhead contact-wire can | ment of the positive half-cycle, when it would normally 
be fed directly from a 50-cycle industrial network and | strike. This is illustrated on the right in Fig. 7 for a 
the frequency-changing apparatus generally necessary | six-phase rectifier, in which the effect of introducing 
to produce the low-frequency current required for com- | a time lag t to the ignition point is to reduce the mean 
mutation purposes can be dispensed with. At the! value of the direct-current voltage from Ey, to E’m. 
invitation of Messrs. Bruce Peebles and Company, | Fig. 8 shows the effect of applying a variable time lag 
Limited, Edinburgh, who have taken up the manu-/|to the ignition point, the variation in the mean value 
facture of mercury-are valves with controlled grids in| of the direct-current voltage being indicated by the 
this country, we have recently had an opportunity of | curved chain-dotted line in the upper part of the 
seeing all the above-mentioned applications success- | diagram. The arrangements employed for adjusting 
fully demonstrated on an industrial scale at the} the time lag of the ignition point for regulating the 
Baden works of Messrs. Brown, Boveri and Company, | direct-current voltage of a rectifier are illustrated 
Limited. | diagrammatically in Fig. 9. As there shown, a contact 
The operation of the grid control may now be/ maker in the grid circuit is driven by a synchronous 
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undulations can be smoothed out to any desired extent. 
This is illustrated by the oscillogram reproduced in 
Fig. 10. In this, the upper curve | shows the direct- 
current voltage fluctuation with 20 per cent. regulation, 
while the lower curve 1 shows the smoothing effect 
obtained by the provision of a cathode choke coil, 
the conditions being otherwise identical. The lines 2 
are the zero lines, and the cathode current was about 
800 amperes in each case. 

It will be clear that the arrangements described 
above can be readily employed for the extinction of 
back fires in rectifiers, and for clearing short circuits on 
a direct-current network. All that is required is a 
quick-acting overload relay to cut off the periodic 
positive charge on the grids when a back fire or short 
circuit occurs, leaving the grids negatively charged, 
and thus clearing the fault by preventing the ares from 
re-forming. Fig. 11 is reproduced from an oscillogram 
taken from a rectifier clearing a fault in this way, and 
is self explanatory. The apparatus used for the 
demonstration tests at the Baden Works, in connection 
with voltage regulation, the suppression of back fires 
and the clearing of short circuits on the direct-current 
side by means of the rectifier itself is illustrated in 
Fig. 12, on page 729. The rectifier will be seen on the 
right, and the variable contact maker in the foreground 
towards the left. The demonstration included the 
speed regulation of a direct-current motor by varying 
the voltage supplied from the rectifier, as above 
explained. The back-fires in the rectifier, the sup- 
pression of which was effectively demonstrated, were 
set up by discharging a condenser on one of the anodes. 





explained with reference to the diagram reproduced in| motor from the alternating-current system supplying 
Fig. 4. In this, the grid 1 is shown between the | the rectifier, and, by turning the contact points rela- 
anode 2 and arc shield 3, the grid being insulated from tively to the rotating brush, the direct-current voltage | 
both, and, by means of the battery 4 and change-over | can be regulated to suit the load conditions. 
switch 5, it is possible to apply a positive or negative| It should, perhaps, be pointed out that the cyclic | 
potential to the grid at will. The middle point of the | variations in the direct-current voltage shown in Figs. 7 | 
battery is connected to the cathode 6 of the rectifier, | and 8 have been indicated in order to illustrate the | 
asshown. If the grid is charged positively, the rectifier; means adopted to obtain the voltage regulation. | 
will operate in the normal manner, the arc being} Actually, owing to the transformer reactance, over- | 


















Two methods of using mercury-are rectifiers with 
controlled grids for frequency-changing purposes were 


| shown, and we propose to deal first with the simpler 


method, in which the frequency of the secondary 
single-phase network is dependent upon that of the 
three-phase supply. The process consists essentially in 
rectifying a certain number of half-waves of the 
primary supply, so as to obtain from this a new half- 


ignited each time the positive half wave of the anode | lapping and smoothing occur, and, by means of a/| wave the length of which is a multiple of the primary 
voltage commences and being extinguished at the end} cathode choke coil, or by a resonant circuit, the | half-wave length. The arrangements employed, and 
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Fig. 12. APPARATUS FOR DEMONSTRATION OF VOLTAGE REGULATION. 





Fie. 16. EQuieMENT FOR FREQUENCY-CHANGING TESTS. 


the results obtained are illustrated in Figs. 13, 14 and 
15. In this case, a positive potential is maintained 
on the grids for a time sufficient to allow six half-waves 
to pass, the half-waves being obtained from the six- 
phase secondary winding of a transformer, the primary 
ot which is connected to a three-phase 50-cycle supply, 
as shown in Fig. 13. These six half-waves form a new 
half-wave, as shown in Fig. 14, which will obviously 
have a frequency one-third of that of the 50-cycle 
three-phase supply, i.e., its frequency will be 16% cycles 
per second. Another six-phase secondary winding of 
the same transformer is used to obtain the negative 
half wave at the lower frequency, this other winding 
being connected to six additional anodes which may 
be incorporated in the same valve as the first six, 
or may form a second valve. To produce opposite 
polarities in the low-frequency half-waves thus obtained, 
a Single-phase transformer is employed on the output 
‘ide of the valve, as shown in Fig. 13. The cathode is 
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| voltage wave by suitably arranging the circuits, and 
| the result of so doing is illustrated by the oscillogram 
| repr duced in Fig. 15. In this, the curve 1 shows the 
wave form of the 50-cycle three-phase supply, and the 
curve 2 that of the single-phase output at 16% cycles. 
| When it is desired to feed from a three-phase system 
| single-phase railway network which is already 
supplied with energy from single-phase generators, so 
| that the frequency is fixed, the contact maker is 
driven by a synchronous motor connected to the 
single-phase system. In this case, therefore, current 
will not flow through the anodes according to their 
three-phase polarity, but according to the required 
length of the secondary half wave, and a suitable 
modification of the contact maker ensures that the 
| grid potential will be such that the arc strikes at the 
right moment to comply with this condition. Thus, 
|a certain slip will occur between the primary and 
secondary frequencies, and it is of interest to note that, 
connected to the middle point of the primary winding | by adjusting the slip, the power passing from the three- 
of this transformer, and current will flow from right | phase to the single-phase system can be varied at will. 
to left in this winding when the left-hand set of six |The test arrangements for the conversion of. three- 
anodes is in use, and in opposite direction when the | phase current at 50 cycles to single-phase current at 
right-hand set of anodes is in use. The two sets of | 16% cycles, are illustrated in Fig. 16, annexed, and 
anodes, controlled by their grids, come into use alter- | the demonstration included the operation of a 400 h.p. 
natively, and in this way an alternating current at a | railway motor at the lower frequency. 
frequency of 16% cycles can be obtained from the | . 

ae? : | (T'o be continued.) 
secondary winding of the single-phase transformer. In 
the case we are considering, in which the single-phase | - 
frequency is governed by the frequency of the three-| GConorts INTERNATIONAL D’Exgcrricrré, Pagis, 
phase supply, the contact maker which controls the | 1932.—The Institution of Electrical Engineers has set up 
grid potentials is driven by a small synchronous |a national committee to organise the British effort in 
motor connected to the three-phase network. It will | connection with the Congrés International d’Electricité 


b that t f f A de 1932, which will be held in Paris in July of next year. 
e understood he wave form of the single-phase The object of the Congress is to celebrate the 50th anni- 


voltage produced as described is not normally sinu- : thse 

soidal, being more of the form illustrated in Fig. 14, ee ee Fon as chee "Fateh 
which could be employed for some purposes. It is| and far-reaching decisions regarding electrical units 
quite possible, however, to produce a nearly sinusoidal | were arrived at. 
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PERSONAL. 


Mr. H. 8. Rowe t, the late director of the Research 
Association of British Motor Manufacturers, has been 
appointed chief engineer of the motor-vehicle works of 
Messrs. John I. Thornycroft and Company, Limited, 
Basingstoke. 

THE Lonpon MipLanp AND ScortisH RAImLway 
Boarp has announced that Mr. John Follows is retiring 
from the office of vice-president of the Executive as from 
March 1, next. He will, however, continue to represent 
the Executive on the Boards of the Scottish Motor Trac- 
tion Company, the Trent and other road transport under- 
takings in which the Railway Company has an interest. 
The Executive Committee will be reconstituted with 
three vice-presidents in place of four, and Mr. E. J. H. 
Lemon has been appointed vice-president in charge of 
the Railway Traffic, Commercial and Operating Depart- 
ments. Mr. W. A. Stanier, principal assistant to the 
Chief Mechanical Engineer, Great Western Railway, has 
been appointed Chief Mechanical Engineer, London 
Midland and Scottish Railway, in succession to Mr. Lemon. 

Messrs. HowpEN-LJUNGSTROM PREHEATERS (LAND), 
Limirep, Caxton House, London, 8.W.1, owing to the 
extension of their business to include not only the 
Howden-Ljungstr6m air preheater, but also other boiler- 
house and power-station auxiliaries, have changed their 
name to Messrs. James Howden and Company (Land), 
Limited. The address of the firm, however, as well as 
its policy and personnel, remain unaltered. 


CONTRACTS. 


Messrs. BEYER, PEACOCK AND CoMPANY, LIMITED, 
Gorton, Manchester, have received an order from the 
Great Northern of Lreland Railway for five three-cylinder, 
compound 4-4-0-type express passenger locomotives. 
Other business on at includes a repeat order for a 
2-8-2, 2-8-2-type Beyer-Garratt locomotive for the 
Central Railway of Peru, and orders for a Beyer-Garratt 
locomotive from Messrs. The Sneyd Collieries, Limited, 
Staffordshire, and for two Beyer-Garratt locomotives 
for the new railway line being constructed by the Sierra 
Leone Development Company. 

Messrs. THE WESTINGHOUSE BRAKE AND SAXBY 
SiagnNaAL Company, Limirep, 82, York Road, King’s 
Cross, London, N.1, have received a contract from the 
London and North Eastern Railway Company for the 
supply and erection, at the Down marshalling yard, 
Whitemoor, of two eddy-current rail brakes, together 
with the power plant and control equipment. 

Messrs, AttAs DiEsEL Company, Limitrep, New 
Oxford House, Hart Street, London, W.C.1, have secured 
an order for two of their two-cycle, airless-injection 
marine Diesel engines, type M 36 M, each developing 
870 b.h.p., at 250 r.p.m., to be installed in the twin-screw 
yacht Roussalka, owned by the Rt. Hon, Walter Guinness. 

Messrs. W. H. ALLEN, Sons AND Company, LIMITED, 
Queen’s Engineering Works, Bedford, are supplying three 
six-cylinder, medium-speed, Diesel engines of 150 b.h.p., 
to run at 550 r.p.m., for three Diesel-electric shunting 
locomotives being manufactured by Messrs. The British 
Thomson-Houston Company, Limited, Rugby, for the 
new Dagenham Works of the Ford Motor Company. 

Messrs, Richarp Dunston, Limirep, Thorne, near 
Doncaster, have received an order for a steel lighter 
capable of carrying over 1,000 quarters of grain. The 
vessel will have five separate holds. 











Brusu-LyunGstrOmM TuRBINE FoR Hone Kone.—A 
12,500-kw, turbine, built by Messrs. The Brush Electrical 
Engineering Company, Limited, Faleon Works, Lough- 
borough, was despatched some time ago to Hong Kong 
on the 8.8. Somali from the Royal Albert Dock, London. 
The turbine is for the City of Hong Kong Power Station, 
and is of the Brush-Ljungstr6m double-rotation type, 
driving two alternators of a total capacity of 12,500 kw. 
at a continuous maximum rating. The steam condi- 
tions are 400 lb. per square inch gauge and 750 deg. F. 
Steam is tapped from the turbine for feed heating and 
for operating an evaporator. A surface condenser of 
the Brush-Delas type with a cooling surface of 9,900 
sq. ft., is to maintain a vacuum of 27} in. (barometer 
30 in.), when supplied with 14,650 gallons per minute 
of water at a temperature of 86 deg. F. The turbine 
runs at 3,000 r.p.m. 


THe Late Mr. Hersert JEwson.—We regret to 
note the sudden death, on November 30 last, at Earith, 
Huntingdonshire, of Mr. Herbert Jewson, engineer 
director of Messrs. Hobbies, Limited, Dereham, Norfolk. 
A member of a well-known Norwich family, Mr. Jewson 
was born in 1863, and received his general education in 
that city. He served his e1gineering apprenticeship in 
the works of Messrs. Wallis and Steevens, Basingstoke, 
and subsequently proceeded to Egypt to join the engin- 
eering firm of Messrs. Allen and Alderson. Later, he 
went to Persia, where he was in charge of constructional 
engineering work, Mr. Jewson joined Messrs. Hobbies, 
Limited, nearly 35 years ago, and was eventually appointed 
a director. He continued in control of the engineering 
pe Pa until less than two years ago, when ill-health 
obliged him to give up active interest. Mr. Jewson was 
responsible for many innovations at Dereham, one of 
these consisting in ingenious machinery for the manu- 
facture of fret saws, which is now capable of turning 
out 10,000,000 saws a year. In the interests of his firm, 
Mr, Jewson had travelled to most parts of the world. 
He became an associate member of the Institution of 
Mechanical Engineers in 1903, and was a past vice- 
president of the Institute of British Foundrymen. 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of a tender invited by the Johannesburg City Council 
and of an inquiry from India. The closing date of the 
tender is given below. Details may be obtained on 
application to the Department at the above address, 
the reference number given being quoted in each case. 

Tar or Tar Substitute.—The supply of 4,250 short tons 
of tar or tar substitute. The City Council of Johannes- 
burg; January 11, 1932 (Ref. No. B.X. 7,204). 

Diesel and Producer-Gas Tractors and Charcoal Plant.— 
The Deputy Commissioner of a Frontier Province in India 
desires to receive catalogues of Diesel tractors for plough- 
ing, together with agricultural attachments, such as 
ploughs, harrows, &c., also similar tractors, but running 
on producer gas to be made from charcoal, and plants for 
making charcoal (Ref. No. G.X. 10,974). 
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Company. 

Department of Scientific and Industrial Research. Fuel 
Research. Physical and Chemical Survey of the National 
Coal Resources. No. 20. The Yorkshire, Notting- 
hamshire, and Derbyshire Coalfield, South Yorkshire 
Area, Analysis of Commercial Grades of Coal. Part I. 
London: His Majesty’s Stationery Office. [Price 
ls. 3d. net.] 
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London Industries—I. London: P. S. King and 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—Conditions in the steel trade of 
Scotland have not altered, and makers are patiently 
waiting for an improvement in the demand, but there are 
as yet no signs visible of any change for the better. Local 
consumers are only buying for their more immediate 
requirements, and these are small, while orders from our 
overseas customers are of a restricted nature. The result 
of all this is that fully two-thirds of the plant in this area 
is out of commission at present. Makers of black steel 
sheets continue to be fairly well employed on the lighter 
gauges and have very satisfactory order books, but 
the demand for the heavier sorts is still very poor. 
Competition to secure new business in sheets is very 
keen, and shading of quotations is common. The fol- 
lowing are the current market quotations :—Boiler 
plates, 91. per ton ; ship plates, 8/. 15s. per ton ; sections, 
8l. 7s. 6d. per ton; black steel sheets, } in., 7/. 10s. per 
ton; and galvanised corrugated sheets (No. 24 gauge), 
107. 12s. 6d. per ton, all delivered at Glasgow stations. 
The export price for the last named is 91. 10s. per ton. 

Malleable-Iron Trade.—No change has taken place in 
the malleable-iron trade of the West of Scotland, and the 
outlook at the moment is no better. Orders are very 
scarce and plant is only being kept running from day to 


day. The re-rollers of steel bars are in a very similar 
position and cannot see any distance ahead. The current 
prices are as follow :—** Crown” bars, 101. 5s. per ton 


for home delivery and 9/, 10s. per ton for export; and 
re-rolled steel bars, 6/. 7s. 6d. per ton for home delivery 
and 6/. 5s. per ton for export. 

Scottish Pig-Iron Trade.—A dull state continues to 
prevail in the Scottish pig-iron trade, and business is very 
quiet. Local consumers of hematite and foundry iron 
keep ordering sparingly and there is little life in the home 
trade, although many anticipate a better demand within 
the next month or two. The export side of the trade is 
poor and shipments show no improvement. The fol- 
lowing are the current market quotations :—Hematite, 
68s. 6d. per ton, delivered at the steel works ; foundry 
iron, No. 1, 72s. per ton, and No. 3, 69s. 6d. per ton, both 
on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour, for the week ending last 
Saturday, December 5, only amounted to 406 tons. 
Of that total 175 tons went overseas and 231 tons coast- 
wise. During the corresponding week of last year the 
figures were 120 tons overseas and 110 tons coastwise, 





making a total shipment of 230 tons. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Inquiries for Cleveland pig 
are circulating, but transactions fall rather considerably 
below expectations, even for this recognised dull period 
of the year. Most of the business passing is in small 
quantities for early delivery, and is still chiefly on home 
account. Continental firms, however, are taking more 
interest in this market, and overseas sales show some 
little improvement. Stocks are gradually decreasing, and 
quantities stored are little if any larger than makers 
consider necessary for ordinary trading. Merchants 
are doing a little export trade, but ironmasters continue 
to reserve to themselves the right to cover direct the 
needs of principal home consumers. Makers’ fixed 
minimum prices remain. No. 1 Cleveland, 61s.; No. 3 
g.m.b., 58s. 6d.; No. 4 foundry, 57s. 6d.; and No. 4 
forge, 578. 

Hematite.—Consumers in the Sheffield and Midland 
districts are still in the market for East Coast hematite 
pig, and both second-hands and producers report a little 
business with the Continent. While sales are not heavy, 
and stocks are not decreasing as quickly as could be 
desired, the steady statistical movement in favour of 
sellers encourages the hope that producers may shortly 
find themselves justified in rekindling idle blast furnaces. 
Prices are not definitely fixed, and terms of sale vary 
a good deal after individual bargaining. Makers are 
disinclined to name below 65s. 6d. for ordinary qualities, 
and 66s. for No. 1 hematite, but customers claim they 
can satisfy their requirements at lower figures. 


Foreign Ore.—Existing conditions do not admit of 
business in foreign ore. With rates of exchange so 
uncertain, sellers are disinclined to negotiate, and con- 
sumers have no need to buy, as they have large stocks 
and heavy deliveries to accept against old contracts. 
Nominally, best rubio is 16s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and slow of sale. Good average qualities are 
16s. 6d. to 16s. 9d. delivered to local users. 


Manufactured Iron and Steel_—Business in the semi- 
finished and finished iron and steel trades is quiet, and 
in most branches work is much needed, the outstanding 
exception being the department engaged on production 
of constructional steel, in which section tonnage output 
is large, and order books are quite well filled. Quota- 
tions all round remain steady. Commoniron bars are 101. ; 
best bars, 101. 10s. ; double best bars, 11/.; treble best 
bars, 111. 10s.; packing (parallel), 87. ; packing (tapered), 
101. ; steel billets (soft), 52. 10s.; steel billets (medium), 
6l. 12s. 6d.; steel billets (hard), 7/. 2s. 6d.; iron and 
steel rivets, 11/. 5s.; steel ship plates, 8/. 15s.; steel 
angles, 8/. 7s. 6d.; steel joists, 81. 15s.; heavy sections 
of steel rails, 87. 10s. for parcels of 500 tons and over, 
and 9/. for smaller lots; fish plates, 121. 10s.; black 
sheets (No. 24 gauge), 8l.; and galvanised corrugated 
sheets (No. 24 gauge), 91. 2s. 6d. 

Scrap.—A good deal of business in scrap has been put 
through recently. Borings are 26s.; turnings, 32s. 6d. ; 
light cast iron, 40s.; heavy cast iron, 45s.; machinery 
metal, 47s. 6d.; and heavy steel, 42s. 6d. 

Imports of Iron and Steel.—November imports of iron 
and steel to the Tees totalled 19,005 tons, comprising 
280 tons of pig-iron, 16,979 tons of crude sheet bars, 
billets, blooms and slabs, and 1,746 tons of bars, plates, 
angles, rails, sheets and joists. For the previous month 
the imports totalled 15,663 tons, comprising 687 tons of 
pig-iron, 13,595 tons of crude sheet bars, &c., and 
1,381 tons of bars, plates, &c. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Conditions are decidedly mixed. 
Though revival is maintained in some of the finished 
sections, there appears to be another setback in heavy 
iron and steel. The big batteries of furnaces around 
Shettield are working below capacity, and, even so, have 
difficulty in disposing of their gross output. Rolling 
mills are working irregularly, and there has been a 
diminution in activity at forges supplying ship steel, 
and semi-manufactured parts to the heavy engineering 
industries, Confidence in a return to brighter conditions 
in the near future is, however, widespread. One retarding 
factor which is expected to meet with an early solution 
is the political indecision respecting a duty on iron and 
steel imports. To a large section of local industry a tariff 
would be a godsend, but in other departments the benefit 
would be qualified by partial dependence on foreign 
materials for re-rolling purposes. Heavy engineering 
work has fallen away during the past fortnight. Sheffield 
is securing a fair share of the limited number of orders in 
circulation for ironworks and steelworks plant ; but these 
are restricted by the existence of surplus capacity 11 
many countries, and by the diminished purchasing power 
of foreign industrialists. Special-steel manufacture con- 
tinues to forge ahead. There is a steady demand from 
overseas for machinery for dredging and excavating, and 
for hollow drill steel for special mining purposes. The 
latest dredging equipment is supplied with wearable 
parts that are easily renewable. Big business is being 
done in magnet steel, and in various descriptions of rust 
and acid-resisting materials, the application of which 
for mechanical and constructional purposes is considered 
to be yet in its infancy. Sound progress is being made 
with research into the greater possibilities of cold wrought 
steel, the fatigue limits of mining wire, and the greater 
efficiency of vehicular springs when subjected to heat 





treatment before machining. The tool trades are good 
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in parts. There is a sustained demand for fine measuring 
instruments for the higher branches of engineering. Sales 
of files are expected to benefit from the new duty, though 
substantial stocks of American files are still held by 
distributors. 

South Yorkshire Coal Trade.—The coal trade locally 
has undergone little change. The home demand is 
slightly more encouraging, though export requirements 
are only moderate. The current call for industrial fuel 
is of a stationary character, but improvement is antici- 
pated in the new year. Electricity works and the textile 
industries are taking increased supplies. Railway 
companies are also good customers. Domestic fuel shows 
signs of revival, largely brought about by users taking 
increased supplies for winter stocking purposes, Central 
heating coke is in demand, Foundry and furnace sorts 
are a moderate market both on home and foreign account. 
Gas coke continues firm. Quotations: Best branch 
hand picked, 26s. to 27s.; Derbyshire best brights, 
20s. 6d. to 21s. 6d. ; Derbyshire best house, 22s. to 23s. ; 
screened housecoal, 19s. to 20s. 6d. ; screened house nuts, 
17s, to 18s,; Yorkshire hards, 17s. to 18s. 6d.; Derby- 
shire hards 17s. to 18s, 6d.; rough slacks, 9s. to 10s. ; 
nutty slacks, 8s. to 9s.; smalls, 5s. 6d. to 6s. 6d, 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

Egyptian and Brazilian Contracts.—It is confidently 
expected that the Egyptian State Railways contract for 
140,000 metric tons of coal delivered c.i.f. Alexandria, 
between February and June, and 35,000 tons shipped 
f.o.b. Cardiff or Newport, will again be placed for Welsh 
large coal with a Cardiff firm. Messrs. T. Beynon and 
Company, Limited, who secured the contract for 200,000 
metric tons in the middle of the year at 24s. ld. per 
metric ton ¢c.i.f., have again put in the lowest price, 
with 248, 1ld. for the ¢c.i.f. quantity and 17s. 7d. for the 
f.o.b, supplies, but are closely followed by Messrs. 
Gueret, Llewellyn and Merrett, Limited, with 24s. 11d. 
c.i.f., and 17s. 9d. f.o.b. A Belgian firm has offered to 
supply at 16s. 9d. f.o.b., but it is not anticipated that this 
price will entice the business from South Wales. The 
Brazilian Central Railways are also in the market for 
100,000 tons of large and small coal delivered at Rio de 
Janeiro, over the first quarter of next year. The previous 


contract for 80,000 tons was placed a few months back - 


with Gueret, Llewellyn and Merrett, Limited, and in 
both cases the last cargoes of previous orders for the 
Egyptians and Brazilians have just been shipped. 

Italian State Railway Supplies.—Various rumours have 
circulated of late in connection with the supply of 
1,000,000 tons of coal annually to the Italian State 
Railways, arranged in accordance with the terms of the 
Hague agreement. Reports have circulated to the effect 
that the Italians would only take 750,000 tons this year, 
and 500,000 tons next year, but the facts are, fortunately, 
contrary to the reports. After having taken 500,000 
tons this year, the Italians experienced difficulty in 
providing storage space owing to the huge stocks already 
in this country, and with a view to minimising their 
difticulties approached the various firms from whom 
they were taking their supplies and suggested that 
deliveries for this year’s contracts should be slowed down 
and extended into the first four or five months of next 
year, orders for 1932 deliveries being in the meantime 
left in abeyance. This arrangement, of course, means 
the shipment of a smaller quantity of coal to Italy than 
would have been the case had the Italian State Railways 
taken their full quantity, but follows a practice which 
is customary in cases where receivers find that they can 
do with a smaller quantity of coal than had been 
ordered. 

Pilotage Charges.—The Cardiff Pilotage Authority have 
agreed by a majority vote to reduce the pilotage charges 
by 10 per cent., or from 70 per cent. to 63 per cent. 
above the pre-war level. This decision has been taken 
as a result of an application from the Cardiff and Bristol 
Channel Shipowners’ Association for a reduction of 
20 per cent. The Authority’s decision will be com- 
municated to the Board of Trade for approval, but it 
is understood that the pilots intend to lodge an appeal 
against the reduction. The Barry Pilotage Authority 
has informed the Cardiff Pilotage Authority that they 
will not consider an amalgamation of the two services, 
as was suggested by the Cardiff Authority, as a means 
to reducing charges without lowering the earnings of 
pilots, 








Tue New Soutn Wates O1m-SHare Inpustry.—At 
a meeting held recently in Sydney, under the auspices of 
the Shale Oil Development Committee, reference was 
made to the almost illimitable supplies of rich oil shale 
to be found near the surface in the State of New South 
Wales. It was reported that some of these shales yielded 
as much as 180 gallons of crude oil per ton, whereas the 
highest yield so far obtained in other parts of the world 
was about 100 gallons per ton. Furthermore, at Newnes, 
it was stated to be possible to obtain 58,400 gallons of 
refined motor spirit from 1,000 tons of shale. By an inte- 
resting coincidence, a report of the Shale Oil Investiga- 
tion Committee was presented to the Commonwealth 
Government within a few days of the meeting in Sydney. 
In this, it was recommended that the shale-oil industry 
should be opened up and placed on a productive basis 
Without delay. Although it is stated in the report that 
New South Wales shales are richer in oil than any others 
known, the figures quoted are not so high as those 
given above. The report states that average run-of-mine 
oil shales in New South Wales give a yield of from 70 
gallons to 120 gallons of crude oil per ton, while, in some 
oe re high a content as 150 gallons per ton has been 
oDtained, 





NOTICES OF MEETINGS. 


[INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. ‘‘The Manufacture and 
Use of Steel Railway Sleepers,” by Mr. R. Carpmael. 


Graduates’ Section, London: Monday, December 14, 
6.15 p.m. Address on “ Presses and Press Work,” by 
Mr. W. B. Challen. Southern Branch: Wednesday, 


December 16, 7.15 p.m., Kimbell’s Café, Portsmouth. 
Discussion on ‘‘ Some Reflections on Technical Educa- 


tion.”” Midland Branch: Thursday, December 17, 
6.30 p.m., Grand Hotel, Birmingham. ‘‘ Recent Develop- 
ments in High-Speed Diesel Engines,” by Dr. 8S. J. 


Davies. 

INSTITUTION OF CHEMICAL ENGINEERS,—To-night, 
6 p.m., Chemical Society, Burlington House, Piccadilly, 
W.1. ‘The Manufacture of Asphalt from Cracking 
Process Residues,” by Mr. F. M. H. Taylor. 


INSTITUTION OF ELECTRICAL ENGINEERS,—London 
Students’ Section: To-night, 7 p.m., Victoria-embank- 
ment, W.C.2. Lecture, ‘‘ Oil-filled Cables,’ by Mr. 
R. E. G. Horley. North-Eastern Centre: Monday, 
December 14, 7 p.m., Armstrong College, Newcastle-on- 
Tyne. ‘“‘The High-Voltage Systems of Italy,’ by 
Mr. A. Dalla Verde; and at London: Thursday, 
December 17, 6 p.m., Victoria-embankment, W.C.2. 


JuNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘ Oxygen Machine 
Cutting,” by Mr. C. G. Bainbridge. Friday, December 
18, 7.30 p.m. “The Development of the Talking 
Picture,” by Mr. W. Harris. 

NortH oF ENGLAND INSTITUTE oF MINING AND 
MECHANICAL ENGINEERS.—Saturday, December 12, 
2.30 p.m., Neweastle-on-Tyne. ‘The Hydrogenation 
of Coal,” by Dr. A. Crawford. ‘‘ A Method of Preventing 
Crush to Brick Stoppings and Similar Structures,” by 
Mr. C. H. Leeds. ‘ Stowage of the Goaf,’’ by Prof. G. 
Poole and Mr. J. T. Whetton. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Scottish Branch : 
Saturday, December 12, 4 p.m., Royal Technical College, 
Glasgow. ‘“‘An Engineer’s View of the Foundry,” by 
Mr. H. Gardner. Hast Midlands Branch: Saturday, 
December 12, 6 p.m., University College, Nottingham. 
‘Cast-Iron from the Ore to the Casting,’”’ by Mr. P. A. 
Russell, Newcastle-on-Tyne and District Branch ; Satur- 
day, December 12, 6.15 p.m., Neville Hall, Neweastle-on- 
Tyne. “* Heat-Resisting Alloys,” by Mr. J. F. Kayser. 
Wales and Monmouth Branch : Saturday, December 12, 
6.30 p.m., University College, Cardiff. “* Foundry Work 
in India,” by Mr. G. Morgan. Sheffield and District 
Branch : Friday, December 18, 7.45 p.m., Albany Hotel, 
Shettield. ‘“ The High-Frequency Furnace and its Use 
for Making Steel Castings,” by Mr. T. R. Middleton. 


Hutt Association oF ENGINEERS.—Saturday, 
December 18, 7.15 p.m., Municipal Technical College, 


Park-street, Hull. ‘Fuel Oil and its Application to 
Industrial Purposes,” by Mr, O. 8S. Sharratt. 


INSTITUTE OF TRANSPORT.—-Monday, December 14, 
5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. ‘‘ English Port Ownership and 
Control,’ by Mr. D. Ross-Johnson. Tuesday, December 
15, 6 p.m. Graduates’ and Students’ Lecture, ‘“‘ Compe- 
tition and Co-ordination in Transport,’’ by Prof. A. 
Plant. Scottish Section: Wednesday, December 16, 
7 p.m., Ca’doro Restaurant, Union-street, Glasgow. 
‘** Transport Finance,”’ by Mr. G. Alexander. 


InstitutE OF MeEtats.—®Scottish Local Section: 
Monday, December 14, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘‘ New Alloys in the Brass Foundry,” by 
Mr. J. Arnott. 


Royaw Instirution.—Tuesday, December 
p-m., Albemarle-street, W. 1.‘ Air Waves,”’ 
F. J. W. Whipple. 

INSTITUTION OF CIviL ENGINEERS.—-Tuesday, Decem- 
ber 15, 6 p.m., Great George-street, S.W.1. ‘“‘ The 
Improvement of the Port, of Valparaiso, and Extension 
of the Breakwater,” by Mr. W. F. Stanton. Wednesday, 
December 16, 6.30 p.m. Students’ Meeting. Vernon— 
Harcourt Lecture: ‘‘ The Mechanical Handling of Coal 
at Ports,” by Mr. N. G. Gedye. Manchester and District 
Association: Wednesday, December 16, 6.45 p.m., 
Manchester Literary and Philosophical Society, 36, 
George-street, Manchester. ‘‘ Recent Developments in 
the Application of Electric Arc Welding,” by Mr. E. P. 8. 
Gardner. Yorkshire Association: Thursday, December 
17, 7.30 p.m., Hotel Metropole, Leeds. Joint Meeting 
with Institution of Electrical Engineers, North Midland 
Centre. ‘ Railway - Signalling and Comrnunications,”’ 
by Mr. A. E. Tattersall. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, December 15, 7.15 p.m., Junior Institution 
of Engineers, 39, Victoria-street, S.W.1. ‘The Legal 
Position Governing Employment Conditions of Super- 
vising Engineers,” by Mr. C. Nyholm-Shawcross. 


15, 
by 


5.15 


Dr. 


oF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, December 15, 7.30 p.m., 39, 
Elmbank-crescent, Glasgow. “‘Slipways with Side- 
Slipping Arrangements,”’ by Mr. A. Henderson. 


INSTITUTION 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
December 15, 7.30 p.m., 198, West-street, Sheffield. 
“The Past, Present and Future of Heat-Resisting 
Alloys,” by Mr. J. F. Kayser. 

Society or Guiass TEecHNoLOGy.—Wednesday, De- 
cember 16, 2 p.m., The University, Leeds. General 
Discussion on “ The Inspection and Testing of Glass- 
ware, with Special Reference to Glass Containers.” 








Royat Mereorotogicat Socrery.—Wednesday, 
December 16, 5 p.m., 49, Cromwell-road, South Ken- 
sington, S.W.7. ‘“‘Some Examples of the Development 
of Depressions which Affect the Atlantic,” by Mr. W. C. 
Kaye and Mr. C. 8S. Durst. ‘ Rain-Gaugings near 
Belper and Duffield, Derbyshire.” ‘* Rainfall Reviewed : 
A Common Long-Average Period for Each Country of 
the British Isles,” by Mr. A. A. Barnes. “‘ Visibility 
with Saturated Air,” by Mr. W. H. Pick. 

Newcomen Socirety.—Wednesday, December 16, 
5.30 p.m., Prince Henry’s Room, 17, Fleet-street, E.C.4, 
“ Early Cloth Fulling and its Machinery,” by Mr. E, K. 
Scott. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section : Wednesday, December 16, 7 p.m., Grand 
Hotel, Birmingham. ‘“ Mechanical Aids for Collection 
of Production Data,’ by Mr. F. J. Nash. Glasgow 
Section: Thursday, December 17, 7.30 p.m., Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. “‘ Rate Fixing and Time Study,” 
by Mr. L. Clayton. 

INSTITUTION OF AUTOMOBILE 
Centre: Wednesday, December 16, 7.15 Hotel 
Metropole, Leeds. ‘‘ Transmission,” by Mr. L 
Pomeroy. 

Norts-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Thursday, December 17, 6 p.m., Mining 
Institute, Newcastle-on-Tyne. ‘The Super-Atmos- 
pheric Oil Engine,” by Mr. H. Hunter. 

Roya AERONAUTICAL SocreTy.—Thursday, December 
17, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘ Control Beyond the Stall,” by Dr. 
G. V. Lachmann. 


ENGINEERS,—Leeds 





NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 


Heavy Industries and Protection.—In a number of 
sections of the North-West iron and steel and allied 
industries there is growing alarm at the continued absence 
of any statement by the Government with reference to 
the application of the Abnormal Imports Act to the 
heavy industries. Prominent manufacturers report, as 
an evidence of the acute overseas competition with 
which they are faced that although the recent fall of the 
pound, in effect, affords protection to the extent of 
about 30 per cent. they are still unable to compete 
economically with Continental rivals who have the 
advantage of low wages and other reduced production 
costs. In the past few days, it is understood the Iron 
and Steel Wire Manufacturers’ Association has forwarded 
to the President of the Board of Trade a strong appeal 
for an emergency tariff in the interests of that branch of 
the industry. The president of the Association is Sir 
Peter Rylands, a prominent figure in the Warrington 
wire industry, and the districts most closely concerned 
are Warrington, Manchester, Tees-side, Birmingham, and 
Sheffield. 

The General Outlook.—In most sections, conditions are 
still difficult, and little hope is entertained of any material 
improvement until the turn of the year. In the foundry- 
iron branch there is evidence of increased activity, and 
textile machinists, light-casting manufacturers, and 
manufacturers of heavy electrical plant are all reported to 
have placed fairly substantial forward orders. Manufac- 
turers of railway plant and boilermakers and locomotive 
builders are, at the moment, awaiting with keen interest 
the announcement of 1932 constructional programmes 
by the leading railways, in the hope that useful orders 
will accrue. Textile-machinery manufacturers continue 
to face the future with optimism and, at Blackburn, 
Messrs. British Northrop Loom Company, Limited, 
manufacturers of automatic looms, are to introduce 
double-shift working in their machine and fitting depart- 
ments consequent upon the receipt of important orders 
in the past few weeks. 

Lancashire Industries. The announcement that 
Messrs. Furness, Withy and Company, Limited, have 
placed a 1,000,000/. order for a new luxury liner with 
Messrs. Vickers-Armstrongs Limited, is welcome news 
for the North-West iron and steel trades. The vessel is 
to be built at Barrow and will absorb large quantities of 
locally-manufactured steel. The ship will be turbo- 
electrically driven and the electrical machinery will be 
made by the General Electric Company Limited, of 
Birmingham. Following the campaign launched by Lord 
Derby to attract new industries to the Lancashire area, 
leading towns have taken prompt steps to advance their 
claims as suitable centres for the establishment of new 
factories, particularly those engaged in the lighter 
industries. In the past few days Bury, Blackpool, 
Northwich and Macclesfield have all made plans to bring 
to the notice of national and overseas manufacturers, 
the advantages of their own neighbourhoods. Messrs. 
The Chorlton Metal Company Limited, of Manchester, 
are shortly.to open a new factory at Harpurhey, near 
Manchester, for the manufacture of wireless equipment 
formerly made at their factory on the Continent. 








INSTITUTION OF MECHANICAL ENGINEERS: GRADUATES’ 
Srctions.—Prizes have been awarded by the Council of 
the Institution of Mechanical Engineers to the under- 
mentioned students and graduates, in respect of papers 
read before graduates’ sections of the Institution during 
the 1930-31 session: Mr. E, E, Griffiths, the author of 
“The Factors Influencing the Design of Normalising 
Furnaces’; Mr. W. L. Beeby, for his paper, ‘f Material 
Handling in a Mass-Production Factory”; Mr. C. H. 
Russell, the author of ‘‘ Modern Machine Tool”; and 
Mr. A, E. Hamblin, author of ‘‘ The Mass Production of 
Tin Containers.” 
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WATER-TUBE BOILERS AT HARROGATE POWER STATION. 
CONSTRUCTED BY MESSRS. YARROW AND COMPANY, LIMITED, ENGINEERS, SCOTSTOUN. 
(For Description, see Page 7490.) 
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Fic. 2. GEeneraL View OF. INSTALLATION. 








ENGINEERING, DecemsBer 11, 1931. 





MERCURY-JET COMMON 


(For Desi Page 74 


Fig. 


Fig. 15. . 





(2815.1) 



















































































(2875.m) 


*ENGINFERING" 


A-Curve 
18-00 Volt 
ledt-t- 1 








oe ee ee | 
ios Gal eel pel ea ee 


| 





ae 5 ee Se Bae foal eh SS 
| | ee 
tt L i 
| " | 
‘ t — . ahenol 
— ++ +_ + — = ry 
er a oe ] | ~~ 
= t 
+ t +-p—+— 
Se EE pe “ 
doneitbens +—+— - 


| 














ee a I 
oe ie ie 





x 
= 


‘ENGINEERING’ 














PLATE XXXIV. 








OMMMION DEVELOPMENTS. 


742.) 


” 
Page 
rage & 


For Desey 














(2815.1) 


8 
eres 
Ry x 


Fie. 23. 


Fia. 22. 


2h. 


Fig. 


Fig.30. 


i 
| 
! 
! 
a beet 
; / 
| 
i) } 
“sD / 
Qn 5 — 
y = 
- 
Me ae 
RS 
& 
~ 


| 
! 
' 
| 
! 
| 
| 
! 





a 
‘ 


—-— a 


| 
i 
' 
ly 
js 
~ 1 
\ 
\ 
\ 
\ 
Ve 


¥ 


4 
| 






























— 
=< 








“ENGINEERING” 


6 
& 
= 


4 - hopdaauy 





i aijapoy 








“ENGINE! 





Fitg.36. 





ROL 


S73 






































—{- 
7 


ile 

















12875 $) 


Fic. 35. 


Fig 34, 

















ENGINEERING. 





733 





DEC. II, 193I.] 





ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 





Journal an any other publications bearing 
somewhat similar titles. 
TELEGRAPHIO 


“ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 
(2 lines). 
SUBSCRIPTIONS, HOME AND FOREIGN. 

“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 





For the United Kingdom ...................0 5 0 
For Canada— 
Thin paper copies ....................0.. £2 18 6 
Thick paper copies.....................0 £3 3 0 
For all other places abroad :— 
Thin paper copies ...................... £3 3 0 
Thick paper copies....................... 7G 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of Publication. 


All accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 

















AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney : 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. TT. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia ; 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. W. H. 
Smith and Son, 78, Rue Dumarché-aux-Herbes. 





4, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 70, King Street East, Toronto, Ont. 
DENMARK, Copenhagen: Technical Press Bureau, Ourogade 34. 
EDINBURGH: John Menzies and Company, Limited, Rose-street. 
FRANCE, Paris: Ricour, Chevillet et Cie, 22, Rue de la Banque. 
GERMANY : Hermann J. Fromm, Prinzregentenstrasse, 89, Berlin, 
Wilmersdorf. 
GLascow: William Love, 221, Argyle-street. 
and Company, Limited, West Nile-street. 
HOLLAND: Henry F. Tiedeman, 44, Rozengracht, Amsterdam. 
Inp1A, Calcutta : Thacker, Spink and Company. 
Bombay: Thacker and Company, Limited. 
ITaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
and any post office. 
JAPAN, Tokio: Maruzen Company, Limited, and all branches. 
LIVERPOOL: Mrs. Taylor Landing Stages. 
MANCHESTER : John Heywood, Limited, 143, Deansgate. 


John Menzies 


CONTENTS. 


The Quadruple-Screw Turbo-Electric Liner 
** Monarch of Bermuda ”’ (Zllus.) 
Literature—Power and the Internal-Combustion 


Engine. Economic Control of Engineering and 
Manufacturing. Civil Engineering Design ........ 721 
Plant for Nile Delta Land-Reclamation Scheme 
ROEM Ne oes ces casesecccknces ced tacs edencgastcatccuss tae adacecaveseas 722 
Marine Oil Engine Trials (Z/lus.)..... Pal > 
Automatic Telephony at Bristol ............0.....0.... . 124 
The Design and Construction of the Sarda Canal.... 725 
The Welwyn Works of Messrs. Norton Grinding 
Wheel Company, Limited 2.0.0.0... 725 
Bi Doe ING os cecs es vcs sin vncc on canscersr eto oansevtsveceasdossts 726 


and 


Rectifiers 


Developments in Mercury-Arc 
Valves (Zllus.)......... a 

Da) RR ae ee eee ene ee ciel 
Contracts........ 
Tenders 
Books Received 
Notes from the North 
Notes from Cleveland and the Northern Counties 
Notes from South Yorkshire 
Notes from the South-West 
INGGICe OR RI GIN oe oo ieicss disses eenexctvacssteecd sees 
Notes from the North-West.....................::::cccsceeeee 
Progress and Recovery 

The Improvement of the Steam Reciprocating 








11 ae ae eeenee eer rate fe pes ae 
The Centenary Meeting of the British Association 734 
INGO 6592 caus ictsntiisetetetenis Piste nt 735 


Diesel Engines (Jilus.) ...... 
Motor Spirit from Coal  q...05...:.-c.c0ss0-.ecssscsseosase : 
40-ft. Boring and Turning Mill (Jllus.) .................... 
Developments in Power Station Design 
Boiler Plant at Harrogate Power Station (Illus.).... 
Letter to the Editor—Heat Transmission Rates 
Round a Tube in a Transverse Current of Fluid 
§.L.M. Portable Rotary Compressors (J/lus.) 
Mercury-Jet Commutation (Illus) ..........:0cc cece 
Steam Research in Europe and in America (Jllus.) 
Workshop Spectroscope for Steel Examination 
CRIA one ante ead, tas Secadar (eiodae sed stacnteueaneos : 
Colliery Explosives and Firedam 
The Newcomen Society 
CAREER NOR ooo cc ccs cocoa fac pceeans ances: : 
One Two-page Plate—MERCURY-JET COMMUTA- 
TION DEVELOPMENTS. 


740 
741 
742 
744 


746 
748 








DEATH. 

MARSHALL.—On December 6, 1931, at Penrith Gate, Duchy 
Road, Harrogate, James Thompson Marshall, dearly loved 
husband of Mary Jane Marshall. Interred at the Old Cemetery, 
Gainsborough on Thursday, December 10. 
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PROGRESS AND RECOVERY. 


Str Fetrx Poe on Thursday of last week levied 
the charge against mechanical engineers that be- 
tween 1848 and 1900, they sat still and made no 
progress. He further pursued his indictment by a 
reference to a special branch of engineering with 
which till recently, he was connected. It is true he 
was addressing members and guests at the Insti- 
tution of Mechanical Engineers, North-Western 
Branch, annual dinner, but even when due allow- 
ance is made for after dinner license, we do not 
believe anything of the kind really to be justified. 
Sir Felix fortified his statement by the fact that 
according to his view, the railways had, for all this 
period, worshipped and been satisfied with speeds 
of about 60 m.p.h., instead of progressing at the 
rate, say, of 10 m.p.h. every 10 years. 

At the rate of increase cited, trains ought to be 
by now running at something like 140 m.p.h., and 
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it is allowable to ask, if they are not doing so, how 
much Sir Felix himself did to remedy the existing 
state of affairs while he was in the position of 
General Manager of the Great Western Railway. 
Actually, as Sir Felix will know, the general managers 
of our systems have dictated the railways’ policies, 
and not the locomotive superintendents. It is the 
general managers’ demands for heavier trains and 
vastly heavier loads per passenger seat which have 


been steadily and successfully met through all 
these years by the mechanical department, and it 
seems to us a little ungracious, when so much has 
been done to put our third-class traffic in a position 
unparalleled in the world, for the mechanical 
engineer to be blamed for not following some totally 
different policy, when he had no choice one way or 
the other. 

Sir Felix, perhaps, now has some idea that 
electrification will make possible his increment of 
10 m.p.h. every ten years, but if he has, it may 
also be worth while to remind him that speed can 
only be purchased at a considerable price, and as 
he himself pointed out in his remarks, unremunera- 
tive prices cannot in the end benefit any industry. 
If the fact that, in the electrical industry, prices 
obtained now may be represented by an index 
figure of 44, as compared with 100 in 1920 (when, as 
a matter of fact, everything was at the highest 
level), is to be taken as showing that there is little 
or no profit left to the manufacturer, what could 
not the railways show in the way of losses if they 
were required to run their trains at the speeds 
suggested. If there is an economic limit in one 
case, there certainly is one in the other, for the 
railways, though trading in nothing.concrete like 
machinery, undoubtedly sell transport, and do this 
with a view to profit. And we venture to think that, 
whatever method be applied to them, the major 
obstacles against such speeds as Sir Felix Pole 
suggests will still remain, whether electrification 
or some yet undeveloped system to come upon the 
scene, be adopted. 

Apart from new inventions, which were not 
altogether lacking in the period quoted above, 
development followed as it always does, lines of 
very considerable expansion, until some limit is 
reached, and men cast about for some new method 
of attack. There is no reflection upon engineers 
in this. Our present efforts, proud as we may be of 
them, will possibly prove as insignificant in the eyes 
of historians as those of 80 or 50 years ago seem now 
to us. It is our wisdom that we try new things 
out by degrees, usually beginning on a small scale 
and working up to a large, and alj our achievements 
of to-day are founded upon the small beginnings of 
the past. It may well be that progress has been 
greatly accentuated in the past thirty years, but it 
is none the less the fact that it would probably not 
have come about had not the world been prepared 
for it by what had gone before. 

There is another side to the question of speed 
raised above, which demands attention. Apart 
from the commercial cost of providing it, to what 
extent isit inactual demand. On the whole, in this 
country we are well served. It is true that a 
certain amount more business might be done if 
particular points in this country could be brought 
nearer to each other, but this would only affect a 
portion of the whole. In the vast majority of 
cases the saving would have no value, either as 
conducing to additional business, or by increasing 
the benefits of leisure. Indeed, one of the diffi- 
culties in small countries in making a success of 
air services lies in this very fact. The margin of 
saving as compared with the slower railway is so 
small as to be of little or no use. Only when the 
distances are considerable, or the incidents of a 
land and sea journey especially uncomfortable, does 
aircraft offer attractions. 

We have possibly laid greater stress on one part 
of Sir Felix Pole’s remarks than he would like, and, 
in justice to the speaker, must carry his subject 
forward to his conclusion, which, in short, was that 
this country must put itself into the position to 
take the lead, and recover its industrial position 
by turning its attention to highly specialised pro- 
ducts. In view of this, research was essential, and 
profitable trade was necessary in order that there 
might be savings and capital for further enterprise. 
In driving his point home, Sir Felix said that he 
did not think, for instance, that Mr. Bennett had 
any intention of allowing many machines to enter 
Canada, arguing from this that special products 
would have a better chance than standard manufac- 
tures. While we thoroughly agree with the neces- 
sity of getting into and keeping in the front rank, 
we do not think that our field is necessarily to be 











quite so restricted as Sir Felix’s remarks might be 
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taken toimply. Does not Mr. Bennett really hold 
out to us a rather different prospect ? Even now our 
engineering products secure a very considerable pre- 
ference in the Canadian market, and we are sanguine 
enough to believe that we are on the threshold of 
something in the way of a new era in Empire affairs. 
It is quite possible that changes may not come all at 
once, but the spirit animating statesmen in various 
parts of our Empire to-day is markedly different 
from what it has been in the past, our own islands 
included. We are now brought together in cir- 
cumstances which are as novel to us all as they are 
unpalatable, and there seems to be in our Dominions 
a genuine feeling in favour of translating sentiment 
into something substantial. If such a movement 
gathers momentum, and we hope it will, we will un- 
doubtedly be given something material in return for 
our purchasers of Dominion products. No doubt bar- 
gaining and adjustment will be necessary, and there 
may well be disappointment in some directions, but 
we look for help in others, and it will be for our 
industrialists to adjust themselves to the develop- 
ments that will come. We believe that closer union 
is now placed upon a higher plane than it has been 
heretofore, and that what is best for all will now 
carry effective weight in circles which hitherto 
have been inainly self-centred. This is surely as it 
should be. That something more than a little cold- 
blooded business talk may be looked for, may surely 
be anticipated from the remarks made by Mr. 
Bennett last Friday on his return to the Dominion. 
General Smutts also landing at Capetown on Monday 
last, echoed the same sentiments, saying that a vista 
of new and more effective economic partnership 
between our Commonwealth of States was opening 
up, and that Ottawa would present an opportunity 
not to be missed. 

As we have introduced the subject of trade with 
Canada, we may mention that the announcement 
is made in the December Journal of the Institution 
of Mechanical Engineers, that the proposed visit 
next year to the Dominion will be timed to coincide 
with the National Exhibition at Toronto. While 
we have supported this special venture of the 
Institution mainly from the professional point of 
view, we also wish to encourage every possible 
chance of improving business intercourse. Some 
years ago we gave a first-hand account of this 
exhibition, and showed how full of interest it was 
even then to our manufacturers. On that occasion, 
two English firms were exhibiting for the first time. 
One had disposed of all their machines on show 
within a day or two of the opening of the exhibition, 
while the other had made satisfactory arrangements 
for manufacturing over there. Since that time the 
scope of the exhibition has been largely extended, 
and new buildings of large size have been provided 
for electrical and engineering exhibits. While it 
is true that much of the exhibition is devoted to 
subjects of little interest to engineers, since it 
embraces practically everything touching Canadian 
life, the engineering and manufacturing side is 
necessarily prominent in a country in which 
mechanisation and power consumption have reached 
an advanced stage. It seems to us, therefore, with 
such sentiments as are now in the air, British 
engineers and manufacturers will be well advised to 
sieze the opportunity which thus presents itself at so 
favourable a moment. 








THE IMPROVEMENT OF THE STEAM 
RECIPROCATING ENGINE. 


THE reciprocating steam engine suffers from the 
fact that it is commercially, and indeed technically, 
impracticable to utilise the toe of the diagram, and, 
as Sir Charles Parsons proved many years ago, 
considerable economies can be effected by supple- 
menting the reciprocator by an _ exhaust-steam 
turbine, either driving a propeller of its own or 
coupled up in some way to the same shaft as the 
main engines. Another method of utilising the 
toe of the diagram was described in a paper read 
on Thursday, October 22, before the Institute of 
Fuel, by Mr. Alrik Bjorklund. In this case the 
exhaust-steam turbine is coupled to an electric 
generator. Some 10 per cent. to 15 per cent. of the 
electric energy developed is utilised for running the 
auxiliaries, whilst the remainder is employed to 





re-heat the steam on its discharge from the high- 
pressure cylinder. From the thermodynamic 
standpoint this procedure seems open to criticism. 
Electric energy is essentially high-grade energy, 
and can be converted into mechanical energy with 
extremely little loss. Once, however, it is degene- 
rated into heat, only a small fraction is recoverable 
as mechanical energy. Mr. Bjorklund gives the 
temperature of re-heat as 208 deg. C. 

The low-pressure cylinder is said to exhaust to 
the turbine at about 4} lb. per square inch, so that 
the temperature of this exhaust steam cannot have 
been less than, say, 68 deg. C. The corresponding 
absolute temperatures are 481 deg. K. and 341 deg. 
K. respectively. Hence, from the purely thermo- 
dynamic standpoint, not more than rece = 
28-5 per cent. of the high-grade energy supplied 
could be expected back into mechanical work. 
It is, however, well known that in reciprocators, the 
gain dué to superheat is much higher than the theo- 
retical value, owing, it is generally believed, to lower 
condensation losses and less valve leakage. Hence 
the drawbacks to electrical reheating are mitigated 
very materially, but nevertheless it would seem that 
the efficiency of the plan described in Mr. Bjorklund’s 
paper must be very much less than that of the altern- 
ative arrangement in which the power developed by 
the steam turbine is applied directly to propulsion. 
In that case, had the exhaust turbine driven its 
own shaft, certainly more than 90 per cent. of the 
power it developed would have been converted into 
mechanical work, and were the turbine coupled 
by suitable gearing to the main screw shaft, the 
mechanical efficiency would be at least of the same 
order. According to the estimates given in Mr. 
Bjorklund’s paper, the cost of a 2,300-h.p. marine 
set equipped for: electric reheating would be some 
2,0001. more than the normal. 

One ship equipped in the way described by Mr. 
Bjorklund is in service and now on a long sea 
voyage. It has triple-expansion engines with 
cylinders 17} in., 28} in., and 45} in. diameter by 
31}-in. stroke, and it is capable of generating 
1,000 h.p. when running at 100 r.p.m. The current 
supplied for re-heating purposes is equivalent to 
168 kw., or say 220 h.p., and of this, as already 
pointed out, a somewhat large fraction is necessarily 
wasted, even when allowance is made for the reduc- 
tion in the parasitic losses. The live steam is 
supplied from two single-ended Scotch boilers, 10 
ft. 7 in. in diameter by 10 ft. 2 in. in length. The 
designed working pressure is 200 lb. per square inch. 
It is fitted with a superheater from which the 
steam is delivered at a temperature of 540 deg. F. 
Equipment for progressive feed heating in three 
stages is provided. 

The ship on which this installation has been fitted 
is about 2,800 tons deadweight, measuring 260 ft. 
between perpendiculars and 40 ft. 3 in. in breadth, 
the loaded draught being 17 ft. 6 in. The designed 
normal running speed is 9§ knots to 10 knots. On 
trial when fully loaded, a coal consumption of 
6-53 tons per day is claimed, the speed being 
9-56 knots. The estimated coal consumption per 
indicated horse-power is stated as being 0-94 lb. 
per hour, but it is not clear from the paper whether 
the output of the turbine is included in the aggregate 
indicated horse-power. In this trial the stop-valve 
pressure was 191 lb. per square inch, the corre- 
sponding steam temperature being 519 deg. F. 
In the intermediate superheater the steam pressure 
was 46 lb. per square inch (gauge), and the steam 
temperature on discharge, 423 deg. F. The coal 
used was the best Welsh. 

From the tabulated particulars given in the paper 
an estimate may be made of the minimum possible 
waste of the high-grade electric energy. Whilst 
this is materially less than is indicated by a direct 
application of Carnot’s theorem, it would still 
appear to be very substantial. In the trial the 
power generated is given as 648 h.p. The pressure 
at entrance to the intermediate superheater was 
60-7 lb. per square inch (absolute) and the steam 
temperature on discharge was 217-5deg.C. Before 
admission, the steam was very nearly in a dry but 
saturated condition. Taking the exhaust pressure 
as 4} lb. absolute, calculation shows that the 


the reheater is about 9 per cent. In practice, with 
reciprocating engines of moderate efficiency, the 
actual gain is about twice the theoretical, but the 
improvement is less with high-efficiency engines, 
Taking, however, 18 per cent. as the gain due 
to superheat and assuming that the high-pressure 
cylinder generates one-third the total power, the 
improvement effected by the reheating will corres- 
pond to 18 per cent. of 432 i.h.p., or, say, to 78 i.h.p. 
The kilowatts generated were 120-6, which is 
equivalent to about 162 electrical h.p., or, say, 
170 b.h.p. at the turbine shaft. Taking 12 per cent. 
of this as used for driving the auxiliaries, we get 
an expenditure of 150 h.p. in the electric reheater, 
of which only 78 h.p. is recovered as indicated 
horse-power. Much more than this would certainly 
be available for propulsion were the turbine coupled 
to the propeller shaft by any of the alternative 
methods now in service. 








THE CENTENARY MEETING OF 
THE BRITISH ASSOCIATION. 
(Continued from page 707). 

Tue Unir or Atomic WEIGHT. 
ANOTHER item of interest in the proceedings 
of Section A was the introduction to a discussion on 
“The Unit of Atomic Weight” by Dr. F. W. 
Aston, F.R.S. In this he said that the term atomic 
weight was merely an expression of the fact that 
elements combined with each other in fixed and 
definite proportions, adding that, owing to the 
outstanding accuracy of the balance among early 
scientific intruments of precision, it had _ been 
possible, over a century ago, to fix some of these 
ratios, more correctly called “‘ combining weights,” 
to within about 1 per cent. Fifty years’ work had 
pushed the accuracy 10 times as far, and as it 
advanced still farther and no serious variations 
appeared, it was not surprising that atomic weights 
were described as natural constants, and were gener- 
ally regarded as the weights of the atoms themselves. 
This idea was not seriously shaken until 1910, when 
advances in radioactivity and positive-ray analysis 
showed its foundation to be insecure. Some 10 
years later, the mass spectrograph showed it to be 
quite untenable, and chemists were then forced to 
make an important decision on nomenclature. 
It was necessary to decide whether the terms 
“element ’’ and atomic weight should be made to 
apply to the atoms themselves; in other words, 
should chlorine be said to consist of two elements 
of atomic weights 35 and 37, or should the old 
meaning of the terms be retained. As a member 
of the International Committee, Dr. Aston had 
been in favour of the latter alternative, and this 

had been ultimately agreed to. 

Since that time much research had been under- 
taken to find, on the one hand, if the atomic weights 
of complex elements varied with their origin and, 
on the other hand, to achieve the artificial separation 
of isotopes. The results, Dr. Aston added, had 
proved conclusively that, for all practical purposes, 
the variation in nature was negligible, and that 
although partial separation could be achieved by 
extremely laborious operations, the quantitative 
results were insignificant. The present unit of 
atomic weight, O = 16, which had been chosen on 
purely chemical grounds, gave a scale upon which 
many of the most frequently occurring elements 
were sufficiently close to whole numbers for all 
ordinary analysis calculations, so that from the 
purely chemical point of view the discovery that 
oxygen had isotopes was of little importance. 

The point of view of the physicist was, however, an 
entirely different one ; the physicist was interested 
in the weights of the atoms themselves. It was. 
however, only during the last 20 years that any 
comparison of the weights of individual atoms had 
been possible. The original parabola method of 
Sir J. J. Thomson was, by 1912, made capable of 
distinguishing atoms differing by 10 per cent. and 
of comparing their weights to within 1 per cent. 
This was sufficient to suggest that neon had isotopes 
20 and 22. The first mass spectrograph, of 1919, 
gave results accurate to within 1 in 1,000, and this 
instrument definitely proved the isotopic nature of 
neon, chlorine, and many other elements. and 
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measurements with this apparatus were always 
referred to the line 01% The second mass spectro- 
graph was built in 1925, and with this results could 
be obtained, in favourable cases, to within 1 in 
10,000. The percentage deviation of the weight of 
an atom from a whole number on the scale 01 = 16 
was expressed in parts per 10,000, and was called its 
packing fraction. 

During the last three years, a photometric 
method of calculating the relative abundance of 
isotopes from the intensity of their lines on the 
mass spectra had been used to determine the mean 
atomic weights of complex elements. In all, 
62 of the non-radioactive elements had now been 
examined for isotopes, and in addition to the 62 
species of atoms inferred to occur in these, 101 had 
been discovered by the mass spectrograph, eight 
by other methods of positive-ray analysis, and four 
by optical observations on band spectra, making 
a total of 175 atomic species in 62 elements. In 
1929, Giauque and Johnston announced that 
observations on oxygen band spectra indicated 
the presence of O!” and O, their quantitative 
relations to O!8 being of the order 10-*+ and 10-5, 
respectively. Naudé had concluded that the 
combined effect of the isotopes made a difference 
between the scale 0! = 16 and the chemical scale 
of 1-25 x 10-4, although Mecke gave the higher 
figure 2-2 x 10-4. In calculating chemical atomic 
weights from photometry of mass spectra, Dr. Aston 
said he had used the former figure. 

He remarked that the complexity of oxygen 
accentuated the fact that a unit founded on a 
chemical standard could never be really suitable 
for physics. We could never be quite certain that 
any element was absolutely simple, although it 
seemed highly probable that this was the case with 
hydrogen and helium. For physical measurement 
it was essential to take some definite atom as a 
standard. Of those proposed, the most hopeful 
were the proton, or the hydrogen atom ; the alpha 
particle, or the helium atom ; and the oxygen atom 
of mass number 16. The scale H = 1, although it 
would have the advantage of making all the packing 
fractions of the same sign, would be quite inadmis- 
sible, since it threw the masses of heavy atoms 
right off their proper mass numbers. The scale 
He = 4 avoided this defect, and was the only 
possible standard which appeared to offer the same 
chemical and physical scale, but the appearance 
could only rest on the unproved assumption that 
helium was a truly simple element. Helium could 
not be used as a practical chemical standard for 
obvious reasons. Its density was not easy to 
fix, and for mass-spectrograph purposes it was too 
near the low end of the scale. Dr. Aston questioned 
whether the advantages of adopting it would 
offset the alteration of all accepted atomic weights. 
He was, he concluded, in favour of retaining the 
present chemical scale unaltered. For the vast 
majority of his practical operations, the chemist 
merely required a list of numbers accepted inter- 
nationally which could be guaranteed to be within 
| part in 1,000 of the true atomic weights. For the 
more fundamental requirements of physics, the 
neutral atom of oxygen 16 appeared to be the best 
standard. The disadvantage that the two scales 
differed by one or two parts in 10,000, and that this 
difference would be continually subject to revision, 
he did not regard as very serious. The meaning 
underlying the chemical scale was so completely 
different from that underlying the physical one that 
confusion should easily be avoided by speaking of 
“the atomic weight of chlorine” in the one case, 
and of “the weight of the atom of chlorine 35” 
m the other. 


[HE CincULATION oF ELECTRICITY THROUGH THE 
ATMOSPHERE. 


An item of interest in the Department of Cosmical 
Physics, a subsection of Section A, was a paper bear- 
Ing the above title, read by Dr. F. J. W. Whipple, 
on Thursday, September 24. New information on 
this subject, he said, was now available at Kew 
Obser vatory in the continuous records of the current 
Which flows from the air to the ground during fine 
weather, The potential of the Kenelly-Heaviside 
layer in the upper atmosphere was of the order of 
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Heaviside layer was the same at all seasons. 
was, on the other hand, a well-marked diurnal 


G.M.T.; the potential of the Kenelly-Heaviside 
layer, he said, must vary in the same way. 

The fluctuations in the air-earth current at a 
place like Kew, where there was considerable 
atmospheric pollution, were governed, Dr. Whipple 
said, partly by the potential difference between the 
Kenelly-Heaviside layer and the ground, and 
partly by the resistance of the air. It was estimated 
that, in the summer, the resistance of a column of 
air one square centimetre in area, extending from the 
earth to the layer, varied between 2-2 « 1074 ohms 
at 2 hours G.M.T. and 3-3 x 1024ohms at 18 hours, 
whilst in winter the range was from 3-4 x 10% 
ohms at 5 hours, to 8-7 x 1074 ohms at 17 hours; 
the resistance increased steadily during the hours in 
which pollution was being produced. Although 
the estimated resistances were of the right order of 
magnitude, the ratios were of greater significance 
than the actual figures. The potential gradient 
depended upon the strength of the current and on the 
resistance of the air near the ground, so that the 
double oscillation of potential gradient in the course 
of the day was explained by the double oscillation 
in resistance ; the specific resistance of the air had 
minima in the early morning and in the afternoon. 
The difference between the types of variation of the 
total resistance of the atmosphere and of the specific 
resistance close to the ground was explained by the 
fact that in the hours during which the ground was 
being warmed, pollution diffused to considerable 
heights. 

The high potential of the Kenelly-Heaviside 
layer, Dr. Whipple said, was attributed to the action 
of thunderstorms, but he did not discuss the 
mechanism by which thunderstorms maintain the 
circulation of electricity. Referring to the diffi- 
culty in evaluating the magnitude of the air-earth 
current, he said the vertical current in the free 
atmosphere was regarded as a pure conduction 
current, positive and negative ions moving in 
opposite directions. At the surface of the ground 
only the positive current was effective, the negative 
current being counterbalanced, it was thought, 
by the transport of space-charge by eddy diffusion. 
In the concluding portion of the paper, the observa- 
tions available for testing this hypothesis were con- 
sidered, but the author laid stress on the need for 
further observations. 


(To be continued.) 


NOTES. 


THE TEMPERATURE OF ADJUSTMENT FOR 
GAUGES, &C. 
We have been informed by the Director of the 
National Physical Laboratory that from January 1 
next all measurements of engineers’ gauges, micro- 
meters, and similar objects, will, unless otherwise 
specially requested, be given at the temperature of 
68 deg. F., instead of at 62 deg. F., as hitherto. 
It will be remembered (see ENGINEERING, vol. 
exxvii, page 206 (1929), that a questionnaire was 
circulated by the British Standards Institution 
(formerly the British Engineering Standards Associa- 
tion) to Government Departments, technical insti- 
tutions, and the engineering industry generally, 
relating to a proposal submitted to the International 
Committee of Weights and Measures that a uniform 
temperature of 20 deg. C. (68 deg. F.) should be 
adopted as the norma] temperature of adjustment, 
for all industria] standards of length in both metric 
and English units. As a result of the replies re- 
ceived, the British delegate to the International 
Committee was authorised to inform the Committee 
that the British engineering industry would agree 
to the suggested change if international agreement 
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air-earth current was of about the same strength in| Physical Laboratory. It is pointed out that the 
the northern summer and the southern summer, it | change involves no alteration in the fundamental 
might be assumed that the potential of the Kenelly- | units of measurement, but only in the temperature 
There | at which work and gauges will be normally made to 


agree with those units. Moreover, the difference 


variation, the potential gradient over the oceans | and dimensions due to the change in the temperature 
being 15 per cent. below the mean at 5 hours| of adjustment is so small, amounting to only about 
G.M.T., and 20 per cent. above the mean at 19 hours | 0-00004 in. per inch for steel objects, that it is 


negligible in most engineering work. It may, 
however, be necessary to take it into consideration 
in certain classes of work, such as gauge work of 
exceptionally high precision. Since the change 
involves an increase in the temperature at which 
work or gauges must have the correct nominal 
dimensions, it follows that in those cases in which 
it may be necessary to re-adjust standard reference 
gauges to take account of it, the adjustment, as 
far as male gauges are concerned, can readily be 
made by slightly reducing their size. 
THE HyDROGENATION OF Coat. 

In a letter to The Times, published on August 11 
last, Sir H. McGowan, the chairman of Messrs. Im- 
perial Chemical Industries Ltd., announced that such 
improvements had been made at Billingham in the 
hydrogenation of coal that 60 per cent. could be con- 
verted into petrol and that at present-day prices the 
operation would show a small profit. This state- 
ment was challenged forthwith by Sir Richard 
Redmayne, on the ground that nothing like as good 
results had been achieved in Germany. The original 
statement was, however, confirmed, in the absence 
of his chief, by the secretary of the Company, and 
further particulars have since been given in a paper 
read at Newcastle, before the North of England 
Institute of Mining and Mechanical Engineers, 
by Dr. A. Crawford. The plant referred to by 
Sir H. McGowan has been installed in the synthetic 
ammonia and nitrate works at Billingham-on-Tees. 
The raw coal is crushed and mixed with a pasting 
oil, this pasting oil being itself produced in the hydro- 
genation process. The mixture is fed to a converter 
where the hydrogenation is effected by a continuous 
stream of hydrogen supplied at the requisite tempera- 
ture and pressure. The oils produced are carried 
forward by the stream of hydrogen, leaving in the 
converter a sludge of heavy oil, non-liquefiable 
organic matter, and coal ash. This sludge is for- 
warded to an extraction plant where the solid matter 
is recovered and used as fuel in the process. The 
pasting oil, already referred to, consists of the oil 
extracted from the sludge with the addition of a 
further supply of oil from the first still. The oils 
carried forward by the hydrogen are distilled to 
recover the crude petrol, whilst the middle oil is 
passed on to a second converter, where further hydro- 
genation takes place in the presence of appropriate 
catalysts. The liquid products from this operation 
are distilled, the heavy fractions being returned 
with the middle oil. The whole of the crude 
petrol recovered is refined and passed to the storage 


tanks. The hydrogen from the converters is oil- 
scrubbed under pressure, and is_ recirculated. 


The hydro-carbons scrubbed out are passed on to 
a separate plant, and by treatment with steam are 
used to supply the ‘‘ make-up” hydrogen, any 
deficit being met by introducing water gas. After 
purification, the hydrogen is compressed to 250 
atmospheres for use in the converters. The yields 
are said to be as follows: One hundred tons of 
dry ash-free coal give 62 tons of petrol, 28 tons of 
gas, and 6 tons of solid carbonaceous residue. The 
gas is used for making the hydrogen and the solid 
residue for firing the boilers. For each ton of coal 
hydrogenated another ton is required for steam rais- 
ing, hydrogen making, power generation, and for 
supplying the producer gas used in the process. 
The overall consumption per ton of petrol produced 
is therefore 3-15 tons of dry ash-free coal, or say, 
3-65 tons of raw coal containing 7-7 per cent. 
moisture and 6 per cent. of ash. The overall thermal 
efficiency is 43 per cent. Working on a large scale 
petrol can, it is claimed, be produced at a cost, 
including obsolescence of plant, at 7d. per gallon, 
of which 2d. represents the cost of the coal used. 








were obtained. At the meeting of the International 
Committee in April last, the proposal was unani- 
mously adopted, and it is in consequence of this 





3 x 108 volts, and since, over the oceans, the 


of gauges, &c., is being made at the National 


British STANDARDS INSTITUTION. 
For the second time in its history our national 


that the change in the temperature of adjustment | standardising body has found it necessary to change 


its name, the alteration, in each case, having been 
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brought about by the widening of its scope and 
activities. Formed in 1901, in a modest way, as 
the Engineering Standards Committee by the 
Institutions of Civil, Mechanica] and Electrical 
Engineers, the Institution of Naval Architects and 
the Iron and Stee] Institute, the Committee was 
eventually renamed the British Engineering Stan- 
dards Association, and was incorporated in 1918. 
During recent years the Association has prepared 
British Standard Specifications and _ established 
Standards, not only for use in the engineering field, 
but also for a growing range of materials in the 
building, chemica] and textile industries. The need 
for regularising this extension of the origina] func- 
tions of the Association has been under consideration 
from time to time, and became imperative when the 
chemical industry, as a result of a fully representa- 
tive conference convened by the Association of 
British Chemical Manufacturers, invited the Asso- 


with in a manner which takes into account all rele-| could be recognised in the combustion of the 
vant factors, that is to say, they shall be tested under | Diesel engine charge. There was first a delay 
properly controlled and reproducible conditions, | period, then a rapid rise of pressure when ignition 
on a full scale and while performing the functions | occurred, and this was followed by a third period 
which they would be called upon to fulfil in actual | in which the fuel burnt as fast as it entered the 
practice. This full-scale testing entails, of course, | cylinder. It was important to reduce the duration 
the provision of special furnaces and loading devices, | of stages 1 and 2 to a minimum and to prolong 
and a trained staff. In these circumstances, the | proportionately stage 3, as in this stage, pressures 
Department invites those firms who are interested | and temperatures were under the contro] of the 
in the provision of these facilities in a central and | designer. The delay period could be shortened by 
authoritative testing laboratory, and who are pre-| higher compression with a resultant higher air 
pared to bear a share of the financial support neces-| temperature, but, with the consequent greater 
sary for the establishment of such facilities, to | density of the air, the even distribution of the charge 
attend a conference to discuss how best to attain| became more difficult. Moreover, the high maxi- 
the desired end. The only implication which | mum pressures thus obtained were not under control 
attendance would be taken to convey would be that | and might lead to ‘‘ Diesel knock.” The rate of 
the firms represented were willing to consider the| the rise of pressure in the second period depended 
question of financial co-operation in some form. Such} on the turbulence, and this kept pace with any 
firms as may be interested in the proposal are asked | increase in the engine speed. In the third stage, 

















of the Association should be more in conformity 
with the wideness of its scope. Furthermore, at 

the Imperial Conference, held in October, 1930, the 
desire was expressed that there should be a single 
centralised national standardising body in each of 
the countries constituting the British Empire. It 

has, therefore, been decided to reorganise the work 
of the Association into four main divisions of equal 
standing, responsible for the preparation of British | 
Standard Specifications in the engineering, chemical, 

building and textile industries, each of the divisions 
being under the contro] of a representative divisional 
council. After securing the approval of the mem- 
bers, the Council of the Association applied for, 
and has been granted a Supplemental Royal 
Charter, authorising these changes. In future, the 
name of the Association will be the British Standards 
Institution, and its activities will be under the 
control of a General Council, which will have 
under it the four divisional councils. The work of | 
the engineering division will, as before, be delegated 
to committees dealing with the main branches of 
the engineering industry, and will, of course, for 
a time, represent the larger portion of the Institu- | 
tion’s activities. It is interesting to note that, | 
at the present time, there are 600 committees at 

work, and that over 400 specifications have been | 
published. The change in the name of the Associa- 

tion has been shown to be necessary, but some will | 
doubtless feel regret that the initials, and_ the | 
coined word, BESA, which they form, have now | 
officially passed away. However, the new abbrevia- | 
tion B.S.I. within a short time will probably be | 
invested with all the meaning and force hitherto | 
held by the letters it has replaced. | 







































STANDARD TESTS FOR FIRE RESISTANCE. | 
We understand that many requests for fire tests on | 
building materials have been made to the Building | 
Research Station of the Department of Scientific | 
and Industrial Research in recent years. It has not | 
been possible to meet these requests because a sound | 
basis for fire testing had not been enunciated, and 
because the necessary technique had not been 
developed at the Station. In addition, the necessary 
testing facilities were not available either at the 
Station orelsewhere. As a result of the work of the 
representative British Standards Institution Com- 
mittee, however, the position recently has been 
materially altered. The committee was appointed 
about two years ago to draw up standard definitions 
for such terms as fire-resisting, and incombustible, 
as related to building practice, and to define standard 
methods of tests. ‘the findings of the committee 
are embodied in the ‘ Draft Tentative British 
Standard Definitions and Methods of Test for Fire 
Resistance, Incombustibility and Inflammability of 
Building Materials and Structures,” and it appears 
that the tests enumerated provide a means of evalu- 
ating building materials and structures in respect of 
the fire risks involved by their employment in 
practice. Perhaps the most important of the test 
methods which have been defined is that for the 
fire-resistance of ‘elements of structure,” e.g., 





roofs, floors, partitions, doors, windows, columns, 






** elements of structure ’’ when tested shall be dealt 


On Monday, November 30, Mr. H. R. Ricardo, 





F.R.S., delivered the second lecture of his course 
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on the above subject, at the Royal Society of Arts. 

He said that during its first 30 years the Diesel 
engine had changed little, merely increasing in size 
and a little in speed. Engineers had, in fact, been 
dominated by the view that the combustion period 
was inherently so prolonged as to make high speeds 
impracticable. The disproof of this belief was due to 
the Royal Aircraft Establishment, which succeeded 
in running an experimental Diesel engine at piston 
speeds of over 2,000 ft. per minute, which was more 
than twice the then recognised limit. The efficiency 
at this speed was equal to the highest previously 
recorded with either large or small Diesel engines. 
Characteristically, these results at Farnborough 
were ignored by British makers, but their signifi- 
cance was instantly appreciated by Continental 
engineers, who began forthwith to develop high- 
speed Diesel engines. Their work, at last, attracted 
the attention of English petrol-engine builders, who 
brought to the problem of the high-speed Diesel 
engine, unrivalled skill in design and a perfection 


beams, &c. The British standards require that these | of workmanship and materials. 


As pointed out in the previous lecture, three stages 


ciation to widen its scope to include chemical|to communicate with the Director of Building|in which the fuel burnt as it entered the cylinder, 
standardisation generally. The building industry | Research, Department of Scientific and Industrial 
also desired a substantia] extension of standardisa-| Research, Building Research Station, Garston, 
tion within that industry, and urged that the title | Watford, Herts. 


the time taken was proportional to the speed, and 
was, moreover, under the control of the designer. 
The effect of supercharging was shown in Fig. 7; 
with supercharging the delay period was reduced 
and the third stage prolonged. 

Road work, where the internal-combustion engine 
was already supreme, offered a vast field for the 
high-speed Diesel engine, but the conditions were 
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Fig.7/. INDICATOR DIAGRAMS AT THREE DIFFERENT 
RATES OF SWIRL. SPEED I300R.PM. 
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trying. An omnibus engine worked 15 hours a day, 


and was run by any or every driver who, in general, 

knew nothing about the engine. 
Three different plans were in vogue for securing 

good combustion conditions in a high-speed Diesel 


jengine. In the Farnborough experiments already 
ireferred to, the Vickers system was used. This 


was illustrated diagrammatically in Fig. 8. The 
oil, under a pressure of 8,000 Ib. to 10,000 Ib. per 
square inch, was forced through a series of fine 
jets into a hemispherical compression space. The 
drawback to this system was the fineness of the 
holes, which even in the case of 5-in. cylinders were 
only 8 mils. in diameter. They were thus difficult to 
dril] and liable to choke, and, if choked, were exceed- 
ingly difficult to clear. The high oil pressure, more- 
over, promoted erosion and increased the liability 
to oil leakage. The power output and efficiency 
'were high, and the engine compact and durable, 
| whilst the running was fairly smooth, but adjust- 
| ment was required if the speed varied. The plan 
seemed best suited to large low-speed engines. 
Another plan was represented in Fig. 9. Here 
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a pre-combustion chamber was provided, into which 
the charge was injected. As it took fire, the pres- 
sure developed forced the charge out through the 
small holes shown, into the main combustion 
chamber, where the combustion was completed. 

Excellent distribution of the charge was secured. 
In this instance, stages 1 and 2 were confined to 
the pre-combustion chamber, and stage 3 to the 
main cylinder. Large fuel orifices were possible, 
and the oil pressure needed was moderate, so that 
the engine was free from troubles due to the spring 
of the piping and the elasticity of the oil itself. 
On the other hand, the air had to force its way at a 
high velocity into the combustion chamber through 
small ports. This involved a high compression 
ratio and heavy losses of heat during the passage 
to or from the pre-combustion chamber. The loss 
might, in fact, amount to 15 per cent. or 20 per cent., 
with a corresponding reduction in output and 
efficiency. The engine was difficult to start from 
the cold, but its simplicity and good mechanical 
characteristics made it very suitable for certain 
conditions. 

A third method of reducing the time of combustion 
was to set the air in rotation, and to project the fuel 
across the air current. This method was illustrated 
in Fig. 10. The air entered the cylinder through 
tangential ports and thus acquired a rotation. It 


7. 








35 


Brake EP. 


Lb. per B.H.P. Hour 


24 6 8 0 12 
“ ., AirRPM. 
Intensity of Swirl Cronk RPM 
(3038.F.) “ENGINEERING” 


Fig.13. iGHLY SUPERCHARGED ENGINE 
INDICATOR DIAGRAMS J AT VARIOUS INTAKE PRESSURES 


Lb. per Sq. Inch 





nro 80 40 


320 240 
Crankshaft Degrees “SNGINEERING” 


0 
TD.C. 
(3038.G.) 


was then compressed into a chamber of about 
one-half the cylinder diameter, and maintaining 
its moment of momentum, its speed of rotation 
was increased as it entered this chamber. The 
fuel jet was located at one side of the chamber 
and the air, as it swirled round past the jet, con- 
tinually supplied it with fresh oxygen. The air 
current, moreover, pulverised the jet very effectively. 
The injection pressure required was low, and only 
a single vent was required for the oil. A simple 
non-return valve was all that was required between 
the vent pipe and the oil-supply pipe. The engine 
speed was not limited, since the speed of the rotating 
air increased at the same rate as the engine speed. 
A disadvantage was that the rotating air lost heat 
to the cylinder wall, and the engine was not readily 
started from the cold. This drawback could, how- 
ever, be overcome by fitting to the air entry ports, 
vanes which, at starting, were set so as to cause 
the air toenter the cylinder radially, instead of 
tangentially. The output per unit of cylinder 
volume was very high, and the efficiencies attained 
were the highest yet recorded. 





The speed of the air in the swirl chamber had 
been measured by an anemometer, the engine 
being motored round. Owing to the high density 
of the air, the torque on the anemometer was sur- 
prisingly high. Some diagrams obtained with 
different rates of swirl were reproduced in Fig. 11, 
whilst Fig. 12 showed how, the horse-power and 
consumption varied with the rate of the swirl, by 
which was meant the ratio of the rotation of the 
air to the rotation of the crankshaft. 

Other methods, the lecturer continued, had been 
devised for putting the air into rotation. In 
one case, a very large inlet valve of the poppet 
type was used, the passage through which was 
shielded on one side. By this arrangement, the air 
entered the cylinder more or Jess tangentially and 
a swirl was set up. In another variant, a spherical 
injection chamber was provided. Through a port 
leading into this chamber tangentially, the air was 
compressed during the back stroke of the engine 
piston. A swirl was thus secured in the spherical 
injection chamber. Still another variant was 
embodied in the Lister engine and in the A.E.C. 
engine. One of the latter had developed 130 b.h.p. 
for a total weight of 1,400 lb., which was equivalent 
to about 11 lb. per horse-power. 

The speeds of Diesel engines appeared to have 
nearly reached their limit, as fixed by the permissible 
load on the bearings and the inertia of the valve 
mechanism. By supercharging, however, a greater 
output could be obtained without increasing the 
dynamic loadings. With petro] engines, very high 
supercharges were practicable, and the conse- 
quent increases in output were represented in 
Fig. 13. This, however, required correction for 
the power absorbed by the compressor. It was 
not practicable to supercharge Diesel engines to 
anything like the same extent. Supercharging 
reduced the expansion ratio, and the delay stage of 
combustion, whilst prolonging the third stage 
where pressures were under contro]. The lecturer 
questioned whether it would pay to adopt super- 
charging for small individual engines, but where a 
group could be supplied from a single compressor, 
supercharging would provide a convenient means 
of taking overloads. In marine practice, with 
engines of large size, turbine compressors had proved 
successful, but the experiments made with them 
during the war for aero engines, both in France and 
at home, had proved unsatisfactory, and geared 
compressors were ultimately resorted to. 

Small Diesel engines were almost always of the 
four-cycle type. The two-cycle system had, at 
first sight, the advantage of simplicity, but whilst 
for certain services it was decidedly popular, this 
simplicity was offset by the fact that no one 
operation was adequately effected. The piston was 
not a satisfactory valve, nor the crank chamber 
a satisfactory pump. To give full satisfaction as 
a valve, the piston should be out of phase with the 
crank, and it could not contro] well two sets of 
ports. In various ways these drawbacks could be 
surmounted, but with them vanished the simplicity 
of the engine, which, however, might have advant- 
ages in aero service. A separate scavenging pump 
would be beneficial, but the pressure required, 
of some 4 lb. per square inch, was too high for a 
simple fan and too low for a piston compressor. 








MOTOR SPIRIT FROM COAL. 


Amonc the products derivable from the low-tempera- 
ture carbonisation of coal in externally-heated retorts 
by methods at present in use is motor spirit. Some 
of it is contained in the tar, and can be recovered by 
distillation, and the rest is carried by the gas, and can 
be recovered by the use of a suitable solid adsorbent, or 
by oil washing in the same way as benzol is recovered 
from coke-oven or town gas. The yield of spirit so 
obtainable is of the order of two to four gallons per ton 
of coal, and, of course, is not comparable with the 
quantities that may be obtained in the future should it 
be found economically practicable ordesirable to produce 
motor spirit by cracking some or all of the tar, or 
hydrogenating it in the presence of catalysts. Never- 
theless, the amount is appreciable in itself, and, in addi- 
tion, the product has properties of its own, including 
a high anti-knock value, which seem likely to give it 


reasons low-temperature carbonisation in externally- 





large scale. 


some technical and economic importance, if for other | 


heated retorts is developed commercially on a sufficiently | 


For some time past, the products of such processes 
have been under investigation at the Fuel Research 
Station of the Department of Scientific and Industrial 
Research, and a report has now been published,* which 
gives particulars both of the methods of recovery and 
refining that have been adopted, and of the results of 
engine trials on the spirits obtained. 

Most of the observations were made on spirits 
obtained from the station’s semi-continuous vertical 
retort, consisting of two commercial-sized units heated 
externally to 625 deg. C., and capable of carbonising 
from three to four tons of coal a day. Tlie gas 
leaving the exhauster was pumped through a connecting 
pipe, which served as an additional condenser for 
removing tar vapours, to the inlet of a scrubber, con- 
sisting of a vertical tower with bubbler sections, down 
which petroleum gas oil was passed. By appropriate 
measures of steam distillation the spirit scrubbed out 
of the gas, and any taken up by the wash oil, were 
recovered as crude gas spirit, which was then washed 
with suitable reagents, and finally refined by distilla- 
tion in a fractionating still, undergoing further chemical 
treatment if necessary. Similar methods, differing 
only in apparatus and chemical details, were used for 
obtaining the washed tar spirit, which was then finally 
distilled, together with the gas spirit. The composition 
of the spirit, and the proportions recovered from the 
gas and from the tar, respectively varied both with the 
method of operating the retort and with the class of 
coal carbonised. Special observations in regard to 
the effect of the temperature of carbonisation were 
made on the spirits obtained from one class of coal in 
the station’s horizontal intermittent type externally- 
heated retort. 

The results obtained showed that the temperature 
of carbonisation had a very marked effect, both on 
the yield of each type of spirit and on its composition. 
The yield, for example, with a temperature of carbonisa- 
tion of 450 deg. C. (it is not quite clear whether this 
temperature was that of the inside or of the outside of 
the retort) gave something under 6 lb. of gas spirit 
per ton of coal, which rose continuously to about 15 lb. at 
600 deg. C. and fell to about 13 lb. at 700 deg. C. Of 
the tar spirit, on the other hand, over 14 Ib. per ton 
was obtained at 450 deg. C., and a maximum of nearly 
22 Ib. at 500 deg. C., from which temperature the yield 
fell off till, at 700 deg. C., it was only 6 lb. Slight 
variations were also found between the composition of 
these spirits. The influence of the class of coal carbon- 
ised on the nature and yield of spirit recovered was 
indicated by a series of experiments, carried out with 
the vertical retort, on five coals of very widely different 
properties, carbonised at an external temperature not 
exceeding 625 deg. C. With every coal, the yield per ton 
of coal of spirit recovered from the gas was much larger 
than of that recovered from the tar, the amount of the 
former being from 50 per cent. to 150 per cent. greater, 
and considerable differences were also found in their 
chemical compositions. No connection, however, could 
be made out between the nature of the coal and the 
yield and composition of the spirit. An experiment 
on the extent to which spirits of this kind were soluble 
in alcohol, and could, therefore, be blended with it in 
order to increase its volatility, showed that the gas 
spirit was somewhat more soluble in alcohol than the 
tar spirit, and a blend of the two slightly more soluble 
still. In each case, the solubility decreased rapidly with 
the concentration of the alcohol, being, at temperatures 
of 0 deg. C. and — 10 deg. C., only about a third as 
great in 90 per cent. as in 95 per cent. alcohol. 

An interesting part of the report records a series of 
tests on engine performance carried out by Mr. R. Cook, 
M.Sc. Each series of these tests was carried out 
separately with both gas and tar spirit, and with B.P. 
No. 1 petrol as a control. The object of the first 
series was to learn the behaviour of these fuels when 
used in the engine of an average motor car, while the 
second series, in which spirits derived from two different 
coals were used, were made on the station variable- 
compression Ricardo engine, in order to ascertain 
whether the spirit had any notable value as an anti- 
detonant. The first series was carried out on a four- 
cylinder Dorman engine, type 4 M.R., of 80-mm. bore 
and 130-mm. stroke, with a compression ratio of 4-5 
to 1. In one set of these tests, the speed was varied 
from 800 r.p.m. to 2,400 r.p.m., the mixture strength 
and spark advance at each speed being set to the 
values that gave maximum power, and in another 
series, with constant throttle openings giving full, 
three-quarter, half, and quarter load, respectively, at 
1,200 r.p.m., 1,500 r.p.m., and 1,800 r.p.m., the spark 
advance was adjusted to its optimum value for each 
variation in mixture strength. Observations were also 
made of ease of starting with constant throttle opening, 
flexibility, detonation, and general running and condi- 
tion. Detonation was absent in all instances, and in 
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each case the maximum power was the same with each 
spirit and with petrol. The standard petrol was of a 
slightly lower specific gravity and more readily volatile 
than the gas spirit, and very much more so than the tar 
spirit. 

In the engine, the tar spirit was found difficult 
to start, while the gas spirit was very easy. In flexi- 
bility the gas spirit was good, and so, with a warm 
engine, was the tar spirit. Im economy the tar spirit 


was equal to petrol, while the gas spirit was slightly | 


better, and the range of mixture strengths that gave 
smooth running was rather less than with petrol for 
the tar spirit and rather more for the gas spirit. Ex- 
periments made with a blend of two parts of gas spirit 
to one of tar spirit gave properties similar to those of 
the comparison petrol, except that it was not found 


possible in any circumstances to make the engine | 


* pink,” which, presumably (though the fact is not 
stated), was possible with petrol. 
The experiments w’th the variable-compression engine 


showed that either spirit could be used under a much | 


higher compression ratio than the standard petrol 


without excessive pinking or knocking. The spirits | 


derived from two different coals gave highest useful 
compression ratios of 7-10 to 1-0 for gas spirit and 
7-14 to 1-0 for tar spirit from the one coal, as against 
7-45 to 1 and 7-24 to 1 for the gas and tar spirits of 
the other coal, and 5-70 to 1 for petrol. In tests on a 


range of blends of fuel, the constituents of which, viz., | 
benzole and n-heptane, possessed high and low anti- | 


knock values in different proportions, this works out in 
round figures at an equivalent of 3 to 2 for petrol, as 
against an equivalent of 3 to 1 for the best of the spirits, 
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40-FT. BORING AND TURNING 
MILL. 


IN engineering works where the products handled 
are of a general nature, the necessity may occasionally 
arise for machining work of quite exceptional size. If 
specially large machines are installed to meet such a 
contingency, they may only be brought into use once 
or twice a year, and therefore represent a serious 
overhead charge. In recent times, certain makers of 
machine tools have endeavoured to meet this difficulty 

by offering tools which, while being constructed to 
| handle very large work, can also be economically 
employed on pieces of moderate size. A boring and 
turning mill of this type was described in ENGINEERING, 
| vol. exxviii, page 567 (1929), the makers being Messrs. 
| Etablissements Charles Berthiez, 44, Rue Lafayette, 
| Paris Xe. This machine was suitable for turning work 
| 
| 





/up to 23 ft. in diameter, as normally arranged, but the 
bed could be extended to handle work up to 30 ft. in 
diameter. A boring and turning mill on somewhat 
| similar lines, which has just been completed by Messrs. 
| Berthiez for a firm of turbine manufacturers in France, 
| is shown in Figs. 1 to 3 on,this and the opposite pages. 
|The machine illustrated is stated to be the largest of 
|its type in the world, and is designed to turn work 
up to 40 ft. in diameter. 

As will be clear from Figs. 1 and 2, the mill is of the 
single-upright type, and apart from its massive con- 
| struction, its outstanding feature is the provision of 
| two concentric tables, which can be traversed along the 


bed in a direction parallel with the overhanging arm. | 


|The machine is shown in the figures erected in the 


MACHINE ERECTED IN MAKER’S WorRKS. 





diameter. Work up toa height of 12 ft. can be admitted 
with the arm in its highest position. 

In view of the developments which have recently 
|taken place in tool steels, and particularly the intro- 
| duction of Widia and similar steels, the cutting speeds 
| at which machine tools can be operated has become of 
| primary importance. It may be said, in general, that 
few machines of exceptionally large size have been 
designed with a view to the advantageous employment 
| of such steels. The mill illustrated, however, is arranged 
| for a cutting speed up to 500 ft. per minute on cither 
table, the maximum speed of the outer table being 
|8 r.p.m., and of the inner table 13 r.p.m. These 
speeds are particularly noteworthy when it is realised 
that the work may weigh up to 100 tons, and that the 
weight of the table itself is 20 tons. It will be appre- 
ciated that with such a heavy table, care had to be 
|taken to guard against excessive friction losses on the 
|guides. The latter have been carefully proportioned 
|as to diameter, and consist of two Vee-type and two 
|flat guides. The wear between the different guides, 
| which varies according to the circumferential speed, is 

stated to be automatically compensated. The actual 
| power required for the table drive does not exceed 
| 65 brake horse-power with the heaviest cuts for which 
| the mill is designed. 

| There are two separate lubricating systems, one tor 
| the table and its accessory parts, and the other for the 
rest of the machine. The motor-driven pump for lubri- 
| cating the table bearings is shown in Fig. 3. It contains 
few elements, each of which can be adjusted indepen- 
dently, together with a filter. The connections to the 
| motor are made by contacts on the main table, so that 


and shows, therefore, that the spirits should be valuable maker’s works, but when finally erected, the bed is|the lubricator automatically starts up when. table 


either for using by themselves at a higher compression 
ratio, and therefore greater economy, or for blending 
with other fuels of lower anti-knock value. 

Prolonged series of experiments were also made to 
determine the extent to which these spirits deteriorated 
in storage. The results showed the existence of such 
deterioration, though apparently not of serious extent, 
and the decrease in the highest useful compression ratio 
left the spirit still very greatly superior in anti-knock 
value to petrol. 


| the overhang of the tools is reduced. 


| 


sunk until the upper surface is flush with the floor. 
| When the mill is employed on work of moderate 
| size, the table is moved into its inner position, and the 
| protruding portion of the bed being then covered by 
| removable plating, constitutes, in effect, an extension 
| of the floor area, the arrangement thus resulting in a 
valuable economy of space. A further advantage 
of the movable table is that, when in its inner position, 
The outer table 


is 20 ft. in diameter, and the inner table is 13 ft. in | 





| rotation commences. The oil is fed to the guides and 
| bearings at a pressure of 750 Ib. per square inch. A 
somewhat similar electrically-driven pump is provided 
‘for the other important bearings on the machine, this 
pump having 20 elements. Such parts of the mill as 
| do not require pressure lubrication are fed by oilers 
|of the normal type, grouped to ensure that none ol 
| them is overlooked. ; 

The main driving motor, shown to the right in 
Fig. 1, is of 65 brake horse-power and the drive 1s 
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with economisers and air 
heaters, so as to reduce 
the building costs per unit 
of capacity installed. The 
tendency, therefore, was 
to employ one boiler per 
generating unit, and it had 
even been suggested that 
both boilers and turbines 
should be placed out of 
doors or in a common build- 
ing. The first alternative 
was, however, most un- 
desirable, and the advan- 


PMLIN ELAINE 





Fig. 2. TABLE IN INNER POSITION. 


transmitted through a three-speed gear-box. The motor 
for raising and lowering the arm is mounted on the 
top of the column, as shown in Fig. 2, and is of the 
reversible type. It is of 20 h.p. A reversible motor, 
of 10 brake horse-power, is also employed for the table 
displacement, and is contained with the necessary 
reduction gear in the casing visible in the foreground 
in Fig. 2. There is a further 10 h.p. motor for the 
quick power feeds, while the two pump motors are 
each of 3-h.p. All the motors can be operated from 
the main control station, and also from the various 
operating positions. An ammeter and a speedometer 


are provided on the control board, which enable the | 


operator to see at a glance that the machine is working 
normally. The mill is guaranteed to turn out work up 
to 30 ft. in diameter within an accuracy of 0-0005-in. 
per 40 in. of diameter, and to bore a cylinder 33 ft. 
in diameter by 5 ft. high within an accuracy of 
0-0002-in., these limits obtaining when the tool holder 
is at the outermost position on the arm. In Fig. 1, a 
48-in. Berthiez mill has been placed on the table of the 


large machine to contrast the sizes. In conclusion, it 


may be mentioned that the total weight of the machine 
is 207 tons. 








DEVELOPMENTS IN POWER 
STATION DESIGN. 

Ix the Presidential Address which he delivered to 
the Junior Institution of Engineers on Friday, December 
4, Dr. S. L. Pearce dealt, inter alia, with the factors 
influencing the design and operation of power stations. 
During the last twenty years, he said, the lay-out and 
efficiency of these stations had undergone an immense 
change and improvement as the result of endeavours 
to reduce the cost of electricity and to cope with the 
rapid increase in demand. The methods employed 
to attain these ends varied between extremely wide 
limits, and of no aspect of the problem was this more 
true than in the choice of the thermal operating con- 
ditions and of the heat cycle. The power station 
designer was faced with two major considerations, 
viz., cost and reliability, substantial improvements in 
efficiency being sometimes difficult to obtain except 
at an unjustifiable cost. To secure the greatest 
Savings in first cost it was essential to use large boilers 


tages of the second might 
be outweighed by the 
attendant risks. 

The present movement 
in the direction of higher 
steam pressures and temperatures, reheating, regenera- 
tion, feed heating, and binary-fluid cycles, had as its 
main object the reduction in the heat consumption, 
and therefore in the fuel, per kilowatt hour sent out. 
Since 1912, pressures had increased from 150 or 200 Ib. 
per square inch to 1,200 or 1,400 lb. per square inch, 
and temperatures had risen from 500 to 750 deg. F. 
While, however, the maximum theoretical efficiency was 
obtained by the adoption of the highest pressures and 
temperatures, practical difficulties, such as blade erosion 
due to wet steam or the impaired properties of the mate- 
rials at high temperatures, imposed certain limitations. 
The first difficulty meant that there was a definite limit 
to the pressure for any given temperature. For instance, 
with a temperature of 750 deg. F. the pressure was 
|limited to about 400 Ib. per square inch, but could be 
jraised to 800 Ib. per square inch if the temperature 
| could be increased to 900 deg. F. Until quite recently, 

however, our lack of knowledge of the behaviour of 
| metals at high temperatures prevented a figure of 750 
deg. F. from being exceeded, and to obtain some of the 
benefits consequent on the adoption of higher pressures, 
; and to avoid the difficulty of excess moisture in the low- 
| pressure stages of the turbine, various forms of inter- 
| stage reheating had been developed. It was possible 
lto increase the thermal efficiency of the cycle still 
| further by using multiple-stage re-heating, but the 
|complications were such that it was improbable that 
| it would receive serious commercial consideration. 
| Increased initial steam temperatures also enabled 
|higher pressures to be adopted with single-stage 
|reheating cycles from, say, 1,400 lb. per square in. 
lat 750 deg. F. to about 2,000 or 2,500 Ib. per square 
|inch at 900 deg. F. 

It was not easy to forecast the lines along which 
future development would take place, but it was 
probable that, as soon as operation at 900 deg. F. and 
upwards had been established, pressures of about 600 Ib. 
per square inch would be used, though there was a 
tendency in Germany and the United States to standard- 
ise a pressure of from 1,200 to 1,500 lb. per square inch 
with single-stage re-heating, and this cycle might be re- 
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| square inch and 900 deg. F. with single-stage re-heating, 
| provision being made in both cases for multiple stage 
regenerative feed heating to about 300 to 400 deg. F., 
air preheating to about 400 deg. F. and a final gas 
temperature of about 212 deg. F. Combining these 
conditions it was not unreasonable to assume an 
overall station thermal efficiency of 30 per cent. in the 
near future. In the 1930 Fuel Returns, the first three 
stations in this country—Kearsley, Deptford West and 
Barking—had thermal efficiencies of 23-84, 23-2 and 
23-02 per cent., respectively, while the figures for the 
Powerton and Long Beach stations in the United States 
were 27 per cent. and 26-6 per cent. 

The outputs of individual water-tube boilers had 
increased, in twenty years, from about 20,000 Ib. to 
1,250,000 Ib. per hour, and their efficiency had risen 
from 65 to 85 or 90 per cent. The space occupied 
for a given output had also been reduced. One of the 
factors that had been most instrumental in effecting 
these improvements was the employment of water-cooled 
furnace walls. These enabled very large combustion 
chambers to be constructed, and high rates of heat 
liberation, high furnace temperatures and CO, contents 
to be maintained therein without destructive effects. 
Another important advantage was their ability to 
withstand slag formation. The rating of the heat- 
ing surface had been much increased by exposing a 
larger proportion of it to the direct effect of radiant 
heat, by arranging it to give higher gas velocities, and 
by increasing the final gas temperature from the boiler 
which was permitted by the use of economisers and air 
heaters. Pulverised-fuel firing sas in some ways ideal, 
and for very large boilers was almost essential, though 
it was interesting to note that the 530,000 Ib. boilers 
at Hudson Avenue, New York, were being fired by 
retort stokers. The design of mechanical stokers had 
made steady progress, and coal burning rates as high 
as 60 lb. per hour per square foot of grate area were 
now possible owing to improvements in the air distri- 
bution. The introduction of flat suspended ignition 
arches had enabled grate stokers to be built in widths 











up to 30 ft. and over. On the other hand, the retort 
stoker was gradually increasing in popularity, and it 
was probable that it would be more generally adopted 
for very large plants, since the huge mass of incandes- 
cent fuel which could be stored on the grate was of 
considerable benefit in taking care of large load varia- 
tions. Progress must, however, be made in reducing its 
maintenance costs. 

During the last twenty years, the size of turbine units 
had risen from about 5,000 kw., to 35,000 kw., the latter 
being now very common, while units of 50,000 kw. 
100,000 kw., and even greater capacity had been 
constructed. In this country it was probable that 
multi-cylinder tandem-compound sets, having outputs 
between 50,000 and 100,000 kw. would be adopted for 
base-load stations, and if these were operated in con- 
junction with others of smaller capacity, there did not 
appear to be,any immediate need for utilising exception- 
ally large units. The advantages of large units were a 
reduction in floor space per kilowatt, a reduction in 
weight and cost per kilowatt, and an increase in efficien- 





tained, even when higher temperature steam was used. 
If any standardisation took place it might well be in| 
two classes: 500 to 600 Ib. per square inch and 900 | 





deg. F. without re-heating, and 1,200 to 1,500 lb. per 


cy, though the last depended on other factors, such as 
the speed and number of cylinders. The size of the 
system supplied also influenced the output, since to 
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obtain the full benefits of a large machine its load factor | parallel to the boiler front, the gases passing between | Edward Bennis and Company, Limited. Each elevator 
the rear water drum and the saturated steam drum | has a capacity of 5 tons to 6 tons per hour, and is fitted 
through a single outlet to the economiser. Each boiler | with control gear which automatically stops it when the 
up to about 75,000 kw. with steam at 500 lb. per| has a normal evaporation of 50,000 Ib. per hour, actual, | stoker hoppers are full, and restarts it when they are 

| with natural draught, a performance which can be|empty. The boots of the elevators are situated below 


must be high. The utilisation of higher pressures had 
created a demand for multi-cylinder machines. While 


square inch and 700 deg. F. single-cylinder machines 
could be economically justified, for re-heating plants, 
and for higher temperatures and pressures, multiple 
cylinders were essential. One important factor in fixing 


as this determined the leaving loss and had a con- 
siderable bearing on the efficiency. 
leaving losses were usually limited to between 1 per 


increased to 60,000 lb. per hour by the use of the 
The corresponding 


| forced-draught fan provided. 


| the ground level and are fed from outside bunkers. The 
| grates and elevators are operated from line shafting 


|evaporations, from and at 212 deg. F., are about | driven by two slip-ring motors through worm reduction 
the capacity of a machine was the area of the exhaust, | 67,200 lb. per hour, normal rating, and 80,650 Ib. per gear, either motor being capable of driving the whole 


| hour overload. 


In this country, | square inch, the final steam temperature being 730 deg. | 


| F. and the temperature of the feed inlet to the econo- 


The working pressure is 350 Ib. per | of the apparatus by itself. 


Each boiler is equipped with a Tri-tube economiser 
| made by Messrs. E. Green and Son, Limited, Wakefield, 


cent. and 3 per cent., but there was a tendency in the | miser being 100 deg. F. A superheater is embodied as | and consisting of 198 tubes arranged in 66 sections of 
United States to allow a higher figure to enable either | an integral part of the boiler, and an economiser is| three tubes, 13 ft. 14 in. long between the sockets, 


single-cylinder and less efficient machines to be adopted 
or the capacity of multi-cylinder machines to be 
increased to save floor space. 

Owing to the difficulties of transport and the possi- 


bility of large castings ultimately proving defective, ; #7 situated in a single-span building in front of which | blowers are also fitted to the economisers. 


provided in the outlet flue. 
| is employed. 

| The general arrangement of the plant is shown in 
Fig. 1. 





Mechanical-stoker firing | The connecting flues are of steel, and are provided with 


hoppers for the collection of soot and dust from the 
| gases. Each boiler is kept clean by two Parry soot 


The boilers, economisers and chimney base | blowers, 7.e., one on each side wall of the furnace, while 


By-pass 


there was to-day a tendency to adopt a fabricated struc- | i8 @ narrower, but higher, bay containing the coal- | flues enable the economisers to be examined without 


ture of steel framing for alternator stators. In the 


This addi- 


| distribution system and the firing space. 


having to shut down the boilers. The flues from the 


case of solid steel rotor forgings there was a limit to the | tional height has been provided to permit the adoption economisers unite in a common duct at the base of the 


size, and this might be put at about 40,000 kw. in the 
case of 1,500 r.p.m. machines. 


of overhead bunkers should these prove desirable in 


| chimney, which is of the self-supporting type 9 ft. 6 in. 


A more extended use | the future. The boilers and firing platform are carried | diameter by 150 ft. high. As the draught loss in the 


of built-up designs was probable, a notable example | 0n 4 reinforced-concrete floor 8 ft. above the ground | boiler proper is small, the chimney is quite adequate 


of this practice being the three-piece construction, 
adopted for the Battersea generators. The size of the 


| level, the basement thus provided housing the forced- 
| draught fans, ash hopper, &c. We understand that, 


| for running the plant at its full working load, while it 
| can also maintain a balanced draft in the furnace when 


generator was limited by the undesirable effects pro- | Owing to the simplicity of the arrangement, the building | the forced-draught fans are working to enable the 


duced by the expansion and contraction of the stator 
windings and the difficulty of ensuring equality of 


!cost has been low. The boilers have three nests of 
| straight tubes radiating from the saturated steam drum. 


boilers to meet an overload. The fans were supplied 
by Messrs. Davidson and Company, Limited, Belfast, 


the electro-magnetic conditions in the components of | Of the two chambers thus formed between the nests, | and are of the 30 in. Sirocco double-inlet type. There 
multiple parallel conductors. There was also a limit to | the rear one is occupied by the superheater, while the | is one fan to each boiler, drivea by a slip-ring motor 


the current which 
terminals of a large generator. These difficulties had 
been minimised by employing two distinct windings 
on a single generator, while, in a limited number of 


cases, stators had been wound for pressures up to 33 kv. | 


With regard to air pollution, effective measures were 
available for eliminating the smoke and the ash and 
dust content of flue gases, and the experimental plants 
that had been designed showed that the emission of 
sulphur fumes could be reduced to a negligible quan- 
tity. It had also been demonstrated that a higher 
elimination of the sulphur was possible when the 
CO, content of the gases was reduced to 9 per cent. or 
less prior to entering the treatment chambers, and that 
the same effect was obtained by ensuring that the 
wash water was aerated. The general result had been 
to reduce the sulphur content of the exit gases to be- 
tween 0-02 grain and 0-04 grain of sulphur per cubic 
foot, and to secure a greater conversion of sulphite to 
sulphate in the final effluent. As a matter of interest, 
the total operating cost for pumping and lime alkali 
on the 70,000 Ib. boiler at Grove-road was 3d. per ton 
of coal burnt. 

More recently, the London Power Company had 
experimented with another system in which the gases 
were treated with ferric-sulphate solution in the sub- 
stantial absence of metallic iron. The acidity of this 
solution was controlled by the addition of calcium 
carbonate. With this system, little or no water was 
required, except as make-up, and it might therefore 
prove economical for stations situated on non-riverside 
sites. 

Switchgear was probably the principal limiting factor 
in electrical power development at the present time, 
but it might safely be said that, for pressures of the order 
of 22,000 volts to 66,000 volts, metal-clad gear was the 
predominating type in this country, and was making 
rapid headway in America, 
66,000 volts, the outdoor type was the only one which 
appeared to merit favour. Composite arrangements, 
such as the so-called Hall type, appeared to be dropping 
out entirely. Increasing attention was being given to 
*bus bar insulation, and to means for dealing with the 
spread of smoke or zas vapour arising from local troubles. 


Though oil circuit breakers had been designed for a | 


rupturing capacity of 2,000,000 kv.-a., these ratings 
were very arbitrary. One important line of research 
was in the direction of reducing, if not entirely elimi- 
nating, the oil. For instance, American engineers 
were giving much attention to the Deion idea, while on 
the Continent an explosion pot form of construction, 
which took advantage of the arc-suppressing properties 
of water vapour, was being developed. A large number of 
these breakers were installed in various German under- 
takings. 





BOILER PLANT AT HARROGATE 
POWER STATION. 


A Goop example of modern practice in steam raising 


for the medium-sized power station is furnished by the | 
installation illustrated in Figs. 1 and 2, page 732, which | 


show the lay-out of two Yarrow boilers and their 
auxiliary plant at the new generating station of the 
Borough of Harrogate Electricity Department. The 
boilers were constructed by Messrs. Yarrow and 
Company, Limited, Scotstoun, Glasgow, and are of 


the firm’s S.F.1. type. They have five drums arranged | pair of stoker hoppers by an elevator made by Messrs. -pace, and weighs 220 tons. 


For pressures in excess of | 


could be conducted from the | ftont one provides a roomy combustion chamber with | of 24 brake-horse-power. 


}its crown 18 ft. above the fuel bed. The furnace 
| volume is 2,410 cub. ft. The saturated steam drum 
|is 57 in. in diameter, the rear water drum 43 in. in 
diameter, and the front and middle water drums and 
| the superheater drum are all 23 in. in diameter. All 
the drum shells are made of two plates longitudinally 
connected by double-riveted double butt straps, the 
thick plate in way of the tubes being planed down at 
the edges to the appropriate shell thickness to take the 
butt straps. The ends of the drums are hemispherical 
and are made by pressing, the manhole flanges being 
formed during the operation so that only one heat was 


required. The end circumferential seams are double- 
riveted. There are no intermediate circumferential 
seams, 


All the boiler tubes are straight, and both they and 
the superheater tubes are expanded and bell-mouthed 
in the drums, the holes in the thick plates being recessed 
| to permit the latter operation in those cases where the 
| tubes do not meet the drum in a precisely radial direc- 
| tion. The boiler tubes are 1} in. in external diameter. 
; Those nearer the fire are 9 gauge thick, the remainder 

being 11 gauge thick. The front nest contains four 
rows of closely-pitched tubes, and forms a water wall 
to the front of the boiler. The middle nest consists 
of four rows of open-pitched tubes which protect the 
superheater from the full heat of the fire. The rear 
nest, which forms the bulk of the heating surface, has 
| 16 rows of closely-pitched tubes. The superheater. is 
of the U-tube type and has 8 rows of tubes, i.e., four rows 
ineachleg. The tubes are 1} in. external diameter by 
11 gauge thick. The drum is divided longitudinally 
in such a way that the steam passes through the U-tubes 
{four times. The distance between the boiler side 
walls is 17 ft. 8 in. 





| type safety valves are fitted on both the saturated 
steam drum and the superheater drum. Those on the 
| latter are set to lift first, so as to ensure that steam will 
circulate through the superheater under all full pres- 
sure working conditions. These valves were made 
by Messrs. Hopkinsons Limited, Huddersfield, which 
firm also supplied feed-water regulators of their Duo 
type. 

As will be evident in Fig. 2, each boiler is fitted with 
|two mechanical stokers. Each stoker is 8 ft. wide, 
| and has an effective length of 17 ft., giving a grate area 

of 272 sq. ft. These were supplied by Messrs. Edward 
| Bennis and Company, Limited, Bolton. It will be clear 
from Fig. 1 that they are of the chain-grate type, and 
are situated partly in an extension to the boiler front. 
The front arches are of the Liptak double suspended 
type. The grate is of Messrs. Bennis’ latest pattern, in 
| which the whole area is divided into sections, the air 
supply to which can be controlled independently, so 
enabling an even rate of combustion to be maintained 
all over. The design also provides for the recovery of 
|any unburnt fuel which may fall between the bars, 
this being retained in a riddlings hopper situated in the. 
| basement. The ash hopper at the discharge end of the 
furnace is situated over rails on which run wagons, 
| the ash and clinker being emptied into the wagons by 
| gravity. A notable feature of the arrangement is a 
passage way between the flue from the economiser 
| and the back wall of the furnace. This renders the back 
| of the stokers readily accessible, and has proved very 
useful to the operating staff. The coal is fed to each 


The boiler mountings are of stan- | 
| dard type, but it may be mentioned that double marine- | 


The primary air supply 
| underneath the grates is introduced as indicated in 
Fig. 1, but there are also ducts leading to nozzles situ- 
ated at the front of the furnace, immediately below the 
| arch, which provide the secondary air. 
| The adoption of mechanically-fired Yarrow boilers 
fw place of the previous hand-fired Lancashire boilers 
has removed a source of trouble formerly experienced 
owing to the emission of smoke, which created a nuis- 
ance even though double nuts of good quality were used 
as fuel. Slack coal of much inferior quality is burned 
under the new boilers, and it is stated that smoke is 
absent. The employment of this cheaper fuel has natu- 
rally considerably reduced the running costs of the 
boiler plant. The saving in coal by the Yarrow boilers 
for the last financial year is 0-37 lb. per unit of elec- 
tricity generated, which works out to a reduction of 
2,235 tons and of 5,460/. over the preceding year with 
the Lancashire boilers. As other new plant has been 
installed further reductions have been effected, and the 
total savings, including the boiler plant, amount to 
| 0-46 lb. of coal per unit, 7.e., a total of 2,756 tons and of 
| 8,7871. The new plant has a capacity of 18,250 kw., 
as against the 4,750 kw. of the old one, and as the saving 
| of 8,787/. is over 700/. more than the total interest and 
| sinking fund of the new plant, it will be apparent that 
| the extra power is available without capital charges 
| of any kind. 














‘LETTER TO THE EDITOR. 


HEAT TRANSMISSION RATES ROUND 
A TUBE IN A TRANSVERSE CUR- 
RENT OF FLUID. 

To THE Eprror OF ENGINEERING. 
Sir,—With reference to the rate of heat transfer 
round a cylinder in a transverse current of fluid, which 
was the subject of a short article by me in your issue of 

November 6 (page 569 ante), I wish to say that I have 

just seen a report recently issued by the Aeronautical 

Research Committee (R. and M. No. 1408) on work by 

Fage and Falkner on this subject. It is a very thorough 

piece of research. Their curves for the rates of heat- 

transfer are very similar to those which I obtained, 
except towards the rear of the tube where Fage and 

Falkner’s values are more irregular than mine which 

were obtained with lower channel velocities. My 

method, though sensitive to relative changes, is not 
directly suitable for absolute measurements, but a very 
small irregularity on the cylindrical surface, due to 
buckling of the fibre-piece in an earlier form of my 
apparatus, yielded marked irregularities on the curve 
at the rear of the tube. ; 
I need scarcely say that I had no knowledge of Fage 
and Falkner’s work when I wrote my article. 
Yours faithfully, 
JAMES SMALL. 
49, Roslea Drive, Glasgow, E.1., December 5, 1931. 








A 70,000 Kv.-A. TRANSFORMER.—Messrs. The West- 
inghouse Electric Company recently completed, at their 
Sharon Works, Pennsylvania, U.S.A., a 70,000 kv.-& 
transformer for the Heil Gate Power Station, New York, 
of Messrs. The United Electric Light and Power Company. 
The transformer is 28 ft. high, requires 750 sq. ft. of floor 
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PORTABLE ROTARY COMPRESSORS. 


MESSRS. SWISS LOCOMOTIVE AND MACHINE WORKS, WINTERTHUR. 


Fig.7. 
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S.L.M. PORTABLE ROTARY COM- 
PRESSORS. 


Comptarnts are frequently made, in our opinion 
with some justification, of the excessive noise produced 
by the plant usually employed in road-repair work. 
Criticism on this head is generally confined to the 
pneumatic tools, but might fairly be extended to the 
portable compressor in many cases. Interest, there- 
fore, attaches to the portable rotary compressors manu- 
factured by Messrs. Swiss Locomotive and Machine 
Works, Winterthur, Switzerland, for whom Messrs. The 
B. A. Holland Engineering Company, Limited, 18, Vic- 








lp 


earn tpn’ 


ArR-CooLED Compressor UNIT. 


toria-street, S.W.1, are agents. These compressors are 
markedly more silent than the more usual reciprocating 
units, and possess other advantages which will be 
referred to later. Both water- and air-cooled types 
are manufactured, the former being illustrated in 


| Fig. 3, on this page, and the latter in Figs. 1, 2 and 4. 


The model shown in Fig. 3 is fitted with a four- 
cylinder petrol engine with side-by-side valves. Mag- 
neto ignition is employed, and the cooling water is 
pump-circulated. An adequate circulation of air 
through the radiator is ensured by a large fan mounted 








on the end of the compressor shaft. The fan is an 
aluminium-alloy casting. Careful attention has been 


paid to ease of maintenance. The engine cylinders 
are fitted with a detachable head, and the radiator 
elements can be removed separately for repair or 
replacement. The engine is direct coupled to the 
compressor by means of a fabric-dise universal joint. 
The compressor is of the Holland-S.L.M. two-stage 
type, with intercooling between the first and second 
| Stages. The construction of these machines is well 
known, and embodies the essential features of the 
| larger model described in ENGINEERING, vol. cxxxii, 
| page 46 (1931). 

As the supply of air is continuous, only small receivers 
are required to equalise the fluctuating demands for 
air by the pneumatic tools. Owing to the presence 
of the intercooler between the stages, the temperature 
of the air delivered to the tools is low, thus increasing 
the life of the rubber hoses. The compressor is auto- 
matically lubricated by an oil pump with adjustable 
delivery to the various lubricating points on the 
compressor. The pump is driven from the compressor 
shaft by a double spring-belt. A fully automatic 
governor is fitted which, firstly, takes care of the 
fluctuating air demand, and, secondly, controls the 
engine speed which, when the compressor is idling, is 
greatly reduced. This type of governor allows for 
separate adjustment of the cut-in and the cut-out 
pressure within a range of 55 lb. per square inch to 
100 lb. per square inch, the normal pressure difference 
being 10 Ib. per square inch to 15 lb. per square inch 
between maximum and minimum pressure. A non- 
return valve is fitted on the outlet side, and a filter 
on the inlet side to prevent dust entering the com- 
pressor. The filter is of the Raschig ring type, and 
each time the governor allows the compressor to run 
idle, a fine spray of oil is blown on to the rings, so 
that they are always damp, to catch and hold the 
dust. The filter element can easily be removed for 
cleaning by washing in petrol or paraffin, when it 
only requires dipping into oil to be ready for use 
again. The intercooler is mounted in front of the 
radiator, as shown in Fig. 3, and is strong enough to 
constitute a guard for the radiator. The pipes are 
expanded into the top and bottom connections. The 
engine and compressor are connected in series in the 
cooling system, the centrifugal pump delivering the 
water first to the compressor, from which it passes 
through the cylinder jackets before being delivered 
to the radiator. 

The air-cooled compressor, shown in Figs. 1, 2 and 4, 
is driven by an electric motor, and is the most recent 
model to have been put on the market. It is also of 
the two-stage type, the two stages being carried by 
an intermediate piece, which is provided with feet, as 
shown in Fig. 4. The intermediate piece acts as an 
oil container with a capacity sufficient to ensure 
efficient lubrication over long periods. The compressor 
castings are provided with cooling ribs, over which a 
stream of air is drawn by two cast-aluminium fans, 
one at the end of each stage. The cooling ribs are 
cased in, as shown in Fig. 4, and the two fans thus 
create the necessary air draught along the casing to 
prevent overheating of the compressor on uninter- 
rupted full-load duty. Metallic self-adjusting glands 
are used on the driving shaft. 

As in the case of the water-cooled machine, an air 
filter is provided on the inlet to the first stage, and 
a governor to control the maximum and minimum 
pressures. The compressor is coupled to the motor 
through a shaft fitted with two fabric-disc universal 
joints. The inter-cooler is mounted between the motor 
and the compressor, as shown in Fig. 1, and is cooled 
by air from the large fan shown mounted on the coup- 
ling shaft. The air receivers, which are each of 2} 
cub. ft. capacity are mounted above the compressor, 
instead of below, as in the water-cooled model. 

Both types of machine have a capacity of 120 cub. ft. 
of air per minute at a pressure of 100 lb. per square 
inch. So far as we know, they are the only portable 
two-stage rotary machines on the market, and the 
absence of valves with their springs, together with the 
automatic lubrication, should ensure that the sets 
require a minimum of attention. The high speed at 
which they run, with the absence of reciprocating 
parts, results in a compressor of small weight and bulk 
for a given capacity, and their silent and smooth 
running is an obvious advantage in many classes of 
work in addition to road construction. 








THE PRODUCTION OF ROLLED SHEETS FROM CANADIAN 
Atuminium.—The S.S. Vardulia recently discharged 
2,500 tons of aluminium pigs from Port Alfred, Quebec, 
Canada, at the Manchester Docks, The cargo is destined 
for the recently-constructed works, at Banbury, of Messrs, 
Northern Aluminium Company, Limited, where the pig 
will be rolled into sheets. Prior to the establishment 
of the rolling mills at Banbury, the Company imported 
sheet aluminium, mainly from Canada, The aluminium 
ore is mined in British Guiana and conveyed to Canada 
for conversion into pig, the pigs now being brought 





to this country for rolling into sheet for the home and 
export markets. 
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MERCURY-JET COMMUTATION. 


Spark-Neglecting Commutation and its Technical 
Possibilities.* 
By Jur. HARTMANN. 
(Concluded from page 656.) 

Other Developments of the Principle of Spark-Neg- 
lecting Commutation.—The remarkable properties of 
the spark-neglecting principle of commutation reviewed 
above made it a question of great interest whether 
spark-neglecting commutators could be substantiated in 
other ways than by means of the jet-wave commutator. 
Therefore, a thorough investigation of the question was 
taken up, and a series of preliminary tests was per- 
formed. The most interesting result of this work was, 


perhaps, the invention of a new peculiar type of com- | 


mutator which, in some respects, may prove superior 
to the jet-wave commutator. This commutator will 
now be described. ; 

It is based on a conductive liquid jet of the strange 
form shown in Fig. 9. The jet exhibits plate-shaped 
protuberances P, P, P, . . . following each other 
at a constant interval A. The whole “ plate-jet”’ 
moves forward with a constant velocity v in the direc- 
tion of the axis of the jet. If the plate-jet travels 
through the distance A in the period T of a given 
alternating voltage then, obviously, it can be utilised 


for the rectification of this voltage. Two electrodes | 


A.; : . 
= in length, are, in this case, 


arranged on each side of the axis of the jet, so that 
the “ plates’’ P, P, P,.. . . alternately for half a period 
connect the one and the other with the stem of the 
jet, or with an electrode with which the plates are 
continually in connection. To secure the proper 
length of the contact time, and to make the commuta- 
tion fre> from wear, the knives W, and W, are intro- 
duced. Finally, the set of electrodes is made movable 
in the direction of the axis of the jet, in order to 
permit adjustment of the moment of commutation 
relatively to the period of the voltage. 

Now, in order to understand how a liquid conductor 
of the type shown in Fig. 9 can be produced, we may 
consider Figs. 10 and 11. A conducting liquid jet J, 
Fig. 10, is discharged from the nozzle N. In a manner 
to be described below, a periodic velocity, say v’ = 
2rt 
T’ 


E, and E,, each about 


vy’ Sin wt = v,’ sin has been superimposed on the 


constant velocity v of the jet, which means that the 
particles alternately leave the nozzle with a larger 
and with a smaller velocity than the average velocity v. 
The relative velocities persist for some time, so that 
their distribution along the axis of the jet may, at 
a given moment, be as shown in Fig. 10. It is seen 
that the relative velocities are alternately directed 
towards and away from each other. Where they are 
directed towards each other, a prominence is formed 
on the jet, viz., in the sections 1-1, 3-3, &c., while 
where they are directed away from each other contrac- 
tions appear. When the deformations have fully 
developed, the relative velocities have also disappeared 
and the whole jet, with its prominences and contrac- 
tions, moves on with the velocity v. This can be 
expressed more definitely in the following manner : 
The kinetic energy carried by the particles of a jet 
with a velocity v + v,’ sin wt is larger than the kinetic 
energy with a jet of the average velocity v. Let the 
surplus be E,. When the deformations at a certain 
distance from the nozzle have reached their final 
value, the surface energy of the jet is larger than that 
of the cylindrical jet by an amount E,. With small 
values of the relative velocities, and accordingly of 
the deformations, it was shown that E, = E,, or that 
the surplus of kinetic energy was practically entirely 
changed into surface energy. With larger values of 
the relative velocities, this connection could not be 
easily tested, because of the less regular shape of the 
deformations. These are indicated in Fig. 11. Close 
to the nozzle the deformations are rather smooth ; 
at larger distances they assume the shape of discs of 
larger and larger diameter. Hence, finally, a jet of 
the type in Fig. 9 is developed, suitable for the commu- 
tation of an alternating voltage of the period T of the 
alternating velocity superimposed on the jet. In Figs. 
12, 13 and 14, on Plate XXXIV, instantaneous photo- 
graphs of the deformations are reproduced. They corre- 
spond to larger and larger values of the relative velo- 
cities and to a frequency 50 per second of the latter. 
The uppermost dise in Fig. 13 is about the proper size 
for use in a commutator. The disc has the shape of a 
plate. If this plate becomes too large, it breaks down 
into small drops, as shown below in Fig. 14. With the 
proper size it is, however, well suited for commutation, 
as has been proved by direct test. 

It has not yet been explained how periodic velocities 
of the right frequency are superimposed on the jet. This 
can be done in an extremely simple manner by means of 

* Paper read before Section G of the British Associa- 
tion at London, on Wednesday, September 30, 1931. 


an electromagnetic device, the so-called electro-mag- 
netic pump, previously described in the Leeds paper 
and again shown in Fig. 15, Plate XX XIV. Between the 
pole pieces N.S. of a strong magnet a slit is formed. The 
surfaces of the pole pieces, which form the walls of the 
| slit, are covered with an insulating coating, and the 
| slit is closed above and below by two electrodes E, E,. 
| Assume the slit to be inserted at such a point in a 
| hydrodynamic circuit with mercury, that it is always 
|kept filled with this liquid. If then, a current is 
| passed through the slit from one electrode to the other, 
| the interaction between this current and the field will 
| produce a pressure gradient. If the current is alter- 








| nating, the gradient will also be alternating. Hence, | 


|if the pump, operated with an alternating current, is 
inserted in the pressure pipe T of a jet-producing 
system as indicated in Fig. 16, alternating-pressure 
| gradients are added to the constant gradient originating 
|from the liquid column, and so we get a jet with 
| periodic velocity variations. It has proved an advan- 
tage, and equally effective, to insert the pump in a 
| side branch T!, Fig. 17, seeing that in this case the 
flow through T is not impeded by the rather narrow 
slit of the pump. 

A plate-jet commutator has been provisionally 
tested and found to operate well. Like the jet-wave 
commutator, it exhibits an absolutely definite coupling 
| between the voltage to be commutated and the motion 


| 















If connection is to take place during half a period, 
a must obviously be chosen equal to z In Fig. 18 it 


is assumed that the width of the cut is practically 

negligible. If the cut has an extension 6 in the direc- 

tion of the chain, Fig. 19, the effect will obviously he 

to reduce the distance a corresponding to a given 
ag erg 

| value of T,. seeing that T, = ated 4 


x 

The jet-chain commutator shown in Fig. 20 is an 
application of the principle just described. Two 
mercury jets, which may be fed from a common 
reservoir, are discharged from the two nozzles N, and 
N.. They impinge on the two electrodes E, and E.. 
| which are placed at adjustable distances from N, and 
No, respectively. A tungsten knife K rotates once 
in the period T of the voltage to be commutated about 
an axis parallel to, and midway between, the jets. 
Hence the knife alternately cuts the two jets with 


a time difference of : . If the electrodes are placed 


r T : 
at distances equal to > = < from the plane in 
which the knife rotates, and if the knife is arranged 
on the rotating shaft so that the two jets are cut at 
the zero-points of the voltage supplied by the trans- 
former V, V2, the commutator obviously acts as a 


synchronous two-phase rectifier according to the 
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effecting the commutation. It will pro- 
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! 
bably prove a still more robust system i 
than the jet-wave commutator, seeing 
that the exciting current and the rectified 
current are not to be passed into or tapped out of the 
jet through special electrodes touching the latter. It 
is thought likely that the plate-jet commutator will 
prove particularly well suited for the rectification of 
large currents at lower and medium voltages, as the 
resistance of the commutator can be made very small. 
Judging from the preliminary tests, it will prove an 
easy matter to develop the new commutator principle 
for the same large powers as the jet-wave commutator, 
since most of the essential features, especially that of 


two systems. 
The jet-wave and the plate-jet commutator both 
possess the very great advantage of being self-synchro- 


the motion of the movable member. It is just this 
property which accounts for the perfectly definite 


of the two systems. Now, it is a fact that a reliable 
synchronous motion, though not so reliable as that of 
the two commutator types mentioned above, can be 
produced by means of a synchronous motor. There- 
fore, it seemed worth while also to consider the question 
of the principle of spark-neglecting commutation in 
connection with rotary synchronous commutators. 
Two types of such commutators will be described in 
the following. 

In Figs. 18 and 19, Plate XXXIV, the so-called jet- 
chain principle is illustrated. J, J. represent a series of 
jet pieces of equal lengths forming, as it were, a chain. 


piece is equal to the distance A = v T, through which the 
chain travels in the period T of the alternating voltage 
to be commutated by the commutator in which the 
chain is utilised. During its motion, the chain touches 
two electrodes, E and E!. Hence these electrodes will 
be connected if there is no “‘ cut”? between them. If 
they are the distance a apart, and if a<\, then E 


and E! will be disconnected during the part T; 


: A-—a 
and connected during the part T, = —— of each 
? a 





period T. 


commutation without wear, will be common to the | 


nising. They need no synchronous motor to produce | 


coupling between motion and voltage characteristic | 


The chain moves forwards as a whole in the direction | 
of its axis with the velocity v. The length of each jet | 





P, 





principle of Fig. 18, the nozzle, or rather the jet, down 
to the plane in which the knife rotates, playing the 
| part of the electrode E1. As indicated, the commutator 
is not self-synchronising ; it requires a synchronous 
motor, or some other synchronous device, for the 
cutting of the jet, i.e., for the production of the chain 
conductor. Otherwise the arrangement represents an 
extremely simple system, especially suited for certain 
direct-current sources of the Transverter type, but 
designed on the principle of spark-neglecting commuta- 
tion. 

As a preparation of the development of jet-chain com- 
| mutators, the cutting of the jet by a rotating knife was 
studied. An instantaneous photograph of a jet-chain is 
reproduced in Fig. 21, Plate XXXIV. It will be noted 
| how a “film” is formed at the end of the jet piece 

which is foremost in the motion. This film bends back 
round the end of the piece, like a cap, under the influence 
| of the surface forces and possibly of the resistance of 
|the air. The aspect of the cut depends largely on the 
| angle at which the knife penetrates into the jet. In 
| Figs. 22 and 23, two examples are given. 
| The second of the two spark-neglecting rotating 
/commutators here considered, the spiral jet or spiral 
wave commutator, utilises a spiral-shaped jet, of 
| rather jet-wave, Fig. 24. Such a wave would arise if 


| liquid were continuously discharged with constant 
velocity from a fixed point 0 along a straight line 
rotating with constant angular velocity about an 
‘axis through 0. The rotating line may form an 
angle of 90 deg. with this axis, in which case the 
jet-wave will assume the shape of a plane Archimedean 
spiral. The rotating line may, however, also form 
any other angle with the axis of rotation, i.¢., the spiral 
may move on the surface of a cone. In both cases, 
the spiral wave can obviously be used for the commuta- 
tion or rectification of an alternating voltage. Fig. 2 
shows a six-phase commutator. The only conditions 
to be fulfilled are that the wave should extend by 
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wave-length A in the period T of the alternating 
voltage, and that the angular adjustment of the 
electrode ring E, E, . . . . EK, should be such that the 
point of intersection between the wave and the ring 
passes over from one electrode piece (or bar) to the 
following at the proper moment of the period. The 
system in Fig. 24, with two spiral waves intersecting 
opposite bars at every moment, can obviously replace 
the stationary collector with two rotating brushes 
used in rectifiers of the Transverter type. 

A spiral wave can be produced electromagnetically 
through the interaction of a rotating magnetic field 
and a constant current. A commutator with such a 
wave possesses the same advantage as the normal jet 
wave commutator, namely, that of an absolutely rigid 
coupling between the motion and the voltage to be 
rectified. Certain purely technical difficulties, however, 
make the application of the electromagnetic spiral- 
wave commutator a less easy matter. We shall, 
therefore, confine ourselves here to the commutator 
which can be produced by means of a synchronous 
motor. 

On the axis of such a motor a cylindrical vessel Z, 
Fig. 25, is arranged. This vessel is kept filled with 
mercury from a special hydrodynamic circuit. In 
the cylindrical wall there is a jet aperture through 
which a jet is discharged during the rotation of the 
vessel. The jet particles will leave the aperture with 
a velocity v, relatively to the rotating vessel, depending 



































on the pressure of the liquid in the axis of Z, on the 
radius 7), and on the angular velocity of the vessel. 
It can be shown that v, is determined by 


/ a ae 
“Fr N/ (9 +"). 2g cm: per sec: 
g 


h, being the pressure in the axis in centimetres of 
mercury, x the number of revolutions of Z per second, 
and g the acceleration due to gravity. If there is no 
excess pressure in the axis, i.e., if h, = 0, then 


tp = 2r1r9n = U4, 


that is to say, the radial velocity v, of the particles is 
equal to the tangentia! velocity v, it assumes in the 
jet-aperture. In this case, therefore, the jet particles 
will leave Z with a velocity relatively to the surround- 
ings, @.e., to a fixed electrode system, which is 
y= / 2. 

the velocity forming an angle of 45 deg. with the 
surface of the rotating vessel. The consecutive 
particles will obviously form a spiral wave differing 
only slightly from the wave considered above. In 
Fig. 26 the construction of the wave is shown. It 
hardly needs explanation. 

A commutator with a wave produced in the way 
described and subject to the condition h, = 0 is 
characterised by the valuable property of being 
independent of the frequency of the voltage to be 
rectified, it being, of course, assumed that the syn- 
chronous motor is run on the same source as supplies 
the latter voltage. This is easily seen, for 


v= 2 V2 mr ry.n 


and 1 
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High-Tension Direct-Current Transmission.—The 
spark-neglecting commutators and rectifiers are able 
to handle comparatively very large powers at remark- 
ably high voltages and this, in connection with the 
fact that such rectifiers are reversible in their operation, 
would seem to make the principle of spark-neglecting 
commutation a suitable means for a future system of 
high-tension direct-current transmission. Such a 
system would require the following high-tension 
apparatus, viz., a rectifier, an inverter, and a step up or 
down direct-current transformer. All three apparatus 
can be built from spark-neglecting commutators, and 
undoubtedly also for the voltages in question. In Figs. 
27, 28 and 29, Plate XX XIV, their principles are illus- 
trated by two-phase apparatus. Fig. 27 may represent 
a rectifier or an inverter forming a bridge between a 
direct-current line and an _ alternating-current line 
under voltage. If the rectified voltage is higher than 
that of the direct-current line, energy will flow from 
the. alternating-current to the direct-current side and 
the apparatus will act as a rectifier. If, on the other 
hand, the direct-current voltage is raised above the 
rectified voltage, the energy will flow in the opposite 
direction, direct-current energy being converted into 
alternating-current energy by the apparatus, which is 
then called an inverter, If electrical energy is to be 
transmitted from a direct-current line to an alternating- 
current line not under voltage, as in the former case, 
the system in Fig. 28 can be used. Here the flux of 
the transformer and the current controlling 
the motion of the commutator are supplied 
from an auxiliary alternating-current source 
V1, of suitable frequency. In Fig. 29 a 
direct-current transformer is shown. Again, 
an auxiliary alternating-current source is 
used for the production of the flux and for 
the control of the two commutators which 
are required by this apparatus. The latter 
may be visualised as a combination of an 
inverter and a rectifier. The former supplies 
alternating-current energy to the auxiliary 
source V1, which, however, immediately 
transfers it again to the rectifier, which 
changes it back into direct-current energy of 
the proper voltage determined by the ratio 
of the number of primary and secondary 
windings. 

Preliminary experiments were carried out 
with two-phase apparatus like those shown 
in Figs. 27, 28 and 29. As the results 
were very promising, large-scale investiga- 
tions with six-phase apparatus were planned and 
an experimental plant for powers of from 200 kw. 
to 300 kw. was procured. With this plant experi- 
ments have been in progress for the last eight 
months. Some of the preliminary results will now be 
given. The plant was first used for investigations 
on high-voltage commutation, and the facts stated 
above in the first part of the paper with regard to such 
commutation originate from these experiments, which 
were performed with a six-phase series rectifier, Fig. 30. 
The plant would permit the production of direct- 
current voltages of up to 600 to 700 volts per commu- 
tator (corresponding to a maximum voltage across the 
commutator of 1,800 to 2,100 volts). It was, as 
mentioned, found that the limit for the voltage to be 
commutated by a simple jet-wave commutator lies | 
above, and in all probability well above, the voltages 
available with the plant; so the question of this limit 
is not yet determined. The commutation with the 
higher voltages is just as steady and smooth as with 
lower voltages. If there be any difference, it is that, 
for the same commutated power, the commutation 
spark is smaller with the high voltages. In Fig. 31, 
the voltage drop characteristic of a 1,700-volt, 200-kw. 
series rectifier, with three single-jet commutators, is 
shown in curve A. The voltage drop at full load, 
i.e., 200 kw., is 8 per cent. Much the same value has 
been found with a 220 volt and a 600 volt series rectifier. 
With the inverter experiments so far performed, the 
direct-current energy was supplied from a 600 volt 
150-kw. motor-generator and transferred to the 10,000- 
volt three-phase mains of the substation in which the 
research-work was carried out through a six-phase 
series system, Fig. 30, in connection with a 400 kv.-a., 
10,250 to 450 volts, 50 cycle transformer. Up to 
































A=v.T=v.— =2 V2 9r% 
nr 
Hence the ‘‘ wave length” of the spiral-wave is quite 
independent of the frequency, and, at the same time, 
the position of the wave relatively to the electrode is, 
through the synchronous motor, firmly coupled to the 
Voltage waves to be rectified, so that, at a definite 
moment of a period, the wave always intersects the 
ting of electrodes at the same point. A change in the 
frequency, therefore, requires no electrode adjustment, 
as with the jet-chain or jet-wave commutators. This 
1s, perhaps, the most striking quality of the spiral-wave 
commutator, which, in combination with the tungsten- 
knife device, undoubtedly represents a technically 
sound proposition. 








about 120 kw. of direct-current power has been con- 
verted. The oscillograms of the various currents are 
hardly to be distinguished from those of a corresponding 
rectifier. The commutation, also, has much the same 
character, apart from the fact that the commutation 
spark is substantially reduced. This spark-damping 
is a special feature with the inverter as compared with 
the rectifier. It had previously been studied with the 
two-phase system above referred to, and is explained 
in Fig. 32 (a) to (d). In Fig. 32 (a) and (b), the commuta- 
tion with a rectifying commutator is again represented, 
and may be compared with Fig. 3, page 654, ante. As 
previously mentioned, if the overlapping interval could 
be moved to the other side of the zero-point of the 


would ensue. As, however, such delay of the commuta- 
tion would cause this to take place under influence of an 
increasing voltage, this method of reducing the spark 
loss was practically precluded with high-voltage 
commutation, since the commutation would become 
unstable ; the opposite is the case with the inverter. 
Here the current in the transformer windings is directed 
against the voltage, Fig. 32 (c), (d). Thus, with the 
overlapping interval situated above the zero-point of 
the voltage, there is always a certain spark-damping, 
and this can be increased without any fear of instability 
by advancing the commutation, Fig. 32 (d), since 
the commutation takes place under the influence of a 
decreasing voltage. Although generally complete 
spark-damping cannot be obtained, a very substantial 
reduction of the spark loss can be secured. The effect 
on the oscillograms of this reduction is very pronounced, 
as seen in Figs. 33 to 35, Plate XXXIV. Fig. 33 shows 
the current in and the voltage across one of the second- 
ary half-phases of the transformer with a two-phase 
rectifier. The constant 0, Fig. 3, was about 2 per 
cent. of a half period. In Figs. 34 and 35, the same 
| current and voltage is seen with the inverter, Fig. 34 
| corresponding to @ = 2 per cent. and Fig. 35 to 6 =12 
| per cent. In Fig. 35, the current falls off much more 
steeply than in Fig. 34, owing to the effective spark- 
damping with the advanced commutation. 

Fig. 36 shows the direct-current transformer, which 
is to be investigated by means of the new experimental 
plant above referred to. It consists of a six-phase 
inverter, which supplies energy from the primary 
direct-current line DCU.I in the form of three-phase 
alternating current to the auxiliary alternating- 
current source V'14. As with the two-phase system in 
Fig. 29, V4, governs the motion of the commutators 
in the inverter and in the rectifier, to which the source 
V1, delivers the received alternating-current power for 
rectification. At the same time, V'a produces the 
fields of the transformer. The ratio of the two voltages 
E, and E, will again be equal to that of the number of 
turns of the windings S1, and Su, of the transformer. 
The experimental plant has been designed for a great 
number of values of this latter ratio, and for direct- 
current powers up to 200-300 kw. Although investi- 
gations on the direct-current transformer of Fig. 36 
have not yet been commenced, it would seem safe to 
say, from the favourable experience with its com- 
ponent parts, the inverter and rectifier, that it is not 
likely that the development of the system will give 
| rise to any great difficulties. 

It is well known that in the Highfield-Calverley 
Transverter, a bold attempt has been made in this 
country to produce a means for high-tension direct- 
current production. The Transverter is based on spark- 
less commutation. It is built according to Fig. 37. 
Va Ve . are stationary windings on a set of trans- 
formers, C is a stationary collector, and B, B, are brushes 
which rotate synchronously with the “ rotary field,” 
producing the voltages in V, V,.... With a 100-kv., 
250-kw. Transverter, described some years ago,* the 
number of equidistant phases in the ring was 36. Each 
phase-winding was, however, divided into four equal 
parts, in order to reduce the voltage difference between 
two adjacent bars of the collector. The complete 100-kv. 
Transverter was built up of eight equal Transverters, 
each with a 36-phase ring winding, as indicated, and the 
eight Transverters were connected in series. In these 
circumstances, the average voltage difference between 
two adjacent bars of the collectors was 246 volts. This 
is a very high value with a commutator according to 
the principle of sparkless commutation, and the 
reliability of the construction has therefore been 
doubted.+ In this connection it should be borne in 
mind that spark damping by means of reversing 
fields is precluded with the Transverter. Another 
objection to the latter apparatus is the large number 
of transformer coils and connections ; with the Trans- 
verter considered above the number of coils is stated 
to be 2,304, arranged on six transformers.t Whether 
or not this criticism is just, it would seem of interest 
to contrast the Transverter with a series rectifier or 
a Transverter for the same voltage constructed on the 
principle of spark-neglecting commutation. 

A series jet-wave rectifier for 100 kv. can undoubtedly 
be produced from 100 single-jet commutators fed from 
100 coils with tapped middle-points. With a load of 
33 kw. per commutator, the capacity of the rectifier 
would be 3,300 kw., as compared with 250 kw. of the 
Transverter considered above. It was found, however, 
that the load of a 600-volt single-jet commutator could 
be raised to 100 kw., so that the 100-kv. series rectifier 
in question would undoubtedly possess a very large 
overload capacity, or its normal load should, perhaps, 
rather be estimated at 5,000 kw. Again, the number 
of coils on the transformer can, if required, be reduced 
very considerably by building commutators together 
in complex high-voltage commutator sets, as described 








* ENGINEERING, vol. exvii, page 563 (1924). 
¢ Arch. f. Elektrotechnik, vol. xxv, 227. 





voltage, then a more or less pronounced spark-damping 





t £.7.Z., 1924, page 659. 
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in a previous paper.* From the discussion in the second 
part of this paper it will, finally, be gathered that 
multiphase collectors like those utilised in the Trans- 
verter, Fig. 37, can readily be built on the basis of the 
spark-neglecting principle. Fig. 38, on page 743, shows 
a jet-chain, six-phase Transverter. It consists of two 
systems of six jets, J, J, ... J, and J}, Jt, ... J, 
respectively. Each system is fed from a common reser- 
voir, R, R, so that only two reservoirs per commutator 
are necessary. The two systems of jets are arranged so 
as to hit two systems of electrodes E, ... Ey, E,... E4, 
connected as shown. Between these electrodes the six- 
phase windings V, ... V, are inserted. The jets are 


consecutively cut by two synchronously rotating knives | 


displaced 180 deg. from each other, and the distance 
from the plane of rotation of the knives to the surface 
of the electrodes is adjusted so that each electrode has 
connection with R or R! in one-sixth of the period of 
rotation. If 3,000 volts is assumed to be the highest 
voltage difference between two adjacent electrodes, 
33 kv. can be produced by a 36-phase Transverter. 
Hence three such Transverters operated in series would 
suffice for the production of 100 kv. with a number 
of transformer coils equal to 3 x 72 216. The 
Transverter could presumably be built for the same 
load as the series rectifier, i.e., for 3,000—5,000 kw. 





STEAM RESEARCH IN EUROPE 
AND IN AMERICA.; 
By Proressor Dr.-ING. MAx JAKOB. 
LECTURE IV. 

D.—SreciaL THERMAL PROPERTIES AND PROCESSES 
oF WATER AND STEAM (DyNAMICAL PROPERTIES). 
By steam research, one usually understands the 

investigation of the thermodynamical properties of 

steam and the relation of these properties one to another. 

According to this, in the first three lectures, I dealt 

exclusively with experimental and theoretical research 

into those properties which are connected by the 
fundamental laws of thermodynamics. In this last 
lecture I should like to direct your attention to a series 
of properties which have been but little investigated 
up till the present time ; these properties are connected 
closely with the thermodynamical properties previously 


treated, but their special significance consists in the | 


fact that they are decisive in processes which, in a 
wider sense, one may call ‘‘ dynamical,’’ embracing 
under this name hydrodynamical motion, heat transfer 
and changes of state. As the thermodynamical 
properties of water and steam have been so fully 


investigated, it seems time to treat these dynamical | 


properties and processes more thoroughly. In Ger- 
many, the VDI Committee on Heat Research, of which 
I am the Chairman, has taken up the investigation 
of these problems, and I should like to give you a 
short survey of our activity in this field, not, however, 
entering closely into corresponding researches in other 
countries, as this would not be possible in a single 
lecture. Unfortunately, it is not possible to separate 
the three branches: hydrodynamical motion, heat 
transfer and changes of state. The process of evapora- 
tion, for instance, is a change of state in which heat 
transfer and hydrodynamical convection take decisive 
parts. Nevertheless, [ shall try, in general, to maintain 
the distinction. 

1. Viscosity as a Decisive Factor in Hydrodynamical 
Motion.—The fiow of water and steam occurs so fre- 
quently in technics that the idea of enumerating the 
various cases of application cannot even be considered. 
It is possible only to mention some of the more impor- 
tant instances, e.g., the flow and the pressure drop in 
pipes, metering by means of nozzles and diaphragms, 
and the flow in steam turbines. In these instances, 
the density, the compressibility, possibly also the 
velocity of sound, play a part. These properties have 
already been thoroughly investigated. On the other 
hand, there exists comparatively little knowledge 
concerning another property which is of importance 
for the calculation of flows, namely, the viscosity. 
As in the case of density and specific heat, the viscosity 
of water at 20 deg. C. is quite well known and serves 
as a basis of measurement, but, with steam at high 
pressures, combined with high temperatures, absolutely 
no experimental work his been done. 


I may recall to your mind that the viscosity 7 of a | 


liquid is defined by Newton’s law 


dw 


n dy “ - (65) 


T 


According to this equation, there exists between two | 


parallel layers, the distance of which perpendicular 
to the direction of flow is dy and the difference of 
velocity dw, a shearing force + per unit area of the 
flowing layers. The viscosity is of decisive influence in 





* Journal I.E.E., vol. \xviii, 945. 
} Fourth of a course of four lectures delivered in 
May, 1931, before the University of London. 


the flow through narrow tubes and slits; for instance, 
in the labyrinth packings of steam turbines. In the 
case of tubes, if V is the volume of the substance flowing 
in time ¢t through a tube of radius r, and length /, the 
effective pressure difference being A p, by Poiseuille’s 
law, we obtain 
Ap 
81 
The flow of a substance of density p in pipes depends 
on the Reynolds’ criterion, called also Reynolds’ 
number 


V rint . : (66) 


(67) 


It is well known that the flow changes suddenly from 
the laminar state to the turbulent, if R exceeds the 
value 2,100. 

For the calculation of pressure drop in tubes, the 
Reynolds’ number R plays an important part. Accord- 
ing to the principle of similarity, the coefficient of 
friction loss in smooth straight tubes depends only on 
| this criterion, and is therefore constant, if R retains 
| the same value. So, from experiments on the pressure 
drop of one substance in a tube, one can calculate 
that of any other substance in a tube of another dia- 
meter, if one knows the viscosities of both substances. 
Further, by means of the same principle of similarity, 
as Professor Nusselt first suggested and Professor 
Prandtl demonstrated in detail, the heat transfer, in 
addition, from tube surfaces in any desired medium 
can be calculated from that observed in another sub- 
stance, the viscosities being known. Therefore, 
knowledge of the viscosity of water and steam is of 
great importance. The viscosity of water is usually 
determined on the basis of Poiseuille’s law by means 
of flow through capillary tubes. Employing the best 
measurements with water between 0 deg. and 100 deg.C., 
3ingham and Jackson* found » = 0-010087 cm. 
per second per gram as an average for 20 deg. C. 
at atmospheric pressure. The unit of viscosity is 
called a “poise,” in honour of Poiseuille. According 
to this, the viscosity of water at 20 deg. C. is almost 





exactly 0-01 P = 1 centipoise. The fraction in 


the equation of the Reynolds’ criterion is called the 
kinematical viscosity. In a paper in 1928 I suggested} 
calling the viscosity » the ‘‘ dynamical” viscosity. 
As a name for the unit of the kinematical viscosity, 
I proposed in the same paper the name ‘“ Stokes,” 
because Stokes of England was the first who used this 
' term in his theories. In Germany, my proposal found 
| approval ; for example, in a paper of Professor Prandtl. 
Lam not aware if this suggestion is known in England. 
The viscosity of liquids decreases greatly with rising 
| temperature. Water at 100 deg. C. has a viscosity of only 
0-2839 centipoise against one centipoise at 20 deg. C. 
/ and 1-8 centipoise at 0 deg. C. Up till the present time 
| only three test points above 100 deg. C. are known. 
| These were obtained by the Dutch worker M. de Haast 
in 1894, the viscosity at the highest temperature of 
153 deg. C. being equal to 0-1805 centipoise. The 
| variation of the viscosity of water with pressure was 
| investigated in America by Bridgmang at 30 deg. to 
75 deg. C. up to 10,000 atmospheres. The method 
used consists in the measurement of the time in which 
a steel cylinder falls in a co-axial hollow cylinder, filled 
with the water under investigation. According to 
these measurements, at 75 deg. C. from 0 to 1,000 atmos- 
pheres, the viscosity increases less than 10 per cent., 
that is, less than 0-01 per cent. per atmosphere. 

For superheated steam, there exist measurements 
up to and beyond 400 deg. C. and up to 10 kg. per square 
centimetre. In England, C. I. Smith|| (1924) used the 
capillary method at low pressures (about 0-04 kg. per 
square centimetre), and in the temperature range 
between 100 deg. and 260 deg. C. applied a method, 
the principle of which was originated by A. O. Rankine‘! 
(1913). Two containers, consisting of glass and con- 
taining water in their lower part, are connected at the 
top by a capillary tube, which is electrically heated 
to the required temperature, exceeding that of the two 

| vessels. These are retained at temperatures different 
from one another by means of thermostats. The 
steam flows from the hotter container to the colder 
one. The mass of the steam flow is determined by the 
| change of the volume of the water in the containers. 
In Germany, also by the flow method, Speyerer**, a 
| ™ EK. C, Bingham and R. F. Jackson, Scientific Paper, 
| Bureau of Standards, 1917, page 298. 
+ M. Jakob, Zeitschr. f. techn. Phys., vol. ix (1928), 
| page 21. 
t M. de Haas, Commun. Leiden Nr. 12 (1894). 
§ P. W. Bridgman, Proc. Am. Acad., vol. Ixi (1926), 
| page 57. 
i £Ock 
page 83. 
| A. O. Rankine, Proc. Roy. Soc. (A), vol. 1xxxviii 
(1913), page 595. 
| ** H. Speyerer, Zeitschr. d. Ver. deutsch. Ing., vol. 1xix 
| (1925), page 747, and Forschungsarbeiten auf d. Gebiete 
|d, Ingenieurwes. Nr. 273. (1925). 


Smith, Proc. Roy. Soc. (A), vol. evi (1924), 





pupil of Professor Nusselt, measured in 1925 the vis- 
cosity of steam in the range of 100 deg. to 350 deg. C. at 
1 to 10 atmospheres. The steam was produced in a 
small boiler heated by gas; then, after being super- 
heated by gas or electrically, was passed through a brass 
capillary of 2mm. diameter and 2-4 m. length, and finally 
condensed. Fig. 33 on the opposite page, shows the 
constant-pressure lines of viscosity from Speyerer’s 
work. These are straight lines, coming closer one to 
another with decreasing pressure, so confirming, for 
p = 0, the theoretical postulate that the viscosity of 
an ideal gas does not depend on the pressure. 

By means of the kinetic theory of gases, in England, 
Sutherland* (1893) derived the well-known formula 


. (68) 


in which T is the absolute temperature, 7) the viscosity 
at 0 deg. C., and C a constant for each particular gas. 
Speyerer found the Sutherland formula correct, adopting 
the values : 

Ny = 86-8-10-' and C = 673 


Quite recently in Germany, Braune and Lincket 
measured the viscosity of steam at a low pressure 
(0-02 kg. per square centimetre) up to 406 deg. C. by 
the oscillation method, based on the fact that the 
logarithmic decrement of a swinging disc is propor- 
tional to the viscosity. A plane-parallel quartz disc 
suspended from a fine quartz thread between two fixed 
horizontal quartz plates executes a turning oscillation 
about its vertical axis. The test points of Smith and 
of Braune and Lincke are recorded in Fig. 33, which 
shows that according to these authors the viscosity of 
steam at zero pressure would rise more steeply than 
according to Speyerer’s curve, the differences in viscosity 
being about 2 per cent. on an average. 

In high-pressure work, values for tbe viscosity of 
hot water, and especially of superheated steam, are 
required at much higher pressures than the pressure 
of 10 atmospheres attained by Speyerer. At present 
the practice is to extrapolate the latter values up to 
ten times this pressure, although Speyerer’s values 
are really not suitable for such extrapolation. I am, 
therefore, in co-operation with Dipl. Ing. Fritz, in 
the Reichsanstalt, carrying out experiments for steam 
embracing the region up to 100 atmospheres and 400 
deg. C. 

As the capillary method at such high pressures would 
require excessively small tubes or too much steam, 
we are using the method of the oscillating disc. Fig. 34 
is a previously unpublished illustration showing a 
section through the principal part of our apparatus. 
In a container a of stainless steel designed for 100 
atmospheres and 400 deg. C., the lid 6 of which is 
provided with fittings for filling in the water and for the 
manometer and thermometers, a dise c, suspended by 
a fine wire d, oscillates between two plates e and f, 
the surfaces of which are parallel to that of c. The 
oscillation can be observed by means of mirror, tele- 
scope and scale through a window g. The plates are 
adjusted by means of special screws h, introduced 
through the bottom of the vessel, and manipulated 
from the outside. The whole apparatus is arranged 
in a chamber of aluminium (not shown in the figure) 
similar to that which we use in our apparatus for the 
determination of the latent heat. The great difficulties 
of design caused by the high pressure and temperature 
cannot be dealt with here in detail. 

2. Heat Conductivity as a Decisive Factor in Heat 
Transfer.—In a certain sense, the heat conductivity 
in heat transfer processes corresponds in importance 
to the viscosity in flow problems. Only in rare 
cases in practice does the heat conductivity of water 
and steam alone control the conditions, conductivity 
generally being associated with convection or with a 
change of state, as, for instance, in the process of 
condensation. But, none the less, in dealing with 
condensation, and its investigation and calculation, 
knowledge of the heat conductivity of water is essential. 
In problems of convection, on the other hand, it is not 
sufficient to determine the heat transfer merely em- 
pirically, as has been unsuccessfully tried for so many 
years, at great expense and with the, accumulation of 
measurements. In the principle of similarity (theory 
of dimensions), which is to-day one of the fundamental 
methods of dealing with heat transfer, the heat con- 
ductivity is necessary in the same way as the viscosity 
is in flow problems. Unfortunately, in connection with 
the heat conductivity of water and steam, our knowledge 
shows even more gaps than with viscosity. For water. 
asin the case of viscosity, many experiments have been 
carried out at ordinary temperatures, and also a few at 
very high pressures. At high temperatures (above 100 





* W. Sutherland, Phil. Mag. (5), vol. 36 (1893), 
page 507. ’ 

+ H. Braune and R. Lincke, Zeitschr. f. physikal. 
Chem. (A), vol. 148 (1930), page 195. 
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deg. C.), on the contrary, measurements are absolutely 
lacking. The best value for water at 20 deg. C. I consider 
to be 0:00142 calorie per centimetre per second per 
degree Centigrade. 

The variation of the heat conductivity with the 
pressure has been determined by Bridgman.* He 
used a method of continuous heat flow, the water 
under investigation filling a circular space, only 
0-4 mm. thick, between a hollow cylinder aad a co-axial 
cylinder, the electrically produced heat flowing from 
the inside to the outside. By these experiments, 
at from 0 to 12,000 atmospheres, Bridgman found, in 
the region from 0 to 1,000 atmospheres, at 30 deg. C., an 
increase of heat conductivity of only 5-5 per cent., 
and at 75 deg. C. an increase of 6-5 per cent. 

The only precise measurement of the variation of 


0 deg. to 80 deg. C. remains that which I carried out | 
in 1920 in the Reichsanstalt.+ In this the heat was 
conducted vertically from an electric heater through 
a lamellar layer of water between two parallel copper 
plates, in the downward direction. The difference of 


the temperatures of these plates was measured by | 


means of thermocouples. The heat losses were excep- 
tionally small, since the apparatus was covered over by 


The heat’ produced by the wire flows radially through 
the gas to the wall of the capillary tube, and from 
this into a chamber, filled with the same gas and 
connected with the open ends of the tubes. Details 
of the method cannot be given here. The values 
of the heat conductivity of steam observed by Moser 
at low pressure are :— 
A = 0-0000 458 cal. per cm. per sec. per deg. C. 
at 46 deg. C., 
A = 0-0000 566 cal. per cm. per sec. per deg. C. 
at 100 deg. C. 








the conductivity over the temperature range from | the better known viscosity, by means of the relation | 
e cl stivity re : re range | ° Pi = . 
: y I | obtained from the kinetic theory of gases : 


Probably these values are not very exact. | 

If, for the pressures and temperatures often occurring | 
in practice, the heat conductivity of superheated steam | 
is required, I recommend calculating this quantity from | 





A= Ke. cy. eh 7 . (70) | 

| 

Unfortunately, the constant K is not exactly known | 
for co-aggregating gases such as water vapour. Sub- 


| stituting Moser’s value for the heat conductivity at 


100 deg. C. in equation (70), we obtain K = 1-25. 


has the property of absorbing most intensively radia- 
tions of certain limited wave-length regions, which 
causes the so-called absorption bands of the spectrum. 
In consequence of Kirchhoff’s law, on the other hand, 
a gas emits a radiation of the same order of wave- 
length as that whichit absorbs. So that the emissivity 
of steam corresponding to the ultra-red bands is very 
considerable. 

A heat ray of the wave-length A and the original 
energy E,’, having passed a distance d in a gas, 
has still, according to experiment, the energy 

Ey = E,’.e-kpd, a ~ ‘€#2) 
where p is the partial pressure of the absorbing gas, 
expressed as a fraction of the total pressure, and k, 
in m=, the exponent of absorption for the wave- 
length A. From this, one obtains the ccefticient of 
absorption A,, that is, the relation of the absorbed 
to the initial heat, as :— 

B,’—E,’ 


A, _ >1—ekpd . (72) 
“A 


| Using this value and the viscosity values of Speyerer | If, in the range of wave-length in question, the gas 


Fig.33, (SOBARIC LINES OF VISCOSITY 7 ACCORDING TO SPEVERERS 
_— MEASUREMENTS (DOTTED LINES ARE EXTRAPOLATED). 


x Observed by 


(2919.A) Se 


HEAT CONDUCTIVITY OF WATER ACCORDING 
TO JAKO 


Fia. 35 Dots: Observed values. 
a Straight line according to equation: 
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a Dewar-vessel. The experiments at 20 deg. C., Fig. 35, 
gave the value 0-1404 for the heat conductivity A, 
and in the range from 0 deg. to 80 deg. C. the linear 
equation : 


A = 0-001325 (1 + 0-002984 ¢) 
{cal. per em, per sec. per deg. C.] 69) 
or A= 0-4769 (1 + 0-002984 ¢) | 2 
{keal. per m. per deg. C.] 


This formula is at present in general] use; it is used 
also beyond 100 deg. C. Othmer,t in a paper of 1929, 
states that in still unpublished experiments at the 
University of Michigan the equation had been con- 
firmed up to 120 deg. C. Ido not, however, know any 
details regarding this work. 

We know even less about the heat conductivity of 
steam than we know of that of water above 100 deg. C. 
Only a single paper exists, a Berlin University thesis by 
Moser ”’s of 1913, restricted to low pressure and to the 
temperatures of 46 deg. and 100 deg. C. Moser used 
the well-known method of Schleiermacher, the gas 
filling a capillary tube in the axis of which a platinum 
wire is arranged; the wire serves as an electrical 
heater and at the same time as a resistance thermometer. 





* P. W. Bridgman, Proc. Americ. Acad., vol. lix 
(1923), page 139. 

| M. Jakob, Annal. d. Phys. (4), vol. Ixiii (1920), 
page 537. 

{ D. F. Othmer, Industrial and Engineering Chemistry, 
vol. xxi (1929), page 581. 
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of superheated steam, as a function of pressure and 
temperature (Fig. 36). Considering the unknown but 
possible influences of pressure and temperature on K, 
these values of heat conductivity may be exact only to 
within about + 5 per cent. 

3. The Heat Radiation of Superheated Steam.— 
Whereas for a long time the heat flow through steam 
was considered as only dependent on its heat con- 
ductivity and on convection, it was later recognised 





that, in certain cases, the radiation of the steam also 
played an important part in the heat transfer. Professor 
Paschen, now President of the Physikalisch-Technische 
Reichsanstalt, it is true, as early as 1894, that is 
thirty-seven years ago, investigated thoroughly the 
absorption bands of steam in the ultra-red region,* 
to which we shall return later; but it was only in 
1923 that Nusselt,t and in 1924, Schack,t recognised 
how important are the absorption bands of carbon 
dioxide and of water vapour in connection with heat 
transfer in internal-combustion engines and in the 
fuel gases of furnaces and boilers. What, then, is the 
essence of the question? Steam, like other gases, 





* F. Paschen, Annal. d. Phys., vol. 53 (1894), page 
334. 

+ W. Nusselt, Forschungsarb. auf d. Gebiete des Inge- 
nieurwes. No. 264, Berlin (1923). 

¢ A. Schack, Zeitschr. d. Ver. deutsch, Ing., vol. 68 





E. Moser, Dissertation for Doctor Thesis, University 
of Berlin, 1913. 


(1924), page 1017 and Zeitschr. f. tech. Phys., vol. 5 
(1924), page 267. 





in equation (70), I have calculated the heat conductivity | absorbs all arriving rays (A, = 1), its own radiation 
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| would be equal to the energy E,, of the black body in 
the range in question. This radiation, according to 
Nusselt’s suggestion, is called the “‘ black gas-radia- 
tion,” and can be calculated by means of Planck’s law 
of distribution of energy. 

| On the other hand, according to Kirchhoff’s law, the 
| energy actually emitted by the gas in the band in 
question is 


fa ddX= fA, E,,dd Am [Esx dX. (73) 


| To calculate the mean value A, , it should be known 
| how, within a band, k changes with A. But, since 
| to-day, we are far from knowing this, Schack has 
| derived the approximate formula (74), in which pmux 
| signifies the highest exponent of absorption existing 
| within the band :-— 








2: Pe max? - 


Aeggee B= 





pews 74 
kmax-p.d (74) 
kmax is known by the experiments of Paschen (already 
mentioned) in the range from 100 deg. to 1,000 deg. C. 
According to this investigator, steam has three impor- 
tant absorption bands. 


TABLE XIV.—Absorption Bands for Steam, According to 
Paschen. 


| | 
| Wave Length 


! 
| Wave Width of | of the Maxi- | Maximum of 


Absorption | | Absorption 
Length. |the Band.| mum > 
Band. x An Intensity. | Exponent. 
| A | max 
| 
| ! 
No. | (| fl | [u] | [m-"] 
1 | 2°24 to 3°27 1:03 | 27 8 
2 |}48 to85 3°7 | 6°5 | 27 
3 |= to 25 13 18°5 45 


The first column of Table XIV contains the number of 
the band, the second the wave-lengths, the third the 
width of the bands, the fourth the wave-length of the 
maximum intensity, and the last the maximum of the 





absorption exponent. How the position, the width, 
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and the maximum absorption of these bands change 
with the temperature is not yet exactly known, and, 
above 1,000 deg. C., isentirely unknown. It is proposed 
to carry out experiments regarding this question. 
The mean coefficient of absorption A,, has still to be 
multiplied by a factor ¢, which depends on the product 
kmax-p-d, and on the form of the gas body. For 
instance, the value ¢ = 0-7 to 0-8 refers to the cubic 
or globular forms, and ¢ = 1-1 to 1-0 to the form of 
channels or parallel pipes. With increasing amounts 
of kmax.p.d the value of ¢ approaches 1; for 














kinax . p . d = 6-5 one can always take ¢ i. 







two practically infinite parallel plates. 
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If two such plates are “ black radiators,” Stefan 
Boltzmann’s law would hold good. 


Qe cs[ (GG) - G3)"] - a 


(); being the heat transferred per square metre per 
hour, Cs = 4-96 keal. per square metre per hour per 
(degree Centigrade absolute) being the coefficient of | 
black radiation, the subscripts 1 and 2 referring to 
the two plates. The heat Q actually transferred is 
given by the formula : 


Q : [ ( 1)! (aa) | (76) 
l 1 l 100 100 
is, As 
where C, and C, signify the radiation coefficients of 
the two radiating surfaces, lying almost between the 
values 3 and 4 keal. per square metre per hour per 
(degree Centigrade absolute)*. It will be seen that this 
equation involves the assumption that the fourth-power 
law also holds good for radiators that are not black, 
an assumption quite allowable for the surfaces of solids. 

Superseding now the plate 1 by a gas layer of 
thickness ¢, we obtain immediately the formula for the 
total gas radiation to a wall, the coefficient C, now | 
being a function of the partial pressure, the tempera- 
ture and the thickness of the gas layer. As the 
hypothesis of the fourth power of temperatures scarcely 
corresponds to reality, in the case of gases, the influence 
of temperature on the value of C, is partly caused by | 
the failure of this hypothesis. To determine C, is extra- | 
ordinarily important, and Professor Ernst Schmidt, of 
the Technical High School in Danzig, has, therefore, at 
the request of the German Committee of Steam Research, | 
carried out experiments to determine this quantity. 
Professor Schmidt has kindly placed at my disposal a | 
hitherto unpublished sketch of his apparatus, and some 
preliminary results of his experiments, also not pre- 
viously published.* 

The measurement of the gas radiation of steam layers | 
of different thickness and ‘emperature involves special | 
difficulties, owing to the fact that one cannot limit | 
the steam by walls, since the radiation of these generally | 
considerably exceeds the steam radiation. Schmidt, | 
therefore, used a free jet of steam flowing from :| 


nozzle. Fig. 37 shows his apparatus. In this, a is 
the superheater into which saturated steam is directed | 
from below. In a porcelain tube, the steam is heated, | 
by means of electrical resistances 6, to the required | 
temperature of 150 deg. to 1,000 deg. C., and then | 
passes off through a nozzle c, of rectangular section, | 


* The investigation will be published in the journal, 
Forschung auf d. Gebiete des Ingenieurwesens, early in 
1932, ; 














as a rather sharply bounded jet of almost uniform 
temperature. The velocity of this jet was 10 m. to 
20 m. per second. The superheater tube is fitted on 
the outside with a protective heating coil d, and 
insulated by the jacket e, cooled by water. 

The receiver of radiation f consists of a concave mirror 
g and a thermopile h on which an image of a part 7 
of the steam jet is formed by the concave mirror. 
The thermo-electric force of the thermopile is observed 
by a mirror galvanometer or by a potentiometer. The 
whole receiver can be so turned that its opening is 
opposite to one or other of the two black bodies s, 


A second way of dealing with the matter consists in | and s,. One of these is heated to the temperature of 
the direct determination of the total radiation between | the room, the other to such a temperature that its 


radiation nearly equals the radiation of the steam. In 


Fig.38. 
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Fig40. COEFFICIENT OF RADIATION OF STEAM. 
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compared with an exactly known black radiation. 
The temperature of the steam is determined by 
means of thermocouples of platinum and platinum- 
rhodium, having a thickness of only 0-02 mm. The 
thermocouple can be moved over the whole section of 


the steam jet, so giving the possibility of determining | 


the distribution of temperature, an average tempera- 
ture being obtained by a planimeter over the tempera- 


ture curve. As shown in Fig. 38, the temperature is | 


almost constant over the cross-section of the jet 
leaving the nozzle. Air, dried over sulphuric acid, 
flows continually through the receiver, so that in 
this no absorption of the steam radiation, caused by 
water vapour in the air, can take place. 

In Fig. 39, the coefficient of radiation as a function 
of the temperature for layers of different thicknesses is 


a 
| 3 
| F nd 
mS 
8 


ing to this figure,a steam layer, 6cm. thick, at 200 deg. C . 
has a radiation coefficient of 1-2 kcal. per square metre 
per hour per (degree Centigrade absolute),* that is 
about one-quarter of the radiation of an absolute 
black body at the same temperature. With decreasing 
thicknesses of layers, the radiation coefficient also 
rapidly decreases, as would be expected. The decrease 
of this with rising temperature is, as already men- 
tioned, caused partly by the assumption of the fourth- 
power law of temperature for the heat transfer. 
Schmidt also recorded, for comparison, coefficients 
calculated according to Schack’s method. These are 
the almost horizontal lines in Fig. 39, which deviate 
considerably from Schmidt’s observations. While these 
lines are based on more recent measurements of the 








Fig.39. COEFFICIENTS OF 
RADIATION OF STEAM. 
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| absorption bands, Schack now prefers the older ones, 
| originating from Paschen. With these values one ob- 
| tains the curves of Fig. 40, which show quite good 
|agreement between Schmidt’s observations and the 
calculated values of Schack. Apparently, even to-day. 
the old values given by Paschen are the best existing. 
Further results of research in this field will be awaited 
with special interest. 
(To be continued.) 








WORKSHOP SPECTROSCOPE FOR 
STEEL EXAMINATION. 


ALTHOUGH the spectroscope has been employed for 
many years to determine the presence of alloying 
elements in steel and other metals, as well as, within 
certain limits, the proportions of such elements present, 
the instruments used, in general, have been more suit- 
able for employment by skilled observers in the labora- 
tory than for use by ordinary workmen in the shops, 
stores or warehouse. The information which the 
spectroscope can supply, however, is often needed in 
various parts of engineering and metallurgical works, 
in connection with such operations as selecting scrap. 
checking stocks and deliveries of raw materials, &c., 
and a simple and convenient instrument, which is 
easily portable and can be used for this purpose by 
any person of ordinary intelligence, should therefore 
find numerous applications. 

Such an instrument, known as the Spekker Steelo- 


| this way, the radiation of the steam can be directly | scope, is now being made by Messrs. Adam Hilger, 


| Limited, 24, Rochester-place, Camden-road, London, 
N.W.1, and is illustrated in Fig. 1, opposite. It 
consists of a tripod stand on which is mounted a metal 
box containing the prisms, and to this box are attached 
two tubes, one carrying the slit and the other the 
eyepiece. The slit, which is located at the outer end 
of the left-hand tube in Fig. 1, is protected from dirt by 
covering it with a condensing lens which concentrates 
the light entering the instrument, and the eyepiece 
is mounted on a curved plate which slides in gibs 
| formed on the end of the right-hand tube, so that it 
|can be moved to bring different parts of the spectrum 
| into the field of vision. A view of the eyepiece end of 
| the instrument, on a larger scale, is given in Fig. -. 
‘and from this it will be seen that a number of lines. 
each marked with the chemical symbol of one of the 





* = > 1 * 
shown, the points being Schmidt’s test figures. Accord- | alloying elements, are engraved on the end of the tube 
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COMPLETE INSTRUMENT. 


Fig. 
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Striping EYEPiEceE. 




















SPECTRUM OF IRON CONTAINING 
TITANIUM. 


Fie. 3. 


An arrow is also engraved on the sliding plate carrying 
the eyepiece, and by moving the latter so that the 
arrow coincides with one of the fixed marks, the part 
of the spectrum containing the most distinctive lines 
of the element to which the mark relates will be brought 
into the field. 

The elements provided for in this way are chromium, 
vanadium, tin, manganese, cobalt, titanium, nickel, 
cadmium, copper, tungsten and molybdenum, and 
diagrams are supplied with the instrument to enable 
the lines due to these elements to be distinguished 
when they appear. To illustrate this, we reproduce, 
in Figs. 3, 4 and 5, the lines seen in the eyepiece when 
set for the elements titanium, vanadium and cobalt, 
respectively, provided these elements are present in 
the arc forming the source of light from which the spec- 
trum is produced. The distinctive lines of these 
elements are those extending only half way across the 
figures, the others being the iron lines always present 
in the are spectrum. When actually seen through 
the eyepiece, the distinctive lines of the alloying ele- 
ments, of course, extend across the whole field, but 
they can, nevertheless, be readily distinguished, if 
present, by their positions relatively to the adjacent 
lines or groups of lines of the iron spectrum. Moreover, 
by comparing the intensity of the lines due to the alloy- 
ing elements with certain selected lines of the iron 
spectrum, it is possible to estimate roughly the per- 
centage of the alloying element present. In the case 
of cobalt, for instance, it has been found possible to 
discriminate between steels containing 19-8 per cent., 
6 per cent., 3 per cent., and 2-47 per cent. of this 
element, and with tungsten discrimination was success- 
fully made between steels containing 16 per cent., 5-86 
per cent., 4 per cent., and 0-42 per cent., although the 
difference between the specimens containing 5-86 per 
cent. and 4 per cent., respectively, was small. Two 
settings of the eyepiece are provided for the detection 
of molybdenum, one being used when the proportion 





Present is less than 1 per cent., and the other when | detected. For the detection of nickel and tungsten, 


SPECTRUM OF [RON CONTAINING 
VANADIUM. 


Fic. 4. 


it is greater; a similar provision is made in the case 
of manganese. Vanadium can be detected when 
present in the proportion of 0-1 per cent. or less, and 
in the case of titanium it has been found easily possible 
to discriminate between samples containing 0-168 per 
cent., 0-636 per cent., and 1-9 per cent., respectively, 
of this element. In the case of chromium, quantitative 
estimations can be made with percentages between 
0-5 per cent. and 3 per cent., and it has been found 
possible to discriminate between samples containing 
0-41 per cent., 1-23 per cent. and 2-22 per cent., or 
0-79 per cent., 1-55 per cent., and 3-01 per cent. 
The results quoted above, it should be explained, were 
obtained by a member of Messrs. Hilger’s research 
staff who, though a trained physicist, had not attained 
the skill of a practised observer, and it is stated that 
unskilled lads, after about a week’s practice with a 
particular range of steels, are able to work to a consi- 
derably higher degree of precision than can be reached 
by a trained man with less practice in these obser- 
vations. To facilitate the estimation of the percentages 
of the alloying elements, standard samples of steel 
containing these elements in known proportions have 
been prepared and are supplied by the makers of the 
instrument. 

In using the instrument, a rod of iron, which must be 
free from the elements to be detected or estimated, is 
placed in a horizontal mount and connected to one pole, 
usually the positive pole, of a direct-current supply 
system, at from 150 to 250 volts, the sample to be 
tested being allowed to rest in some convenient form 
of holder which is connected to the opposite pole. A 
suitable resistance is included in the circuit, and an 
are is struck between the sample and the iron rod by 
first bringing them into contact and then separating 
them by a distance of about one tenth of aninch. The 
current flowing through the arc should be from 3 to 
8 amperes, according to the thickness of the iron rod 
and the sample and to the element which is to be 


Spectrum oF [RON CONTAINING 
COBALT. 
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,it may be noted, a comparatively heavy current is 
| required to render the lines continuously visible, as 
| with a small current they only flash up occasionally. 
The instrument is placed with the slit on the same level 
as the arc and at a distance of abcut four or five inches 
from it, so that the light falls directly on to the slit, 
and the eyepiece having been set to the position corres- 
ponding to the element to be detected, observations 
are then made as described above. The setting of the 


| eyepiece is the only adjustment necessary to the 


instrument, and a bar can be picked up from the floor, 
examined and replaced within a minute. 

In a very few cases where certain elements are 
concerned and where a higher degree of accuracy is 
desired, the polarity of the iron rod and sample may 
affect the results. It is, therefore, an advantage to 
have a reversing switch connected so that their 
polarities may be interchanged at will, and obser- 
vations made with both connections, although, in 
general, the best results are obtained with the iron 
rod as the positive pole, as already stated. In com- 





| paring two specimens for estimating the percentage 





of the same alloying element, it is essential for the pola- 
rity to be the same in both tests. It may here be pointed 
out that the spectrum produced is that of the metallic 
surfaces between which the arc is formed, so that the 
observations will be affected by any heavy rusting or 
even, possibly, by the heating effect and oxidation 
due to the formation of the arc itself. It is desirable, 
therefore, if any difficulty is experienced in discriminat- 
ing between two specimens, to clean the surfaces 
between which the are is formed by means of a file, 
which has itself been thoroughly cleaned before use. 
If these simple and fairly obvious precautions are 
taken, the results obtained will be quite reliable and wili 
frequently avoid the necessity for chemical analysis. 
As a further instance of the utility of the instrument, 
we may mention that carbon case-hardening steel, 
as supplied by the manufacturers, may contain from 
0-40 per cent. to 1-2 per cent. of manganese, and, in 
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many cases, the heat treatment, to produce the most 
satisfactory results, must be modified in accordance 
with the percentage of manganese. With the Spekker 
Steeloscope it is possible to estimate the manganese 
in a sample of steel with sufficient accuracy to enable 
the best heat treatment to be prescribed in less than 
one minute. Successful discrimination can, for instance, 
be made between steels containing 0-6 per cent., 
0-8 per cent., and 1 per cent. of manganese. Although 
a satisfactory chemical analysis can be made in 10 
or 12 minutes, considerable inconvenience and delay 
will, obviously, be caused by the need for drilling the 
sample, and the cost of the chemicals is appreciable. 

In conclusion, it may be mentioned that the Steelos- 
cope can be supplied in a modified form for the examina- 
tion of non-ferrous metals and alloys, such as brasses, 
bronzes, &c. An example of the use of this instrument 
is in connection with the sorting and checking of scrap 
brass, in which the presence of a very small percentage 
of lead or iron may be objectionable. These elements 
can, however, be detected, and an indication of the 
percentage present sufficient for sorting and checking 
purposes can be obtained, when the proportion is as 
low as 0-04 per cent. 








COLLIERY EXPLOSIVES AND 
FIREDAMP. 

A PAPER recently issued by the Safety in Mines 
Research Board gives the results of a number of experi- 
ments in connection with the ignition of firedamp by 
permitted coal-mining explosives, which throw a good 
deal of new light on this important subject. The paper 
is one deserving the careful study of all users of colliery 
explosives.* 

Generally speaking, the tests of the safety of materials 
and appliances for use in British coal mines are so 
designed that the conditions under which they are 
carried out are more severe than those likely to occur 
in actual practice, and yet, whilst ensuring a sufficient 
margin of safety, do not impose restrictions which would 
render the employment of such materials and appli- 
ances either impracticable or uneconomical. In the 
case of mining explosives these principles are difficult 
of application, since the most dangerous conditions of 
using explosives in practice are not known, and to adopt 
the most dangerous experimental conditions as a stan- 
dard would disqualify the use of all explosives in col- 
lieries. 

Although as may be inferred from the above the 
direct testing of explosives in the presence of firedamp 
(known as “ gallery tests ’’) is unsatisfactory, yet this 
method is useful in classifying explosives into two 
groups, viz., those which can be recommended as having 
a wide margin of safety and those which would be 
positively dangerous, such as black powder or dyna- 
mite. Considering the relatively small number of 
ignitions of firedamp caused by explosives in mines, 
compared with the number of shots fired, it would appear 
that the test serves its purpose. Yet the fact remains 
that ignitions do occur with permitted explosives, even 
when these are used in much smaller quantities than 
the maximum charge prescribed. Again, it has been 
found by investigation that, contrary to what might be 
expected, in cases of ignitions which have occurred, 
different explosives of the permitted class would have 
caused ignitions if fired under precisely the same 
conditions. It is questionable, therefore, if any great 
improvement in the absolute safety of colliery explo- 
sives may be attained without a complete change in the 
type of explosive at present used. In the present paper 
it is postulated that ‘* it is really the conditions under 


which permitted explosives are fired which determine | 


whether they will ignite firedamp or not, and safety 
in their use depends upon the care with which the 


operation is carried out as much as, if not more, than | 


upon any specific property of the explosive.’ These 


and which form the basis of further experiments 
recently commenced carried out under conditions more 
resembling actual mining practice. Standard con- 
ditions were maintained in the preliminary tests by using 
| a steel gallery to contain the firedamp and air mixtures 
| and a steel cannon to fire the explosive, the bore of 
| which remained constant for a large number of tests. 
| The two typical permitted explosives selected for the 
| experiments were Samsonite No. 3, a gelatine explo- 
| 


sive, and Celmonite, an ammonium nitrate, non-nitro- 
glycerine explosive in powder form. Two galleries 
were used indiscriminately for any one series of tests, 
the only important difference between them being the 
, diameter, one being 5 ft., the other 6 ft. in diameter, 
the results having been found to be identical in both 
| galleries. 
| The first experiment was to determine the ignition 
| range of two typical explosives under standard con- 
| ditions, the latter being those adopted for the official 
|test with unstemmed shots. The cartridges were 
1.% in. in diameter, and were pushed to the back of the 
| bore of the gun, the detonator being placed at the outer 
end of the last cartridge, inserted and pointing into the 
| charge; this position is that recommended as the best 
| for use in mines, and is referred to as ‘“‘ direct.””>, When 
| the cartridge containing the detonator is placed first 
in the gun the position is referred to as ‘* inverse,” 
the detonator still being at one end and pointing into 
the charge. The range of ignition, it should be ex- 
planed, is the maximum charge which will not cause 
ignition in five successive shots, and the minimum charge 
which will cause five ignitions in five successive shots, 
the limits of ignition being determined to the nearest 
2 oz. In most experiments five shots were fired at 
2 oz. periods throughout the range, and the number of 
ignitions recorded at each charge. 

The charge limit found in the first tests was 14 oz. for 
Samsonite No. 3, and 16 oz. for Celmonite, which had in 
both cases to be increased to 28 oz. before ignition was 
obtained with each of the five test shots, showing how 
ill-defined is the boundary between the igniting and 
non-igniting charges. The next test was to determine 
the ettect of varying the diameter of the cartridge. 
Under the Explosives in Coal Mines Order the maximum 
diameter permitted is 2 in., and the minimum { in. 
It had already been established in earlier experiments 
that an increase in the diameter of cartridges increases 
the danger of igniting firedamp. Experiments were 
therefore now made with the smallest permitted size. 
With Celmonite, of which 14 oz. was sufficient to fill 
the gun, the entire charge did not detonate, and part 
of the explosive was found in the gallery. This was 
particularly noticeable when more than one cartridge 
was used; when the 2 oz. cartridges were fired nearly 
half the unprimed cartridge was found in the cannon. 
However, when the shots were stemmed in later tests 
complete detonation was obtained. 

Further experiments confirmed the great practical 
importance depending upon the position of the deto- 
nator. The best yields are obtained with the detonator 
in the direct position. The risk of unexploded cartridges 
is reduced and thereby the danger of these burning 
after a shot has been fired. 

Reducing the length of the bore from 46 in. to 214 in. 
had the effect of greatly reducing the charge limits of 
both explosives, whilst with the explosive at the 
muzzle of the gun still lower charge limits resulted. 
As it was known that a decrease in the diameter of the 
gallery increases the liability of firedamp ignition, a 
series of tests was made to ascertain the amount to 
which the charge limits were lowered by reduction in 
the diameter of the gallery from 6 ft. to 1 ft. For 
this purpose an iron pipe | ft. in diameter and 18 ft. 
long, was fixed to the end of the explosion gallery. A 
2 oz. shot of either of the explosives was found to cause 
ignition, directly initiated at the back of the full 46-in. 
bore. 











researches were, therefore, largely devoted to investi- | 


gating the conditions in which a given charge of a} 


permitted explosive will ignite firedamp underground, 
though the same charge will not ignite the most explo- 
sive mixture of firedamp and air when fired under the 


special conditions of the test in the official gallery. | 


Information can be obtained from investigations of 
ignitions which have taken place in working practice, 
but obviously this source is limited since such cases 
are not only infrequent, but it is also difficult to obtain 
accurate details of the conditions immediately before 
a shot has been fired. particularly if a fatality or 
personal injury resulted. More precise and more 
extensive data can be obtained experimentally, but it 
is necessary that the preliminary éxperiments be 
carried out under standard and reproducible conditions, 
even if these differ from those of the mine. It is experi- 
ments of this type which are described in this paper 


* The Ignition of Firedamp by Coal-Mining Explo- 
sives, I,—Gallery Experiments. By H. C. Grimshaw 
and W. Payman. Safety in Mines Research Board, 
Paper No. 69. London: H.M. Stationery Office, Adas- 
tral House, Kingsway, W.C. Price 1s. 6d. net. 


FOREIGN MARKETS FOR Motor CycLes AND Woop- 
WORKING . MACHINERY.—Reports on the market for 
motor cycles in Algeria and on the trade in saw-milling 
and woodworking machinery in Roumania, have recently 
been issued by the Department of Overseas Trade, 35, 
Old Queen-street, London, S.W.1. Copies of these 
may be obtained by British exporting firms on application 
to the Department, quoting reference No. G.X. 10,846 
in the case of Algeria, and No. A.X. 11,134 in that of 
Roumania, 


LEEDS COMMERCIAL AND TECHNICAL LIBRARY.—The 
first of a series of bulletins, containing a selection of 
| books available in the Leeds Public Commercial and 
Technical Library, on engineering and building construc- 
tion, has recently been issued. This is being followed, 
at monthly intervals, by additional bulletins covering 
mechanical engineering, machinery and machine tools, 
civil engineering, mining engineering, electrical engineer- 
ing, telegraphy, telephony and wireless, and metallur- 
gical engineering. The system is an excellent one, and 
the authorities of the Leeds Public Libraries are to be 
congratulated on their enterprise. As the bulletins 
are produced by the duplication of type-written matter 
their cost is not high, 





THE NEWCOMEN SOCIETY. 


AT the annual general meeting of the Newcomen 
Society, held on November 25, at the Chartered Insti- 
tute of Patent Agents, the election of members of 
council and the reading of the report for 1930-31, took 
place. The Society now has 258 individual members 
and 63 institutions, including the copyright libraries, 
which receive the transactions. Of this total of 321. 
43 per cent. of the membership is outside the United 
Kingdom. Founded in 1921, the Society, says the 
report, ** has admittedly justified its existence, and has 
attained a status and an influence all the world over.” 
During the session, amongst its other activities, the 
Society took the initiative in arranging for the cele- 
brations of the centenaries of Henry Maudslay and 
William Symington. One of its members was respon- 
sible for locating the burial place of Blenkinsop, the 
locomotive pioneer, while through the action of the 
Society, the Institution of Shipbuilders and Engineers 
in Scotland have taken steps to prevent the monument 
to Henry Bell, in Row Churchyard, on the Gareloch. 
from falling into decay. This monument was erected 
by Robert Napier, the engineer and shipbuilder. Referr- 
ing to Blenkinsop’s tombstone, the report remarks : 
‘The state in which this and other monuments to 
distinguished engineers and scientific men have been 
found by the Society appears to call for action by some 
public body.’ After the passing of the report, a paper 
was read by Mr. T. B. Hennell, on ‘“ Men of Straw ; 
An account of Surviving Straw Handicraft.’ Twisting 
plaiting, and weaving of fibres, stalks, stems and the 
like is probably one of the oldest of crafts and has 
been practised all the world over, but Mr. Hennell’s 
review referred mainly to the straw industry of this 
country. The skill of working in straw is rapidly 
dying out. Mr. Hennell’s gave much information on 
the preparation and uses of straw, in many cases 
illustrating the work with actual specimens. 








CATALOGUES. 


Concrete Pipes.—A useful pamphlet explaining the 
qualities of concrete pipes and giving results of various 
tests, has been issued by Messrs. The Stanton Ironworks 
Company, Limited, near Nottingham. 

Oil Separator.—A descriptive catalogue of the Comyn 
oil separator is to hand from the makers, Messrs. 
Separators, Limited, Cunard-building, Liverpool, giving 
particulars of the construction of the separator and 
operating directions, 

Single-Line Railway Working.—An explanation of 
Neale’s tablet and block instrument for the safe working 
of single railway lines is given in a pamphlet issued by 
Messrs. The Westinghouse Brake and Saxby Signal 
Company, Limited, 82, York-road, King’s Cross, London, 

Boilers.—Messrs. Marshall, Sons and Company, Limited, 
Gainsborough, have issued a further catalogue of steam 
boilers, specially describing the return-tube and dryback 
types, and giving particulars of capacity, working pres- 
sures, &c. A battery of oil-fired, dry-back boilers with 
electric controls is illustrated. 

Oil-Engine Locomotives.—We have received from Messrs. 
John Le Boutillier, Limited, 13, Rood-lane, London, 
E.C.3, a catalogue of Diesel locomotives built by Messrs. 
Maschinenfabrik Augsburg-Nurnberg A.-G., Germany. 
Engines of from 150 h.p. to 1,200 h.p. are illustrated 
from examples of those in service. 

Metallic Packing.—A new edition of their catalogue of 
metallic packings for the glands of steam, gas and oil 
engines, pumps, propeller shafts, &c., is to hand from 
Messrs. The United States Metallic Packing Company, 
Limited, Allerton-road, Bradford. Packings are made 
to suit low, medium and high pressures. 

Forgings.—A pamphlet issued by Messrs. The English 
Steel Corporation, Limited, Sheffield, explains the process 
of making drums for boilers and other vessels subjected 
to medium and high pressures. A series of illustrations, 
with brief notes, shows the various stages of manufacture 
from the ingot to the finished product. 

Electric Wiring Accessories.—We have received from 
Messrs. British Insulated Cables, Limited, Prescot, 
Lanes., three new catalogues. One of these deals specially 
with ship wiring and contains useful practical notes, 
the second with fuse boxes and switch fuses, and the 
third with tee, service and straight-joint boxes. 

Rotary Converters.—Messrs. The Brush Electrical 
Engineering Company, Limited, Loughborough, have 
issued a new catalogue of rotary converters designed for 
plants requiring direct current from an_alternating- 
current supply for loads up to about 500 kw. The 
explanatory matter will be found clear and practical. 

Pumps.—A further catalogue of centrifugal pumps 1s 
to hand from Messrs. Gwynnes Pumps, Limited, Hammer- 
smith, London, W.6, dealing with the types specially 
suitable for suction-dredging and for pumping gravel. 
ashes and other abrasive solids. The list of standard 
patterns includes fifteen sizes, ranging from 6 in, to 33 in. 

Lubrication.—Messrs. Tecalemit, Limited, Great West- 
road, Brentford, Middlesex, have issued a useful catalogue 
of lubrication fittings for locomotives and :vdustria 
machines, including distribution systems, pumps, filters. 
compressors, a great variety of nipples, pipe clips ~ 
small parts, and several types of the pressure han 
pumps known as guns. 





of 
wh 
siti 


pla 
it v 
inti 
gat 
hor 
fine 
dor 


bed 
arti 
me’ 
and 
giv 
pili 
of 

gro’ 
660 
ak 0 
con 
Sect 


floa 
thre 


omen 
[nsti- 
rs ol 
took 
nbers 
Aries, 
321. 
nited 
; the 
1 has 
ver.” 
the 
cele- 
and 
spon- 
, the 
the 
neers 
ment 
loch. 
-cted 
ferr- 
ks : 
is to 
been 
some 
aper 
raw ; 
sting 
| the 

has 
1ell’s 
this 
pidly 
n on 


“asses 


the 
rious 
rorks 


myn 
ving 
and 


1 of 
‘king 
1 by 
gnal 
don, 


ited, 
eam 
back 
pres- 
with 


ssrs. 
don, 
ssrs. 
any. 
ated 


le of 
1 oil 
rom 
any, 
nade 


slish 
cess 
ct ed 
ions, 
ture 


rom 
scot, 
ially 
tes, 


the 


rical 
lave 
1 for 
ing- 


The 


Ss is 
mer- 
ially 
L\ el. 
lard 
3 in. 
Test- 
ogue 
trial 
ters. 
and 
an 1 


Dec. 18, 1931.] ENGINEERING. 749 
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STATE ELECTRIC POWER STATION, | turned to the sea, run under the foreshore behind | mounted on continuous chains, is constantly passed. 
| the sea wall, as indicated in Fig. 1, page 599 ante | This prevents blocking by small fish, leaves, seaweed, 

MONTE VIDEO. | the se ted it 8, Be 
eee |} and discharge at a point 750 ft. north of the centre | &c., but does not arrest the mud, &c., which is dealt 
(Continued from page 660.) jline of the intake culverts. The intake house is| with by the screen shown in Figs. 29 and 30, Plate 
WE now pass on from a description of the main | divided down the centre, one-half being connected | XXXV. These consist of vertical oblong chambers 
yenerating plant to one of the complex condensing | to the upper inlet culvert, the other to the lower | of fine wire gauze, the screens being continuously 
and feed-water plant, which is illustrated in this issue |one. Each half has two openings provided with | rotated. It will be clear from the figures that the 
by Figs. 23 to 50, on this and the following pages, on | coarse fixed screens to intercept flotsam,-and the | water is led into the interior of the chambers and 
page 764 and on Plate XXXV. The position of the |ends of the culverts opening into the collecting | passes outwards through the screens, on which jets 
condensers relative to the main turbines is shown in|chamber are provided with electrically-operated | of water are constantly sprayed on the parts above 
the view reproduced in Fig. 23 on this page, and | sluice gates, the current for these being supplied by | the water in a reverse direction to its flow, thus 
the arrangements for supplying them with circulating | overhead cables. | washing off the sludge, &c., from the inside surface. 
water will be first discussed. As Monte Video is} The coarse screens do not, of course, intercept |The water, after passing this screen, is practically 
situated in a comparatively low latitude, viz., 34 deg.|sand, mud, or small organic matter, these being | free from matter likely to deposit on the condenser 
50 min. South, it is not surprising that the sea | separated from the water by two systems of screens | tubes, and then flows into the engine-house culvert 








water, from which the cooling supply is drawn, 
contains a considerable amount of organic material, 





| arranged in series in the shore screen house. This| system. 
is divided, as will be apparent in Fig. 26, into six 


Both sets of screens were 


supplied by 


minute fish, mussels, seaweed, &c., to say nothing | chambers, of which three communicate with one | Messrs. Richard Mensing, Neustadt an der Haardt. 

















Fic. 23. ConpENSING PLANT OF MAIN GENERATING SET DURING ERECTION. 


of the debris brought down by the great rivers inlet culvert and three with the other. At present, | They are electrically-operated, the supply being 
which debouch into the bay on which the station is | screens are installed in only three of the chambers, | taken from a Metrovick unit-type metal-clad switch- 


situated. The screening plant is, in consequence, | 


somewhat elaborate. The general lay-out of this 
plant is shown in Figs. 24 to 27, page 750, from which 
it will be gathered that it consists of an outlying 
intake house, containing rough screens and sluice 
gates, connected by a double culvert to a screen 
house on shore. This latter house contains rough and 
fine screens and sluices, and is, in turn, connected by 
double culverts to the pump pits in the engine house. 

The screen-house foundations are carried on the 
bed of hard boulder clay referred to in the previous 
article, on which reinforced concrete is laid. The 
method of construction will be clear from Figs. 24 
and 25, and views of the work being carried out are 
given in Figs. 47 and 48, page 764. Steel sheet 
piling was used as a protection. The chief interest 
of the latter figure is that it shows, in the back- 
ground, the intake house which is situated about 
660 ft. from the shore. The intake culverts, one 
above the other, were constructed of reinforced 
concrets in double longitudinal sections. These 
Sections were built one by one on aslipway on the sea 
front, then launched as shown in Fig. 28, page 750, 
floated out and sunk into place. The outlet culverts, 
through which the warm circulating water is re- 


viz., two working and one reserve set, this equip- 


| board in the screen house, fed from the main sub- 


/ment being sufficient for the station as it is at | station 380-volt switchboard in the control house. 


| present. The three other chambers will be fitted 
| with screens when the station has been extended 
|to its ultimate capacity. Each chamber can be 


| isolated when required, or either of the sets of three, | 


by means of electrically-operated sluice gates, details 
of two of these gates being shown in Figs. 31 and 32, 
Plate XXXV. Either set of three chambers can be 
cross-connected with either culvert by similar sluices 
in the partition wall between the sets. These gates 
were supplied by Messrs. Passavant-Werke, G.m.b.H., 
Michelbacher Hutte, Nassau. They are operated by 
double chains, the upper pulleys of which are 
mounted on a shaft driven, through bevel gears, by 
a vertical motor on a column at the floor level of the 
house. Tight closing of the sluice gates is effected 
by step roller wedge seats, and end limit switches 
are fitted on each equipment in order to protect 
the mechanism from overrunning. 
weights are also provided. 

The fine screens are of two different types, the 
first in the series being shown in Figs. 33 and 34, 
Plate XX XV. It consists of inclined grids, over the 
surface of which a series of scrapers and brushes, 


Partial balance | 


| The screen house is equipped with an electrically- 
|operated overhead travelling crane for removing 
| the screens when necessary. 


The circulating water, after passing through the 
screen house, enters the south side of the engine 
house in two culverts, arranged one above the other, 
the bottom of the upper one being 7 ft. below the 
lowest tide level. These culverts extend right 
through the engine room to the temporary east wall, 
so that they can be readily continued for the future 
machines. The pair of culverts is seen to the right of 
Fig. 14, Plate XXX, ante. From them inclined 
branches, with electrically-operated sluice gates at 
the point of junction, lead to the pump pit between 
the two main generating sets. At this point the 
pipe system begins, the water passing through motor- 
operated sluice valves into duplicate 30-in. pipes. 
There are three of these valves to each condenser, 
with a cross-connection, the arrangement enabling 


| water to be taken from either culvert at will, for 


use for either, or both of the generating sets. The 
cooling water for each set passes to the circulating 
pumps concerned, there being two to each condenser, 
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SECTIONAL PLAN B.B. 


through 24-in. pipes, each pump having its own 
motor-operated suction valve. Two further valves 
are provided on the discharge side of the pumps, 
and two others control the water entering either 
half of the condenser, a cross-connection between 
these two sets of valves enabling either pump to 
feed either or both halves of the condenser as re- 
quired. This arrangement of pumps and valves 
secures flexibility of operation, and ensures con- 
tinuity of supply in the event of a stoppage at any 
one point. After passing through the condenser, 
the water passes through two 24-in. pipes into the 
outlet culverts, which run along the north side of 
the engine house at the same level as the intake 
culverts, and, like them, are carried to the east 
wall of the engine house so that they can be con- 
tinued further in future extensions. Three sluice 
gates are provided at the points of junction of the 
pipes with the outlet culverts, so that the outgoing 
water may be discharged into either culvert at will. 

The above valves and sluice gates are remote-con- 
trolled. There are 18 units altogether, in the positions 
indicated in Figs. 15 and 16, Plate XXX ante. Most 
of them are visible in Fig. 41, on the opposite page, 
which gives a view of the pump pit gallery, taken 
during erection of the turbines, parts of which are 
seen in the foregroun!. The control panel for the 
valves and sluice gates is shown in Fig. 42. It is 
situated in a central position on the turbine operating 
platform, and, as will be seen from the figure, is 
provided with a mimic diagram of the circulating- 
water system, standing out boldly in white against 
a black background. The push buttons and in- 
dicating lamps for the various valves and sluice 
gates, as well as those for the pumps concerned, are 
arranged in their correct positions relative to the dia- 
gram, the various units being further distinguished 
by appropriate symbols. The attendant, therefore, 
has a visual indication of any operation he may 
be carrying out, and the possibility of faulty opera- 


STATE ELECTRIC POWER 















y 
Wa, | 
ra 
ha 


Mo ers ff 
< 
(Se A i 











SI; 7 














STATION, 

















SHAA9Y 





MONTE VIDEO. 


SECTION C.C, 


SSS SSS 
































G 
¢ 





Zy 
L 
a 


WVLLELASLLLSS SA 







LLL LLL 


LL 
LLL LLL, 


=e a 
= 
Cf TILIA 








S S SS VsA_ AAAI 


























WO 





CC oiw 
SS 





“ENGINEERING” 









© 








mY A Wie | ag” 


tion is thus greatly lessened. The indicating lamps 
show the open or closed position of the valve con- 
cerned, and in some cases the progress of the opera- 
tion. The valve motors are fitted with contactor 
control gear, the contactors being mounted imme- 
diately behind the board in such a manner that a 
very compact and self-contained control apparatus 
is formed, while free access to the wiring is provided. 

The circulating pumps, four in number, are of 
the centrifugal type, with vertical spindles, and were 
made by Messrs. Mather and Platt, Limited, 
Manchester. They are direct-coupled to 160-h.p. 
Metrovick squirrel-cage motors, supplied with 
current from the 2,200-volt auxiliary ’bus bars. 








They are remote-controlled from the panel just des- 


LW se 











Fie. 28. Launcn oF CIRCULATING-WATER INLET CULVERT SECTION. 


cribed. Two of the pump motors are seen on the left 
in Fig. 49, page 764, which gives another view of the 
pump pit gallery, with regard to which some comment 
is necessary. The pumps themselves are situated at 
the same level as the culverts, as may be gathered 
from Fig. 14, Plate XXX, ante, and are, therefore, 
flooded at all states of the tide. The Administra- 
tion stipulated that no electric motors or control 
apparatus should be installed below the 4:5-m. 
level, a precaution arising from the fact that the 
maximum flood or storm level is 4:3 m. above 
datum. This stipulation necessitated the employ- 
ment of pumps with vertical shafts, and also the 
use of long shafts to the valves, &c. All the 
operating motors are, therefore, mounted on 
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pedestals well above the floor of the pump pit 
gallery, which floor is at the 4-5-m. level, as will 
be clear from Fig. 13, page 659 ante. Two station 
drainage pumps are installed in the pump pit, 
and these also are operated by vertical shafts. It 
will be noted with regard to the circulating system, 
that all the main water culverts are duplicated, 
and sluice gates and cross connections are provided 
in order to permit either culvert to be shut down 
for cleaning purposes while the station is on load. 
Similarly, the sluice valves on the circulating-water 
pipes are so arranged that, in the event of a fault 
In any one circulating pump or motor, the remaining 
pump can be used to carry the load, giving full out- 
put from the turbine, though normally each pump 
provides for half the load. 


REMOTE-CONTROLLED Motors oN Pump-Pit GALLERY. 
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The condensate and feed heating system, which 
follows Messrs. Metropolitan-Vickers’ normal prac- 
tice, may now be considered. A diagram showing 
the feed connections between boilers, economisers 
and feed pumps is given in Fig. 43, on this 
page, and one showing the general lay-out is re- 
produced in Fig. 44. It must be pointed out, 
however, that, for the sake of clearness, only one 
half of the complete diagram has been reproduced 
in the latter figure, i.e., the feed system connections 
for one set only. The condensers are shown in 
Figs. 35 and 36, Plate XXXV. Each is of the 
Metropolitan-Vickers single-shelldouble-pass central- 
flow type, with a cooling surface of 25,700 sq. ft. 
They are capable of maintaining a vacuum of 28-5 
in., with a barometer reading of 30 in. when supplied 


To Chimney 
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Fig. 44. 
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with 26,000 gallons of water per minute at 22 deg. C. 
The water side of the condensers is divided so as 
to permit the sets to be operated with either half in 
commission, thus affording facilities for cleaning, 
&c., without interrupting the service. The levels 
chosen are such that running is possible at all times 
under syphonic conditions, a condition conducing 
to a highly economical] performance. The circulat- 
ing pumps, as already stated, are always “ flooded ” 
at all states of the tide. Air is extracted from the 
condensers by the duplicate three-stage ejectors 
shown in Figs. 45 and 46, page 752. These are of 
Messrs. Metropolitan-Vickers standard design, and 
each stage is arranged with its own intercooler, of 
the Field-tube type to eliminate expansion troubles. 
Each set is designed for normal duties. It may be 
noted that the photograph reproduced in Fig. 45 
was taken during erection. The brick walls seen 
in the background, however, are, in the completed 
station, covered with white glazed tiles. 








At this point, reference may be made to Fig. 44. 
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In this diagram, A represents the boilers, B the | 


cones standing for the high-pressure and low-pressure 
cylinders. From the last of these, the exhaust | 
leads straight to the condenser D, as shown, and 
so to the de-aerating hotwell whence it is led to 
the duplicate extraction pump E, situated at the | 
turbine end of each foundation block on the + 2 m. 
level, as shown at the left of Fig. 14, Plate XXX, 
ante, These pumps are each capable of dealing with 


as cooling water and picks up a certain amount of 
heat which is eventually passed into the boiler-feed 
system. The pipes join again on the outlet side of 
the ejectors and the condensate is then passed to 
the No. 1 low-pressure feed heater G. This has 
two steam supplies, viz., one from the evaporators | 
and one from a tapping point in the low-pressure 
end of the turbine. Details of this feed heater are 
given in Figs. 37 and 38, Plate XXXV. The feed 
water enters the heater and passes through solid- 
drawn brass U-tubes, ?-in. in external diameter | 
by 18-S.W.G., having a total surface of 540 sq. ft., | 
and arranged in four flows. The steam follows a 
zig-zag path over the outer surface of the tubes. The | 
heater is mounted vertically and the condensate is 
withdrawn from a well in the base below the tubes. 
The connection shown in the diagram between the | 
heater G and the condenser is the drain from the | 
heating steam. 

From No. | heater, the condensate, which may | 
now be spoken of as feed water, passes through the 
gland heater H. This is of the Field-tube type and 
is supplied with steam from the leak-off connection 
on the turbine glands, and then through No. 2 low- 
pressure de-aerating feed-heater J, having 532 sq. | 
ft. of solid-drawn brass tubes, 3-in. in external | 
diameter by 18-S.W.G., supplied with steam bled | 
from the low-pressure cylinder. The water is drawn | 
from this de-aerating heater by the extraction | 
pump K, and is delivered by it, after passing through | 
a Venturi meter, to the boiler-feed pumps L, at a | 
maximum temperature of 220 deg. F. After leaving | 
the pumps the feed water is passed through the | 
No. 3 high-pressure feed heater M, supplied with | 
steam bled from a point in the high-pressure cylinder, 
and thence is delivered through the economiser N 
to the boiler. The high-pressure feed heater is also 
of the Metrovick standard vertical U-tube type. | 
It contains 725 sq. ft. of §-in., 14-S.W.G. solid-drawn 
copper tubes, and is designed for a test pressure of 
100 lb. per sq. in on the condensate side. Auto- 
matic by-pass valves are provided, which, in the 
event of the bursting of a tube inside the heater, 
prevent any serious damage being done. The feed 
pumps are situated in the basement of the boiler 
house annexe, referred to on page 599, ante. There 
are six altogether, all supplied by Messrs. G. and J. 
Weir, Limited, Glasgow. These are arranged in 
two groups, i.e., three pumps for each generating 
set, each group of three consisting of two electrically- 
driven pumps and one turbo-pump, the latter being 
a stand-by set. The electrically-driven pumps are 
each operated by 240 h.p. Metrovick squirrel-cage 
motors starting directly off the full pressure, 2,200 
volts, of the auxiliary supply. 

The position of the feed pumps and their con- 
nections is shewn diagrammatically in Fig. 43, 
page 751. As there shown, the suction pipes are 
led to a cross-connecting pipe coupled to the mains 
from the No. 2 heaters, but the delivery pipes are 
divided, one branch delivering either to the No. 3 
heaters or the economisers, and the other direct 
to the boilers. In normal operation, each pump 
would deliver to one of the No. 3 feed heaters 
situated in the engine house, and would feed four | 
boilers. 
Fig. 43, allows for cross-connection and for by- 
passing the heaters, which permits of very flexible | 
operation. In the boiler house itself, there is an 








| 





the full load condensate quantity, and are driven | 
by 48-h.p. Metrovick squirrel-cage motors, con- | 
nected to the 380-volt auxiliary ’bus bars in the main | 
substation. The remote push-button control and | 
indicating boards for these motors are mounted | 
on the side of the foundation blocks in the vicinity | 
of the pumps. The discharge from the extraction | 
pump is passed to the ejectors F, the discharge | 
pipe being divided as shown in the diagram. The | 
condensate, in passing through the ejectors acts | 





superheaters, and C one set of turbines, the two | THE STATE ELECTRIC POWER STATION. MONTE VIDEO. 








Fia. 46. 


Fig.46 


{2755.P.) 


8-in. bore ring main for each group of four boilers. 
From this there are three 4-in. bore connections 
per boiler, one being to the Cope feed-water regulator 


The pipe and valve system shown in/one direct to the economiser, and one to the boiler 


by-passing the economiser. The exhaust from the 
turbo-feed pumps discharges into either of the two 
surge tanks through nozzle heaters. These tanks, 





Atr-EJyEcTOR INSTALLATION, 





“ENGINEERING” 


which measure 45 ft. long by 15 ft. wide by 12 ft. 
deep, are situated at the top of the boiler-house 
annexe, and immediately below them are tworeserve- 
feed tanks of similar dimensions. All these tanks 
are constructed of mild-steel plates. Two 6-1n. 
connections between the feed-pump suction mains 
and the surge tanks ensure a sufficient head to 
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eliminate any possibility of the water vaporising 
on its way to the feed pumps. The position of the 
hotwell tanks relatively to the feed system is indi- 
cated at R in Fig. 44. 

The remaining items in Fig. 44 may be now 
dealt with. The steam receiver is shown at I, and 
on the pipe leading from it to the boilers will be 
seen a connection to the ejectors, the condensed 
steam and vapour from two stages draining to the 
condenser and the third stage to the drain tank O, 
which itself discharges to the condenser. The 
evaporators are shown at P and Q. They are of 
the two-effect type, the steam in the first effect, P, 
being bled from the outlet end of the high-pressure 
turbine. The steam for the second effect, Q, is, of 
course, obtained from the preceding effect, as shown 
in Fig. 44, from which the run of the make-up feed 
connections will also be seen. The make-up feed 
water is obtained from the city mains. The con- 
struction of the evaporators is illustrated in Figs. 39 
and 40, Plate XXXV. The shells are of welded 
steel, and the tubes, which are of oval cross section, 
except for a short length at each end, are held in 
steel tube plates by special ferrules to permit easy 
withdrawal. Each effect has a surface of 300 sq. ft. 


In the design of the evaporators, precautions have | 


been taken to prevent the passing of undistilled 
water in suspension. The evaporators are situated 
at the side of the foundation blocks at the turbine 
end. An external view is given in Fig. 50, page 764, 
this photograph being taken, as are most of the 
others, during erection of the plant. The part 
marked § in Fig. 44, is the air pre-heater, which 
was dealt with in the first article. 


(To be continued.) 
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Electrical Insulating Materials. By H. WarREN, M.I.E.E., 

A.M.I.A.E. London: Ernest Benn, Limited. [Price 

42s. net.] 

ELECTRICAL insulating materials are rapidly 
increasing in industrial importance, and the study 
of their manufacture, properties and applications 
has received considerable attention from the theo- 
retical and practical points of view. Even to-day, 
the best modern electrical insulating materials have 
their limitations in practical use, the universal 
insulator still remaining to be developed. Selection 
is very largely based on the limits of the electrical 
requirements, the maximum temperature at which 
the different products will operate satisfactorily 
in continuous service, local factors and intelligent 
application. The American Institute of Electrical 
Engineers have published a set of standard rules and 
regulations specifying the safe operating tempera- 
tures of various types of insulating constructional 
materials and classifying their applications, ¢.g., 
insulations composed chiefly of mica or asbestos 
should not be used beyond 125 deg. C. since at higher 
temperatures they are liable to lose their mechanical 
strength, and their insulating quantities are impaired. 
Dr. Ferranti, in his early experiments in connection 
with a 10,000-volt cable, used insulators consisting 
of brown paper impregnated with ozokerite wax or 
bitumen, or a fabric covered with a varnish. The 
subsequent development of electrical engineering 


has necessitated the production of insulators to | 


withstand higher voltages, more severe mechanical 
conditions, and rigid specifications ; they must also 
be manufactured with a high degree of precision. 


The development of the British grid system, which | 


is linking up the whole of Great Britain with a 
network of 132,000-volt transmission lines, has 
made an exacting demand for high grade insulators, 
as at the terminal of each high-voltage transmission 
line is installed a transformer with line terminals 
Insulated for multiples of line voltages possibly 
reaching a pressure of 400.000 volts. For general 
Insulating purposes, porcelain has found wide appli- 
cation. It possesses, however, certain disadvan- 
tages. It is brittle, which mitigates against its 
more general use, its resistance to impact is poor, 





. . . | . . . 
largely from economic factors, a demand existing; a generation of aeronautical engineers, at present 


for a product less costly than ebonite. Substitutes 
were found for ebonite—in which deformation takes 
place at a relatively low temperature—which 
could be moulded and machined with ease, and 
these included vuicanised asbestos and _ shellac- 
bonded compositions. The more recent introduction 
of moulded insulations, consisting of a synthetic- 
resin base, have had a marked influence on the 
commercial aspects of electrical insulating com- 
positions in general. There are a large number of 
synthetic resins of potential importance, but it is 
practically only the phenolic-aldehyde (Bakelite, 
&c.) and urea formaldehyde (“‘ Beetle ’’) products 
that have really been applied on any large commer- 
cial scale, and remain the outstanding achievement 
of Baekeland’s original researches on the reactions 
of phenol and formaldehyde. For commercial hot 
moulding plastics in which rapidity of hardening is 
of prime importance, the simpler phenols and for- 
maldehyde are unequalled as raw materials. Gly- 
cerine phthalate (Glyptal), acrolein (Orca), furfural 
and acetone artificial resins are of some limited 
importance, but are much more applicable in var- 
nish making and for binding laminated insulation 
structures. 

The author gives a general account of a wide 
range of natural and synthetic insulating products, 
dealing more particularly with materials and 
processes and not design, the latter question being 
only dealt with when it is connected with some 
inherent manufacturing peculiarity. The insulat- 
ing materials are well classified, the classification 
adopted being to bring together the materials which 


| are worked by common processes, or involve similar 
| chemical and engineering problems and are applied 


to associated uses. The engineering aspects of all the 
more important electrical insulating materials used 
in the construction of electrical apparatus are well 
covered, with the exception of cable insulation, 
which has been omitted, and methods of testing, 
which have already been adequately dealt with in 
the publications of the British Electrical and Allied 
Industries Research Association, and in the British 
Standard Specifications. By far the most impor- 
tant section of the volume is devoted to ‘‘ Moulded 
Composite Insulations.” These are plastic and are 
readily formed to shape in a mould, and consist 
essentially of two elements, binders and fillers. 
Mould design and moulding appliances are discussed, 
and the various aspects of mouldings and the 
moulding art are considered in detail. Special 
reference is made to the development and manu- 
facture of the phenolic-formaldehyde resins, their 
manufacture being illustrated and described, and 
their mechanical and electrical characteristics 
detailed. The outstanding characteristics of the 
glycerine-phthalate resins are great mechanical 
strength, toughness in the cured condition, unusual 
adhesiveness, durability, inertness, and non-carbonis- 
ing properties. They are leathery at elevated 
temperatures and have proved to be the best mica 
bonds so far adopted. 

The volume is well printed, contains a concise 
bibliography of the more important literature assoc- 
iated with the subject, and has a serviceable index. 


Elementary Applied Aerodynamics. By T. G. WuHITLock. 
Oxford: The Clarendon Press, London: Humphrey 
Milford. [Price 12s. 6d. net.] 

THE steady advance of research into the aero- 

dynamical basis of mechanical flight has resulted 

in the accumulation of vast quantities of empirical 
data and in the development of a number of impor- 
tant theories which, whilst admittedly incomplete, 
have greatly simplified the prediction of aircraft 
performance. This is more particularly the case 
as regards the achievements of the last twenty 
years or so, and designers of to-day have conse- 
quently been able to keep abreast of a progress to 
which they have frequently been among the most 
distinguished contributors. Such occasional books 
on applied aerodynamics as have so far been pub- 
lished in England, have been largely addressed to 


and technical difficulties exist in manufacturing on | this mature class of reader, and have tended to be 


® mass-production scale. By the introduction of 


plastic insulating products, a most important | 


somewhat advanced treatises bristling with the, 
| in this matter of incidence may lead also to serious 


difficult mathematics of fluid motion and aeroplane 





in the student stage, whose earliest requirement 
is a comprehensive, if superficial, introduction to the 
subject as a whole, whereby some idea of the scope 
of the applications of aerodynamics can be readily 
grasped ; whose immediate concern is not so much 
with data quantitatively considered, as with accep- 
ted methods of applying data, of expressing experi- 
mental results, and of extracting therefrom the main 
principles of flight. 

For such technical students, occasionally of 
modest mathematical attainments, embarking on 
a course of aeronautical training, Mr. Whitlock’s 
book is expressly designed. It involves little 
beyond the elements of algebra, trigonometry and 
mechanics, and such sparing use as is made of the 
calculus is restricted to a couple of appendices 
which are supplementary to the simpler treatment 
of earlier chapters. Within these mathematical 
limits, the book is reasonably complete, but it is 
concerned solely with the application of aero- 
dynamics to aeroplanes. The special problems 
incidental to seaplanes or flying boats and the whole 
range of lighter-than-air craft are not included ; 
and, indeed, they may fairly be regarded as beyond 
the scope of an elementary work of this character. 
By way of introduction, the author describes the 
principal elements of an aeroplane, and discusses 
their functions, as well as those of important aero- 
dynamical instruments, in relation to the physical 
properties of the atmosphere. A general considera- 
tion of aerofoil characteristics is supplemented by a 
simple treatment of modern aerofoil theory, in which 
attention is paid to the important conception of 
circulation and to the effects of thickness and cam- 
ber. The transition from aerofoil to aeroplane wing 
is dealt with in an excellent chapter, in which the 
origin of induced drag, and problems connected with 
aspect ratio and biplane wings, are clearly explained. 
This leads to discussions of the aeroplane as a 
whole, of the contribution of the various components 
to parasitic drag, and of aeroplane performance in 
relation to such variables as load, altitude and 
engine power. An admirably practical account of 
airscrew characteristics, based on typical curves of 
thrust and torque, serves as a basis for lucid 
presentations of the momentum, blade-element and 
vortex theories. Other chapters deal with the 
simpler aspects of equilibrium and control, and there 
is a valuable introduction to stability, although the 
treatment in this case amounts to little more than 
a statement of the problem and a consideration of 
those features of a normal machine on which its 
stability is mainly dependent. Finally, the author 
includes a short section on scale-effect, in the course 
of which he explains the rational basis of the con- 
ventional system of expressing aerodynamic quanti- 
ties in the form of non-dimensional coefficients. 

This last chapter is typical of the book as a whole, 
in respect, firstly, of the author’s concern for the 
student with no previous knowledge of aerodynamics 
and, secondly, of his insistence on the intelligent use 
of published data. In the same connection, a 
number of fully worked-out examples are given in 
the text to illustrate methods and principles, and 
there are also several sets of numerical problems 
to which answers are supplied. The book is, con- 
sequently, admirably suited for the isolated student, 
whilst to those more fortunate readers who have 
access to a wind tunnel, its suggestions with regard 
to laboratory tests and its discussion of tunnel-wall 
interference should prove of undoubted value. 

With the exception of a quite obvious misprint, 
on page 60, the book offers little opportunity for 
adverse criticism. The author might, perhaps, 
have been a little more explicit with regard to the 
angle of incidence of an aerofoil. Incidence is com- 
monly denoted by the angle between the wind 
direction and a line fixed relative to the aerofoil 
profile, selected to suit the convenience of the 
experimenter, and by no means invariably coin- 
cident with the chord. When this arbitrary datum 
is not defined, in connection, for instance, with the 
characteristics of a particular aerofoil, a discussion 
of the relation between lift, or drag, and incidence 
loses much of its significance. Lack of precaution 


advance was made in the manufacture of electrical | stability, and occasionally overloaded with experi-| error in the interpretation of aerofoil data. One 


Insulating materials. 


This innovation resulted mental data. There is now growing up, however, other possible source of confusion is the diagram 
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Fig. 17, which illustrates turbulent flow past a flat 
plate. Whilst the geometry of the flow-pattern is 


| of fuel. Then follow five chapters on the products, 





forges, mining and ore, and the important question 


not pertinent to the author’s argument, the oppor- | and two on transport and finance. For a long period, 


tunity to refer, however briefly, to the Karman 
“‘ vortex street”? might have been taken with 
advantage. Relative to the work as a whole, how- 
ever, these are small matters which can readily 
be put right in a second edition, and will deter 
nobody from buying the book and _ profiting 
by it. From the publication point of view, the 
production is in all respects in accordance with the 
highest traditions of the Clarendon Press. 


By E. Straxer. London: G. Bell and 


[Price 15s. net.] 


Wealden Iron. 
Sons, Limited. 


Tae frontispiece of this book is a photograph of an 


old Sussex iron furnace, taken by the author in | 
| 11,202/. Os. 6d. 


1887. Whether that year marked the beginning 


of Mr. Straker’s investigations we do not know, | 


but we believe it is correct to say that his valuable 


| from the time of Henry VIII until the latter part of 


| the eighteenth century, the Weald had a practical 


monopoly of cast-iron gun making in this country. 


| The first English cast-iron gun was made at Buxted 


in 1543. Of the process of moulding and casting it 
no record has been handed down, and there is also 
no record of a gun larger than the 32-pounder being 


'cast in the Weald. Another product of the furnaces 


was firebacks, so prized by collectors to-day ; another 
andirors, and another grave slabs. At Lamber- 
hurst were also cast the railings to be seen around 
St. Paul’s Cathedral. Wren’s accounts for these 


'give the number of balusters, scroles, rails, spikes, 


&c.. which were supplied, the weight of the whole 
being 200 tons, 2 qr. 25 lb, and the cost 
The old writer, Hasted, speaking 
of these railings in 1782, said: ‘‘ They compose the 
most magnificent balustrade perhaps in the universe, 


historical review of Wealden iron is the result oi being of the height of five feet six inches, in which 
forty years careful and methodical work in the | there are at intervals seven iron gates of beautiful 


field, the museum, and the study. In any case, it is 


| workmanship.” 


To-day, no doubt, many iron 


quite evident that such a book could not have been | railings and gates surpass in size and grandeur those 


written save by one whose inquiries have been of 
a prolonged character, and whose enthusiasm grew 
with his knowledge of the subject. 

That beautiful part of England lying between 
the North and South Downs and extending into 
other parts of Surrey, Sussex and Kent, called the 
Weald, or, as the Anglo-Saxons wrote it, the Wild, 


immemorial, and just as Mr. Straker is the most 
recent writer on the subject, so Julius Caesar was 
the first to mention it. In his Gallic wars, Cesar, 
speaking of the Southern Britons, said ‘‘ They use 
either bronze or gold coins, or, instead of coined 
money, tallies of iron, of a certain standard of 
weight.”” The Romans were not slow to take 
advantage of the abundant supplies of iron ore 
and fuel of the Wealden forests, but after their 
departure, the iron industry suffered a decline. 
A new chapter was opened in Tudor times, when the 
new process of obtaining cast-iron was introduced 
from the Continent. The manufacture of cast-iron 
guns rapidly grew into importance, and, in Eliza- 
beth’s reign, the industry probably employed as 
many as 7,000 persons. After this, it fluctuated 
with alternating periods of peace and war; in the 
17th century it was faced with the competition of 
cheap foreign iron; in the 18th, it suffered from 
the rise of the practice of smelting with coke, instead 
of charcoal. The famous Carron Ironworks of Scot- 
land robbed it of its naval contracts ; the forges were 
placed out of commission, and with the stoppage of 
Ashburnham Forge in 1820, the Sussex iron indus- 
try came to an end. Its extinction was not due 
to the exhaustion of the woods, as is often stated, 
but to economic causes. To-day, the buildings are 
all gone, the dams are crowned with great trees, 
the threatened woods have come into their own 
again, and little exists to remind one of this once 
busy industry, other than the ponds from which 
water was drawn for working the tilt hammers. 
As a chapter in industrial history, the story is 
worth examination ; as an example of the fruits of 
antiquarian research, Mr. Straker’s review should 
appeal to many beside metallurgists. In dealing 


into two main parts: one historical and explanatory, 
and another topographical. The latter gives parti- 
culars, with historical notes, of all known sites of 


’ ‘ é | Surveying from Air Photographs. 
has been the scene of the iron industry from time 


|of St. Paul’s, but the latter will long remain as a 
| memorial to the iron founders of Sussex, and a 


reminder to the passer-by of the once flourishing 
industry of which Mr. Straker has given us an autho- 


| ritative history. 


By Captain M. 


Hotineg, Royal Engineers. London: Constable & Co., 


Ltd. [Price 30s. net.] 
Prior to the war, photographic surveying seems to 
have been developed mainly in Canada. Here the 
photographs were taken from land stations, and 
were, in some sense, equivalent to plane tabling, 
but required less time spent in the field, though the 
reduction of the photographs to maps called for a 
rather deeper knowledge of geometry than sufficed 
in the older methods of survey. The saving of time 





in the field is of special value where the climatic 
conditions are unfavourable, or where the site of 
| operations is difficult of access from the source of 
|supplies. These considerations have led to the adop- 
| tion of the method in some railway surveys recently 
made in Asia Minor. The war led to an extraordinary 
|development of photographic surveys, and intro- 
|duced a new factor, in that the photographs 
| were taken from air. The advantages of the method 
| have been so marked that air surveys have since 
| then been made in every quarter of the globe, and 
/have proved of especial value in regions difficult of 
| access, or where the ground surveyor would have had 
his view limited by forests or other obstructions. 
Captain Hotine’s comprehensive treatise fully 
| discusses the practical, the commercial, and the theo- 
| retical questions involved. The volume comprises 
|some 250 pages of text, and contains over 
100 illustrations, inclusive of a number of large- 
|scale collotype reproductions of actual air photo- 


a view of the horizon. The oblique photographs 
cover more country, but are more difficult to 
reduce, and the risk of ‘“‘ dead ground ’’—that is to 
say, areas obscured by some obstacle—is increased, 

Plates have hitherto been more popular than 
films, as the latter are liable to distortion during the 
operations of development and fixing. It is, 
however, much easier to change films than plates, 
and films have recently been so much improved, 
in the matter of stability of form, that Capt. Hotine 
anticipates their general use in the future. 

The mathematical aspect of the problem of air 
surveys is very adequately developed, special 
attention being paid to the precautions required in 
work with the stereoscope. Incidentally, it is 
of interest to note that the author has apparently 
a somewhat poor opinion of some of the automatic 


stereoscopic reducing machines introduced by 
leading Continental instrument makers. These 


have, Capt. Hotine declares, been designed by 
men with an imperfect appreciation of the problems 
involved. Moreover, in actual use, the cost of 
maps made by some of these elaborate machines is 
said to be appreciably higher than would have been 
the case if other methods had been adopted. The 
author has, however, a good word for the stereo- 
scopic instruments made by Messrs. Barr and Stroud. 





By Joun H. Mors. 
: John Wiley and Sons, 
[Price 


Experimental Radio Engineering. 
crort, E.E., D.Se. New York 
Inc. London: Chapman and Hall, Limited, 
17s. 6d, net.] 

Tue object of this text book is not to add to the 

number which deal with the routine testing and 

adjustments of radio-sets; it is rather directed to 
the engineering student who is pursuing an orderly 
course of instruction in radio engineering, com- 
prising classroom work in conjunction with labora- 
tory instruction. The experiments described are, 
therefore, those which have for their object the 
elucidation of the principles which are the basis of 
operation of radio apparatus. It is necessary that 
the characteristics of the simple components of trans- 
mitting and receiving sets should be carefully studied 
before tests involving the mutual relationships of 
these components are undertaken. We therefore 
find described, in the first instance, experiments for 
the measurement of resistance, inductance, capaci- 
tance, power loss, coupling coefficient of circuits, 
resonance experiments, &c., by methods which 
avoid the uncertain and unascertainable variations 
inseparable from measurements carried out at 


|radio frequencies. A large proportion of the work 


described in the text is designed to be carried out 
with audio frequencies of a few thousand cycles per 
second. 

Measurements at radio frequencies are beset with 
difficulties if consistent quantitative results are to 
be obtained, and unless the student-reader is 
possessed of the requisite technique and has 





appropriate laboratory facilities, such experimental 


graphs. The initial question to be considered | workislikely to be abortive. Evensuch preliminary 
| before an air survey is undertaken, is whether the | measurements as the determination of the equivalent 
| work can be carried through more cheapjy than by | resistance of coils and the power-factor of condensers 
|a ground survey. In this connection, it is interest- ; require refined apparatus and no little manipulative 


|ing to note that, whilst an early air survey of 
| 1,400 square miles cost about 17/. per square mile. 





skill. It is questionable if some of the methods 
proposed are applicable ; the use of an ordinary watt- 


|Captain Hotine states that, ten years later, a figure | meterfor theabove-mentioned testsat low frequencies 
with his subject, Mr. Straker has divided his book | of 30s. per square mile was quoted for the air survey | carries, for instance, its own refutation, since power 
(of an area of 50,000 square miles. This latter | factors from 0-01 to 0-001 cannot be thus measured. 


| figure, Capt. Hotine considers, is little likely to be | 
|reduced in the near future, at least so long as the | found rather inadequate. 


The subject of Alternating-current bridges will be 
It must be assumed that 


forges, furnaces and bloomeries, and these sites are | type, of aircraft now used for this work are retained. | a knowledge of these methods and of the standards 


all marked on the accompanying maps. Moreover, 
the exact location of the site, its longitude and 


| The cost depends on the size of country to be covered, 
| on its accessibility, and on the scale of map required. 


required has been acquired elsewhere, because the 
instruction required to make a measurement, such 


latitude and its distance from some landmark, are | As matters stand to-day, Capt. Hotine considers /as a phase difference of 0-24 degree in a specimen 
that a scale of about 55';5 is about the largest | of insulating material, cannot be imparted in the 


all given, and in these days when trains, ’buses and 
cars are available for all, it would be easy to follow 
Mr. Straker’s footsteps, and visit some of these 


| suitable for air survey. 
| graphy, the cost may be less, and the author states 


With ‘‘ oblique” photo- | few pages allotted. 


Experiments covering the whole field of radio 


historic spots. For such excursions, his book is | that a survey of 60,000 sq. miles, on a scale of | apparatus are suggested, circuit diagrams are given, 


invaluable as a guide. 
In the earlier part of the book, Mr. Straker gives 


notes on the geology of the district ; describes the | 


two distinct processes used, one, the direct or bloom- 
ary process by which small masses of wrought iron 
were produced, and the other, the indirect or blast- 
furnace process by which cast-iron was produced, 


|-in. per mile, has been made at a cost of about 
| lJ. per square mile. 


photography. 
| to ensure that the plates are as nearly as possible 
horizontal at the time of exposure. In oblique 





and the theoretical groundwork explained, but the 
fundamental difficulty already mentioned of recon- 


He explains clearly the principal methods used. | ciling the adequacy of the apparatus and the suita- 
Air surveys are made both by vertical and oblique | bility of some of the methods put forward to the 
In the former case, an effort is made | desired results still remains. 


With this reservation, 
considerable use for the book may be predicted, on 


| account of the suggestions it makes for the syllabus 
and deals with the hammer ponds, the furnaces, ' photography, they are tilted, and, in general, include | of a radio-engineering laboratory course. 
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THE IGNITION QUALITY OF FUELS 
IN COMPRESSION-IGNITION 
ENGINES. 

By G. D. Borrtacs, M.E., and J. J. Brorzez, M.E. 

(Concluded from page 689.) 

Correlation Between Engines.—When rating the 
ignition quality of fuels, a very high degree of 
accuracy in measurement is required. So far there 
has been every indication that when fuels are exam- 
ined in this respect in different engines, their order 
of merit within practical limits of accuracy appears 
to be the same, provided the injection is not 


Fig.t6. VARIABLE BLAST AIR INJECTOR. 
AIR PRESSURE 60 ATMOSPHERES. 





affects atomisation, but also mixture formation, as 
the rate of injection is governed by the differential 
pressure, the orifice and the viscosity. Thus a 
more viscous fuel is spread out too much when 
injected, so that it cannot attain the flame tempera- 
ture sufficiently early. Mr. B. J. J. Gravesteyn 
has constructed a variable injector, which allows of 
a correct adjustment of the oil slit while the engine 
is running. The principle of this will be clear 
from Fig. 16. The three diagrams given are for 
(a) gas oil of 35 secs. Redwood I viscosity with 





0-25-mm. (normal) slit; (b) fuel of 100 secs. 
Redwood I viscosity with the same slit; and (c) 


Fig.17. RELATION WITH DEUTZ 


- HIGH SPEED ENGINE. 
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(3) Deutz high-speed precombustion-chamber 
engine. Roughness on load corresponded fairly well 
with rating. On this engine, an entirely different 
method was also applied, consisting in comparing 
the tendency to misfire at no load (smoke in the 
exhaust), as measured by that timing of the injec- 
tion that would just cause misfiring to begin. 
With this method results were obtained showing 
remarkable agreement with the rating (Fig. 17), 
especially when taking into account the great 
differences in engine types and measuring method. 

(4) Gardner 7-h.p. hot-bulb or Akroyd type 
engine. The particular small engine employed is 





Fig.18. RELATION WITH 7 H.P. 
GARDNER HOT BULBENGINE. 
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Fig.21. RESULTS WITH GARDNER SOLID 
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influenced too much by large differences in viscosity, 
and the surface conditions in hot surface engines 
are not affected too much by residual products or 
ash deposits. Whilst some engines may be practi- 
cally insensitive to differences in ignition quality, 
other types may be highly sensitive, and show 
their dislike of certain fuels in some way or other, 
such as knocking. This difference in sensitiveness 
is caused by engine factors governing ignition, such 
as pressure, temperature, atomisation, mixture 
formation, the presence of hot walls, &c. 

Engines.—The engines used for correlation tests 
were the following :— 

(1) Werkspoor 50-h.p. air-injection Diesel engine. 
Gas oils agreed fairly well in their behaviour. With 
heavier fuels the actual manner of injection changed 
according to the viscosity. This change not only 
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the same 100 secs. fuel with slit adjusted to 0-80 mm. 
It has been found that with the corrected adjust- 
ment, the only difference remaining was in ignition 
delay, corresponding with the difference in rating ; 
also that with the corrected wide adjustment delays 
were very short, whereas the narrow adjustment 
gave quite a dangerously long delay with the thicker 
fuel. It is clear that this type of variable injector 
may be of practical value, especially for cargo ships, 
which have to bunker at various ports with fuels 
from diverse sources. 

(2) Deutz stationary precombustion-chamber en- 
gine. This engine showed very little sensitiveness, 
differences in ignition delays being no more than 
1 to 2 deg. for the whole range of petroleum fuels ; 


as far as measuring was possible, results corre- | 


sponded well with the rating. 
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very well built, but very sensitive, and misfires 
readily on no load. The fuels on which it runs well 
lie in a close range in the standard rating engine. 
Fuels with less than a certain ignition quality cannot 
be used in this engine. At normal load, the mean 
starting point of ignition compares well with the 
rating (Fig. 18) ; owing to the unavoidable spreading 
shown in the diagrams of this small engine, exact 
measurement is, of course, practically impossible. 
On this engine also an entirely different method was 
applied, which consisted in determining the quantity 
of dope (ethyl nitrate) necessary to make the engine 
idle steadily on different fuels. The quantities of 
dope needed for these fuels corresponded very well 
| with the ratings of the fuels, which were then still 
expressed in knock figures, as shown by Fig. 19. In 
engines of the hot-bulb or Akroyd type, the com- 
| parison of fuels does not always lead to results 
| agreeing with ignition quality alone, as ignition is 
| initiated in the zone close to the hot surface, and is 
| largely influenced by the nature of this surface, for 
|instance, by deposits formed by the fuel. Thus 
| carbon, caused by too rich a spray or by too high 
|a content of heavy residue in the fuel, or some 
| types of ash, may have certain influences depending 
on the type of engine and the manner in which they 
alter surface conditions, as, for example, tempera- 
ture, incrustation, porosity of crust, and so cause 
either pre-ignition or excessive delay. 

(5) A.E.C. Acro engine. Some fuels were tested 
in this engine. A Farnboro indicator was used. 
| Fig. 20 shows the relation between ignition lag in 
'the Acro engine for two injection adjustments, 
and the results obtained with the standard rating 
engine. The difference in sensitiveness at the 
two injection adjustments is very remarkable ; 
| probably this is to be ascribed to the acute differ- 
ences in turbulence in the neighbourhood of top 
dead centre. 

(6) Gardner direct-injection engine. Fig. 21 shows 
the agreement obtained between this engine and the 
Thomassen engine. The system of rating described 
| was applied with about a dozen fuels on both engines. 
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(7) Ricardo single sleeve-valve engine, running 
at 2,000 r.p.m. With the kind permission of the 
proprietors, a few tests were made at the works of 
Messrs. Ricardo and Company. The two diagrams 
in Fig. 22 show the delay of the first perceptible 
pressure rise and delay of the rapid pressure rise 
(ignition delay). The difference between both 
delays for fuel 1 is very remarkable ; as mentioned 
previously, the delay of the rapid pressure rise is 
typical for the fuel. 

(8) Samples of 14 fuels tested by Messrs. Le 
Mesurier and Stansfield* on various engines were 
kindly supplied by Messrs. Anglo-Persian Oil Com- 
pany in order to compare the results obtained. The 
results of the present investigations, expressed in 


Fig. 22. RELATION WITH RICARDO HIGH SPEED ENGINE. 
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describe in detail the fuels used in the tests, as these 
varied from test to test and covered about a hundred 
mixtures, derived from almost every known type of 
crude petroleum. The fuels varied in volatility 
and viscosity from heavy gasoline to asphaltic 
residue, and in ignition quality from paraffin wax 
to the highly aromatic Edeleanu extracts of heavy 
oils, whilst mixtures with coal-tar oils were also 
used. It may be remarked that, although aromatic 
extracts from petroleum are late in ignition, normal 
coal-tar oil proves, in fact, to be of a distinctly 
more troublesome nature. Fig. 25 shows the effect 
of mixing coal-tar oil with a very good gas oil, in 
comparison with results obtained with a petroleum 
aromatic extract, proving the more docile character 





~ 





29 
3 28 
g 27 
Ey" 
25 
% S 
S32 
S 
8 23 
gS 2 
2 
0 7 2 3 q & 6 7 
Rating Thomasserv 
(Expressed in Two Ways) 
“ENGINEERING” 


Fig.273. RELATION WITH MEASUREMENTS OF MESSRS. LE MESURIER AND STANSFIELD. 
THE NUMBERS OF THE FUELS ARE THOSE GIVEN IN THEIR PAPER. 
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direct measurements as well as in equivalent of the latter. Speaking as in terms of benzol | 


mixtures of check fuels, are plotted in Fig. 23 
separately against the measured delay angles in the 
Robey, Junkers, and Benz engines used by Messrs. 
Le Mesurier and Stansfield. Here again the agree- 
ment is fairly satisfactory. 

(9) Thomassen-Ricardo engine, 100 h.p., two 
cylinders, 900 r.p.m. Fig. 24 shows the very 
satisfactory correlation between results obtained 
on this engine and rating. 

It is confidently felt that, under the present 
circumstances, the above results warrant the use 
of the rating method described; the more so 
since experience shows that considerable measuring 
and testing errors can only be avoided with difficulty 
in engines which are not continuously used for this 
kind of work and with which the measuring 
apparatus is not always in use. The sensitiveness, 
sharply defined pressure rise, easy control, and 
constancy of results of the low-speed Thomassen 
engine made this type especially suitable for routine 
work. 

Fuels.—It is beyond the scope of this article to 


* Journ, Inst, Pet. Tech., July, 1931, page 387. 
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equivalents, the curve shows this petroleum aromatic | 
The curve | 


extract to have a value 65 per cent. 
obtained shows great similarity with that of the 
H.U.C.R. (highest useful compression ratios) for 
heptane-benzol mixtures, rising at first slowly and 
then more rapidly as the percentages of coal-tar | 
oil increase. With the method described above, | 
an insight is obtained into the causes of the different | 
behaviour of fuels in oil engines, and an estimate is 
possible of the behaviour to be expected of a| 
new fuel. During the tests made in this investi- 
gation, evidence was obtained of the influence of | 
the design of different engine types; the investi- | 


gations in this direction are being continued. It is, | 
of course, highly important to everybody concerned | 


with oil engines that these should be able to work 
satisfactorily on as wide a range of fuels as possible. 


By range, in this connection, is not meant a vola- | 
tility or viscosity range, as these can be adjusted | 


very easily to requirements, but especially the | 
ignition quality range, dependent on the chemical 
nature of the oils. This is of particular importance 
for those engines which do not always run in the | 





same place, and cannot rely on unvarying supplies 
of fuel. Petrol engines are limited as to 
efficiency by detonation, and in consequence the 
marketing of high-grade petrols has become very 
complicated owing to the necessity for selecting 
crude oils, blending, treatment and distribution ; 
but oil engines are not limited in efficiency in this 
way, so that the necessity of using special fuels would 
result in depriving the oil engine of one of its main 
attractions. Instead of concentrating on one fuel, 
manufacturers, when developing new engine types, 
should not rest content until new designs work 
satisfactorily at al] loads and speeds on the whole 
range of available normal fuels. 

Fig. 26 shows diagrammatically the various fuels 
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Fig.26. SKETCH DIAGRAM OF 
AVAILABLE FUELS. 
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law vailable throughout the world, given in the order 
lof their ignition quality. It is clear that engines 
| should be built so as to be able to use the wide 
| range indicated, and not be confined to a few fuels 
of highest ignition quality. 

The authors wish to conclude by thanking those 
|who assisted in this research, especially their 
|colleagues of the Asiatic Petroleum Company, 
| Limited, with whom they have been in close 
contact. Finally, they wish to thank their directors 
| for the kind permission to publish the result of this 


| 


| investigation. 








MarKETS FOR Motor-Car ENGINES AND Motor Caks. 
—Reports on the trade in internal-combustion engines 
in Roumania and in commercial motor-vehicles in New 
Zealand have been prepared by the Department y 
Overseas Trade, 35, bia Queen-street, London, S.W. 
Interested United Kingdom firms can secure copies oi 
| these reports on application to the Department, quoting 


| reference No. G.X. 10,869 in the case of Roumania and 


G.X. 10,845 in that of New Zealand. 
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THE CENTENARY MEETING OF 
THE BRITISH ASSOCIATION. 
(Concluded from page 735.) 

THE GENESIS OF ORES. 


In a contribution to a discussion on the Genesis 
of Ores in Relation to Petrographic Processes, held 
in Section C, Geology, on Tuesday, September 29, 
Professor C. Gilbert Cullis said that ore deposits 
were local concentrations in which valuable metals 
had been segregated so as to be present in far 
larger proportions than in average rocks. These 
concentrations, being naturally formed mineral 
aggregates, could not logically be distinguished 
from rocks. They were, however, highly specialised 
rocks, as was indicated by their mineral composi- 
tion, rareness and small dimensions as compared 
with ordinary rocks, and, regarded in this light, 
they might be genetically referred to the three great 
modes of rock formation and classified as igneous, 
sedimentary and metamorphic. Deposits of igneous 
origin exceeded all others in importance, so that 
the study of the genesis of ores was, in the main, a 
study of the processes of concentration in, or in 
association with, igneous rocks. Whether the metals 
were inherent to the igneous material, or whether 
introduced from a deep-seated ore horizon, their 
segregation into ore bodies seemed to have been 
due to the extreme action of magmatic differentia- 
tion. During this process certain metals migrated 
with the basic fraction, and were concentrated by 
gravity in magmatic ore bodies at or near the 
floors of gabbroid intrusions. Others migrating to 
the acid fraction, formed fugitive compounds with 
water and other volatiles, and underwent anti- 
gravity concentration at or near the roofs of granitic 
cupolas, or passed in hydrothermal solutions up 
into the surrounding rock, and were deposited as 
cavity fillings or replacements at various distances 
from the parent igneous rock. It was these hydro- 
thermal solutions that had formed most mineral 
veins. 

Ore deposits of sedimentary origin, Professor 
Cullis continued, were merely special cases, either of 
detailed rocks resulting from the disintegration of 
pre-existing ore-bearing formations, or of chemical 
sediments precipitated from surface waters. The 
surface waters with which sedimentary rocks were 
connected, by descending, might yield fillings and 
replacements underground, but it was probable that 
ore deposits due to the descent of meteoric waters 
were insignificant in comparison with those formed 
by ascending magmatic waters. By the differential 
leaching of rocks and mineral veins at outcrop, 
however, meteoric waters gave rise to important 
residual blanket of lateritic ores and to the zones 
of secondary enrichment of metalliferous lodes. 
Deposits of metamorphic origin were relatively 
unimportant. 

There was, Professor Cullis concluded, a remark- 
able lack of agreement on the genesis of individual 
deposits or fields, and it was a significant fact that 
for practically no mining field of any consequence 
had agreement been reached about the detailed 
genetic history of its mineralisation. There was 
thus still need for research and occasion for discus- 
sion. 

Dr. A. Brammall said that magmatic ore deposits 
were closely the concern of the petrologist, and their 
problems were inseparable from those relating to 
magmatic differentiation. A basic magma was 
worked upon by a process which was adjustable, 
and the raw material worked upon need not be 
precisely standardised. But it might be asked 
whether the process alone, unaided by either 
assimilation or palingenesis, was competent to pro- 
duce granite commensurate in bulk with the West 
of England complexes, and others enormously 
larger. Moreover, basaltic parentage did not lead 
one to expect that a granitic end product was 
likely to be enriched in tin, tungsten and tourmaline. 
The Hereynian granites, however, were so enriched, 
while the Caledonian granites were barren. Differ- 
entiation alone did not cover the whole case, but 
assimilation and palingenesis might serve to explain 
Some of the many departures from the general 
rules connecting magmatic ore deposits with igneous 
rock types. Although not all petrologists were 
willing to acknowledge the quantitative importance 


of either process, it had been suggested that the 
Hercynian granites originated by palingenesis in 
the roots of deep-sunk orogenic folds, and in the 
mass of data concerning the West of England 
granites there was nothing inconsistent with this 
view ; there was, in fact, much to support it. At 
any stage in the process of differentiation sub- 
stantial additions could be made to the material, 
the added material being igneous, sedimentary, or 
metamorphic. In each case, the introduction of 
ore-metals and fluxes into the magma was a possi- 
bility. 

With regard to the hypothesis that the Hercynian 
granite magmas originated by the fusion of deep- 
sunk fold roots, Dr. Brammall pointed out that, at 
a depth of 10 km., the temperature was normally 
about 300 deg. C. For the roots of a moderate fold 
Professor Holmes had estimated a depth locus of 
about 20 km., where the temperature attained 
would be about 1,200 deg. C., at which temperature 
selective fusion of sial would be inevitable. Both 
the estimated depth and the temperature of lique- 
faction would, however, be reduced in proportion 
to the amount of water co-operating in the fusion. 
If the initial magma originated as a dry melt, its 
composition would approximate to that of quartz- 
alk.felspar eutectic, and, on the other hand, a wet 
melt would acquire excess silica, together with 
alkali-silicates, basic solutes, fluxes, and possibly also 
heavy-ore metals present in the rocks undergoing 
fusion. Heat adequate for the fusion of the fold 
roots in some significant amount could, however, 
be carried directly to the sial by an initial uprise 
of basaltic magma, and this case entailed the co- 
existence, at some stage, of two magmas, one acid 
and of palingenetic origin, and the other basic and 
primary ; the two could co-mingle. 

Mr. K. C. Dunham referred to the ore deposits of 
the Upper South Tyne, Wear and Tees area of the 
Pennines, which, he said, consisted of galena and 
sphalerite-bearing fissure veins which had been 
worked mainly in the Yoredale series of alternating 
limestones, sandstones, and shales, the gangue 
minerals including fluorspar and barytes, together 
with quartz and carbonate minerals. The theories 
of origin, he continued, fell under two heads, viz., 
supergene and hypogene, the rival possibilities in- 
cluding processes either of concentration from the 
sedimentary rocks of the Pennines, or of injection 
from a deep-seated magmatic source. The direction 
of movement of the ore-bearing solutions had been 
definitely established from observations upon in- 
clusions in the veins, as an example of which 
Mr. Dunham mentioned that clear cases were known 
in which shale had been carried upwards in the 
vein by the solution. The fact that the veins 
passed through soft shale beds of considerable 
thickness, he added, also suggested that the solu- 
tions were ascending under pressure. 

Derivation from the country-rock could only have 
taken place if there were an artesian circulation to 
ensure the ascension of the solutions. Comparison 
with the Joplin area of North America revealed 
many similarities, such, for example, as the mono- 
clinal structure so essential to artesian circulation. 
The lack of any direct evidence of such a circulation, 
however, und the presence of great numbers of 
shale beds militated against the hopes of proving 
a supergene theory. Further evidence to the con- 
trary was provided by mineralogical differences, such 
as fluorspar abundance in the Pennines. Observa- 
tions in mines showed that only minerals such as 
calcite and limonite, together with oxidation 
minerals, were actually in process of being deposited 
from the circulating waters, even in places where 
large quantities of pyrite would cause precipitation 
as sulphides. 

Reviewing the evidence in favour of hypogene 
origin, Mr. Dunham said that a definite zonal distri- 
bution of materials had been established on a large 
scale, this fact being greatly in favour of magmatic 
origin from foci. The presence of the Whin Sill, 
of slightly earlier date than the veins, indicated the 
existence, in late Carboniferous and early Permian 
times, of magmatic conditions under the Pennines, 
which might be responsible for the localisation of 
the ore deposits. The presence of fluorspar in great 
quantity suggested, by analogy with Cornwall, 





derivation from an acid magma, and the whole 


concentrated assemblage of rare elements supported 
this conclusion. The chief line of evidenee against 
hypogene origin, Mr. Dunham concluded, lay in the 
impoverishment of the veins in depth. It was clear, 
however, that the veins did not disappear, and it 
was suggested that local concentration was due to 
interaction between hypogene solutions and ground 
waters. 

In a communication by Dr. W. R. Jones, it was 
stated that mining geologists welcomed the co-opera- 
tion of petrologists in the study of ore deposits, and 
would be guided by the principles established by 
the latter. Petrologists, however, would not be 
content to base their conclusions as to the formation 
of rocks on minerals which were transparent in thin 
sections, but would pay more attention than formerly 
to the presence of opaque minerals, especially now 
that modern technique enabled even small grains 
of such minerals to be determined as separate 
species. It was satisfactory to know that experi- 
enced mining geologists had been pursuing their 
subject on right lines. The intimate genetic rela- 
tionship between certain ore deposits and the con- 
taining, or the adjacent, igneous rock had long been 
established, and formed one of the main principles 
that had guided the mining geologist in his search 
for new deposits and in the study of mineralised 
areas. 

The point Dr. Jones wished to emphasise was that 
mineralising processes related to igneous rocks were 
best understood from the study of the mineralisa- 
tion in relation to the metallographic province in 
which they occurred, paying particular attention to 
the zonal arrangements of the minerals. Owing to 
changes subsequent to the primary mineralisation, 
parts of a mineralised area might show evidence 
that was very misleading. In Dr. Jones’ opinion, 
certain theories, now discredited, on the genesis of 
mineral deposits would not have been advanced 
if the mineralisation had been considered on these 
broader lines, since, although the workable part of 
a deposit might be very confined, the mineralisation, 
in the scientific sense, was often as widespread as 
the related igneous rocks. Disseminated grains of 
ore minerals furnished, in some cases, as reliable 
guides to the genetic relationship of separated out- 
crops of igneous rocks as did rock-forming minerals, 
since the two groups of minerals were often of 
common parentage. It was, for example, not a 
coincidence, but the result of different temperatures 
of formation, that, in the wolframite-cassiterite areas 
of Lower Burma, the deposits in the metamorphosed 
sedimentations had lower cassiterite ratios than 
those in granite rocks, and that there was a general 
predominance of wolframite in the northern and less 
denuded part of this metallographic province ; it 
was not a coincidence that the granites from Lower 
Burma southwards to the Dutch East Indies had 
striking similarities in their mineral contents. It 
seemed conclusive that here we had an extensive 
metallographic tin-tungsten province in which the 
granite masses and the ore minerals were of common 
parentage, and that the processes involved in the 
formation of the granites and granitic rocks were 
inseparable from those which obtained during the 
mineralisation. Some few parts of this metallo- 
graphic province, like parts of a petrographic pro- 
vince, showed evidence that appeared, if considered 
in a parochial manner, to contradict these broad 
conclusions. The broader the basis, however, 
especially when fortified by detailed knowledge over 
extensive parts of the area from its northern to its 
southern limits, the more reliable should be the 
theory built upon it. 

THe GENESIS or O1L PooLs. 

The concluding meeting of Section C, Geology, on 
the morning of Wednesday, September 30, was 
devoted to a discussion on the Genesis of Oil Pools 
in the Sedimentary Cycle. In a contribution to 
this discussion, Professor V. C. Llling said it was 
now accepted as the only reasonable theory that 
oil was produced from organic matter in sediments. 
Diversity of opinion existed, however, as to the type 
of organic material involved and the cause of the 
transformation. He proposed only to consider 
the latter, and on this the views might be divided 
into two parts of which the first postulated heat or 





other internal physica] agencies as the reacting 
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agent while the second regarded the process of 
change as biochemical. One of the essential 
differences in these two theories was that one 
presupposed oil formation as a separate and later 
process after the sediments had been changed into 
rocks, while the other considered oil formation as a 
part of the process of sedimentation. The meta- 
morphic theory had the sanction of chemists as a 
perfectly feasible process, though there were geo- 
logical arguments which rendered its application 
doubtful, while the biochemical theory, although it 
had gained many adherents on the indirect evidence, 
had not yet been proved to be a possibility. 

In support of the biochemical theory, Professor 
Illing put forward the view that it alone linked up 
satisfactorily with the experimental evidence of 
migration to explain the characteristics of oil 
accumulations. In the hydrostatic theory of 
migration, it had never been emphasised sufficiently 
that the migratory water currents which Munn 
presupposed were so much more general in the 
phase of compaction that it was only on a theory 
of oil formation pari passu with sedimentation that 
the hydrostatic theory could be fully developed. 
One of the basic facts of oil accumulation was that 
oil always occurred in the coarsest available rocks, 
and this had been explained as due to the greater 
surface tension of water and the displacement of 
the oil from the finer strata. Such displacement, 
however, was difficult to reproduce experimentally ; 
it was, in fact, quite possible experimentally to 
reverse the liquids. It had been found in experi- 
mental work that, when two immiscible fluids 
were forced from a fine rock to a coarse rock, there 
was an uninterrupted passage of both liquids, but 
when the flow was reversed, the liquid which wetted 
the grains passed freely from the coarse to the fine, 
while the other was retained at the coarse-fine 
interface and could be accumulated and concen- 
trated there. By suitable arrangements it had been 
found possible to trap completely the gas and oil 
carried by water in sand pockets and to concentrate 
the oil from very dilute mixtures. Such free 
migration, Professor LIlling concluded, was only 
possible before the clays were thoroughly compacted, 
and it appeared probable that the process of oil 
formation, migration and accumulation could be 
linked into one continuous chain initiated and 
continued through the phase of sedimentation. 

Dr. G. M. Lees, speaking in this discussion, said 
that while bituminous rocks, oil shales or traces of 
oil were not uncommon in many countries at one 
or, perhaps, several horizons throughout the sedi- 
mentary succession, the formation of oil in quantity, 
and its subsequent concentration into oil pools of 
commercial value, required a set of conditions 
which was undoubtedly exceptional. Oil might be 
carried by later migration far from its original 
source rocks, and, consequently, it was often difficult 
to obtain unequivocal evidence regarding the oil 
mother rock and the nature of the source material. 
Oil appeared to have originated throughout long 
eras of geological time under various conditions of 
sedimentation, and probably no single source material 
was responsible for all the oil. The source material 
for coals was equally varied, though all coals had a 
vegetable origin. Most oils had been formed in 
rocks of marine or estuarine origin. There was no 
proved case of oil, as such, being formed at the 
present day, but oil could be obtained by distillation 
from many marine muds or oozes. Investigation 
of the bottom of the Black Sea had proved the 
existence of yellow and white ether-soluble fatty 
bodies in the mud at a depth of 920 m. 

The original source material of present-day oil, 
Dr. Lees continued, underwent a cracking process 
during the immense time it lay buried at a depth 
of many thousand feet under later sediments. In 
many cases, he said, the depth was from 10,000 ft. 
to 20,000 ft., and, exceptionally, even more. This 
represented, roughly, a pressure of as many pounds 
per square inch for average sediments and a tem- 
perature from 150 deg. to 250 deg. C. Oil was 
associated in many countries with salt and gypsum 
deposits, but Dr. Lees knew of no case of oil in 
quantity occurring in such rocks where there was 
not a probability of its having its origin in normal 
marine rocks. Alge, he said, flourished in many 
present-day brackish lagoons, or organic material 





might be carried in, forming source material for 
thin oil or bituminous shales; it was, however, 
unlikely that such beds were the source of appre- 
ciable amounts of oil. The Miocene of Egypt, 
Persia, and Iraq had often been cited as instances 
of a salt-gypsum petroliferus series, but in all three 
cases there was much stronger evidence pointing to 
an origin in marine foraminiferal marls. In the oil- 
fields belt of South-West Persia, the Upper Creta- 
ceous at one time lay under a cover of 15,000 ft. to 
20,000 ft. of later rocks, and with a pressure of as 
many pounds to the square inch and a temperature 
of about 200 deg. C., the original organic material 
had been completely transformed into oil or bitumen. 
Subsequently, upward migration took place, the 
oil in many places reaching as high as the Upper 
Fars or Bakhtiari beds of Pliocene age. The prin- 
cipal oil-reservoir rock in the Persian oilfields was 
the Asmari limestone of Lower Miocene and Oligo- 
cene age. 

Another speaker in this discussion, Dr. J. V. 
Harrison, said that for the development of an 
oil pool two conditions seemed to be necessary: a 
petroleum mother rock must be laid down, and 
forces must act on this potential oil supply to make 
the oil available. A petroleum mother-rock was a 
deposit laid down in stagnant sulphur-polluted 
water, in which, consequently, a normal fauna 
could not live. It was a fine-grained ferrous- 
sulphide bearing sediment, rich in organic matter 
often of animal origin. Decay of this organic 
matter proceeded slowly, anerobically, usually with 
the operation of sulphur-loving bacteria. In general, 
such deposits appeared to be of marine origin, 
although lagunal, estuarine, and possibly even fresh- 
water conditions could also be favourable. 

The stagnation occurred in seas of comparatively 
restricted area, such as the Black Sea, or in some 
oceanic deeps where the disturbing influence of 
ocean currents did not obtain. In lagoons the 
stagnation might be accompanied by settling crystals 
of salt and anhydrite, or where abnormally large 
amounts of organic matter were available, mother 
rock might develop. East of the Rio Unare, near 
Piritu, in East Venezuela, a present-day example 
of such a saline slime occurred, abundant organic 
matter being furnished by the bodies of fish killed 
annually by the progressive desiccation of the 
lagoon during the dry season. From a petroleum 
mother-rock an oil pool could be produced, given 
proper tectonic conditions to drive out the potential 
supply and a reservoir rock to contain the oil 
generated. Folding or loading might supply the 
necessary force, and a reservoir might be encountered 
either above or below. In Persia, a mother rock 
answering closely to this definition occurred in the 
Eocene-Cretaceous, and the Pliocene orogenesis was 
probably effective in driving out the oil from the 
mother rock into the Miocene-Oligocene limestones 
in which it was now found. In England, the 
Oxford and Kimmeridge clays were mother rocks, 
but the treatment they had received since deposition 
had not been favourable to concentration of the 
potential oil into a workable oil pool. 








ANNUALS AND REFERENCE BOOKS. 


Denmark, 1931.—We have received from the Royal 
Danish Legation, 29, Pont-street, London, S.W.1, an 
attractively illustrated and well-written little volume, 
entitled Denmark, 1931, which is published by the 
Royal Danish Ministry for Foreign Affairs and the 
Danish Statistical Department. The book contains 
a great deal of information concerning the Government, 
constitution, institutions, industries, and commerce of 
Denmark. The development of the dairy industry 
and its present importance is fully shown, and an 
interesting account of the Danish dairy machinery and 
implement industry is given. As is well known, the 
principal exports are butter and dairy produce, bacon, 
beef, live animals, and eggs. The chief imports are 
grain and foodstuffs, fuels, raw materials of various 
kinds, and manufactured goods. Statistics given in 
the volume throw some light on the somewhat one- 
sided nature of the trade between Great Britain and 
Denmark. Whereas Great Britain imported 56-4 and 
per cent. of Denmark’s total exports for 1929, the 
most recent year for which statistics are given, only 
14-7 per cent. of Denmark’s imports for that year 
were of United Kingdom origin. Put in another way, 
we, in 1929, purchased Danish goods to the value of 
53,643,0001., whereas they, in return, purchased British 





goods to the value of only 14,650,000/. Emphasis is 
laid on the uniform quality and general excellence of 
Danish dairy produce and eggs, and while no one 
would deny this, it is clearly desirable that our adverse 
trade balance should be modified. The volume closes 
with an interesting chapter on the exploration of Green- 
land. The book contains 350 pages, and is bound in 
red-cloth covers ; it is printed in Denmark. 

Whitaker's Almanack, 1932.—Practically every civi- 
lised country possesses an almanack or year-book 
which, although usually published by a private indi- 
vidual or firm, has been established for so many years 
that it is looked upon as a national work and is known 
and consulted by every one. The book frequently 
consists of two parts, the first of which is the almanack 
proper, containing astronomical and meteorological data, 
notable historical anniversaries, and fixed and movable 
national or religious festivals. The second portion of 
the work contains information on a wide variety of sub- 
jects and is encyclopedic in character. On the Continent 
these ‘‘ national” almanacks sometimes bear peculiar 
titles, and in some cases claim to have been founded 
many years ago in bygone centuries. Their English 
counterpart, Whitaker's Almanack, although perhaps 
not as ancient as some—it was founded in 1868—is in 
many respects ir a class by itself, and there is no 
doubt as to the position it occupies in our national life. 
The 1932 Whitaker has recently made its appearance, 
and even a cursory glance through its pages convinces 
the reader that the high standard set by previous 
editions has been fully maintained. As heretofore, 
the volume contains an immense amount of condensed 
information and general statistics concerning the 
Government, finances, population and commerce, not 
only of the British Empire, but of the whole world. 
The book is so well known that little more need be 
said, except, perhaps, that the changes brought about 
as the result of the last General Election have been 
fully recorded, and that the National crisis is referred 
to in many of the short articles on ‘‘ Questions of the 
Day,” at the end of the volume. Bound in its familiar 
green-cloth, red-leather backed cover, the price of the 
complete edition of 960 pages is 6s. net. A similar 
volume, but containing only the first 640 pages, bound 
in orange paper covers, is priced at 3s. net. The 
editorial and publishing offices are at 12, Warwick- 
lane, Paternoster Row, London, E.C.4. 

Garcke’s Manual of Electrical Undertakings.—The 
thirty-fourth annual volume of that well-known work 
of reference, Garcke’s Manual of Electrical Undertakings 
and Directory of Officials has recently been published. 
The principal contents of the volume comprise finan- 
cial, technical, commercial, and general information 
relating to approximately 5,500 municipal and company 
undertakings in all branches of the electrical industry. 
The volume opens with an important section entitled 
‘* Progress of the Year,” in which the financial and 
technical data available concerning the various under- 
takings dealt with in the manual are collated and 
tabulated for comparison with the data for previous 
years. After this follows a short section in which 
information is given concerning Government Depart- 
ments connected with the electrical industry. The 
third section of the volume is the longest—it occupies 
over 1,000 pages—and is also the most important ; 
it deals with electric supply and traction undertakings 
in Great Britain and Ireland. The particulars given 
are financial, statistical and descriptive, and the 
companies and undertakings are dealt with in alpha- 
betical order according to name. Foreign under- 
takings owned and operated by companies incorpo- 
rated in this country are included in this section. 
Telegraph and telephone and electrical-manufacturing 
undertakings are described in separate sections, in 
much the same way as the supply and traction under- 
takings. The volume also contains a section devoted 
to descriptions of the electric supply, traction, tele- 
graph, and other electrical undertakings in the British 
Dominions and Colonies, and closes with lists of the 
names and addresses of over 16,000 directors and 
officials of electrical undertakings. The information 
in the manual has been revised to September, 1931. 
which in such a large work is no mean achievement, 
and the data can, therefore, justly claim to constitute 
an authoritative and accurate record of the industry. 
Twenty-two maps of electricity districts, supply areas 
and railway systems are included in the manual, which, 
as usual, is strongly bound and well turned out. The 
publishers are Messrs. Electrical Press, Limited, 13-16. 
Fisher-street, Southampton-row, London, W.C.1. and 
the price is 35s. net, carriage free inland. 








BrrumMEN PRopucTION FROM ALBERTA TAR SANDS.— 
The plant at McMurray, Alberta, of the International 
Bitumen Company, was recently brought into commercial 
operation and is now producing bitumen from the tar 
sands deposits at the rate of 20 barrels a day. Changes 
to be made in the dehydrating plant will, is is said, bring 
next summer’s daily production up to nearly 200 barrels. 





The present plant is the result of five years of experimental 
work, 
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LABOUR NOTES. 


In his introduction to the latest quarterly financial 
report of the Amalgamated Engineering Union, 
Mr. Smethurst, the general secretary, intimates that 
the principal statutory benefit cost, during the three 
months, 183,348]. 9s. 10d. He also calls attention to 
the fact that the arrears of members increased during 
the period. Commenting on these statements in the 
December issue of the organisation’s Journal, 
Mr. Hutchinson, the president, says :—‘ Branch 
presidents will be doing service to the organisation by 
bringing to the notice of members the fact that, had 
the amount owing to the union been paid, it would 
have had a beneficial effect upon the funds, and pos- 
sibly have obviated the necessity for increased contri- 
butions. Branch officers are, therefore, requested to 
use their influence with members to induce them to 
reduce their arrears to the lowest possible minimum, 
and by these means assist us to return to the contribu- 
tions as laid down in rule at the earliest possible date.” 





In November, the home branch membership of the 
Amalgamated Engineering Union decreased from 
186,797 to 186,471, and the colonial branch member- 
ship from 24,677 to 24,404. The number of members 
in receipt of sick benefit increased from 2,904 to 3,264, 
and the number in receipt of superannuation benefit 
from 12,113 to 12,180. The number in receipt of 
donation benefit decreased from 12,486 to 9,549, and the 
total number of unemployed members from 48,906 to 
46,885. 





The writer of the leading editorial note in the 
December issue of the Amalgamated Engineering 
Union’s Journal deals with the advice which is being 
given to the country to “ Buy British.” ‘‘ We have 
no desire,” he says, “‘to minimise the importance of 
the need to give effect, wherever possible, to the advice 
tendered. We do think, however, that Mr. Thomas 
and his colleagues might apply their minds to formulat- 
ing some method with a view to inducing all the ship- 
owners of this country to have their ships repaired in 
home ports by British labour. By so doing, they 
would enable workpeople to be in a better position 
financially to carry out the idea of buying British. . . . 
We are, of course, aware that due to world depression, 
there has been a considerable decrease in overseas 
carrying, resulting in a large number of vessels being 
laid up. Notwithstanding this, it is well-known that 
ships have been taken to foreign ports for repairs. 
It cannot be denied that in shipbuilding and repairing, 
British labour is paramount. Therefore, the only 
conclusion to be arrived at is that vessels are being 
taken to foreign ports for repairs to exploit cheap 
labour and less remunerative working conditions than 
those prevailing in the British Isles. The shipping 
industry is well represented in the British House of 
Commons to-day, and prominent names occur to our 
minds in this connection. These people have it within 
their power to set an example which, it is well-known, 
is better than precept. We repeat, wherever possible, 
by all means ‘ Buy British.’ At the same time, we 
suggest it is Just as incumbent upon shipowners to 
employ British.” 





Writing in the December issue of the Journal of the 
Electrical Trades Union, “J. R.’’ says that there was 
no improvement in the general state of trade in Novem- 
ber. ‘* The fact of the matter is,’ he proceeds, “ that 
due to the so-called and ridiculous economy stunt, 
the local authorities have ceased many of their public 
improvement works. Their building schemes have been 
lessened, and even the painting and cleansing of their 
own institutions, town halls and general business 
premises, have been curtailed with the inevitable 
result that thousands more have been dumped on to the 
unemployment benefit or public assistance authority.” 





The opinion of “J. R.” is that the past year has 
been one of the worst for the worker during a period 
of 30 years. ‘‘ Unemployment,” he says, “ has been 
tife, and there has been no possibility of improving 
the conditions of the general body of workers. In 
fact, the trade unions, almost without exception, 
have had their backs to the wall in an endeavour to 
preserve the conditions they were already in receipt 
of. Many of them have had to accept much worse 
conditions, and these include the sections of engineering 
and shipbuilding, of which we form a small part.” 





In the two sections, however, in which the E.T.U. 
has a predominating interest, the workers have, accord- 
ing to“ J. R.,” fared better. In the electricity supply 
industry, notwithstanding the attempts of the employers 
‘o reduce wages, “ we have,” he says, “up to now 
held our own,” and in the electrical installation section 








there has been an automatic reduction of }d. an hour— 
“which goes to show,” he observes, “‘ that, at least 
comparatively, we have again held our own.” 





During November, the average numbers of persons 
on the registers of employment exchanges in Great 
Britain were 2,093,337 wholly unemployed, 452,941 
temporarily stopped, and 109,810 normally in casual 
employment, making a total of 2,656,088, of whom 
1,901,540 were men aged 21 and over, 152,958 men 
aged 18 to 20, 67,815 boys aged 14 to 17, 407,157 women 
aged 21 and over, 77,282 women aged 18 to 20, and 
49,336 girls aged 14 to 17. ‘ 





According to Lozovsky, the president of the General 
Council of the Red Trade Union International, it 
lies with the working-class to transform the present 
crisis into the last crisis of capitalism. He asserts 
that the pre-requisites of a revolutionary crisis grow 
at enormous speed in Poland and Germany, and 
recommends the revolutionary trade unions to vary 
their methods of struggle. ‘“‘ To-day a strike, to- 
morrow a demonstration, elsewhere stoppage of work 
or a refusal to leave the factory,’’ every action being 
directed towards the weakening of capitalism and the 
undermining of the influence of the moderate trade 
union leaders. 





The first official estimate of the number of partly 
and entirely unemployed in France, given during a 
debate in the French Chamber on Friday last, sets the 
total at 2,800,000, the wholly unemployed being 
estimated at 300,000. Although there exists at the 
moment no machinery by which the real figures can 
be accurately ascertained, there is no doubt (the Paris 
correspondent of the Times says) that they are far in 
excess of the official estimate. The number of persons 
in receipt of unemployment relief during the past week 
was 104,000, and, in adding barely 200,000 more to 
allow for those who are not in receipt of it, M. Landry 
appears to have done less than justice to the great aver- 
sion of the French working class from claiming official 
relief. Most of them live on such savings as they or 
their families have. Moreover, the system of local 
relief still in vogue has a much more limited scope 
than that obtaining in Great Britain. The real number 
of the totally unemployed, therefore, is probably at 
least 1,000,000. 





After negotiations which have lasted for nearly 
eighteen months, the Whitley Council for the Gas 
Industry has agreed upon a scheme for the regulation 
of wage rates. Speaking for the employers’ side of the 
Joint Council, Colonel Ogilbie said that it was difficult 
to indicate the precise terms of the agreement, and 
possibly it was not desirable to do so, because the 
conditions were not the same in all areas and one might 
be disadvantageously set against another; but it was 
quite a satisfactory settlement and would, they 
believed, preserve peace in the industry. The negotia- 
tions had been difficult and prolonged, but, as usual 
in the gas industry, they had been conducted in a most 
amicable and friendly spirit on both sides. Mr. A. 
Hayday, the chairman of the workers’ side, said that 
the terms of the agreement were so complicated that 
it had been deemed advisable not to announce the 
details. The circumstances varied according to areas, 
and they were not prepared even to state the circum- 
stances under which there had been a reduction. The 
main fact was that there had been a settlement, and 
they did not anticipate any disturbance in the industry. 
It was a triumph for conciliation and patient nego- 
tiations. 





A communication received by the International 
Labour Office at Geneva states that for some years 
past, French farmers, confronted with the greatest 
difficulties in regard to labour, especially from the 
point of view of its quality, have been taking ingenious 
measures to reduce the amount of human labour 
required, either through the development of mechanical 
devices, or by a more effective organisation of the farm. 
As examples of the former system are noted, an increase 
in the number of stationary farm machines and also 
the spread of electrification. Experiments have even 
been made, in the present year, with combine harvesters 
in certain large farms. These measures have given rise 
to some criticism. Their use leads to a waste of straw 
which is no disadvantage in America, but to which 
French agriculturists are unable to reconcile them- 
selves. The grain obtained also is generally insuffic- 
iently dry, and proves difficult to store; storage has 
to be carried out by the farmer himself. The effect 
of better farm organisation is shown by a certain 
concentration of crops in particular areas, and an 
abandonment of the cultivation of vines or fruit trees 


tion is poor. The extension of improving crops such 
as sugar beet has been hampered by the shortage of 
labour in certain districts. 





The statement goes on to say that the influx of 
men who had formerly abandoned agricultural work 
to seek employment in factories, and who now return, 
owing to the unemployment crisis, to seek work on 
the farms, has in recent months caused a decline in 
agricultural wages. This decline was noted, for 
instance, at the fair which took place in Loir-et-Cher 
on All Saints day. A ploughman who, last winter, 
earned 4,000 francs for the period of eight months 
from November 1 to June 24, only succeeded in finding 
employment this year for the sum of 2,400 francs. 
This is, of course, a mere example, as wages vary from 
one farm to another, and in accordance with the skill 
of workers. In regard to shepherds, it is estimated 
that an annual wage of about 4,000 francs this year 
corresponds to one of 6,000 francs in 1930. For 
women, monthly wages on St. Johns day, 1931, 
amounted to 425 francs to 450 francs with board and 
lodging; the wage would now be 300 francs. The 
general economic depression and unemployment have 
hitherto affected agricultural markets but little. All 
that can be noted has been a slight decline in the 
consumption of wine. On the other hand, although 
no figures are available, the slackening of industrial 
work appears to have slowed down the rural exodus. 





In Italian shipping circles, efforts are being made 
to give practical effect to the new ideas of economic 
co-operation put forward by Sig. Mussolini. The new 
collective agreement for cargo vessels, for example, 
guarantees considerable advantages of a permanent 
character, especially in connection with stability of 
employment, for all members of the crew. It is laid 
down that on completion of a probationary period or 
a definite period of service with the same shipping 
company, members of the crew of a cargo vessel shall 
in future be entitled to a permanent engagement with 
the company, irrespective of the conditions of their 
original engagement, whether this was for the voyage, 
or for a fixed or indeterminate period. In this connec- 
tion, guarantees are given as regards notice of dismissal, 
compensation for dismissal based on length of service, 
and a prior claim to re-engagement when the ship is 
recommissioned. The shipowners have expressed a 
desire to revise the agreements for other sections of 
the mercantile marine, including subsidised shipping 
lines classified as essential or useful. It must, however, 
be emphasised, according to Labour and Industrial 
Information, that while it is dangerous to conclude 
collective agreements in a period of economic infla- 
tion, in view of the subsequent difficulty experienced 
in readjusting conditions in an equitable manner, it is 
no less dangerous to conclude them during a depression, 
as their adaptation to normal economic conditions is 
just as difficult. 





At December 7, the numbers of persons on the 
registers of employment exchanges in Great Britain 
were 2,055,741 wholly unemployed, 465,348 temporarily 
stopped, and 106,235 normally in casual employment. 
This was 5,297 more than a week before, and 320,362 
more than a year before. The total included 2,081,633 
men, 64,650 boys, 436,249 women, and 44,792 girls. 
On November 30, the number of wholly unemployed 
was 2,063,624. 





The officers’ panels of the National Maritime Board 
have negotiated a new agreement covering wages and 
conditions. From January 31, the pay of navigating 
and engineer officers in both foreign-going and home 
trade vessels, is to be reduced by 10 per cent. In the 
case of engineer officers employed in motor vessels 
the reduction is not, however, to take effect until 
July 31, as there was an adjustment of their wage rates 
no longer ago than October last. Certain agreements 
have also been reached affecting annual leave, pro- 
longed service abroad, and subsistence allowances to 
officers working by their vessels in port. 





Representatives of the cotton spinning and cotton 
manufacturing employers met representatives of the 
operatives, on Tuesday, in Manchester, to consider the 
proposal to substitute “ by agreement if possible,”’ for 
the 1919 agreement, a new agreement increasing the 
number of working hours and correspondingly altering 
wage rates. After explaining the position of the 
industry, Mr. Mills, the employers’ chairman, asked the 
representatives of the workers: Are you prepared, 
in view of our decision to abrogate the 1919 agreement, 
to meet us round the table to negotiate something that 
shall take the place of the agreement when it comes to 
an end on December 31? The reply of the operatives 
was to the effect that they regretted they were unable 





in districts where the yield obtained by family cultiva- 


to accede to the request. 
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Fig. 1. Front View oF MACHINE. 


HYDRAULICALLY - OPERATED 
CYLINDER-HONING MACHINE. 


THE success of honing as a method of finishing the 
bores of small cylinders, bushes, &c., has been such as 
to warrant its use in larger work, such as the cylinders 
of Diesel engines, and machines are, in consequence, 
now being designed to deal with the greater dimensions 
involved. An example of such a machine is shown in 
Figs. 1 to 5 on this and the opposite pages. It is 
constructed by Messrs. Mayer und Schmidt, A.G., 
Offenbach-on-Main, and is made in four sizes, of 
which the largest has an effective working stroke of 
over 6 ft. with a gap of 2 ft. This indicates that 
cylinders of very large size can be dealt with, but for 
purposes of description we illustrate the smallest of 
the machines, which has a maximum effective stroke 
of 2 ft. 54 in. and a gap of 15} in. The distinctive 
features of construction are well shown in Fig. 1. There 
is no separate work table, this being formed by the 
base to which the main column is bolted. The vertical 
part of the column contains the hydraulic traversing 
gear, and ways formed on the front carry the headstock, 
which is mounted on an exceptionally large slide. The 
spindle-driving mechanism is contained in a single 
casting bolted to the top of the column. The controls 
are all grouped on one side of the column, as shown 
in Fig. 2. 

Power is provided by a 12-h.p. electric motor carried 


} | on a bracket on the back of the base in the position 


HYDRAULICALLY-OPERATED CYLINDER-HONING MACHINE. 


MAYER UND SCHMIDT A.-G., ENGINEERS, OFFENBACH-ON-MAIN, GERMANY. 





Fia. 2. 


|indicated in Fig. 3. This drives, through a belt, 
the two oil pumps, which rotate the spindle and traverse 
it, respectively. In the first case, the oil discharge 
actuates a rotary oil motor, the spindle of which is 
geared by bevel wheels to the hone spindle, which is, 
of course, splined to permit of its vertical movement. 
In the second case, the oil is pumped to a cylinder 
attached to the inside of the column and having a 
ram connected to the headstock slide. The slide is 
balanced by the weights seen in Figs. 3 and 4. The 
pumps are mounted in a detachable housing, so that 
they can be removed as a whole from the column. The 
spindle speed can be varied by very fine steps between 
75 r.p.m. and 270 r.p.m. This is effected by a double- 
ended lever working over a graduated dial, the method 
of regulation being that of altering the position of the 
pump rotor relative to the ports, &c., in its casing, 
the speed only, and not the power, being affected. 
The traversing speed of the headstock, which can be 
set from zero to 50 ft. per minute, is similarly regulated 
through the single lever at the bottom of the column. 

Midway on the column between these levers is a 
pair set on the same fulcrum. The longer of the two 
is the starting and stopping lever for the rotary motion 
of the spindle, while the shorter is that for the traversing 
motion. They can be operated separately or, by means 
of a coupling device, simultaneously. The levers 
function by turning the respective pump rotors into 
a neutral position, when the oil delivery is by-passed 
to the tank, the arrangement giving a very smooth 
starting and stopping action. Reversal of the traversing 
motion is effected by a lever situated above the starting 
and stopping levers, and actuated by stops on the 
headstock slide. These stops are adjustable along a 
rack attached to the slide and have a subsidiary tapered 
portion which, just before the actual reversal takes 
place, slows down the motion of the slide by operating 
a throttle valve on the oil-delivery pipe. The pow, | 
construction of the hone can be made out in Fig. 2. 
With a stone of medium depth, viz., about 5} in., a 
clear distance of 3 ft. is obtained between the lower 
edge of the stone in its highest position and the top 





ControL LEVERS AND STOP GEAR. 








of the base table. This latter dimension is 6 ft. 10 in. 









in the largest machine, and the stones are then 13} in. 
long. The lubricating and cooling pumps are driven 
from the main shaft by round belts in the manner 
shown in Fig. 5. The whole of the moving parts, 
with the exception of the spindle bearing in the head- 
stock, are provided with forced lubrication. The 
cooling fluid is returned to a sump in the back part of 
the base plate. 








THE CERAMIC SOCIETY. 
REFRACTORY MATERIALS SECTION. 

THE 24th meeting of the Refractory Materials 
Section of the Ceramic Society was held on November 
18 and 19, at Burlington House, London. The Chair- 
man of the Section, Mr. W. J. Gardner, presided. 


CIRCULATION IN TUNNEL KILNs. 

The first paper read was by Mr. S. R. Hind, B.Sc., 
the title being ‘*‘ Notes on Circulation in Tunnel Kilns 
and its Control.’ In it, the normal circulation of 
gases in open-fire tunnel kilns, especially in the pre- 
heating and cooling zones, were reviewed, and the con- 
ditions for convective heat exchange examined. The 
clearances between the sides of the tunnel and the set- 
ting were considered to be the main paths of flow of the 
gases, and from this low efficiency of heat exchange 
resulted. Methods of controlling natural circulation 
to the best advantage were examined, and it was 
concluded that, whilst such methods had resulted in 
notable improvements, particularly in respect of greater 
uniformity of heat treatment, they could not be expected 
to lead much further. The possibilities of forced 
circulation, already demonstrated for special cases, 
as in the firing zone, were examined more generally, 
and the suggestion made that ceiling fans of heat- 
resisting steel might be used in parts of a tunnel kiln 
where the temperatures were below 1,000 deg. C., 80 
as very greatly to reduce the length of tunnel needed 
for a given treatment, or to increase output from a given 
tunnel kiln. The cost of construction, necessary 
floor space, and fuel consumption, would be consider- 
ably reduced, and the uniformity and quality of the 
product improved. 
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HYDRAULICALLY-OPERATED CYLINDER-HONING 


CONSTRUCTED BY MESSRS. 


MAYER UND SCHMIDT A..-G., 


INGINEERS, 


(For Description, see Opposite Page.) 


Fig.4. 
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(3) That, under ordinary conditions, 
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Smrica Bricks ror CoKE OVENs. 

The next paper, by Mr. P. B. Robinson, M.Met., was 
entitled ‘Observations on Silica Bricks for Coke 
Ovens.” Mr. Robinson pointed out that, since 1922, 
no new battery of coke ovens in England had been 
built with other than silica walls. He proceeded to 
discuss the advantages of silica, as compared with 
Semi-silica, with respect to thermal efficiency (based 
on refractoriness under load, and on temperature diffu- 
Sivity or heat transfer), greater output, greater dura- 
bility under ordinary conditions, resistance to corrosion 
where salty coals were used, possibility of varying heat 
treatment where different classes of coal were to be 
employed, and jointing material. 

From consideration of the available data, he reached 
the conclusions that recent practical experience 
had demonstrated the following points :—(1) That the 
high thermal efficiency of the silica material effected an 
economy in fuel, and provided an increased proportion of 
suplus gas for external use. (2) That this fuel economy 
Operated both at low and high flue temperatures. 








silica was more durable and more resist- 
ant to abrasion than semi-silica, and 
could be used with advantage the whole 
length of the oven wall, including the 
door jambs. (4) That, with salty coal, 
silica was essential. (5) That the 
application of high flue temperatures 
accelerating the rate of carbonisation 
was possible safely with silica-walled 
ovens. (6) That with silica-walled 
ovens great elasticity of flue tempera- 
tures was possible, permitting the suc- 
cessful use of coals of widely different 
coking properties. (7) That it was 
proved possible to re-wall semi-silica 
ovens with silica, and gain in efficiency 
thereby without altering existing flue 
arrangements, and without fear of 
damage to the sub-structure. (8) That 
satisfactory jointing material was 
available and could be depended 
upon to maintain gas-tight joints. (9) That expansion 
and spalling troubles could be avoided. 

At the present time, when existing plants were 
becoming worn, and capital to build new ones was 
scarce, point No. 7 was of the utmost importance. 
Existing batteries could be re-walled with silica, with a 
gain in efficiency without altering any point of the 
design, and without disturbing the battery below oven 
sole level. The re-walling could be done in stages 
of a few ovens at a time without shutting off the others. 
Even in cases where high flue temperatures could not 
be used, the economies resulting from the ‘ bonus 
advantages” of greater output, available gas, longer 
life, and all the economies of labour, consequent on 
schedule working, would more than repay the slight 
extra cost of a silica installation. 


Fiow oF HEAT IN FURNACES. 
The next paper, by Mr. R. J. Sarjant, M.Sc., was, en- 


titled ‘‘ Fluctuating Flow of Heat in Furnaces.” The 
first part dealt with an experimental investigation of 
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the flow of heat in the walls of industrial furnaces 
under rates of heating met with in practice. In the 
second part, attempts were made to correlate the experi- 
mental data with such mathematical expressions as 
might be used to suit defined sets of conditions, and 
thereby to define the limitations of such conditions in 
industrial practice. To be able to calculate with cer- 
tainty the rate of flow of heat under the realised 
conditions of industrial practice was of considerable 
practical advantage. It involved analysis of the 
complexities of the industrial conditions and their 
assessment on some readily defined basis. The flow 
of heat had been determined, under various rates of 
heating, for single and composite walls of varying 
thickness and composition in different heating opera- 
tions. 

After surveying closely all the available evidence, 
the author arrived at the following general conclusions : 
(1) From the experimental section of the investigation, 
curves of heat content of furnace walls, and curves 
of rate of heat flow have been derived for various 
sets of conditions in which the dimensions of the walls, 
the lagging, the rate of heating, and the ultimate soaking 
temperature have been varied. 

(2) The data have been correlated with theoretical 
expressions derived from the fundamental conduction 
equation of Fourier on the basis of the conditions 
specified in the discussion of the equations. 

(3) Reasonable agreement has been attained in 
certain cases, provided a correction coefficient is 
applied to the value of the imposed surface temperature, 
and, in certain cases, that the time scale is shifted. The 
effective temperature of the hot surface is thus related 
to the ultimate soaking temperature, a criterion of the 
character of the heating readily ascertained in practice. 
The value of the correction coefficient varies with the 
dimensions and nature of construction of the wall, and 
includes the summation of the effect of any departure 
of the actual conditions obtaining in practice from the 
implied conditions of the equation used. 

(4) In the series of experiments examined, in the 
case of lagged walls, the shift of the time scale neces- 
sary to give agreement was found to be related to the 
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rate of rise of temperature of the hot surface in a 
simple linear manner. 
UnBurNT Bricks FoR LININGs. 

The next paper was by Dr. J. H. Chesters, B.Sc., and 
Mr. W. J. Rees, B.Sc., and was entitled ‘“‘ The Use of 
Unburnt Bricks for the Linings of Induction Furnaces.” 
A method was described whereby an induction furnace 
could be lined with tongued and grooved unburnt bricks, 
the lining being sintered, without the aid of a metal 
former, by the melting of the first charge. Experimental 
trials were described in which Grecian magnesite, 
Austrian magnesite, chromite, certain mixtures of the 
foregoing, also silica brick batch, &c., were used. 


CORROSION OF REFRACTORIES. 

The last paper was by Messrs. J. F. Hyslop, B.Sc., 
and H. C. Biggs, the title being ‘‘ The Corrosion of Re- 
fractories—A Quantitative Durability Test.’ The chief 
types of corrosion tests were reviewed, including the 
crucible-cavity type, the solid-cube type, the suspended- 
rod type, the model-wall type, and the powdered-slag 
impact type. The new test devised by the authors 
belongs to the type last mentioned. The essentials of 
a good corrosion test were definite quantitative feed of 
fluxing material to the test piece, flexibility in choice 
of fluxes, and true measurement of durability. The 
primary object of a corrosion test was that it should 
give quantitative results indicating the durability of 
the material when exposed to slagging in service. The 
durability of a material depended on two effects, 
corrosive and erosive, and it was the varying combina- 
tion of these in practice which made correlation so 
difficult between laboratory and service results. It 
seemed desirable, nevertheless, to have a test in which 
durability could be measured in definitely standard 
reproducible conditions. It was also desirable to have 
a corrosion test in which the effect of different fluxes 
could be accurately estimated. 

With these objects in view, the authors had been 
working on a scheme which promised well. The test 
piece was rotated in a furnace, and flux was fed at fixed 
intervals of time by means of a water-cooled metal 
spoon. The time taken for the flux to sever the test 
piece in two was a direct measure of the durability of 
the refractory under the conditions of test. The flux 
was not charged until the requisite temperature was 
reached. A silit rod furnace was used for testing. 
The chief difficulty encountered was that the necessary 
high temperatures could not be obtained with the silit 
rod furnace, and the test therefore took too long. 
The tests carried out had been at temperatures from 
1,150 deg. C. to 1,350 deg. C. Another,drawback was 
that any volatilisation from the flux seriously impaired 
the efficiency of the silit rods. It was intended to 
try a carbon resistance furnace for the tests. 








LAUNCHES AND TRIAL TRIPS. 


“ Smneu.”’—Single-screw oil-tank steamer; __ triple- 
expansion engine, supplied by Messrs. The Wallsend 
Slipway and Engineering Company, Limited. Launch, 
November 10. Main dimensions, 380 ft. by 55 ft. by 
29 ft. 3 in. Built to the order of Messrs. The Burmah 
Oil Company, Limited, Glasgow, by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Wallsend- 
on-Tyne. 


“St. ANDREW.’’—Twin-screw passenger steamer for 
service between Fishguard and Rosslare; Parsons-type 
turbines and single-reduction gearing. Launch, Novem- 
ber 10. Main dimensions, 325 ft. by 46 ft. 6 in., by 
18 ft. 9 in. Built and engined by Messrs. Cammell 
Laird and Company, Limited, Birkenhead, for Messrs. 
Fishguard and Rosslare Railways and Harbours Com- 
pany, Limited. 


“Rospert HvueGues.”—Twin-screw steam suction 
hopper dredger; triple-expansion engines. Launch, 
November 24. Capacity of dredging and discharging, 
2,500 tons of spoil per hour. Constructed to the order 
of the Crown Agents for the Colonies by Messrs. Wm. 
Simons and Company, Limited, Renfrew. 


“ Stask.’’—Single-screw passenger and cargo steamer, 
fitted with ice-breaker stem, for trading between Gdynia, 
Poland, and Finland; Lenz steam engine. Launch, 
November 28, 1931. Main dimensions, 243 ft. 6 in., 
by 35 ft. 6 in., by 20 ft. Built to the order of the 
Przedsiebiorstwe Panstw we “‘ Zegluga Polska,’’ Gdynia, 


Poland, by Messrs. Nakskov Skibsvaerft, Nakskov, 
Denmark. 
“* FLATHOUSE.”’—Single-screw coal-carrying steamer 


for service between the Northumberland and Durham 
coalfields and the Flathouse Wharf of the Portsmouth 
Gas Company; triple-expansion engine. Trial trip, 
December 1. Main dimensions, 242 ft. by 36 ft. 6 in. 
by 18 ft. Built and engined by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, Sunderland, for 
Messrs. Stephenson Clarke and Associated Companies, 
Limited, London. 


““Corsis.’’—Twin-screw oil-tank motorship ; four-cycle, 
single-acting Werkspoor marine-type Diesel engines. Trial 
trip, December 3. Main dimensions, 465 ft. by 62 ft. 
by 34 ft. Built by Messrs. Workman Clark (1928), Limited, 
Belfast, for Messrs. The Anglo-Saxon Petroleum Com- 
pany, Limited, London. 


TENDER. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tender, the closing date of which 
is given. Further details may be obtained on applica- 
tion to the Department, the reference number appended 
being quoted. 

Motor Omnibuses.—The supply of two motor omnibuses, 
designed to carry six first-class and twelve second-class 

assengers, The Egyptian Ministry of the Interior, 
Municipalities and Local Commissions Section ; January 
14, 1932. (Ref. No. G.X. 10,979.) 








BOOKS RECEIVED. 


Annuaire de la Houille Blanche Francaise et des Forces 
Naturelles Mondiales, 1931-1932. Edited by AUGUSTE 
PawLowskI and GEorRGES Baupovux. Paris: Journal 
des Electriciens. 

Cours d’Electricité Théorique. Vol. Ill. T.S.F. et Cable 
Téléphonique. Théorie Mathématique. Paris: Gauthier- 
Villars et Cie. [Price 90 francs. ] 

The Design of Dams. By Frank W. Hanna and 
RosBert C, KENNEDY. London: McGraw-Hill Pub- 
lishing Company, Limited. [Price 30s. net.] 

Heat Engines. Steam, Gas, Steam Turbines, and Their 
Auxiliaries, By JoHn R. ALLAN and JosEPH A. 
Burstey. Fourth edition. London: McGraw-Hill 
Publishing Company, Limited. [Price 24s. net.] 

Electrical Equipment. By Harotp W. Brown. Second 
edition. London: McGraw-Hill Publishing Company, 
Limited. [Price 30s. net.] 

Michael Faraday and Some of His Contemporaries. By 
Wr11am Cramp. London: Sir Isaac Pitman and 
Sons, Limited. [Price 2s. 6d. net.] 

Electric Train Lighting. Theory and Practice. 
Corpock. London: Sir Isaac Pitman and 
Limited. [Price 7s. 6d. net.] 

Die Wasserbiicher der Europdischen Staaten. By Dr. 
JaRostavy CerRNy. London: World Power Con- 
ference. [Price 6s. post free.] 

Air Ministry. Meteorological Office. British Rainfall, 
1930. London: His Majesty’s Statio. ery Office. 
[Price 15s. net. ] 

Canada, Department of Mines. Mines Branch, No. 
722. Investigations in Ceramics and Road Materials, 
1928-1929. Ottawa: Department of Mines. Mines 
Branch. 

Department of Scientific and Industrial Research. Report 
of the Springs Research Committee. London: His 
Majesty’s Stationery Office. [Price ls. 3d. net.] 

Department of Overseas Trade. Economic Conditions in 


By C. 
Sons, 


Finland, July, 1931. Report. By C. B. JERRAM., 
London: His Majesty’s Stationery Office. [Price 
2s. net.] 

Newton: The Man. By Lt.-Col. R. DE VILLAMIL, 
London: Gordon D. Knox. [Price 3s. 6d. net.] 


Garcke’s Manual of Electrical Undertakings and Directory 
of Officials. Vol. XXXIV. September, 1931. Edited 
by Frederick C. Garrett. London: Electrical Press, 
Limited. [Price 35s. net.] 

A Dictionary of Electrical Terms, Including Telegraphy, 
Telephony and Wireless. By S. R. Rocret. Second 
edition, revised and enlarged. London: Sir Isaac 
Pitman and Sons, Limited. [Price 7s. 6d. net.] 

United States Bureau of Mines. Monograph No. 4. 
Warning Agents for Fuel Gases. By A. C, FIELDNER 
AND OTHERS. New York: American Gas Association. 

Karl Golsdorf zum Gedenken. Vienna: Osterreichischer 
Ingenieur-und Architekten-Verein. 

United States Bureau of Mines. Technical Paper No. 499, 
Treating a Complex Ore. By G. L. OLpRiaHT. [Price 
15 cents.] No. 502. How to Compute Tables for 
Determining Electrical Resistivity of Underlying Beds 
and Their Application to Geographical Problems. By 
I. Roman. [Price 10 cents.] Washington: Govern- 
ment Printing Office. 

Repertoire Commercial de Fabricants, Producteurs and 
Exportateurs de la Grande-Bretagne. Paris: Chamber 
de Commerce Britannique de Paris, Inc. 

Diesel Reference Guide. By Jutius RosBioom. 
City, N.J.: Industrial Institute, Inc. 

American Society for Testing Materials, A.T.S.M. Ten- 
tative Standards. 1931. Philadelphia: Offices of 
the Society. [Price 7 dollars.] 

Einfuss der Oberflachenbeschaffenheit auf den Spannungs- 
verlauf und die Schwingungsfestigkeit. By Dr.-Ina. 
EvGEN ARMBRUSTER. Berlin : V.D.1.-Verlag, 
G.m.b.H. [Price 7 marks. ] 

Department of Overseas Trade. Economic Conditions in 


Jersey 


Palestine. July, 1931. Report. By K. W. Steap. 
London: His Majesty’s Stationery Office. [Price | 
ls. 6d. net. } 


Bogenbriicken. No. XI. Part 6. By Pror. Dr. J. MELAN 
and Dr. Ina. Tx. Gestescur. Berlin: Wilhelm Ernst 
und Sohn. [Price 5 marks. ]} 
HERBERT W. JorpDAN. Ninth edition. London: 
Jordan and Sons, Limited. [Price 1s. 6d. net.] 

Motor Vehicles and Their Engines. By Epwarp §. 
Fraser and Raupx B. Jones. Fourth edition. Lon- 
don : 
net.] 

Department of Overseas Trade. Economic Conditions in 
Egypt. July, 1931. Report. By R. M. A. E. TURNER 
and L. B. S. Larkry. London: His Majesty’s Sta- 
tionery Office. [Price 4s. net.] 

Past Years: An Autobiography. By Sir OLIVER LopGE. 


London: Hodder and Stoughton, Limited. [Price 
208. net. ] 
Secondary Aluminium. By RosBert J. ANDERSON. 








10 dols. net.]} 





Converting a Business into a Private Company. By | 


Macmillan and Company, Limited. [Price 15s. | 








PERSONAL. 


Mr. B. Puures-Smrrg, of Messrs. Corneille and 
Philips-Smith, 18, Charing Cross-road, London, W.C.2, 
has recently allied himself with Messrs. Wayne Tank 
and Pump Company, Limited, 346, Strand, London, 
W.C.2, as consultant and adviser in connection with 
petrol-metering installations. 

Messrs. Buck anp HickMAN, LIMITED, 2-6, White- 
chapel-road, London, E.1, have given the charge of their 
Birmingham office to Mr. J. E. MacLaren, in succession 
to Mr. G. Dowding. 

Mr. ANDREW GRAY, after many years’ service with 
| Messrs. Marconi’s Wireless Telegraph Company Limited, 
| Marconi House, Strand, London, W.C.2, retired at the 
end of November from his position as technical general 
manager. 

THE LONDON AND NortTH EASTERN RAILWAY Com- 
PANY informs us that Mr. R. F. Bennett, Assistant 
Engineer (Construction) for the Company’s southern 
area, will retire under the age limit at the end of the year. 
Mr. R. J. M. Inglis, Assistant Engineer (Permanent 
Way) has been appointed Assistant Engineer (Con- 
struction) and Mr. E. L. Hawkins, Assistant Engineer 
(Maintenance), will in future be responsible for both 
general and permanent way maintenance under the 
southern area engineer. 








CONTRACTS. 


Messrs. Str WrmL1AM ARROL AND Company, LimITED, 
Glasgow, have received an order for a 25-ton electric 
wharf crane from Messrs. Barclay, Curle and Company, 
Limited, Elderslie Dockyard, Scotstoun. 

Messrs. THE GENERAL ELECTRIC CoMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have received 
an order from the London, Midland and Scottish Railway 
Company for the electrical equipment, on the Oerlikon 
system, of the new rolling stock required for the augmen- 
tation of the ‘services on the lines from Euston to 
Watford and from Broad Street to Richmond. The order 
includes the whole of the traction motors, control equip- 
ment, and heating and lighting equipment for 31 coaches. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIpDLEsBROUGH, Wednesday. 


The Cleveland Iron Trade.—Conditions as regards 
Cleveland pig iron are little altered. Quantities of iron 
stored at the blast furnaces are not of inconvenient size, 
and continue to decrease, so that the statistical position 
is strong and improving. Second hands have not com- 
mand of much Cleveland iron, and are not at liberty to 
supply the principal home consumers, ironmasters still 
reserving to themselves the right to cover directly the 
needs of those users. Merchants dealing in Cleveland are 
consequently largely confined to business with overseas 
customers, and they report rather more transactions 
with Continental firms notwithstanding the still great 
obstacles to export trade. Producers also are selling 
odd lots to the Continent, and are doing more business 
with Scotland. Little further expansion of demand is 
needed to necessitate some enlargement of output, but 
as yet ironmasters are not justified in making preparations 
to increase make. No. 1 is 61s.; No. 3 g.m.b. 58s. 6d. ; 
No. 4 foundry, 57s. 6d.; and No. 4 forge, 57s. 

Hematite.—The situation as regards East Coast hema- 
tite pig is unsatisfactory. Makers are still embarrassed 
by heavy stocks, which are, however, being gradually 
depleted, and complaint is heard that orders are obtain- 
able only on terms that are altogether unremunerative 
to manufacturers. Second hands hold fairly substantial 

arcels, and are free to dispose of them as they please. 

ustomers in the Sheffield and Midland districts are 
still in the market, and Continental hematite consumers 
are buying a litile iron from both makers and merchants. 
Upward movement of values would cause no surprise, 
though supply is plentiful. Quotations vary considerably. 
Sales of ordinary qualities have been made at prices 
ranging from 65s. to 66s, 

Foreign Ore.—Dealings in imported ore are almost 
unheard of. Sellers are not disposed to make definite 
quotations with rates of exchange so uncertain, and 
consumers are well placed as regards supplies, so that 
they are in no hurry to negotiate. 
|  Blast-Furnace Coke.—Local consumers of _ blast- 
furnace coke are using their own makes, with the result 
that market transactions are few and small. Durham 
| good average qualities are quoted at 16s. 6d, to 16s, 9d., 
delivered here. 

Manufactured Iron and Steel_—Producers of 
| descriptions of semi-finished and finished iron and steel 
are much in need of orders. In the constructional steel 
| department, however, firms have substantial contracts 
| to execute. Among the principal market quotations 





most 


are: Common iron bars, 10/.; best bars, 10/. 10s. ; 
| double best bars, 11/.; treble best bars, 11/. 10s. ; pack- 
steel billets 


in arallel), 8/.; packing (tapered), 10J. ; 
one 51. 108. ; ok billets (medium), 6/. 12s. 6d. ; steel 
billets (hard), 7/. 2s. 6d.; iron and steel rivets, 11/. 5s. ; 
steel ship plates, 8/. 15s. ; steel angles, 81. 78. 6d. ; steel 
joists, 82. 15s.; heavy sections of steel rails, 8/. 10s.. 
for parcels of 500 tons and over and 9. for smaller lots : 
fish plates, 127. 10s.; black sheets (No. 24 gauge), 8i. ; and 
galvanised corrugated sheets (No. 24 gauge), 97. 28. 6d. 
Scrap.—Rather considerable sales of scrap have been 
ut through recently. Borings are 26s. ; turnings, 30s. 5 


Cleveland, Ohio: The Sherwood Press, Inc. [Price | light cast-iron, 40s,; heavy cast-iron, 45s. ; machinery 


metal, 47s. 6d.; and heavy steel, 42s. 6d. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—A slackening off has been experienced 
in several sections of the local steel and engineering 
trades. The raw and semi-finished steel branches are 
not so actively employed as a short time ago when a 
sudden spurt was experienced in steel consumption. The 
extent of that temporary improvement may be gauged 
from the latest statistics relating to steel output in this 
area. In October, Sheffield was responsible for an out- 
put of 75,700 tons, as compared with 50,000 tons in 
September, and 83,700 tons in October last year. The 
uncertainty surrounding the Government’s intention 
concerning a tariff on imported iron and steel is said 
to be responsible for the holding up of a certain amount 
of business. The current flow of orders is not so strong, 
but more inquiries are in circulation, and prospects 
appear brighter than for some time past. The decision 
to suspend building operations on the new Cunard liner 
will not seriously affect work in Sheffield. The local 
works of Messrs. John Brown and Company, Limited, 
have almost completed their share of the work for the 
liner. The major portion of the supply of shaftings, 
pinions, boiler and turbine drums has already been sent 
to Clydebank. Messrs. Brown have supplied for the 
liner 120 one-piece drums. Business in the heavy 
engineering trades is not so good. Makers of hollow 
forged boiler and turbine drums are doing a steady trade. 
Orders from abroad show an increase. A local firm has 
just transported to Russia a large anvil plate casting, 
weighing 47 tons, part of a 6,000 tons forging press which 
is being erected at the Stalingrad Works of the Soviet 
Government. A Sheffield firm has received a repeat 
order for the supply of forged-steel propeller shafting, 
stainless-steel castings, valves, &c., in connection with 
the new ship which is to replace the Bermuda, which 
was burnt out at Belfast recently. Railway rolling-stock 
orders are as scarce as ever. Overseas business has 
shrunk tremendously, while British railways continue to 
adopt a policy of economy which is resulting in only a 
limited amount of work being placed with outside firms. 
Stainless steel and rustless iron is in active demand, and 
the year’s output is expected to constitute a record. 
There is a regular and growing demand for heat-resisting 
alloys. Furnace parts which were formerly made from 
wrought or cast-iron and had a life of a few hundred 
hours, are now being made from heat-resisting alloys 
guaranteed for many thousand hours. At one local 
works a battery of furnaces, completely armoured inside 
with nickel-chromium heat-resisting castings has been 
in use for some months, and, at present, the metal is as 
scale-free as the day it was put in. Patchy conditions 
prevail in tool manufacture. Makers of stove grates and 
fireplaces are fairly well employed. 

South Yorkshire Coal Trade.—The coal market gener- 
ally has undergone little change. Im some directions a 
tendency to weaken is apparent. Industrial fuel makes 
very slow headway, but revival in the New Year is con- 
sidered probable. Smalls show improvement. The 
Lancashire textile and Yorkshire woollen industries are 
taking increased supplies. Fuel for consumption by 
electricity and gas undertakings is in steady demand. 
The house coal market continues to disappoint. The 
milder weather has had an adverse effect, and stocks 
are rapidly accumulating at colliery sidings and depots. 
Central heating coke is in strong request, while foundry 
and furnace sorts are steady both on home and export 
account. Gas coke continues firm. Quotations: Best 
branch hand picked, 26s. to 27s. ; Derbyshire best brights, 
20s. 6d. to 21s. 6d. ; Derbyshire best house, 228. to 23s. ; 
best screened nuts, 17s. to 18s. ; Yorkshire hards, 17s. to 
18s. 6d.; Derbyshire hards, 17s. to 18s. 6d.; rough 
slacks, 9s. to 10s. ; nutty slacks, 8s. to 9s.; smalls, 5s. 6d. 


to 6s. 








CatTaLocuEs: Erratum.—We regret that in our 
Catalogue notice, headed Conveyors, on page 716 of 
our issue of December 4, we gave the name of the firm 
concerned as Messrs. Marco Limited. This should have 
read: Messrs. Marco Conveyor and Engineering Com- 
pany, Lynn-road, High-road, Leytonstone, London, E.11. 





THe Marxkinc OF ImporTED PoRTABLE ELECTRIC- 
Lame Castnes.—The Board of Trade has referred to the 
Standing Committee, appointed by it, an application 
for an Order-in-Council to require the marking with an 
indication of origin of imported casings for dry or 
secondary battery portable electric lamps, lanterns and 
torches, whether fitted with a battery or not. Repre- 
sentatives of any interests substantially affected by the 
application, who desire to be heard in opposition at the 
public inquiry which will be held subsequently by the 
Committee, should communicate with the secretary, 
Mr. E. W. Reardon, at the Board of Trade, Great George- 
street, London, S.W.1, as early as possible and, in any 
case, not later than January 15, 1932. 


CHANGES OF ADDRESS.—Owing to expansion of 
business, Messrs. Arthur Andrews Limited have secured 
new and larger premises at Montgomery-street, Spark- 
brook, Birmingham.—As from December 24, the London 
offices of Messrs. British Isothermos Company, Limited, 
are to be transferred from Park House, 22/26 Great 
Smith-street, S.W.1, to Thames House, Westminster, 
8.W.1—The London offices of Messrs. Armstrong Whit- 
worth Securities Company, Limited, of Messrs. Sir W. G. 
Armstrong, Whitworth and Company (Engineers), Lim- 
ited, of Messrs. Sir W. G. Armstrong, Whitworth and 
Company (Shipbuilders), Limited, of Messrs. Sir W. G. 
Armstrong, Whitworth and Co. (Ironfounders), Limited, 
and of Messrs. Armstrong Construction Company, 
Limited, will be removed on December 24, from Park 

Ouse, 22/26, Great Smith-street, S.W.1, to Thames 
House, Westminster, 8.W. 1. 





NOTES FROM THE NORTH. 
Gutascow, Wednesday. 

Scottish Steel Trade.—There has been little change in 
the state of the Scottish steel trade during the past 
week, and business is very quiet, although a little extra 
demand is anticipated before the holiday stoppage. 
Home consumers have not been specifying for material 
to any extent, on account of the general dullness in trade, 
and the discontinuance of work on the big Cunarder, 
now building at Clydebank, has come as a blow and accen- 
tuated the depression. The heavy steel branch of the 
industry had already benefited from that order, but 
other branches of the trade will suffer meantime. In 
the black steel sheet trade quite a brisk tone prevails, 
and the majority of the works are well employed. The 
demand for the lighter gauges continues good, and 
inquiries for forward lots for shipment are more numer- 
ous. For the heavier gauges there have been rather 
more orders of late, and prospects are somewhat brighter. 
Prices are nominally unchanged, and are as follow :— 
Boiler plates, 9. per ton; ship plates, 8/. 15s. per ton ; 
sections, 8/. 7s. 6d. per ton; black steel sheets, } in., 
71. 10s. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 101. 12s. 6d. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade——In the West of Scotland 
malleable-iron trade the dullness is still prevalent, and 
the outlook is far from bright. Orders are very scarce, 
and inquiries are of little account at the moment. The 
re-rollers of steel bars are no better off for work, and 
anything on offer is the object of very keen competition. 
The following are the current market quotations :— 
“Crown” bars, 10/7. 5s. per ton for home delivery and 
91. 10s. per ton for export; and re-rolled steel bars, 
61. 7s. 6d. per ton for home delivery and 61. 5s. per ton 
for export. 

Scottish Pig-Iron Trade.—Dealings in Scottish pig- 
iron have been of a limited nature during recent weeks, 
and even the depreciation in sterling has failed to revive 
the demand. Imports from India and England continue, 
and local makers find business very difficult to secure, 
Prices are unchanged, and are as follow :—Hematite, 
68s. 6d. per ton, delivered at the steel works ; foundry 
iron No. 1, 72s. per ton, and No, 3, 69s, 6d. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, December 12, amounted to 447 tons. 
Of that total 145 tons went overseas and 302 tons 
coastwise. During the corresponding week of last year 
the shipments totalled 243 tons, all of which was on 
export account. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Exports of coal from South Wales 
in November amounted to only 1,418,002 tons, which 
was 168,148 tons less than was exported in October. 
The average value was, however, raised by jd. to 
19s. Od. per ton f.o.b. This advance in value was, 
however, entirely due to the increased price received for 
anthracite, the average of which was raised by 2s. 53d. 
to 27s. 103d. per ton, though shipments fell by 60,687 
tons to 238,143 tons. Exports of bituminous coal were 
lowered by 107,461 tons to 1,179,859 tons, and the 
average value by 34d. to 17s. 34d. per ton. The clearance 
foreign, as cargo, from the different ports in November 
were :— 








Bituminous 
Anthracite. and 

Anthracite. 
Tons. Tons. 
Cardiff ... ve ay 3,590 819,622 
Newport ae aan 232,970 
Port Talbot 43,825 116,018 
Swansea 190,728 249,392 


Though new business remained very quiet, shipments 
in the past week were on brisker lines as a result of the 
arrival of shipping which had been delayed by the recent 
stormy weather, and the fact that shippers accelerated 
exports where possible, before the holidays. All classes 
of coal with the exception of dry nuts, the make of which 
is negligible, were in abundant supply, and readily avail- 
able at the minimum prices based on 19s. 6d. for best 
Admiralty large, and 13s. 6d. for best smalls. The 
demand was, however, insufficient to enable collieries 
to clear loaded wagons, and consequently temporary 
stoppages at the pits were unavoidable. ‘The effort of 
the colliery owners to reduce stocks of banked smalls by 
allowing these classes to be sold at 2s. less than freshly 
wrought coal is meeting with some success and sales are 
being effected. In many cases smalls picked up off 
the ground are being mixed with freshly wrought 
coals, 


Continental Iron and Steel.—Continental iron and steel 
continues to arrive in South Wales in much larger 
uantities than was the case before the general election. 
n the last two months 236,759 tons have been imported, 
or at the rate of 29,595 tons per week compared with a 
re-election weekly average of 15,000 tons. Supplies 
trom Belgium amount to 177,365 tons, equal to 22,171 
tons per week or at the rate of 7,000 tons above the pre- 
election average. 

Iron and Steel Exports.—Exports of iron and steel 
goods in the past week totalled 14,343 tons compared 
with 14,862 tons in the preceding six days. Shipments 
of tin-plates and terne-plates were reduced from 
8,798 tons to 6,340 tons, but of black-plates and sheets 
increased from 962 tons to 1,097 tons, and of galvanised 
sheets from 2,131 tons to 4,239 tons, but of other iron and 
' steel goods lowered from 2,971 tons to 2,667 tons. 











NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

The General Outlook.—Gradual falling off of business 
during the last few weeks in most sections of the North- 
western iron and steel and heavy engineering industries 
renders the immediate outlook uncertain, and few manu- 
facturers are inclined to envisage the advent of 1932 
with optimism. Though a number of firms are able to 
keep their plant going for some weeks on orders secured 
following the devaluation of the pound, even this is not 
enabling British producers to compete on an economic 
basis with foreign rivals, and there is a rapidly growing 
feeling locally that only the introduction of effective 
tariffs can revive the fading fortunes of the heavy indus- 
tries. There is keen disappointment at the Government’s 
continued reluctance to make any definite step in this 
direction, and several firms report that while careful 
consideration is being given to this subject, overseas 
competitors are taking full advantage of the period of 
grace to rush increasing shipments of iron and steel 
goods into this country. Meanwhile, many firms in the 
area are finding increasing difficulty in keeping plant 
in its existing state of partial activity, and much 
machinery is idle. 

An Important Steam-Car Contract.—After a rather 
lean period, motor-vehicle manufacturers are finding 
conditions somewhat easier, and Messrs. Crossley Motors, 
Limited, of Gorton, Manchester, and Messrs. Leyland 
Motors, Limited, of Leyland, near Preston, are both 
fairly well employed. The 1932 prospects of Messrs. 
Sentinel Waggon Works, Limited, of Shrewsbury, are 
improved by the receipt of an order from the Administra- 
tion of the Roumanian State Railways for the construc- 
tion of 20 Sentinel-Cammell steam rail-cars, comprising 
10 single-car units and five double-car units. The 
vehicles will be used to compete with rapidly growing 
provincial motor-omnibus services in Roumania. Loco- 
motive builders and boilermakers who hope to benefit 
from the railway programmes for 1932, which will be 
announced shortly, are facing the future with rather 
more confidence. At Bolton, Messrs. Bromilow and 
Edwards, Limited, are finding it necessary to work 
overtime to cope with extensive orders for tipping gear 
obtained at the recent Motor Show. Continental and 
South American firms are among the customers. Good 
headway is being made by Messrs. Henry Simon, Limited, 
of Cheadle Heath, near Manchester, with the construction 
of a grain-handling plant for Esbjerg, Denmark, for the 
Jutland Co-operative Provender Supply Association, 
of Copenhagen. 

Possible New Industries for Lancashire.—The latest 
feature in connection with the movement inaugurated 
by the Lancashire Industrial Development Council to 
attract new industries to the area, is a visit by the general 
manager, Mr. J. Bennett Storey, to Germany, to confer 
with manufacturers who are stated to be anxious to 
establish branch factories in England. Messrs. The 
Metropolitan-Vickers Electrical Company, Limited, of 
Trafford-park, Manchester, have obtained an 80,000/. 
order for electrical equipment required for the new 
5,000,0007. Mersey tunnel. 








CoMMERCIAL METHODS IN ALGERIA AND ARGENTINA, 
—Confidential memoranda on methods of quoting and 
terms of payment in Algeria, and on methods of trading 
and the appointment of agents in the Argentine Republic, 
have been published by the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1. United 
Kingdom firms desiring to receive copies of these memo- 
randa should apply to the Department, quoting reference 
No. C.X. 3,717 in the case of Algeria and C.X. 3,434 in 
that of the Argentine. 





ForeIGN Markets FoR BRITISH ENGINEERING PRO- 
pucts.—Reports on the markets for motor vehicles in 
Egypt and British Malaya, for road-making machinery 
in olland, for abrasive wheels and grindstones in 
Turkey, and for saw-mill and woodworking machinery 
in Bulgaria have recently been published by the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
8.W.1. Firms interested in the export of products of 
United Kingdom manufacture can obtain copies of these 
reports on application to the Department, quoting 
reference No. G.X. 10,847 in the case of Egypt, G.X. 
10,948 and 10,949 in that of British Malaya, A.X. 11,150 
in that of Holland, G.X. 10,923 in that of Turkey, and 
A.X. 11,205 in that of Bulgaria. 

AMALGAMATION OF AUSTRALIAN ELECTRICAL FIRMS.— 
Following upon the amalgamation, last year, of the 
Australian aoketen of Messrs. Australian General 
Electric Company, Limited; Messrs. The Edison Swan 
Electric Company, Limited; Messrs. Ferguson, Pailin 
Limited ; and Messrs. Metropolitan-Vickers Australia, 
Proprietary, Limited, under the control of a company 
entitled Messrs. Australian Electrical Manufacturing 
Company, Limited, an agreement was recently entered 
into whereby the manufacturing and distributing facilities 
of the constituent firms will be unified in a comprehensive 
organisation known as Messrs. Associated General 
Electrical Industries Limited. The sales of the com- 
panies’ products will be undertaken by three subsidiary 
companies, respectively entitled, Messrs. Associated 
General Electric Apparatus Company, Limited ; Messrs. 
Associated General Electric Supplies Company, Limited ; 
and Messrs. Associated General Electric Specialities 
Company, Limited. We understand that the first- 
named company is to distribute products connected 
with mining and traction; the second undertakes sales 
of lamps, fans, and products connected with industrial 
and domestic lighting, &c.; the third company is to 
specialise in electrical refrigerators. The new companies 
commenced operations on October 1 last. 
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Vou. CX XXII. No. 3440. 


RATIONALISATION IN THE 
FARMING INDUSTRY. 

In Bibi, Karin Michaelis tells a delightful story 
of a cow which excelled all other cows when milked 
to the dulcet strains of an harmonica. It may be 
suggested that there is a moral in this story for the 
agricultural research worker who reduces milk out- 
put to a “ coefficient of efficiency ” in terms of the 
weight of the milk, the average fat percentage for a 
given lactation period, and the weight of the cow. 
The formula is quoted in the report on “ Agricul- 
tural Research in 1930,” recently issued by the 
Royal Agricultural Society of England, and in 
mathematical language, indicates that the milk 
yield. is an inverse function of the weight of the 
cow. The same belief is expressed more pithily 
in the old farmers’ saying that “little uns be the 
best milkers,” but on reading the report more 
closely, it appears that if the yield is expressed in 
energy-value instead of by weight, the “ big ’un” 
may, after all, be first past the post. Cross breed- 
ing with stock from Lilliput therefore becomes a 
doubtful proposition, and it seems that upon the 
whole. the farmer may still rely upon his inborn 
gumption in purchasing live-stock. Unfortunately, 
however, this valuable gift fails him when faced 
with the latest developments in mechanised farming, 
as in this sphere he cannot take advantage of the 
accumulated experience of his forbears. 
The report to which reference has been made 
should be a valuable help in these circumstances, as 
it gives an impartial survey of recent experimental 
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and research work in all branches of the farmers’ 
work, both at home and abroad. No doubt, also, 
agricultural colleges enlighten their students upon 


centage of farmers in this country have never seen 
the inside of a college, and possess a distrust of 
college-trained men comparable with that existing 
in the engineering industry until comparatively 
recently. Doubtless this prejudice will die down 
in the course of time, to the advantage of the 
industry as a whole, but in the meantime, farming 
has been going from bad to worse for a number of 
years. It may at once be admitted that many of 
the factors involved in this process of decay have 
been entirely beyond the control of the individual 
farmer, or even of the industry as a whole, but 
there is at least a prima facie case for suggesting 
that some of our present methods of farming would 
be reactionary in any circumstances. 

It is unreasonable to suppose that farming differs 
essentially from other industries in demanding the 


2 | application of modern methods of production for its 


successful implementation. In broad terms, the key 
to industrial progress in any industry is the replace- 
ment of man power by machinery, and production 
on a sufficiently large scale to reduce the overhead 
charge on each product to a minimum. Farming 
to-day, however, may be compared with the auto- 
mobile industry prior to the war, in that it is carried 
out by a large number of small independent opera- 
tors. Many of the farms worked by the latter are - 
so small that, even in prosperous times, they would 
be barely capable of producing a sufficient income 
to meet the needs of the farmer and his own family. 
In the automobile industry, progress has been 
rendered possible largely in virtue of large-scale 
production, involving the loss of individuality, and 
the lesson to be learned from this and other examples 
is being taken to heart by agriculturalists in other 
countries, and more particularly in Russia. It may 
be noted, in passing, that modern methods of 


.| engineering production do not preclude the small 


firm catering for a specialised demand, and corre- 
spondingly, it need not be suggested that there will 
be no room in the future for the specialist in farming. 
Since wheat constitutes the primary need of 
civilised man, its production may be regarded as 
outweighing all other branches of agriculture in 
importance. It is in this direction, however, more 
than in any other, that the British industry has 
failed, and it may be that our climate, as compared 
with that of the great wheat-growing areas of the 
world, is such as to preclude our ever competing 
with more-favoured countries on an international 
basis. It is very generally agreed, however, that 
wheat production must not be allowed to die out 
in this country, and since the industry is to be 
helped by some form of protection, the public are 
entitled to an assurance that the grain is being 
grown and harvested as economically as possible. In 
our opinion, such an assurance implies large-scale 
production, and such production would appear to 
be well nigh impossible while the hedge is regarded 
as almost sacrosanct. Modern methods of wheat 
growing, in fact, demand the use of the tractor in 
preparing the soil, and the combine or windrower 
in harvesting the crop, but the average size of the 
English farm renders the tractor of doubtful value, 
while the use of a combine may almost be compared 
with the employment of a steam hammer to crack 
nuts. The increase in the use of the combine 
abroad, in the last few years, is sufficient indication 
of its value. We have referred to the extent of its 
employment in Canada and other large wheat-grow- 
ing countries on several occasions recently, and it is 
now making its way into European countries, and 
more particularly into Russia. It has been em- 
ployed with the greatest success in the open-plain 
regions of Southern Alberta, South-western Saskat- 
chewan, and West-central Saskatchewan, and on 
the basis of its use in these areas, some interesting 
information has recently been collected by the 
Canadian Government. It appears that combines 
can now be obtained in sizes varying in width of 
cut from 7 feet to 20 feet. If less than 25 acres per 
foot of cut can be harvested each season, the over- 
head charges may make combine operation too 
expensive. ‘When 50 or more acres per foot of 
cut are harvested, the dangers of late fall operation 
are increased beyond the point of safety. If 25 
acres are taken as the minimum acreage per foot, 
and 50 acres as the maximum, a 7-ft. combine can 








such subjects, but we believe that the larger per- 


be profitably operated on a half-section farm, where 
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200 acres are devoted to wheat each season, and a 
20-ft. combine can be safely used on a farm of 
2} sections, where 2,000 acres are seeded for wheat. 
These figures have a decided application to the use 
of the combine in England, the minimum area of 
200 acres being particularly significant. It may 
almost be taken as a sine qua non of successful 
operation of a combine that its use should be as 
continuous as possible, and that frequent turning 
at headers, or transfer from one field to another, 
seriously interferes with its efficiency. It may 
therefore be assumed that if it is ever to be employed 
economically in this country, much larger fields 
must be contemplated than those at present 
customary. 

Information regarding the economic employment 
of the tractor is unfortunately not so readily obtain- 
able, as its use is not confined to a single group of 
operations. Up till the present, reports on its 
relative economy in relation to horse traction are 
frequently conflicting, and it has by no means 
established its position even in the large grain- 
yrowing areas. The results to date suggest that 
there is little to choose as regards actual field opera- 
tions between the horse and the tractor, and that 


the economic advantage of one or the other may | 


‘turn on the use that can be made of them outside 
the field. This applies particularly when the 
operations are carried out on a relatively small 
scale, such as would apply in England, even with 
a larger unit of field area. The prospect of finding 
other uses for the tractor than field operations is 
certainly limited, but the economic comparisons to 
which reference has been made have usually been 
between horses and tractors operating on petrol. 
The introduction of the heavy-oil engine in this 
field, however, may materially change the situation. 
That tractors fitted with such engines are reason- 
ably reliable was sufficiently shown at the 1930 
tractor trials, which were reported in our columns. 
In these trials, the cost of fuel per 100-h.p. hours 
on the drawbar averaged 18-4 shillings for petrol 
tractors, 4-5 shillings for tractors fitted with airless- 
injection engines, and 5-6 shillings for tractors fitted 
with semi-Diesel engines. The great advantage in 
fuel costs possessed by the heavy-oil tractor, as 
shown by these figures, is highly significant, and 
since there has hitherto been little to choose between 
the petrol tractor and the horse, the heavy-oil 
tractor appears to offer a definite means of lowering 
production costs on the farm. As in the case of 
the combine, however, it appears obvious that 
frequent turning at headers, or passing through 
gates, is fatal to its efficient use. 

It appears difficult to avoid the conclusion that 
so far as wheat growing in England is concerned, the 
size of the undivided field for economic production 
should be greatly increased, and the same arguments 
apply to a lesser degree with several other crops. 
Apart from vested interests, the main difficulty in 
this direction would appear to be the extent to which 
farm land is cut up by streams, ditches, and public 
roads. The introduction of, say, a 200-acre field 
as a working unit would probably be quite impractic- 
able in the majority of the areas where the soil has 
been found suitable for grain, but on the other hand, 
redundant hedges or walls, which restrict field 
operations without serving any useful purpose, could 
be found on almost any farm. Apart from this, the 


devotion of a relatively large area to a single crop of ' 


whatever nature might well spell bankruptey with 
the present uncertainty in markets and _ prices. 
The individual farmer, nowadays, in fact, works on 
the principle of what he loses on the swings he may 
gain on the roundabouts, but it is the primary object 
of the suggested legislation to ensure a market for 
the home wheat crop, thus placing the grower in a 
position of confidence such as he has not enjoyed for 
many years. It is not disputed that such legislation 
may raise the price of grain to the public, and some 
assurance should be forthcoming that the home 
product will be produced as economically as possible. 
A careful survey of the present and potential wheat- 
growing areas with a view to determining their 
productive value appears to be called for, and is 
indeed implicit in the announcement that the 
Fovernment have no intention of encouraging 
sowing on unsuitable areas. It appears to be of 
importance, however. that those carrying out such 


a survey should have in mind the possibilities of 
large-scale production, and particularly the employ- 
ment of the tractor and combine. In common with 
others in the last few years, the farmer has suffered 
from a plethora of Government interference with 
his business, and it may, therefore, be hoped that 
the survey will be carried out by the representatives 
of the farming interests themselves, rather than by 
officials whose policy is dictated from Westminster. 
In any case, what appears to be wanted is at least 
a review of the possibilities lying in a departure 
from our present parochial farming policy. 








THE STABILITY OF SOUTH AFRICA. 


LIKE the rest of the world, the Union of South 
Africa has been compelled in the last two years to 
bear the effects of falling prices, contracting markets, 
and general depression. With few exceptions, its 
exports and imports, revenue collection, railway 
earnings, and other results of economic activity have 
moved downward almost without interruption. 
There is no definite indication that the downward 
movement is at an end, or that any early improve- 
ment may be expected. The country has had to 
face the difficulties that follow necessarily on 
such a situation, but it has faced, and is facing, 
them firmly. The measures the Government has 
taken give clear evidence that it has the situation 
well in hand, and will do all humanly possible to 
re-establish the balance that temporarily has been 
disturbed. This is the satisfactory effect of a report 
just published by the Department of Overseas 
Trade on Economic Conditions in the Union of South 
Africa to July, 1931, by Mr. N. Elmslie, His Majesty’s 
Senior Trade Commissioner in that country. (H.M. 
Stationery Office. Price 2s. net.) 

Even if the commercial situation of the world 
became worse than it is, instead of entering on 
the period of revival which is generally hoped for, 
the nature of the Union’s commerce gives good 
hope for believing that it would be equal to its 
difficulties. Its exports every year are substantially 
higher than its imports, and more than half of them 
consist of gold, for which even in the year under 
notice the output was slightly larger than in the 
previous year. In material respects, too, the circum- 
stances of gold production have improved continu- 
ously during the past ten years. The equipment of 
the mines has been maintained at an increasingly 
high level, and though to a growing and consider- 
able extent the industry has to depend on working 
low-grade deep level mines, substantial improve- 
ments have been made in the efficiency with which 
its labour has been used. It is true that gold mining 
is the one industry which has not suffered form 
depression. The next largest industry, that of wool, 
has fallen by 40 per cent., and, as with a great many 
other industries, the fall appears to be due to a 


‘drop in prices rather than a decrease in production, 


and must have entailed, therefore, a great deal of 
unprofitable working. The production of rough 
diamonds, on the other hand, which is the third 
largest industry, was much less than half what it was 
in previous years, and the fall is attributed wholly 
to reduction of market demands. Nevertheless, 
the margin by which South African exports exceed 
imports, and the evident determination of the 
xovernment to maintain a sound position, give 
substantial ground for the conviction that the 
country will come through the trials to which the 
commerce of all nations is at present exposed, 
without sacrificing the high position it holds at 
present. It is significant, moreover, that Mr. Elmslie 
regards the general fall in prices as responsible for 
the whole reduction of exports, but only for about 
half the fall in imports. The country’s export 
production has, in fact, remained undiminished in 
volume, and it has met the decrease in value by 
reducing the volume of its imports. While no 
prophecy can be made with confidence as to the 
course of prices in the future, there seems no doubt 
that there is a general expectation of a rise, which 
will contribute to simplifying the Union’s problems. 

This evidence of the stability of the Union’s 
position would have been welcome in this country 
at any time, but is particularly so at the present 
moment, for it is coupled with evidence that the 
commercial relations of the two countries, and of the 


Union with the entire Empire, are becoming increas- 
ingly more intimate. Of the Union’s total exports, 
the value of which in the year under discussion was 
well over 80,000,0001., about five-sixths were taken 
by the Empire, including seven-tenths by the 
United Kingdom. The figures become more signifi- 
cant, if not as striking, when the exports of gold 
and rough diamonds are excluded. They show then 
the United Kingdom as taking nearly half the 
remaining exports, with not far short of a further 
10 per cent. going to other parts of the Empire. 
The United Kingdom, again, is the largest 
purchaser of almost every commodity exported, 
and almost the sole buyer of many important 
agricultural and pastoral products. It is notable, 
moreover, that among goods other than mine 
products, the few which showed increased export 
value were marketed almost entirely within the 
Empire, and mainly in the United Kingdom. The 
purchases of the United Kingdom were, in fact, 
larger than those of the whole of the rest of theworld 
put together. On the other side of the account 
a corresponding tendency is shown for the imports 
of the Union from the United Kingdom and the 
Empire to increase, and this is particularly marked 
in the purchases of Government stores. From having 
been a few years ago much less than half of the total, 
the Government stores imported in the last two 
years from this country formed nearly two-thirds, 
and of these nearly two-thirds consisted of railway 
plant and materials. This success was obtained in 
the face of the competition of continental countries, 
and appears evidence of the ability of British 
manufacturers to hold their own. The British share 
of total imports seems also to be increasing steadily, 
and the increase was continued into the first quarter 
of 1931. 

Generally speaking, like the other Dominions, 
the Union is cultivating its secondary manufactures 
to the fullest extent in its power, and one or two 
points in connection with them may be noted with 
interest. In the first instance it is to be remarked 
that these industries are not self-contained, but on 
the contrary, absorb about 30 per cent. of the total 
imports. The fiscal system of the Union is directly 
protective, but for the most part admits both 
material and machinery, plant, and tools, for pro- 
duction free of duty. As in other Dominions, it is 
to be expected that these secondary manufactures 
will increase, and doubtless experience will indicate 
ultimately which of them are conducted to the 
country’s advantage and which are entailing too 
great a sacrifice in the form of subventions and 
otherwise. It is clear, however, that their increase 
may serve incidentally to improve the market for 
the machinery and materials that they use, and their 
progress should be followed carefully with this 
possibility in mind. Another incident in the recent 
history of South African agricultural industry is 
that the grave financial position of a considerable 
section of it is attributed to the large scale on which 
farms changed hands on valuations which, if reason- 
able when they were made, involve serious over- 
capitalisation in the circumstances of to-day. Pro- 
posals to stereotype the valuation of property are 
not unknown even in this country, and the experi- 
ence of the Union is only a fresh example of the 
dangers that may attend such a procedure. In 
another direction the Union is undergoing an 
experience, which may be taken as a caution to 
other countries. It is paying exceptionally high 
wages. Its average weekly wages are just on double 
the average in the United Kingdom, taken as 72s. 8d., 
and exceed those paid in Australia and New Zea- 
land. Similarly, the cost of living appears to be 
higher in the Union than in either the United 
Kingdom or any other Dominion, and the evidence 
seems to indicate that the disparity is likely to 
become greater rather than less. Wages, however, 
appear not to be fixed by those who conduct 
industry, or by bargain with those engaged in it, 
but are regulated by an elaborate procedure, con- 
ducted under what is virtually a legal enactment. 
As a consequence, alteration of wages during @ 
period of falling prices, such as has been experienced 
during the last two years, is said to present the 
maximum of difficulty, and it is pointed out that this 
difficulty of adjustment has contributed materially 





to the recent increase of unemployment. 
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NOTE. 
THE ScrieNcE Museum. 

AN interesting addition has recently been made to 
the galleries of the Science Museum, South Kensing- 
ton, by using part of the basement as a Children’s 
Gallery. The object of the new gallery is to provide 
an introduction to the larger collections, and an 
attempt has been made to illustrate the evolution 
of transport, the utilisation of power, the growth 
of lighting and other subjects, by series of small 
dioramas, well coloured and lighted. One series of 
these dioramas begins with the cave man in his 
natural surroundings, and ends with a scene of a 
hundred years ago when railways, steam boats, 
and fast mail coaches were used for transport, 
and velocipedes, steam coaches and airships were 
being experimented with. In this series, neolithic 
man is seen with his sledge, yak teams are shown 
crossing a pass in China, and there are early boats, 
Elizabethan ships, and balloons. Another series of 
modelled scenes, most admirably carried out, depicts 
some of the stages in the progress of artificial illumi- 
nation. Other models which will appeal to children 
are those relating to power. There is an Archimedian 
screw for raising water, a chain of pots worked by a 
camel, a windmill from Cambridgeshire, and a 
Watt steam engine working a tilt hammer. In 
addition to these, lifting appliances are illustrated 
by such things as jacks and overhead cranes. The 
flint knapper is seen at work, there is a potter’s 
lathe, and also a smith making nails with the 
aid of the oliver, that interesting type of man- 
worked hammer referred to recently by Lieut.- 
Colonel E. Kitson Clark. The collection at the 
present time is a small one, but it is sufficient to 
show that when the skill of the artist is employed 
in depicting the progress in technology and engi- 
neering, the result can be most attractive, and though 
the new gallery is designed for children, it will be 
of interest to many who have long since passed 
out of that category. 








DIESEL ENGINES. 
At the Royal Society of Arts, on Monday, Decem- 


favoured, as they were more efficient, but the effi- 
ciency of the Diesel engine was independent of its 
size, and he would advocate in place of the largest 
| possible Diesel engine the adoption of the largest 
number of engines, each of the smallest possible 
size. There would be a gain in efficiency, since at 
partial load some engines would be cut out of 
action and the rest run at their most economical 
loads. The first cost would be Jess and the relia- 
bility greater. The arguments against a multi- 
plicity of units were, he thought, unsound. It was 
argued that, on the procedure suggested, 1,000 
engines and 2,000 valves would be required to take 
the load which a single large unit could carry, but 
even if 100 or 150 of the small engines were simul- 
taneously out of order, the full load could still be 
taken. Indeed, since an overload of 15 to 20 per 
cent. could be carried, as many as 200 or 300 of 
the engines could be simultaneously out of service 
without bringing matters to a standstill. On the 
other hand, a large steam turbine had thousands 
of blades, and the failure of a single one would 
throw the whole unit out of service. The chance of 
a simultaneous breakdown of 1,000 Diesel engines 
was, of course, negligible. 


*bus service, and a failure was almost certain of 
publicity. There were in this service 5,000 engines, 
30,000 pistons and 60,000 valves, yet the chief 
engineer of the company was anything but a nervous 
wreck, 
pathetic care. The high-speed engine required 
done but stop the engine. 
how long such engines should be run without over- 


decarbonising, cleaning of rings and other adjust- 
ments. This, in the case of a 150-h.p. engine, 
would mean a day’s work for two mechanics. An 
overhaul of this kind would be required after, 
| perhaps, 1,200 hours, whilst a general overhaul in 
|which attention was given to reconditioning the 





Some 400,000 h.p. were required for the London 


The large slow-running engines required almost | 
| the most unfavourable conditions. The engines had 
none, since, if things went wrong nothing could be | 
Experience would show | 
| passenger traffic he would use coaches each equipped 
haul. When this was due, the unit would be removed | : : 
bodily and replaced by a re-conditioned engine. | 20t be more than was now provided on *buses, and 
This could be accomplished in a couple of hours. | @ fluid clutch could be used for coupling up the engine 
The unit removed would be sent into hospital for| With the driving wheels. 


ber 7, Mr. H. R. Ricardo, F.R.S., delivered the | cylinder and bearings would be necessary after, 
third and concluding lecture of his course on the | perhaps, a run of 9,000 hours, and would cost about 


He believed that the use of large, slow-running 
Diesel engines in such service was wrong. Re- 
placing them by high-speed engines would result 
in again in weight, in space, and also in reliability. 
There were limits to the use of gearing for coupling 
up such engines with the propeller shaft, and he sug- 
gested that the drive should be electric. Withsuch 
small high-speed units the total machinery weights 
could be reduced to 70 lb. per horse power at the 
propeller shaft, as compared with the 150 Ib. to 
200 lb. required with the direct-coupled engines. 
For 4,000 h.p. he would use 30 units, of 150 h.p. each, 
complete with its dynamo. Another five or six 
identical sets would be installed for supplying power 
to the auxiliaries. Even if ten of the 30 sets 
broke down, the ship could still maintain its 
schedule speed. No repairs would be made at 
sea, but in port the engines would be lifted out in 
turn for routine overhauls, and replaced by re- 
conditioned engines. The engineering crew would 
thus remain on shore, whilst at sea the work might be 
done by a couple of clerks to keep records, and say 
a couple of charwomen for other work. The German 
pocket battleship had 36 small double-acting 
Diesel engines with 72 cylinders for the main 
drive. Another 20 cylinders were used for the 
scavenging air, and to these must be added another 
| 48 cylinders used for the service of the auxiliaries, 
| making 140 cylinders in all. 

For railway work he believed the Diesel engine 
had many advantages, but progress here had been 
slow. On railways, steam was necessarily used under 





to work non-condensing, and had to carry with them 
not only fuel, but enormous quantities of water. For 


with its own engine. The power required would 


With electric coupling, 
existing stock could be converted. Electric traction, 
as at present employed, was only profitable near 
large centres, and the extension of the system to the 
long intermediate stretches between these centres 


| would be costly, but by the plan suggested, these 


difficulties could be overcome. 
For freight service, he would use separate engines, 
driven by compressed air supplied from a Diesel 








































above subject. 


He said that he thought that in the development | 


of the Diesel engine the history of the steam engine 
might, in part, be repeated. The early steam engines 
were slow moving, dignified and impressive. Then 
came the fast-running single-acting Willans engine, 
to be followed later by the still quicker running 
double-acting Belliss engine, and this, in its turn, 
was superseded by the still faster turbine. Whilst 
he did not expect the success of the internal-com- 
bustion turbine, he did think that the high-speed 
Diesel] engine would oust the slow-running type. 
Progress along this line, however, would not be 
smooth, as it implied a shattering of traditional 
ideas, 

The high-speed Diesel engines he had in view 
would have piston speeds of over 1,500 ft. per minute, | 


| plant. The efficiency of the compressed-air service 
| could be made satisfactory by reheating the air with 
the Diesel exhaust, and on up grades fuel might also 
be burnt in the compressed air, the temperature 
being kept down by the injection of steam. A 
relatively small air receiver would be required, 


| 10 


| 


per cent. of the original first cost of the engine. 
A thermal efficiency of 30 per cent. could be 
‘expected. With a 33 per cent. load, the high-speed 
Diesel engine required just half the fuel needed by the 
petrol engine, the corresponding figure with each at 
| its maximum efficiency being 60 per cent. On the 
|other hand, the Diesel engine was heavier on its| which would be mounted on the existing locomotive 
bearings, torque recoil was more serious, and the | frame. With the arrangements described, and a 
running somewhat rougher. It was, moreover, less | 1,200 h.p. set of Diesel engines, 2,000 h.p. might be 
easy to start, and the more so the greater its flexi- | developed on an up-gradient. For shunting pur- 
bility. The exhaust was apt to be pungent, but this | poses, a large air receiver would be used, but with 
drawback could be overcome. It was free from elec- | the storage thus provided the Diesel engine, in this 
tric ignition, and carburettor troubles. Road service | case, need not have an output of more than 100 h.p. 
constituted a tremendous task for the high-speed | to 150 h.p. 
Diese] engine. Existing *bus engines, using petrol, | 

| developed from 100 to 130 h.p., and weighed about | THE INSTITUTION OF MECHANICAL 
10 lb. per horse-power. They were required to | ENGINEERS. 




























and the cylinder diameter would be 8 in. at the most. | run at any speed between 200 and 3,000 r.p.m., and | 


He expected that, in the near future, Diesel engines | to develop the same maximum torque throughout 
of the slow-running type would be required only | this range. They were free from vibration and nearly 
for special conditions. The high-speed type was fully | silent. They had to run day in and day out without 
as efficient, and there was a gain in horse-power and | attention. Nevertheless, he believed that the modern 
a reduction in weight, with the entire absence of | Diese] engine could meet these requirements. The 
temperature troubles. The aggregate rating of the| weight had, in one instance, been got down to 
petrol engines now in service exceeded 300 million | 11 lb. per horse-power, and the mileage per gallon 
h.p., or ten times that of all other power in the | was twice that of the petrol engine. In this matter 


| AN ordinary general meeting of the Institution of 

| Mechanical Engineers was held on Friday, December 

| 11, at Storey’s Gate, St. James’s Park. The Presi- 

| dent, Lieut.-Colonel E. Kitson-Clark occupied the 
STEEL Ratway SLEEPERS. 

A paper on “ The Manufacture and Use of Steel 

Railway Sleepers,’ was read in abstract by Mr. R. 








world. The small high-speed petro] engine cost from 
20s. to 40s. per horse-power when manufactured in 
bulk, and he believed that, with mass production, 
high-speed Diesel engines would be produced quite 
as cheaply. No better workmanship or material 
Was required than was now put into the petrol 
engine, 

It had been claimed that the cost of maintenance 
would be excessive, and it was true that the high- 
speed engine would require more frequent overhaul 
than the slow-running type, but each overhaul 
would be much less costly, so that, on the whole, 
the costs of renewals and maintenance would be 
less than it was in the case of the ordinary Diesel 
engine. In steam practice, large engines had been 








Carpmael. In abridged form it is reprinted on 





of high-speed Diesel engines we were far ahead of 
Continental designers. | page 775 of this issue. 

In sea service, the high-speed Diesel engine would| The discussion was opened by Sir John A. F. 
have to compete with the petro] engine in the case Aspinall, whose views on the question had been 
of small craft, and in the intermediate and larger | quoted in the earlier part of the paper. Referring to 
sizes with steam. Conditions, however, were easy | these, Sir John remarked that a good deal of work, 
as compared with road work, and the high-speed | of much importance to the country, had been done 
Diesel engine could meet them better than the | since he spoke in 1918. The G.K.N. sleeper shown 
petrol engine. In the case of large craft, it must | in Fig. 10 looked a strong type and had a good bear- 
be recognised that steam had the advantages of ing surface. It was, however, rather heavy and 
unlimited condensing water, and he was somewhat | he wondered if the four holes under each chair in 
puzzled by the fact that whilst in land power | the sleeper did not weaken it and create a tendency 
stations the turbine had eliminated the Diesel] | to sag. The Sandberg type shown in Fig. 13, was 
engine, the latter appeared to compete successfully | ingenious, but here again there might be weakening 
at sea. from the hole left by forcing up the top of the sleeper 
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to form the chairs. There was, however, good 
bearing surface. The Ebbw Vale “ Unit” type, 
of Fig. 15, looked as though it should do well, as 
the chairs and sleeper were all in one piece. More- 
over, it was about 56 Ib. lighter than the sleeper 
shown in Fig. 10, which meant a considerably less 
weight per mile. He would like to know how the 
overhung portion of the chair part was actually 
formed in pressing. On the question of comparative 
costs, dealt with in Appendix I, it would appear 
that a heavy steel sleeper had been used as a basis, 
which might be disadvantageous to the wooden 
sleeper. The figures given in Appendix III of 
the tonnage of steel sleepers put in by the different 
railway companies were interesting, and the total 
amount might be taken roughly as 30,000 tons. Of 
the G.K.N. type, the G.W.R. had put in no less than 
14,000 tons, and the L.M. and 8.R. over 7,000 tons. 
The S.R. had put in 5,000 tons of the Sandberg 
type. In making comparisons, however, between 
steel and wooden sleepers it was necessary to take 
into account the work involved. Thus, to make, 
say, 30,000 tons of steel sleepers, about 180,000 
tons of material had to be moved, 7.e., in the form of 
blast-furnace coke, iron ore, &c., and the metal 
itself in its various stages of manufacture. This 
meant the employment of a good deal of labour, 
whereas the wooden sleeper imported from the 
Baltic usually involved only one operation and 
unloading and transport to the site, thus entailing 
little labour. He hoped the author would continue 
his advocacy of utilising steel for sleepers. 

Sir Brodie H. Henderson said he wished to 
correct a statement in the beginning of the paper 
that he had accused the British engineer of preju- 
dice. He had not used the word British, and did 
not think railway engineers of this country were 
biassed against the use of steel sleepers. The 
author’s comments on the life of wooden sleepers 
was interesting, but considerable difference of 
opinion on this point existed. There was no doubt 
that, in favourable circumstances, steel sleepers ‘had 
a long life. He knew of such sleepers in trecks 
properly ballasted and drained, that had lasted for 
forty years, and, as far as he could see, were likely 
to last still longer. Sir Brodie then criticised at 
some length the historical section of the paper, 
which he said he understood the author proposed 
to re-write. Continuing, he said that his experi- 
ence with steel sleepers for flat-bottomed rails had 
shown the stirrup bolt type to be a good one, and 
no one using it need fear bad results. At the same 
time, engineers had been working on designs for 
flat-bottomed rails for over fifty years, and it was 





a variety was used which was resistant to the white 
ant, and gave a life of about 14 years. There was 
consequently still a considerable future for the 
wooden sleeper out there. In Lower Burma, where 
the rainfall between .May and October might be 
about 260 in., steel sleepers had proved a failure. 

Mr. Charles J. Brown expressed the opinion that 
some of the designs in the paper owed their origin 
to the desire of railway engineers to avoid having 
holes in the sleeper through which grit or moisture 
could reach the rail seat. On the economic side of 
the question the life of a steel sleeper was important, 
and he was inclined to make this longer than 
suggested in the paper. The cost figures given 
did not favour the steel sleeper, as if the railway 
companies bought them in bulk the price could be 
reduced 2s. per sleeper. Even allowing for this, 
however, the wooden sleeper, creosoted and with 
all its fastenings, would be still about 3s. less than 
the steel one, making a difference in its favour of 
about 3001. per mile for his company. He thought 
that track-circuiting was a serious obstacle to the 
use of steel sleepers. It had been suggested that 
flat-bottomed rails used on steel sleepers would be 
cheaper than bull-headed rails, but an examination 
of this method showed that it would not result in 
economy. 

Mr. W. A. Clarkson, alluding to the author’s 
reference to the interest taken by the late Mr. 
Bailey in the development of steel sleepers, said that 
Mr. Bailey had always appreciated the help he 
had received from the Great Western Railway 
and from Mr. Carpmael. Manufacturers were in- 
debted to this railway for their enterprise, and he 
hoped other companies would follow its example, 
and so help to relieve the iron and steel industry 
of some of its anxieties. 

‘Mr. F. W. Foxlee raised the question of what 
steps were necessary to replace or repair a damaged 
steel sleeper. This seemed an objection to the 
four types described in the paper as being now in 
use. Another point was the adjustment of the 
gauge round sharp curves. With flat-bottomed rails 
this was generally readily provided for by trans- 
position of the fastenings, &c. The author objected 
to separate fastenings. If he referred to those used 
for flat-bottomed rails, there need be no fear. 
Mr. Foxlee then quoted a report from an engineer 
in East Africa, showing that a cross-cut lock-nut 
fastening was proving quite satisfactory. Looking 
at the cost figures, it would appear that with steel 
sleepers having chairs for bull-head rails, the 
fastenings amounted to 5s. or 6s. With flat- 
bottomed rails the fastenings cost only 1s. 9d., or 





not, therefore, surprising that there had been | 


difficulty in deciding on the best type of sleeper | 
for the British double-headed rail. He thought the | 
designs of Figs. 13 and 15 were attractive, but would | 
like to know if the wooden key of the latter remained | 
tight. We were much behind other countries in our | 
use of steel sleepers. In Switzerland and France | 
60 per cent. of the track was laid with steel sleepers, | 
and in Germany something like 38 per cent. If | 
38 per cent. of our tracks were laid with steel sleepers | 
it would mean anything from 3 to 4 million tons for 
manufacturers. The British Standards Committee 
were taking up the matter of the specification of 
steel for sleepers, and until this work had been 
finished he suggested that the author’s figures, 
though doubtless accurate, should not be accepted 
as final. The dipping of steel sleepers had been 
referred to. This was a matter of great importance. 
He had found that if the sleeper were dipped in the 
proper mixture at the correct temperature the coat- 
ing was very durable, the 40-year sleepers he had 
earlier spoken of, for eximple, being still covered 
with the original mixture. Much might be done by 
the adoption of special steel alloys to resist corro- 
sion, but, in the meantime, doubts as to the efficacy 
of dipping should not be allowed to delay progress. 
Mr. George A. Hicks said that, on the Burma 
Railways, they had had about 17 miles of steel 
sleepers for the last eighteen years. These were 
now as good as when first put in. These were on 
a hilly section, where the speed was low and the 
drainage good. The only objection was that he had 
found it rather difficult to keep the alignment, but 
this might be due to the gradients, which were 1 in 
25, and i in 40. In Burma wood was cheap, and 


If a design of flat-bottomed rail was used with 
a narrow but thicker flange, a thicker web and a 
head more like the bull-head rail, the load could 
be provided for with a bearing width of about 
5 in., as against the present 7 in. to 8 in. With 
this type of rail, fish-plates could be reversed. 
Any of the types of fastening used for flat-bottomed 
rails could be employed. 

Professor G. V. Lonionossoff maintained that the 
question should be looked at not from the point 
of view of track maintenance only, but of that and 
vehicle maintenance combined. In this way the 
elasticity of the permanent way was important. 
Vehicles suffered from a non-yielding road such 
as might be provided by rigid steel sleepers. For this 
reason the German State Railways preferred wooden 
sleepers on main lines with heavy traffic and high 
speeds. Where they used steel sleepers the material 
had an ultimate tensile strength of about 23 tons 
per square inch, with an elongation of about 25 per 
cent. The rails and vehicles, when the bed was 
rigid, were subject to vertical vibrations of high 
frequency between rail joints, as well as at them, 
and wooden sleepers had a damping action, owing 
to their compressibility. It was these vibrations 
that caused the crumbling of ferro-concrete sleepers, 
or damage to vehicles when steel sleepers, unless 
of soft material, were used. It was universally 
admitted that British railways had always had the 
best permanent way, for, with wooden sleepers 
| the wheels obtained vertical impulses at the rail 
joints only. If economic reasons demanded a depar- 
ture from present practice the change should be 
considered as involving consideration of its effect 
| on rolling stock. 


2s. 


Mr. B. G. Mason said he thought none of the 
designs shown in the paper for flat-bottomed rail 
sleepers would meet the requirements of the British 
railway engineer. The ideal sleeper for this type 
of rail had yet to come. He would like to know if 
there was any noticeable effect from the variations 
of width, slope of side, bearing length, thickness, &c., 
of the various types of sleeper tested, as weight 
and thickness, for instance, would affect first cost 
as well as life. It would appear that the author 
had some doubts as to the consistency of electric 
welding. 

Mr. W. A. J. Day gave an account of the use of 
steel sleepers in South Africa. When introduced, 
some forty years ago, they were not very successful, 
being mostly too weak and giving trouble with keys, 
&c. About eight years ago, the question received 
fresh attention, and since that time about 8,000,000 
steel sleepers had been laid down. The design was 
a simple one. The rail was flat-bottomed. There 
were only four small holes in the sleeper, and the 
fastenings consisted of four bolts and clips, which 
cost about 8d. a sleeper. The fastenings could be 
varied from standard gauge, up to # in. more, to 
provide for widening on curves. There was nothing 
between the rail and sleeper. Damaged sleepers 
could be easily removed. The gauge was 3 ft. 6 in., 
and the maximum speed was 55 m.p.h. Within a 
few years South Africa would be producing her 
own steel sleepers. 

Mr. H. C. Muggeridge enquired why the G.W.R. 
had abandoned the waisting of the sleepers as at 
first used. He thought if the 1-in-20 tilt to the 
rail were provided by the sleeper itself in the 
G.K.N. type, instead of by the cast chair, the 
lateral forces would be better provided for. 


Mr. A. H. Harvey said that the comparative costs 
of steel and wooden sleepers was a bit misleading 
for, although the railway companies had ordered 
a fair tonnage in the aggregate, it was spread over 
a number of years and divided amongst a number 
of makers. This increased the cost per sleeper. 
The steel sleeper was essentially a mass-production 
article, and the cost would be reduced when single 
orders for large quantities could be placed with 
each maker. 

Mr. A. F. Webber observed that the figures for 
quantities given in the Appendix should be increased 
by 5,000 tons in the case of the S.R., which had 
ordered that amount in 1931. He had obtained 
some results on the Dorman Long welded sleeper. 
and would communicate them, with a drawing, 
later. 

Mr. J. E. James said that as a manufacturer of 
steel sleepers he had found one of the greatest 
obstacles was that of track-circuiting. In spite of 
this, however, it was only a question of time if the 
| manufacturer received proper encouragement, before 
'a cheaper, simpler and better sleeper than any 
| shown in the paper would be forthcoming. 
| The President referring to the use of steel sleepers 
| in South American railways, said that his firm, when 
| designing locomotives for the Central Argentine 
| Railway, was asked to take account of the fact, 

relative to the springs, that the road might be hard. 
As a matter of fact, this precaution proved not to 
| be necessary. 

Mr. R. Carpmael, in reply, said that when starting 
work on the paper a year ago, he had only the 
G.K.N. sleeper to go upon in compiling the com- 
parative table of costs. Since then he had tried 
the other types mentioned, all of which had proved 
satisfactory. With regard to the historical section 
of the paper, he hoped that Sir Brodie Henderson 
would be good enough to help him to amplify it. 
Sir Brodie was chairman of the British Standard 
Committee on the specification question. He 
appreciated the work being done, and his own figures 
were merely tentative. He could not agree with 
Sir Brodie, however, as regards the efficacy of 
dipping. Some of the sleepers on the G.W.R. 
were already quite bare of covering, after only 
three years’ use. Track-circuiting was undoubtedly 
a difficulty; he had had, as a matter of fact, to 
take up a length of track with steel sleepers as 
the traffic department wanted track-circuiting at 
that point. There was really no more difficulty 
in removing a single steel sleeper with the G.W.R. 
pattern than with the ordinary timber sleeper. 
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As to allowance for curvature, the G.W.R. custom | 
was not to widen the gauge at all, unless the radius | 
was 6 chains or under, and he did not think theirs 
went below 6 chains. He had been interested to 
hear what Professor Lomonossoff had said about 
the effect of high-frequency vibrations on vehicles, 
and he concurred that this was the reason why 
ferro-concrete sleepers went to pieces. Though 
the French and Italians had gone in for this type 
of sleeper a good deal, he had not, so far, been 
able to find one which would stand up to its load 
in this country. 

On the question of hard running, drivers had 
reported that unless they knew exactly where the 
steel sleepers were laid and could look out for their 
effect, it was rarely possible to distinguish any 
difference in the running. Electric welding had 
certainly come to stay. It was used on the G.W.R. 
for a great variety of purposes, and had become 
very reliable. The waisting of steel sleepers had 
been abandoned, as there seemed to be no good 
grounds for retaining it when a simpler shape was 
equally good. The question of the tilt of the rail 
being provided for in the chair was answered by 
the fact that it was quite satisfactory in timber 
sleeper practice. He agreed that costs could be 
reduced by mass-production methods, but whether 
they could be reduced sufficiently to compete with 
timber sleepers was not yet demonstrated. With 
regard to noise, it was practically impossible to tell 
where the steel sleepers were situated ; indeed, a 
freshly-laid steel sleeper track was less noisy than 
an old timber sleeper track. In deep rock cuttings 
there was, however, a rather deeper and more 
metallic note from the steel sleeper. 








THE SMITHFIELD CLUB SHOW. 


In spite of the inchoateness of its present plans, 
it would seem that makers of agricultural imple- 
ments and machinery are not without hopes that 
the Government is going to take some steps to help 
thefarmer. This, at least, is one conclusion to which 
the visitor to the Smithfield Club Cattle Show may 
have come to on inspecting the interesting array of 
exhibits on view in the machinery and implement 
sections. The Show, which opened at the Royal 
Agricultural Hall on Monday, December 7, and 
closed on Friday, December 11, was originally in- 
tended for cattle and other live stock, but must, 
presumably, have become recognised in agricultural 
circles as the winter counterpart of the Royal Agri- 
cultural Show, at which, as many of our readers are 
aware, a large amount of machinery is to be seen. 
As indicated above, the present depression in farming 
did not affect the entry of exhibitors, the number of 
firms represented not appearing to have undergone 
any diminution, while, indeed, some of the stands 
were larger and more fully occupied than they were 
in the last year or two. While it is pleasant to be 
able to record that most of the material shown was 
of British design and manufacture, it is still more 
so to note that in quality and ingenuity none of 
the foreign products excelled it. It is, perhaps, from 
this latter aspect, 7.e., ingenuity, that we have to 
repeat a criticism we have made on previous 
occasions, viz., that it indicated, in a sense, a rather 
wasteful spirit of competition between makers of 
machines for similar purposes, rather than the more 
economically desirable one of co-operation and 
standardisation. On the other hand, it may well 
be that the variations adopted may be more suitable 
to the very diverse conditions obtaining in British 
farming, in which one form of machine may be 
more suited for a particular district, while modifica- 
tions of it are better adapted for neighbouring areas. 
In passing, it may be said that in the use of the term, 
foreign, above, we exclude Canadian machinery, 
as the three or four Dominion firms at the show 
exhibited examples well up to British standards. 

[t is hardly possible to describe the various ex- 
hibits, seeing that many of them differed only in 
minor improvements from patterns previously dealt 
With in these columns, but an example or two may 
be referred to by way of illustration of the kind of 
progress made from year to year. The first of these 
examples is a thistle, bracken and weed cutter, manu- 
factured by Messrs. Wm. Brenton, Ltd., East Corn- 


this machine was a two-wheeled horse-drawn vehicle 
with a large cutter revolving in a horizontal plane 
underneath it. As the shafts were central with the 
wheels the horse not only trod down the weeds but 
did not work well, having to force its way through 
them. In the new design of machine, now shown 
for the first time, the two wheels are still adhered 
to, but the centre line of the shafts coincides with 
that of the wheel driving the cutting mechanism. 
Between the wheels is a platform covered with 
expanded metal carrying the driver’s seat and control 
levers, and below this platform is the cutter which 
consists of three radiating sabre-shaped blades, 
cutting in a circle 5 ft. in diameter. The cutter 
is driven by bevel and spur gearing from the main 
wheel, and can be raised or lowered by a foot lever 
whilst the machine is in motion. It will be clear 
that in the new design the horse now walks on the 
cut weeds, and the efficiency of the machine is 
consideyably increased. 

Another new exhibit was an ingenious adaptation 
of the well-known mowing machine with recipro- 
cating saw-toothed blades. This is a hedge-trim- 
ming machine made by Messrs. Stevens Implements, 
Limited, Zelstone. The cutting arm is hinged so 
that it can be moved through an arc of 180 deg. in 
a vertical plane. The top of the hedge can be 


| trimmed with the arm horizontal, and the sides with 


it vertical, while cuts can be, of course, made at any 
desired angle. The vertical plane in which the cutter 
swings is also that of the main axis of the machine 
in which lies the axle of two of the transporting 
wheels, this axle being at right angles to the hedge. 
A triangular base with a third, and swivelling, 
wheel, ensures stability and carries the drawbar. 
Above the two main wheels is a frame carrying a 
horizontal table about 5 ft. from the ground. The 
table carries at one end the pivot for the cutter arm, 
which has an effective cut of 5 ft., and at the other 
a 1}-2 h.p. Lister engine. This drives the cutter 
by a long belt. The pivot projects over the wheel 
nearest the hedge, but in order to span a ditch or 
bank the whole table, which is mounted on rollers, 
can be traversed outwards for some 18 in. It can 
also be raised or lowered by about the same amount, 
by screws at each end. These adjustments add 
greatly to the range of the machine. 

A third new machine is of quite a different 
character, being a spraying pump for orchard trees, 
&e., just developed by Messrs. Drake and Fletcher, 
Limited, Maidstone. It is designed to work at a 
pressure of 700 lb. per square inch, at which it will 
be effective through as much as 2 miles of piping, 
should this be necessary. Briefly, the pump, 
which is very cleverly designed as regards accessi- 
bility, consists of a large circular drum mounted 
vertically on a four-wheeled trolley. The centre of 
the drum contains a wormwheel, rotated by a worm 
to the shaft of which the drive is connected. The 
worm wheel shaft projects through the centre of one 
face of the drum, and carries a crank pin, which actu- 
ates the connecting rods of four single-acting plunger 
pumps disposed radially around it and attached to 
the face of the drum. The pump ports are carried 
through the drum, which is a single casting, to the 
suction and delivery valves, in independent boxes 
on the outer face of the drum. An air vessel is 
provided, and it is stated that the delivery is steady 
and without pulsation. A dry sprayer, 7.e., one 
for spreading powdered substances on potatoes, &c., 
is shown by Messrs. J. W. Chafer, Doncaster. This 
consists of a chassis carrying a Lister engine driving 
a centrifugal fan, into which the powder is fed from 
a hopper. The fan outlet discharges into a pipe 
across the back of the chassis, which carries 15 
nozzles, pitched at 28 in., and projecting about 
2 ft. The pipe is made with two pivoted joints 
so that the two wings may be folded inwards when 
the machine is being transported to its work. 
When spread out, they extend roughly about 
35 ft., and, by enabling fifteen rows to be sprayed 
at one operation, greatly reduce the time required 
to go over a whole field. This machine is a develop- 
ment of similar smaller patterns made by the firm. 

Generally, the exhibits of machinery as a whole 
seemed to indicate a closer attention in detail to 
engineering principles than marked agricultural 
machinery in its earlier days. On the numerous 





wall Iron Works, St. Germans. As formerly made, 





examples of fine harvesting machines, &c., roller 





and ball bearings are now common, as is also the 
enclosure of driving gears in oil baths. The large 
number of small engines, chiefly paraffin or petrol, 
which are offered for the varied duties requiring 
power on a farm, are notable for simplicity of 
design and the completeness of enclosure of work- 
ing parts, both desirable qualities in this class of 
engine. Hopper-cooled types largely predominated. 
On the whole it would seem that the internal- 
combustion engine practically holds the field, and 
that the electrification of the farm is not yet pro- 
ceeding at any rapid rate, motors being an excep- 
tional exhibit. The internal-combustion engine 
too, was largely in evidence on tractors. Again, 
many small cultivators are now self-propelled by 
small internal-combustion engines. An illustration 
of such a machine was the Monotrac single-wheel 
cultivator shown by Messrs. Geo. Monro, Limited, 
Waltham Cross. This machine was described in 
ENGINEERING, vol. cxxx, page 784, 1930. 

Two other features of the Show may be briefly 
commented on, namely, the large amount of refri- 
gerating plant on view, and the apparent increase in 
dairy machinery. This may indicate either a move 
in the direction of stock-raising and dairy-farming 
as opposed to the cultivation of crops, or may 
result from a closer attention being paid to the 
marketing of food products in the best condition. 
However this may be, there was certainly no dearth 
at the Show of low-temperature storage equipment, 
all of which was of a thoroughly practical nature. 
Here the motive power was, generally, electrical. 
The dairy machinery consisted of sterilising plants, 
in which some well-designed boilers were embodied, 
cooling plants and bottle washing and filling plants. 
A further class of machines which showed progress in 
design and manufacture was that for handling meat 
products for sausages, &c. Such machines seem 
to be growing in scale and improving in construc- 
tion and finish. In conclusion, it may be noted 
that the Government was represented by the 
Ministry of Agriculture and Fisheries, whose stand 
contained, together with some interesting graphs of 
marketing operations, a number of publications 
likely to be of use to those interested in agricultural 
engineering. 








THE LATE MR. F. H. TREVITHICK. 

WE greatly regret to have to put on record the 
sudden death, on the 9th inst., at Avignon, of Mr. 
Frederick Harvey Trevithick, late Chief Mechanical 
Engineer of the Egyptian State Railways. 

The son of Francis Trevithick, Chief Mechanical 
Engineer of the London and North Western Railway, 
Mr. F. H. Trevithick was the grandson of Richard 
Trevithick, the inventor of the steam locomotive. 
He was born at Crewe in 1852, and was educated 
at Cheltenham College. His apprenticeship was 
served at the works of Messrs. Harvey and Company, 
Hayle, Cornwall, after which he worked in the 
shops of the Great Western Railway at Swindon. 
After a variety of experience there he was made 
superintendent of the locomotive and carriage 
department for the London district. 

In 1883 he was appointed Ingénieur en Chef du 
Matériel et de la Traction (later changed to Chief 
Mechanical Engineer) of the Egyptian Railway 
Administration, thus taking a responsible part 
in the great re-organisation scheme inaugurated 
by Sir Evelyn Baring. At that time the State 
Railways were in a deplorable condition; as may 
be imagined, in the chaotic state to which the 
country had been reduced, they had not escaped. 
No new locomotive stock was procured for twenty 
years, while at the date of Mr. Trevithick’s 
appointment practically all the coaching and goods 
stock had been in use for 12 years and most of it for 
30. The condition of the locomotive stock presented 
a great problem. Engines had been purchased in 
ones and twos, sometimes at the whim of the 
Khedive, from an exhibition. The history of the 
department shows that so long as stock was being 
purchased under the old régime, the types of engines 
were being increased at the rate of 3-25 per annum, 
while the engines per class at times numbered less 
than 2. 

It will be remembered that, in the reconstruc- 
tion, irrigation and other services had first claim, 





and there was little money for the railways. 
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Mr. Trevithick, therefore, after a close study of the 
situation, embarked upon a comprehensive plan of 
standardisation and rebuilding, the effect of which 
was to bring the equipment into a strikingly different 
condition. Some new stock was, however, soon 
indispensable, but the new classes were kept down 
to four, and designed in such a way that parts were 
standard with the rebuilds or old types. While 
new stock was thus gradually introduced to cope 
with expanding traffic, the number of types was 
steadily reduced, and about twenty years later had 
fallen from 54 to 22, while the number of engines per 
class had risen to about 20. In the policy of re-build- 
ing, the various parts of the more numerous classes 
were compared and standards evolved, neglecting 
engines exceptional either from design or age. 
In one case it was found possible to embrace no 
less than nine old types in one class of rebuilds. In the 
course of the twenty years mentioned, some 50 per 
cent. of the original stock had been dealt with in this 
way, and in about 12 years from the start the 
average boiler pressure was raised by nearly 
33 Ib. Differences of frames existed and even wheel 
bases were not in all cases to the desired standard, 
but in renewable parts these rebuilds mainly con- 
formed to the standards of the new designs. The 
policy steadily followed resulted in time in over 
50 per cent. of the engines (new and old) having 
three types of cylinders between them. No less 
than 69 per cent. of the stock was able to make use 
of similar valves. Some 67 per cent. of the stock 
was fitted with standard running gear. Six different 
classes of engines had only two types of boilers, and 
in these and other matters the standards covered 
both passenger, goods and shunting locomotives. 
In running gear, for instance, engines for all three 
classes of traffic had uniform valves, eccentrics, 
valve spindles, guides, crossheads, links, pistons, and 
piston rods, as well as axle boxes, horn cheeks, &c., 
all of identical pattern. Side and connecting rod 
ends were treated in the same way, but in some cases 
the centres varied. Boiler parts and accessories 
and cab details were reduced in like manner. 
The carriage and wagon stock was dealt with as 
far as was thought economical on the same lines, 
and new types evolved, especially one type of 
coaching stock which for long did excellent service, 
and which enabled sets of iron work to be bought 
abroad while the woodwork could be cheaply 
fitted in Egypt. The works were rebuilt in course 
of time and fitted with excellent plant, so that they 
became thoroughly capable of passing repair work 
through on modern lines. 

As time went on and the country advanced in 
prosperity and trade, better and better service was 
demanded, and the standards which had so service- 
ably tided the railways over a very difficult period 
had to be departed from, as is always, of course, 
ultimately inevitable. It may, however, be men- 
tioned that when, in 1904-5, a commission visited the 
country to report on the railways, Mr. Trevithick’s 
department was pronounced to be eminently 
efficient. 

As readers of ENGINEERING are well aware, in 
the later years of his tenure of office, Mr. Trevithick 
conducted a series of progressive trials on feed water 
heating and superheating onlocomotives. These were 
probably some of the most extensive trials of their 
kind made, and were fully recorded in our columns. 
The work included exhaust steam feed heating, 
without and with further heating by waste gases ; 
low degree superheating and high degree superheat- 
ing; and progressive combinations of these until 
in the last trials high degree superheating was 
combined with high degree feed heating. Air 
heating was also tried. Egypt is an almost ideal 
country for such work, as the absence of gradients 
reduces the variables appreciably, although high 
winds at times add to the difficulties. The results 
obtained were consequently full of interest. 

The series of trials and the whole subject on broad 
lines was discussed in a joint paper read before the 
Institution of Mechanical Engineers in 1913. This 
provoked a very interesting discussion, and has, 
it may be added, often been quoted since. Its 
arguments attracted a considerable amount of 
attention in the United States, where superheating 
and feed water heating have since become the 
regular practice on large units. For this contribu- 


tion Mr. Trevithick was awarded the Willans 
Premium, given in 1918 for the best paper, under 
the terms of the award, in the previous six 
years. 

As will be gathered, Mr. Trevithick was one of the 
early officials brought into the country with a view 
to its rehabilitation. He enjoyed the confidence 
and trust of Lord Cromer to an unusual degree, and 
was selected by him for various special tasks. He 
was, for instance, sent to Russia in 1884 to report 
on the petroleum industry, and in 1896 to India to 
report on the railways of that country. In 1900 
he was sent to Canada and the United States, also 
to report on the railway systems. He was typical 
of the older type of British official, intent upon 
filling his position honourably and with credit to 
himself and his country, He fully upheld the high 
ideals set by Lord Cromer, and expected everybody 
under him to follow his lead in such things. He 
built up from small beginnings a very loyal staff of 
Europeans and others round him, while to the lower 
grades he was at once the unimpeachable official 
and friend. By the Egyptians generally, both of 
high and lowly rank, he was alike honoured and 
regarded with affection. He possessed what is 
now a rather rare type of courtesy, was genial in 
company and attentive to the views of others. 
He never cared about attracting attention to himself 
and seldom took part in professional gatherings. 
When, after an extension beyond the pensionable 
age, he retired to this country, he finally settled 
down at Buccleuch House, Richmond, where old 
associates were always welcome, and continued his 
interest in locomotive design, taking out a number 
of patents in the lines with which he had been 
specially concerned. He was a man of excellent 
physique, and enjoyed vigorous health to the last. 
His death occurred when, with his wife, Dr. H. K. 
Trevithick, J.P., he was leisurely making his way to 
Marseilles to join the boat for an Egyptian winter 
visit, to which many of his former friends out there 
were looking forward. 

Mr. Trevithick was made -an associate member 
of the Institution of Civil Engineers in 1881 and a 
member in 1891. He joined the Institution of Mech- 
anical Engineers in 1913. He was honoured for 
his work in Egypt by H.H. the Khedive with the 
Orders of the Medjidieh and Osmanieh. 








THE LATE MR. J. T. MARSHALL. 


Many of our readers will hear with regret of the 
death of Mr. James Thompson Marshall, which occurred 
at Harrogate on December 5, at the age of 76. 

Mr. Marshall, who was born in 1855, was a member 
of the well-known family of Gainsborough engineers, 
and served his apprenticeship with the firm which is 
now entitled Marshall, Sons and Company, Limited. 
During this time and subsequently, when for a period 
he held an appointment on the staff, he gained valuable 
experience in the design and manufacture of steam 
engines of various types and was fond of recalling that 
on one occasion it had been his lot to work continuously 
for four days and nights on the steam-driven haulage 
gear, which was urgently required for recovering the 
broken Atlantic telegraph cable. At the age of thirty 
he joined the firm of Messrs. John Fowler and Company, 
of Leeds and, while a member of their technical staff, 
invented and patented a number of valve gears, 
balanced slide valves and automatic governors, for 
both locomotive and stationary engines. It was, in 
fact, in this direction, rather than on the commercial 
side, that his bent lay, and on his retirement some 
twenty years ago it is not, therefore, surprising to find 
him devoting himself more particularly to the problem 
of overcoming the high compression, which is common 
in locomotive cylinders at high speeds when ordinary 
valve gears are employed. 

His studies in this direction resulted in the invention 
of a gear which in essentials comprised a main steam 
valve, with an expansion valve on the back of it, 
and independent exhaust valves, all of which were 
actuated by gears with separate expansion and reversing 
links of the slotted type. In this equipment the point 
of admission was regulated by the main steam valve, 
which had a constant travel, so that the amount of lead 
was also constant. The cut-off was regulated by the 
expansion valve, which could be controlled either 
automatically or by hand. The points of release and 
compression were determined by the exhaust valves. 
These valves were worked by the gear which actuated 
the main steam valve and the points were thus not 
affected by any degree of linking up of the expansion 
valve. Cylinder clearance space was reduced to a very 











small amount by the shortness of both the steam and 
exhaust ports and the shallowness of the valves. As 


is well known with the ordinary Stephenson gear 


linking-up may result in serious wire-drawing with the 
result that a considerable loop, showing negative 
work, appears on the card. Mr. Marshall claimed that 
the use of his gear would enable this attenuated diagram 
to be filled out and a material increase in power 
achieved. 

This gear received a wide application on stationary 
engines, but its use on locomotives, where its inventor 
hoped it would find its greatest utility, was not so 
marked. Nevertheless, it was being tried out by one 
of the leading railway companies and it is, perhaps, 
unfortunate that ill-health, following on a surgical 
operation to which he had to submit in 1928, prevented 
him from pressing its claims to the full. Mr. Marshall 
was, throughout his life, a sturdy champion of steam 
power, but clearly saw that its development was in 
many directions retarded by the uneconomical operating 
conditions. His efforts were therefore rightly directed 
to bringing about a much needed change in this respect, 
and for this his work is deserving of recognition. 








THE IMPROVEMENT OF THE PORT 
OF VALPARAISO, AND EXTENSION 
OF THE BREAKWATER.* 

By W. F. Sranton, M.Inst.C.E. 

A PAPER on the Port of Valparaiso by Messrs. 
Walsh and Stanton, was read before the Institution 
in 1922. The present contribution describes the 
completion of the block-setting of the mooring jetty 
and fiscal quay and the settlement which took place 
therein. For that part of the wall situated beneath 
the 80-ton hydraulic crane, special hollow blocks were 
used, which were set by a small jib crane, working on 
a staging slung beneath the portal of the larger crane. 
Transit sheds of steel with concrete side walls were 
built along the quays, and behind these, in the customs 
area, four large reinforced-concrete warehouses were 
constructed, with grid foundations and asphalt roofs. 
The mastic, prepared locally with ground limestone, 
was similar to material which had proved satisfactory 
in England, but under the severer climatic conditions 
of Valparaiso, cracks developed and caused continual 
trouble. The roadways were paved with granite sets, 
of which 44,000 sq. m. were laid, with the necessary 
drainage, and 20 km. of standard gauge railway were 
also provided. 

In the meantime, authority was granted by Congress 
for lengthening the breakwater by 700 m. Tenders 
were invited in September, 1923, and the contract was 
awarded to Messrs. S. Pearson and Son, Limited, the 
only tenderers who offered to carry out the work for a 
lump sum. The value of the contract was 1,470,000/. 
The extension starts from the outer end of the work 
already completed, and follows approximately the 
54-m. contour, and, as it is not immediately exposed to 
the direction of the heaviest seas, it is built of sloping 
blockwork instead of the expensive monolith work 
described in the paper referred to above. The wall is 
16 m. high by 14 m. wide, and has, in addition, a 
parapet 3-5 m. high. It is founded at a depth of 
12 m. on a mound of sand and quarried material. The 
design of this mound underwent several changes 
before a satisfactory specification was achieved. As 
finally constructed it consists of a large mound up to 
level — 20 m., with side slopes of 1 in 6. For the 
upper 10 m. of this mound the sides are covered with 
quarry rubbish, forming a platform 60 m. in width at 
the level — 20 m. On the top of this there is a mound 
of quarry rubble, graded so as to have the larger stones 
on the outside, and on this the block wall was built. 
Borings were made in the sand mound and sea bottom, 
and at depths of 40 m. to 50 m. in a seaway constituted 
an operation of considerable difficulty. 

The sand filling required, amounting to about 
6,000,000 cub. m., was obtained from neighbouring 
beaches by means of suction hopper dredgers. The 
work of these dredgers on exposed beaches subject to 
the Pacific swell was particularly arduous, and an old 
dredger, the Mexico, built by Messrs. Lobnitz, of 
Renfrew, in the year 1897, proved herself superior, not 
only in seaworthiness, but also in fuel consumption, 
to a modern Dutch-built boat. Special moorings and 
sights were provided to enable the dumping of the sand 
filling to be carried on continuously throughout the 
twenty-four hours. The bulk of the quarry material 
was obtained from new quarries opened up in the hills 
at the entrance to the breakwater. Quarrying was 
carried out by means of Ingersoll-Rand X.70 drifters. 
the holes being loaded with 40 per cent. gelignite. 
The material was loaded on to rail skips by locomotive 
cranes, which sorted it into categories. It was then 
tipped into hopper barges by a battery of electri 
cantilever cranes, standing on the inner arm of the 





ig Abstract of a paper read before the Institution 
of Civil Engineers, on Tuesday, December 15, 1931. 
























Dec. 18, 193I.] 


ENGINEERING. 





- aes 








16-CUBIC YARD BALANCED 


COMPANY, SOUTH MILWAUKEE, WIS., 


MESSRS. THE BUCYRUS-ERIE 


SHOVEL. 


U.S.A. 


STRIPPING 








breakwater already built. 
maintained for the purpose of taking soundings and 
locating barges of rubble, which were placed in accor- 
dance with the information so obtained. A special 
sounding machine was devised for the work, and proved 
very serviceable. 
" The concrete blocks were all made in the Salinas 
yard. The output required was 1,000 m. per week. 
The blockwork is laid in slices inclined at 70 deg., 
bonded together by solid joggles 10 in. deep. This 
makes a very strong bond, but involves considerable 
difficulty in setting. A guide was evolved to assist 
the diver in setting to a correct line. The blocks on the 
1,000-m. curve at the outer end of the breakwater were 
set by a 60-ton travelling derrick crane, provided with 
differential gearing to allow it to travel either on the 
straight track or on the 1,000-m. radius curve. Particular 
attention was given to the track to carry this crane, and 
no trouble was experienced with the travelling gear. 
Owing to the currents set up round the head of the 
wall, the operation of block setting was only possible 
on half the days of the year; nevertheless, the work 
was completed in one year less than the contract time. 
The blocks had to be transported from Salinas over the 
tracks of the State railways. The maximum settlement 
recorded after the setting of the blockwork amounted 
to 6 ft. 

The top of the breakwater is formed of a mass- 
concrete cap, and the parapet was built with the aid of 
a special travelling shutter. The parapet was dis- 
continued on the outer 200 m., built on a curve, in 
order to relieve that portion of the work from part of 
the wave stroke, and for the same length additional 
tubble was placed along the inner toe in case of possible 
scour by the waves falling over the work. 








ENGINEERING Worxs at Epmonton, Canaps.—A 
new engineering works and foundry has been established 
at Edmonton, Alberta, Canada, jointly by Messrs. 
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16-CUBIC YARD BALANCED 
STRIPPING SHOVEL. 


THE design of large stripping shovels has tended to 
become standardised in recent years, but a marked 
departure from accepted practice has been made in the 
machine illustrated in the accompanying figure. In 
this shovel, which was built by Messrs. The Bucyrus-Erie 
Company, of South Milwaukee, Wisconsin, a movable 
balance weight has been introduced, which greatly 
increases the effective capacity of the machine for a 
given size of power unit. The counterweight is guided 
in a vertical path in the cage visible at the back of the 
machine, and is coupled to the winding gear in such a 
manner that, as the dipper goes up through the bank 
in its digging motion, the counterweight moves down- 
wards in its guides. As the dipper is returned to the 
pit for the beginning of its next cycle of operations, 
the counterweight is raised to its upper position so as 
to be again ready to counterbalance the dipper on its 
way through the bank. During the hoisting cycle, 
practically all the power developed by the hoist motors 
is available for actual digging, so that, as stated, in- 
creased digging power can be secured with a given size 
of motor, or, alternatively, a larger bucket may be 
used in the same circumstances. Further, as the dipper 
is balanced, a higher rate of acceleration can be 
employed in both directions and the dipper is under 
more accurate control, a particularly valuable feature 
when loading into cars. The hoisting motors and 
generators are also working under more favourable 
conditions, as the peak load is reduced. If larger 
dippers are employed for a given power, the only in- 
crease in the weight is that of the dipper and its contents. 
The machine illustrated weighs over 800 tons in work- 
ing order, and it will be noticed that it is mounted on 
caterpillar tracks. The bucket capacity is from 12 to 
16 cubic yards, depending upon the length of the boom 
and bucket arm supplied with the machine. The 
bucket and arm weigh over 20 tons, and this represents 








Standard Iron Works, Limited, and Messrs. The Dominion 
Bridge Company, Limited. General and heavy machine- 
shop work will be undertaken, and iron, brass, and bronze 
castings will be turned out, as well as tanks and structural 
steelwork. The plant is stated to have cost 50,000/. to 
built and equip; it will furnish employment to 125 


the approximate weight which would have to be 
subtracted from the bale pull if the counterbalance 
were not fitted. It will be appreciated that no fixed 
counterweight of the usual type is required. 

We are indebted to Messrs. Ruston-Bucyrus, 





skilled men when operating at full capacity. 


Limited, of Lincoln, for the above information. 


THE PROTECTION OF MAGNESIUM 

ALLOYS AGAINST CORROSION.* 
By H. Surron, M.Se., and L. F. Le Brocg, B.Sc. 

Tue use of magnesium alloys in engineering con- 
struction has, up till the present, been considerably 
restricted on account of their tendency to corrode, 
particularly in the presence of water-soluble chlorides. 
If this tendency could be overcome a large field would 
be opened to the use of these alloys, particularly where 
rigidity coupled with lightness is a necessity, as, for 
example, in aircraft construction. Various methods 
have been suggested from time to time for combating 
the tendency of magnesium alloys to corrode. These 
methods may be classified as follows :—Addition to 
magnesium of a metal or metals, also producing an 
alloy having useful mechanical properties. Coating 
with other metals by such processes as Sherardising, 
calorising, the Schoop metal-spraying process, &c. 
Production of a protective film by chemical means 
(dipping processes). Production of a coating by 
anodic or cathodic treatment. Painting or enamelling. 

Alloying Magnesium with Other Metals.—This method 
would probably be the most generally useful one, as 
surface damage would be relatively unimportant from 
the point of view of resistance to corrosion. The only 
material of this type known to the authors is an alloy 
of magnesium with about 1-85 per cent. of manganese. 
After a five weeks’ exposure to a sea-water-spray test 
of a machined extruded bar of this alloy, together 
with a similar bar of commercially pure magnesium, 
the alloy bar showed a loss of 0-006 grm. per square 
centimetre, whereas the magnesium bar showed a loss 
of 0-019 grm. per square centimetre. A disadvantage 
of the above manganese alloy is that its mechanical 
properties are not, in general, as high as those of better- 
known magnesium alloys used for castings, forgings, 
rolled bars and extruded parts, when the various alloys 
are compared in corresponding conditions. 

Coating the Magnesium or Magnesium Alloy with 
Other Metals.—The etfect of Sherardising, calorising, 
and metal spraying on the resistance of magnesium to 
corrosion by sea water was studied on commercially 
pure extruded magnesium bar. Samples of magnesium 
bar, previously lightly sand-blasted, were Sherardised 
by heating with various mixtures of zinc metal powder 
and zine oxide. After one month’s exposure to the 
sea-water-spray test all the samples showed marked 
corrosion. Similar experiments in which cadmium 
metal powder replaced zinc metal powder yielded 
slightly less favourable results. Lightly sand-blasted 
magnesium bars were heated in closed iron containers 
with mixtures ranging in composition from 40 per cent. 
to 60 per cent. of aluminium metal powder, the 
remainder consisting of alumina. Samples as calorised 
appeared to offer no appreciable resistance to corrosion 
by sea-water spray. Attempts to oxidise several of 
the calorised samples anodically in an aqueous solution 
of chromic acid were unsuccessful. Sprayed coatings 
of metallic aluminium were applied to a number of 
pieces of magnesium bar. Exposure to sea-water 
spray of some of the samples resulted in almost com- 
plete flaking away of the aluminium coating and 
severe corrosion of the basis metal after a few days. 
Anodic oxidation of the aluminium coating of other 
samples by the Bengough process was found not to be 
practicable, as, owing probably to small discontinuities 
in the coatings, the samples acted as normal anodes. 
Production of a Protective Coating by Chemical 
Treatment.—This has been found by the authors to be, 
so far, the most generally useful method, and has 
consequently received particular attention. At the 
time of commencing the work on this method no 
dipping process for the protection of magnesium or its 
alloys was known to the authors. A process, however, 
was known for the protection of aluminium, which 
consisted of dipping the article in a hot aqueous solution 
containing 0-5 per cent. of potassium dichromate, 
0:5 per cent. of potash alum, and 0-5 per cent. of 
caustic soda. Commercially pure magnesium (99-8 
per cent. magnesium) immersed in this solution for 
four hours at 90 deg. to 95 deg. C. was found to have 
its resistance to corrosion by sea-water spray very 
considerably improved. Thus, whilst after two weeks 
exposure, the untreated magnesium was almost com- 
pletely covered by white corrosion product, only a 
few spots were apparent on the treated material. 
After a considerable number of experiments it was 
found that the solution could be improved by altering 





* Paper read before the Institute of Metals, Ziirich, 
on Monday, September 14, 1931. Abridged. 

tT In this test the specimens are hung on glass hooks 
in an unheated shed open to the air on one side, and are 
sprayed with sea water, obtained from the English 
Channel, three times each day, at intervals of about 
four hours. As the specimens are protected from rain, 
the corrosion products tend to accumulate in the manner 
experienced in parts of marine aircraft structures, and 
the test has been found to reproduce fairly satisfactorily 
the conditions to which many parts of marine aircraft 
are exposed, 
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the proportions of the components to from 1 per cent. 
to 1-5 percent. of potassium dichromate, 1 per cent. of 
potash alum, and 0-5 per cent. of caustic soda. The 
work is dipped in 10 per cent. nitric acid (10 parts by 
volume of nitric acid, specific gravity 1-42, made up to 
100 parts by volume with distilled water) for a few 
seconds until it is bright all over, immediately immersed 
in distilled water, and then rinsed in running distilled 
water. The work is then immersed for six hours in a 
solution of from 1 per cent. to 1-5 per cent. potassium 
dichromate, 1 per cent. potash alum (hydrated), and 
0-5 per cent. caustic soda in distilled water. This 
solution is preheated to and maintained at from 90 deg. 
to 95 deg. C. After immersion the work is rinsed with 
running distilled water, immersed in hot distilled water, 
allowed to dry, then dipped in a 10 per cent. solution 
lanolin in benzol and again allowed to dry. 

This process was found to give very fair protection 
both to commercially pure magnesium and to magne- 
sium alloys used for castings or in wrought form. The 
final dipping in a 10 per cent. solution of lanolin is of 
very considerable advantage. In the case of specimens 
of chromate-treated commercially-pure magnesium 
(99-8 per cent. magnesium) it has been found to reduce 
the rate of corrosion by sea-water spray substantially 
below that of specimens chromate-treated but not 
lanolined. 

In order to obtain information on the general utility 
of the above form of protection, arrangements were 
made to have treated parts attached to aircraft opera- 
ting under various conditions. The samples were 
machined from a large casting of Elektron A.Z.F. 
alloy, the composition of which complies with that 
of D.T.D. Specification No. 59 for casting alloys 
(aluminium, 3-5 to 4-5 per cent. ; zinc, 2-5 to 3-5 per 
cent. ; manganese, 0-25 to 0-7 per cent. ; magnesium, 
remainder ; impurities, 1-5 per cent. maximum). The 
dimensions of each of the samples were approximately 
4 in. by 2 in. by .3, in. They were chromate-treated 
in accordance with the procedure described above, 
using 1 per cent. of potassium dichromate, and after 
being coated with lanolin they were attached by means 
of zinc-plated steel screws to each of the following parts 
of aircraft operating respectively at a seaplane station 
and at a station a few miles inland: (a) tail portion 
(sample 1); (6) instrument board (sample 2); and (c) 
engine bearer (sample 3). At the end of 15} months at 
the seaplane station, samples (2) and (3) were practically 
unaffected. Sample (1) was badly pitted at the end 
of 1? months, particularly on the underside, which 
was in contact wita doped aeroplane fabric. This 
fabric would become thoroughly wetted with sea water 
each time the aircraft took off or made a landing. 
At the end of 134 months at the inland station, including 
a total flying time of 74 hours, the samples were 
practically unaffected. 

The results show that although the chromate treat- 
ment described above is fairly serviceable under 
moderately corrosive conditions, it is not sufficiently 
good for severe conditions of service. 

Discussion of Results Obtained with various Immersion 
T'reatments.—It is of interest to consider by what 
means the protection of magnesium and magnesium 
alloys by chromate solutions is obtained. It has been 
noticed as a general principle that the more acid the 
bath the darker the coating, provided that an acid 
radicle other than the chromate radicle was also 
present. Thus, some bars had very slight grey coatings, 
others had a khaki coating, whereas others again, 
were of a black colour. Similar results have been 
obtained with commercially-pure magnesium, except 
that the final colour is a rich brown. These various 
colours suggest that the coating is the mixed oxide 
of chromium, which can be obtained by the action of a 
solution of a chromic salt on a solution of a chromate 
as a green to dark-brown precipitate of a composition 
which depends on the py of the solution in which it 
is precipitated. Under certain conditions the compo- 
sition may approximate to chromic chromate. 

It is thought that in the solutions actually used 
partial reduction of the chromate present is brought 
about by slight solution of the magnesium alloy in the 
bath, the chromic chromate thus produced tending to 
form an insoluble film on the surface. It has been 
noticed that in the more strongly acid baths gas 
(presumably hydrogen) is evolved from the specimen 
in the early stages of immersion, but that as the coating 
thickens (as j dged by the change in its colour and 
opacity) the gas evolution gradually slackens and 
finally ceases. A test bar which has received chromate 
treatment in Bath No. 2* and has been carefully 
washed in water has a brown or khaki-coloured coating. 
If such a bar is subsequently immersed in caustic soda 
solution it becomes green in colour, nd the caustic 
soda is coloured yellow. The green coating gives the 
ordinary reactions for chromium salts on being dissolved 
in .cid, whereas the yellow solutio gives the reactions 
for chromates. Exactly similar results are obtained 


* 1-5 per cent. potassium dichromate, | per cent. 
potash alum, 0 -5 per cent. caustic soda. 





with the brown precipitate obtained by the interaction 
of a chromic salt with a chromate. 

The failure of potassium dichromate alone to protect 
commercially pure magnesium against attack by sea 
water may possibly be due to the production of a very 
slight film of chromic chromate and to early cessation 
of the film-building process. Such a thin film, although 
impermeable to chromate ions, may be more permeable 
to chlorine ions than the chromate film produced in 
the presence of sulphates or nitrates. Any film pro- 
duced by potassium dichromate alone on commercially 
pure magnesium must, however, be very thin, as no 
change in appearance is apparent in the surface of 
the bar after the normal six hours’ immersion. By 
analogy with aluminium it might be considered that 
the film produced on magnesium alloys by chromate 
treatments might contain magnesia. It was found, 
however, that magnesia, even if strongly ignited, was 
freely soluble in chromic acid or in potassium dichro- 
mate. In this respect magnesia differs markedly 
from alumina. The experiments so far described 
suggest that in baths of the order of acidity of py 6-8 
the presence of aluminium compounds is not specially 
advantageous. 

Experiments on the Cleaning of Corroded Magnesium- 
Alloy Test Bars.—Qualitative analysis showed that 
the hard white corrosion product obtained by action 
of sea-water spray on magnesium, or on the alloys 
tested, consisted largely of magnesium hydroxide and 
magnesium carbonate. On moistening this corrosion 
product with a universal indicator, a pq of about 
12 was shown. As it has previously been shown that 
magnesia is soluble in potassium dichromate solution, 
and that magnesium or magnesium alloys are only 
slightly attacked by this solution, the effect of potas- 
sium dichromate solution on some of the corroded bars 
obtained in the present investigation was studied. 
It was found that, in the cold, the action was slow, 
but that on boiling for two hours in 5 per cent. or 
10 per cent. potassium dichromate solution all corrosion 
product was removed with apparently only slight action 
on the metal. This slight attack could be further 
reduced by allowing the specimens to stand for some 
hours in cold 2 per cent. caustic soda solution before 
immersion in the potassium-dichromate bath. The 
action of the caustic soda would appear to be due 
partly to the removal of soluble chlorides and partly 
to the decomposition of magnesium oxychloride. The 
corrosion product, after caustic soda treatment, is almost 
gelatinous in texture, whereas before treatment it is 
of a gritty nature. 

It has been found in certain instances that the 
dimensions of magnesium-alloy parts have been reduced 
as a result of the application of the chromate immersion 
process to these parts. To investigate this matter 
further, test bars of the magnesium alloy D.T.D. 88,* 
2-5 in. in length, were turned to a smooth finish and 
threaded from one end 16 threads to the inch over a 
length of 1 in. A ¥#-in. hole was drilled through the 
other end of each bar to enable it to be supported 
during treatment or exposure to the sea-water-spray 
test. After cleaning by various methods, the bars 
were immersed in Bath No. 2 under the usual condi- 
tions of temperature and time of immersion. They were 
then lanolined and exposed to the sea-water-spray test. 
The results of these experiments showed that, for parts 
machined to fine limits, the nitric-acid treatment is 
too severe. Boiling 2 per cent. caustic soda appears 
to be a satisfactory substitute for the nitric-acid 
treatment on machined parts. Sand-blasting appears 
to be very undesirable. On “‘ as cast ”’ surfaces caustic 
soda cleaning was not vigorous enough to remove 
embedded grit, &c., whereas 10 per cent. nitric acid 
treatment is very effective on such surfaces. It would 
seem that the best treatment for castings which have 
to be partly machined to fine tolerances would be to 
submit them to a 10 per cent. nitric acid dip before 
machining, and then to the two hours’ boiling caustic 
soda treatment after machining. They would then be 
rinsed with distilled water, immersed in Bath No. 2, 
and lanolined in the usual way. 

Anodic and Cathodic Treatments.—Anodic-treatment 
experiments have been carried out only on commer- 
cially-pure extruded magnesium bar, 1 in. in diameter, 
cut into test pieces 2-5 in. in length. Before anodic 
treatment the test bars were cleaned in 10 per cent. 
nitric acid solution, and after treatment they were 
lanolined in the usual way. One bar, instead of being 
anodically treated, was immersed in the chromate 
bath (Bath No. 2) in the usual way. Aqueous solutions 
of hydrofluoric acid, potassium fluoride, sodium alumi- 
nate, sodium carbonate, and microcosmic salt were 
found to form anodic films on commercially pure 
magnesium. After 10 days’ exposure all the anodically 
treated bars were considerably corroded. The chromate 
treated bar was almost unaffected. After 20 days’ 
exposure, the anodically-treated specimens were heavily 





* The percentage composition of this alloy is as 
follows: Al, 6-55; Zn, 1-23; Mn, 0-48; Fe, 0-02; 
Si, 0-02; Mg, remainder. 





corroded, whereas the chromate-treated bar was 
corroded only to the extent of about 3 per cent. of the 
surface area. It is evident from these results that the 
anodic processes so far examined are much inferior 
to the chromate immersion process as regards the 
protection of commercially-pure magnesium from 
corrosion by sea water. 

Only a few cathodic-treatment experiments have 
been carried out. An apparently good dull-white, 
fine-grained, and continuous deposit of zinc-could be 
obtained on a commercially-pure magnesium (0-025 
per cent. silicon, 0-21 per cent. aluminium) rod, 2-5 in. 
long and 0-6 in. in diameter, in the following bath 
maintained at 20 deg. C. :— 

Grammes per Litre. 
Zine cyanide a aes 59 
Sodium cyanide... ie 37 
The cathodic current density was 8 amperes per square 
foot, and the total plating time was one hour. A 
high-purity zinc anode was used. The plated bar 
was washed with distilled watér and exposed to the 
sea-water-spray test without lanolining. After one 
week, practically the whole of the zinc deposit had 
been separated from the base metal by the products 
of corrosion. 

Two samples of magnesium or magnesium-alloy 
sheets* coated respectively with (a) copper 0-00035 in. 
thick and (b) copper 0-00035 in. thick, with a very thin 
top flashing of cadmium, were exposed to the sea- 
water-spray test. After two days’ exposure, severe 
corrosion had occurred. From the position of magne- 
sium in the electro-chemical series it would appear 
that the deposit of almost any other metal, which can 
be deposited from aqueous solutions, would have to be 
completely impervious to moisture to be of any value 
for the protection of magnesium or its alloys against 
corrosion. 

Painting or Enamelling.—The only enamelling scheme 
so far tested is a proprietary one, in which three coats 
of cellulose enamel are successively applied by spraying 
as follows :— 

First coat ... White cellulose enamel. 

Second coat clear cellulose enamel. 

Third coat white or black cellulose enamel. 
After receiving various chromate treatments followed 
by enamelling, samples were attached to a wooden 
frame and subjected to exposure on the beach at 
Felixstowe for six months. Others were submitted 
to the sea-water-spray test during the same period. 
The results obtained indicate that enamelling is of 
considerable advantage, although the enamels so far 
examined are not sufficiently protective to withstand 
severe marine conditions over long periods. 

Conclusions.—Substantial improvement in the corro- 
sion resistance of commercially-pure magnesium and 
magnesium-rich alloys is obtained by surface films 
produced during immersion of the cleaned pieces of 
magnesium or magnesium alloy in aqueous solutions 
of di-chromates and chromates, e.g., by immersion for 
some six hours in a bath containing 1-5 per cent. of 
potassium dichromate, 1 per cent. of potash alum, and 
0-5 per cent. of caustic soda, and heated to about 
95 deg. C. Application of lanolin to chromate-treated 
samples, as a supplementary protective, results in a 
considerable increase in resistance to corrosion under 
the severe conditions of the sea-water-spray test em- 
ployed. A preliminary set of experiments on a series 
of samples, containing several treated with enamels, 
indicates that by the use of suitable cellulose enamels 
as supplementary protectives on samples previously 
chromate-treated, a fair degree of resistance to severely 
corrosive conditions may be obtained. The experi- 
ments also indicate that the films giving best protection 
in conjunction with lanolin as supplementary protective, 
or without any supplementary protective, do not give 
the best protection when supplemented by cellulose 
enamels. Cleaning with dilute nitric acid results in 
considerable dimensional losses. The present experi- 
ments indicate that this treatment, although an 
excellent means of producing a chemically-clean surface, 
is suitable only for use on unmachined or rough- 
machined castings, forgings, &c., on which dimensional 
losses of the order of 0-004 in. could be tolerated. 
Castings, forgings, &c., so treated can be machined 
subsequently to fine limits, cleaned in hot caustic soda, 
and chromate-treated in the dichromate-alum-caustic 
soda bath mentioned above without serious loss of 
dimensions. 











ComMeERcIAL Conpitions ABRoAD.—The Department 
| of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
|has recently issued three further pamphlets in their 
|‘*Hints to Commercial Visitors” series. ‘These deal 
with French Indo-China, Chile, and Palestine, respec- 
tively. As heretofore, the pamphlets contain informa- 
tion regarding such subjects as buying seasons, routes, 
fares, hotels, currency, internal communications, cost 
of living and climatic conditions. Copies of the pam- 
| phlets are obtainable on application to the Department. 

* These sheets were not prepared in the authors 
' laboratory. 
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DEVELOPMENTS IN MERCURY-ARC 
RECTIFIERS AND VALVES. 
(Concluded from page 729.) 

THE conversion of direct current into alternating 
current by means of the mercury-are valve is of con- 
siderable interest, since it affords a simple and con- 
venient method of transmitting power by means of 
high-tension direct current in the future, without the 
employment of rotating machinery for conversion pur- 
poses. The arrangements necessary are shown diagram- 
matically, and in a simplified form, in Fig. 17. It should 
be noticed in this diagram, that the polarity of the 
direct-current connections is the opposite from that 
used for rectification shown in Fig. 4, the positive pole 


Three~Phase 
Output 


























and, as in the case of frequency-changing, previously 





dealt with, it is possible to regulate the power trans- 
ferred by adjusting the time lag of the contact maker. 
We shall refer below to the supply of energy from a 
direct-current system to a three-phase system in which 
the frequency of the latter is not controlled by three- 
phase generators, the energy being supplied to it 
solely through the mercury-are valve, but before doing 
so it will be convenient to refer briefly to a method of 
operating a motor without a commutator from a direct- 
current system. Fig. 18 is a diagram of connections 
for a commutatorless motor having a six-phase stator 
winding, to the left of which is shown the field winding. 
This is incorporated in the rotor and is fed through slip | 
rings and brushes. The machine is started up by an | 





interesting example of the possible applications of the 
mercury-are valve. A simplified diagram of connec- 
tions is given in Fig. 19. As in the case of the com- 
mutatorless direct-current motor, a machine connected 
to the three-phase network must be started up by an 
auxiliary direct-current machine, to act as a synchronous 
condenser and supply the magnetising current for the 
synchronous motors and transformers connected to the 
network. The frequency of the three-phase system is 
controlled by this synchronous machine, which not 
only supplies the anodes of the valve with an e.m.f. 
which changes sign periodically, but also drives the 
contact maker controlling the grid potentials. Thus 
the valve functions as a commutator for the main 
motor and simultaneously permits energy to pass from 












































aagooa @ 


aaaa 
J 


























(3037 R) ““NGINEERING * 


of the direct-current system being connected to the | 


neutral point of the transformer and the negative pole 
to the cathode of the valve. 
phase network to which energy is to be supplied from a 
direct-current system, if the former is already fed by 
three-phase generators, the frequency will be deter- 
mined by these generators. The contact-maker 
would then be driven by a synchronous motor from the 
three-phase system, and the potential of the grids 


altered so as to allow current to pass periodically | 


through each anode. The current in each anode will 
thus be started and stopped in synchronism with the 
changing polarity of the e.m.f. supplied from the 
three-phase network. Each anode will pick up the 
are when its grid is positively charged, provided that 
the sum of the direct-current and alternating-current 
Voltages applied to it is positive, the arc being ex- 
unguished on any particular anode as soon as the sum 
of the two voltages on the anode becomes negative. 
Thus, current flows periodically from the direct-current 
system through one anode after another, and _ this 
current, in passing through the transformer winding, 
: divided up into half waves. The contact maker, 
'y charging the grid to the correct polarity, ensures 
that the arc strikes at the right moment on each anode 


In the case of a three- | 
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Fig. 21. 


auxiliary direct-current motor and the contact maker, 
which periodically applies a charge to the grids of a 
mercury-are valve, is driven directly from the main 
shaft. This allows current to flow in synchronism with 
the stator phases in a similar manner to that described 
above, in connection with the production of alternating 
current from direct current, and the current in the 
stator windings produces the necessary driving torque. 
The auxiliary motor is only used when starting up the 
main motor, which may be regarded as an ordinary 
direct-current motor with the usual commutator 
replaced by the mercury-arc valve. The speed can, 
in fact, be varied by field regulation, but it is more 
convenient and economical to vary the speed by adjust- 
ing the contact maker, as previously mentioned. 
Although not likely to occur in existing practice, 
we may now consider the case of a three-phase network 
supplied entirely from a direct-current system, as an 
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APPARATUS FOR CONVERSION OF DirECT CURRENT TO ALTERNATING CURRENT. 


the direct-current system to the three-phase network 
in the form of alternating-current half waves. Although 
the main motor acts as a phase compensator, it still 
maintains the characteristics of a direct-current motor, 
and its speed, and thus the three-phase frequency, can 
be varied by field regulation. As in the previous 
cases, however, the regulation can be done more 
effectively by adjusting the setting of the contact 
maker. The starting motor can also be used for 
exciting the main machine. 

We have previously referred to the fact that, owing 
to commutation difficulties, it is necessary to employ 
a low frequency for a single-phase railway system, and 
it will be obvious that, if these difficulties could be 
overcome, it would be possible to parallel traction and 
industrial systems without the intervention of fre- 
quency changers, and that the more economical 





|50-cycle transformers could be employed in place of 
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1, Current collector. 
2. Main switch. 

3. Transformer. 

4, Control valve. 

5, Driving motors. 
6. Control button. 


transformers designed to operate on low frequencies. It 
has already been shown that a commutatorless motor 
can be operated by direct current with the aid of the | 
mercury-are valve, and it is also possible to operate | 
single-phase motors in a similar manner, either from | 
a single-phase supply or from one phase of a three- | 
phase network. The connections for this purpose are | 
shown in Fig. 20. In this case, the stator comprises 
two polyphase windings, and the field winding is 
incorporated in the rotor and fed through slip rings. 
The neutral points of the stator windings are con- 
nected, as shown, to the ends of the secondary winding 
of a single-phase transformer, and the field winding is 
connected between the middle point of this secondary 
winding and the cathode of a mercury-are valve. The 
latter has two sets of anodes connected, respectively, 
to the two stator windings, and by means of a pair of 
contact makers current is allowed to pass alternately 
through one set of anodes or the other, the field winding 
being at the same time connected in series with the 
particular stator winding through which current is 
flowing. The operation of the motor is thus generally 
similar to that of the commutatorless direct-current 
motor. The valve-controlled single-phase motor has 
a series characteristic, and the terminal voltage can be 
adjusted by altering the setting of the contact maker, 
so that, in this way, the speed of the motor can be varied 
at will, over the full range from zero to the maximum, 
independently of the voltage or frequency of the 
system; the motor can also be reversed by means of 
the contact maker. 

It should be noted that, with this arrangement, no 
auxiliary starting motor is required. The starting 
motor is necessary in the case of the direct-current 
motor, above referred to, since an alternating e.m.f. 
has then to be created in order to extinguish the are 
on the different anodes, this e.m.f. being generated 
by starting up the main machine the phase sequence 
of which ensures that the anodes change sign 
periodically. With the single-phase motor, since an 
alternating-current supply is available, the arc is 
extinguished automatically at the end of each half 
wave independently of the motor speed, which can, 
of course, be zero. Another point to which attention 
may be directed is that it is possible to obtain the 
required grid potentials by using suitable half waves 
of an alternating-current source, no direct current then 
being required. The set of contact makers operate in 
synchronism with the alternating-current voltage, and 
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12. Cooling set for transformer. 


are driven by the main motor shaft, as indicated in 
Fig. 20, this arrangement ensuring that half waves 
which correspond to the desired speed and direction 
of rotation of the motor are applied to the grids. The 
use of an alternating-current source for controlling 
the grids has the important advantage for traction 
motors that it enables regenerative braking to be 
employed in a simple manner. 

Fig. 21, on page 773, shows, on the right, a valve- 
controlled single-phase series motor coupled to a 
generator which forms a load for the motor, the control 
gear for the latter being mounted on it. In the tests 
on this machine, starting, speed regulation and reversing 
by the movement of the contact maker were effectively 
demonstrated. In the same illustration, on the left, is 
shown a synchronous machine coupled to a loading 
generator and used in the tests for demonstrating the 
production of alternating current from direct current 
by the second of the two methods described above, in 
which the frequency of the three-phase network can 
be varied at will. 

By employing the commutatorless motor above 
described, it would thus be possible for single-phase 
railway systems to be connected to industrial networks, 
and it is claimed, moreover, that the electric locomotives 
employed on such systems would themselves be con- 
siderably simplified by its use. The commutatorless 
motor, it is pointed out, would be simpler and more 
reliable than those of the commutator type now 
employed, and, in addition, no transformer tappings, 
step switches or reversing switches would be required, 
and regenerative braking and speed regulation could 
be carried out more conveniently and economically. 
In support of this last characteristic it may be men- 
tioned that the energy necessary to control the grids 
is only about 0-01 per cent. of the anode energy. To 
test the system on a practical scale, Messrs. Brown, 
Boveri are now equipping a trial locomotive with 
valve-controlled commutatorless motors. The general 
arrangement of this locomotive, after conversion, is 
shown in Figs. 22 and 23. It was originally owned by 
the Swiss Federal Railways, and was used for the 
three-phase system of the Simplon Tunnel, being 
removed from service when the tunnel was changed 
over to single-phase working. The location of the 
principal components can be seen from the table of 
references, but we may add that the gauge is 1,435 mm., 
the two motors will each develop 500 h.p., the designed 
speed is 90 km. per hour, the voltage on the contact 
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Fan for driving motors. 

Air reservoir. 

Air compressor. 

Driving controller. 

Reversing switch for running and regeneration. 


wire will be 15,000, and the frequency of the supply 
from 16 cycles to 50 cycles. The results of the trials 
will be awaited with great interest. 

In conclusion, we may state that the present position 
| with regard to the developments above described is 
' that some are approaching the stage when large-scale 
| tests can be carried out, others have passed this stage, 

and are now being tested out under normal working 
| conditions, while a few are already available for 
practical application. 








THE RALEIGH 5-CWT. GOODS 
VEHICLE. 


Ir is difficult to account for the unpopularity of 
three-wheeled runabouts for goods service in this 
country, but there is no doubt that such vehicles are 
much more commonly seen in the larger cities on the 
Continent. Since carriers of this type resemble a 
motor-cycle more closely than a car, it might be anti- 
cipated that the high reputation enjoyed by British 
cycles would react in favour of the carrier vehicle, 
and as, in addition, our excellent road surfaces are more 
favourable to running three wheelers between towns 

| than is the case abroad, it seems reasonable to assume 
'that there must be a large potential market for a 
chassis which can be readily adapted to carry various 
‘classes of light goods. Such a vehicle has now been 
introduced by Messrs. The Raleigh Cycle Company, 
Limited, of Nottingham, and as it can be supplied in 
the form of a van, box-carrier, or truck, and is very 
moderately priced, it should meet the requirements of 
| large numbers of small tradesmen who have hitherto 
relied upon box tricycles or vans of conventional type 
to deliver their goods. The chassis, fitted with a truck 
body and drawing a trailer, is illustrated on the 
opposite page, and in this form will transport the 
normal load of 5 cwt. on the truck and an additional 
3 ewt. on the trailer. -It has been appreciated that 
many of the classes of goods coming within the weight 
specification may be rather bulky, and the van body 
has been given an inside width of 3 ft. 8} in., an inside 
length of 3 ft. 74 in., and an inside height of 3 ft. 11 in. 

The engine is a single-cylinder air-cooled model with 
a cylinder bore of 86-8 mm. and a piston-stroke of 
101 mm. The capacity is, therefore, 598 c.c., and 
the rating is 5-98-h.p. The tax, however, is only 4l. 
per annum. The engine is a typical motor-cycle unit 
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5-OWT. DELIVERY TRUCK WITH 


TRAILER. 


CONSTRUCTED BY MESSRS. THE RALEIGH CYCLE COMPANY, LIMITED, ENGINEERS, NOTTINGHAM. 
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with side-by-side valves, the cylinder head being) THE MANUFACTURE AND USE OF 
detachable, the big end being fitted with a double STEEL RAILWAY SLEEPERS.* 
roller bearing, and the crankshaft also running on x 
roller bearings with a positively-lubricated plain bear- By R. CarpMaEL, M.I.Mech.E. 
ing in addition. The piston is of aluminium alloy,| THis paper could be commenced in no more appro- 
and the connecting-rod of heat-treated steel. Lubrica- | priate manner than by the quotation of references 
tion is on the dry-sump system, and is fully automatic. | made to steel sleepers in the Presidential Addresses to 
There is an easily-removable gauze filter in the sump, | the Institution of Civil Engineer by Sir John Aspinall, 
and the big-end, main, and timing-gear bearings are all| in 1918 and Sir Brodie Henderson ten years later. 
positively fed. Each of these features has been fully | Sir John Aspinall said :+— 
tried out in motor-cycle practice, and proved to be| ‘We may wonder whether the immense difficulties 
thoroughly reliable. Ignition is by coil, with hand | of obtaining sleepers from Baltic ports will, in the 
control, and the electrical equipment includes a large | future, cause any change to be made in the material 
accumulator, with a dynamo of sufficient capacity to| used for our sleepers, and whether steel will, in any 
ensure rapid charging, and the usual lamps. large measure, take the place of wood. If the life of 
The clutch is of the multi-plate fabric-insert type, | a steel sleeper is the same as that of a wooden one, the 
and incorporates a shock absorber. The gear box is | 300,000 tons of steel sleepers which would be required 
a Sturmey-Archer model, with three forward ratios and | to replace the 4,500,000 wooden sleepers used each 
a reverse, all the gears being engaged by dog clutches. | year by British railways would create a new steel 
The forward ratios are 6-3, 10-7 and 18-3 to 1, the| manufacture for this country, using up our own pig- 
reverse ratio being 19-8 to 1. A pedal starter is fitted. | iron made from native ores, in the numerous new 
The transmission from the engine to the gear box is | blast-furnaces which have been started in this country 
by a roller chain, which is totally enclosed and auto- | during the war, and saving the purchase of foreign- 
matically lubricated. The transmission to the rear} grown timber. It is true that our cast-iron chair 
axle is by a second roller chain of the duplex type, with | does not lend itself readily to attachment to a metallic 
a ball-bearing jockey pulley for adjusting the tension. | sleeper, and also that the earlier experiments with 
This operation is effected by a finger nut. The rear; such sleepers were not altogether satisfactory, but 
axle is of the semi-floating type, with the shafts running | since then a great development in the use of broken 
on taper-roller bearings. It is fitted with a differential | stone ballast, resulting in a well-drained road-bed, has 
and a second shock absorber. The axle is mounted | eliminated the cinder ballast which was so destructive 
rigidly in the chassis, while the body is mounted on | to steel, and it may yet be possible to consider whether 
quarter-elliptic springs with a progressive action.| the flanged or Vignoles rail of large section easily 
Shock absorbers and buffers are fitted to prevent attached to a steel sleeper may not come into use if the 
excessive movement. The front wheel is mounted in| whole question is looked at from the broad standpoint 
spring forks of the usual motor-cycle type, and all three | of endeavouring to help and foster our home industries. 
wheelsaredetachable. Thechassisis builtup with chan- | Such a proposition would add to the work of our 
nel section steel, and incorporates a dashboard and wind- | jron-ore miners, keep our blast furnaces going, find 
screen supports. Internal-expanding brakes are fitted | employment for rolling-mills, and continuous and steady 
on all three wheels, the drum on the front wheel being | work for some classes of labour after the war. There 
7 in. in diameter, and those on the rear wheels 10 in. | js no reason, if such sleepers could be accepted, why 
in diameter. The brakes are all controlled by a single | absolutely standard dimensions should not be agreed 
pedal, but a hand lever with a rachet is provided, in| wpon, and their use might be as extensive in England 
addition, for parking. There are two independent | gs it is on the Continent to-day.”’ 
petrol tanks with a total capacity of 3} gallons, one| gir Brodie Henderson referred in 1928 to steel sleepers 
: by _ a peo supply. The fuel is | i, similar terms :—“ If prejudices could be overcome, 
Two - oe ea y ht van bodies left | 224 Steel sleepers employed, a very safe road would be 
Bdiaiiens on 12 30 N & ber 31 aay provided, and many tons of steel could be used per 
“indurgh at 12.00 p.m., on November v1, conveying | annum, giving much-needed work to our steel manu- 
gifts from the Lord Provost to the Lord Mayor of | ¢..turers.” 
London, They arrived in London at 12.30 on the Sir J h ee ay eee wr nee eee 
following day, according to a pre-arranged schedule, | |." ple a a ois . fr tak eS ye re hapa “lies 
the only mechanical trouble experienced being two | °! ® Position resultant ‘ar B ie wish — pect > sos 
sooted plugs. As the weather was very foggy at the _ to enemy section ; = pee eee sie ts 
time, it was necessary to run for over 50 miles on low | % steel sleepers in South America and elsewhere. It 
“ | would be well to examine at greater length the reasons 








e: 
est. The succossfal completion of the Journey in ior what Sir Brodie Henderson describes asthe pe 
ability of the vehicles. judices” of British engineers against the use of steel 
; sleepers in this country. Among these reasons, the 
plentiful supply of timber was predominant. With 
Tue MARKING oF IMpoRTED IRON AND STEEL Pires,—| Our efficient system of creosoting, together with the 
The Board of Trade informs us that the Standing Com-| pre-war cheapness of creosote (produced wholly as 
mittee (General Merchandise) have reported on their | a by-product of home manufacture), timber has proved 





inquiry as to whether imported iron and steel flush | 
Pipes, whether galvanised or not, should be required to | cape j 
bear an indication of origin. The report (Cmd. 3968,| * Paper read before the Institution of Mechanical | 
price ld.) is obtainable from H.M. Stationery Office, | Engineers, on Friday, December 11, 1931. Abridged. 
Adastral House, Kingsway, London, W.C.2. + Proc. Inst. C.E., 1918, vol. cevii, page 20. 








in the highest degree satisfactory as a source of sleeper 
supply. 

When it is realised that the average life of a timber 
sleeper (creosoted) is some twenty-two years in main 
track, and that of those recovered from relaying about 
one-half are of serviceable quality for re-use in secondary 
branch lines and sidings for a further period of ten or 
more years, the balance providing excellent material 
for fencing and general purposes, or producing con- 
siderable revenue from sale as firewood, the difficulty 
confronting steel manufacturers in producing an 
economical substitute will be appreciated. 

Although often true, the French proverb, “ C’est le 
premier pas qui coute,’’ does not apply to steel sleepers. 
What matters most is the subsequent maintenance cost, 
including that of replacement. The saving per mile 
for every year for which replacement of track can be 
deferred represents about 120/., equivalent on the 
Great Western Railway alone to an annual saving of 
nearly 22,000/. Given a satisfactory life in track 
service, the steel sleeper has the advantage over the 
timber sleeper that it has a higher residual value and 
can be remelted to produce sleepers of undepreciated 
quality. 

Another reason which has delayed its adoption in 
this country is that the steel sleepers which have been 
extensively used for many years on the Continent, 
and in numerous countries overseas, including our 
Colonies, were almost all used with flanged rails, and 
the feeling existed not only in the minds of our railway 
engineers, but in those of our steel manufacturers, 
that their extensive use in this country presupposed 
conversion from the bull-head to the flange type of 
rail. Without entering into the respective merits of 
these two classes of rail, and apart altogether from 
traffic difficulties, such a change would, with due 
regard to economies, be very protracted, and may 
without hesitation be ruled out as a practical pro- 
posal. 

The war was primarily responsible for the change of 
attitude, although it was not until some years after 
its termination that serious consideration was given 
to the selection of a suitable substitute for timber. 
During the war, the main source of sleeper supply was 
isolated, and although considerable use was made of 
home-grown timber, it gave results which were any- 
thing but satisfactory, even when creosoted. As a 
general rule, owing to the strictures on the use of this 
preservative, clean timber was used, which proved to 
be thoroughly unreliable in service. The price of 
creosote has substantially increased over pre-war 
figures, and as this, too, is a factor of primary import- 
ance in the economical maintenance of track, it has 
hastened the extensive trial use of steel sleepers. 

The situation was aggravated by the depletion of 
forests during and subsequent to the war period. 
Faced with this position, British railway engineers 
could look in only two directions for alternatives to 
timber, namely, ferro-concrete and steel. The author 
has no hesitation in saying that a substitute for timber 
more satisfactory than ferro-concrete must be found. 
Restricted to steel as the only practical alternative, 
difficulties previously considered insuperable were 
faced by both engineers and manufacturers, and have 
been to a very large extent (one hesitates to say 
altogether) met. 
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Manufacture and Specification of Material Used.— 
Steel for sleeper bars is accepted if of best quality made 
by the open-hearth or Bessemer acid or basic processes, 
but if the last is specified the percentages of phos- 
phorus and sulphur are limited to 0-07 and 0-05, 
respectively. It is a debatable point whether the 
inclusion in this specification of these limiting per- 
centages is necessary in view of the stringent tensile 
and other tests to which the steel must conform. 
American engineers take the view that these tests con- 
trol the phosphorus and sulphur maxima, but one cannot 
overlook the lack of homogeneity in steel made by the 
Bessemer basic process and the greater need for addi- 
tional precautions before acceptance of steel so made. 

The customary tests which it is proposed to include 
in the British Standard Specification are a tensile test 
giving a breaking strength of 28 tons per square inch 


manent trough form, shaped as required at the rail 
seat; our home practice is to roll from the ingot 
flat plates of appropriate width, from which sleepers 
are subsequently pressed. It will be apparent that 
a manufacturing process capable of producing an 
acceptable steel sleeper with the minimum of handling 
is the only one that will place the metal sleeper on an 
economical equality with that of timber. The punch- 
ing-up of lugs for the reception of flat-bottomed rails 
involves the cooling and reheating of sleeper plates to 
preserve the subsequent track gauge. 
Standardisation—A committee of the British Engi- 
neering Standards Association has thoroughly investi- 
gated the matter, and has found it possible to stan- 
dardise a number of types of sleeper plates suitable for 
various gauges and types of rail, appreciably fewer 
than those at present called for. The consequent 








to 32 tons per square inch, with a minimum elongation 


reduction in roll changes in the mills should be of | 


“GKN” COMPOSITE TYPE,). 


(1931 PATTERN FOR TRUNK LINES OF G.W.R.) We 
Weight of 8’. 6" Sleeper Plate: 150Lb. 
Weight of Two Chairs: 92Lb. Total: 242Lb. 


Fig.1. LONG/TUDINAL SECTION AT CENTRE. 
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by Continental users in the elimination of movement 
between the rail, or the bearing plate under the rail, 
and the sleeper. Should such movement occur—and 
it is a real trouble—the hammering action of the rail 
flange (or of its bearing plate) on the sleeper, accen- 
tuated by the presence of water and grit between the 
two surfaces, causes rapid corrosion and deterioration 
by oxidisation of that part of the sleeper plate exposed 
to such attrition, necessitating the removal from 
service of the sleepers at dates considerably in advance 
of their normal life period. 

Such a condition of affairs is particularly prevalent 
in atmospheres charged with salt (in the vicinity of 
the sea), and with active chemical reagents in industrial 
areas. For instance, in the Ruhr Valley in Germany 
owing to the numerous factories and chemical works, 
steel sleepers cannot be economically used, and are 
being replaced by timber. The author has personally 


DORMAN LONG TYPE 


ight of Steel Sleeper: 136 Lb. (Approx) 
Wetght of Two Chairs: 44Lb. (Approx.) 


Total : 180 Lb. 


Fig. 6. LONGITUDINAL SECTION ee OF SLEEPER 
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bending test. A strip 1} in. wide by 12 in. long, cut Fig4. PP as 


longitudinally from the thicker portion of the plate, 
must be capable of being bent, either by pressure or 
by blows with a hammer, round a bar of a diameter 
equal to the thickness of the test-piece. This bending 
test is considerably more rigid than that for structural 
steel, and is of particular importance for users (mainly 
Colonial) of the pressed-up lug type of sleeper for 
flat-bottomed rails, 

Sleeper bars may be pressed into sleeper form either 
in one operation at rolling heat, which is the Conti- 
nental practice, or in two operations. If the latter 
process, that usual in this country, be adopted, the 
sleeper bars must be reheated and delivered to the press 
at a regular temperature. 

The punching-up of lugs for flat-bottomed rails 
necessitates special care to ensure that correct gauge 
is given on the finished sleeper. Should such punching 
be performed in two operations, the sleeper must be 
allowed to get perfectly cold before reheating for the | 
punching of the second pair. Failure of insistence on | 
these details inevitably results in gauge variations. The 
gauge tolerances which are allowed by engineers show | 
considerable variation. The general practice is that, | 
although tightness of gauge is disallowed, slackness up | 
to 4-in. is permitted. On the Great Western Railway, | 
a tolerance of + ,4, in. is allowed; with the composite | 
type of sleeper (chairs cast on to sleeper plates) in 
most general use by that company, no difficulty is | 





experienced by the manufacturers in keeping well) benefit both to the manufacturer and the purchaser. 


within these tolerance limits. 

Dipping of Sleepers.—All preservative coatings, at | 
any rate on the upper surfaces, are very soon worn off | 
by “ lengthmen,” and others walking the tracks. The | 
author feels, however, that steel sleepers should be pro- 
tected by a suitable rust-resisting coating, and here | 
again, he is faced with divergence in practice, more as | 
to the means of application than as to the composition | 
of the preservative. To be effective, the coating should | 
be smooth, tenacious, sufficiently hard not to soften | 
on exposure to the direct rays of the sun, producing | 
a temperature of 140 deg. F., but not so brittle when | 
cold as to chip when tapped with the edge of a knife. 
Table 1, annexed, illustrates the divergences in practice | 
referred to. 


With considerable know edge of the difficulty of the | 


removal of mill scale from structural steel, the author 
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Standardisation of supports to suit both bull-head 
and flat-bottomed rails presents greater difficulties than 
the standardisation of sleeper plates, but is, perhaps, of 
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seen the removal of steel sleepers in this district after 
only six years’ service. 

The Continental users of flat-bottomed rails incline 
to the use of steel bearing plates with all classes of 


TABLE I.—CoatinG oF STEEL SLEEPERS. 


Process De Wendel. 


180 deg. to 240 deg. C. 150 de 


Sleeper temperature 
| (356 deg. to 464 deg. F.) 


before dipping 


65 deg. to 70 deg. C. .. | Appr 


Temperature of bath 
(140 deg. to 158 deg. F.) 


~ 


Maximumtimeofimmer- 10 seconds 


(302 deg. to 392 deg. F.) ive 
No fixed maximum before 
dipp 


Thyssen. Ougree. 


eg. to 200 deg. C. 62 deg. to 70 deg. C. 

(143-6 deg. to 158 deg. F.) 

ing. 

‘oximately 200 deg. C. 
392 deg. F.) 


Ditto. 


% 
No fixed maximum or mini- 
mum. 

Approximately 


5 minutes 50 seconds. 


sion (sleepers pass through bath 
on chains). 


Special remarks regard- | The bath is primarily heated 





The bath is heated by means 


has grave doubts as to the efficacy of any preservative | ing process used for | by hot bars, the tempera- | of coiled tubes through the same time as in the bath, which 
coatings applied almost immediately after rolling and | heating bath ture being Rca ag | waich steam flows, raising attains the raga - ——— 
ae oh 2 See 1988 ° ° intai , . a are F 2 i as afte e first sie as 
pressing. He inclines to the view that if, as time alone Sewaee” | Matias | Lome eee 
will show, corrosion determines the life of a steel | owing to the inflammable nature of 
sleeper, the remedy will be rather in the direction of the dipping composition used, and the 
an admixture to the steel of a non-ferrous metal, for gage gap se ee ae 
example, copper, than in the external application of | oo toes ond ee es are carried 
preservatives. The economic value of such an admix- | through on an endless chain. 
ture must, however, be the ruling factor. i ee _ a _— ee ee 
Comparison of Continental and British Practice— | less importance. There is no doubt that, with some | sleepers, and whilst the rigid attachment of these to 


The main difference between Continental and British latitude, a helpful measure of standardisation will be| steel sleepers presents comparatively little difficulty, 
methods of manufacture of steel sleepers lies in the reached with separate standards to suit the two types | the problem of providing a similar attachment for the 


method of pressing. In Belgium and Germany, 
sleepers are pressed direct from the ingot into per- 





of rail. 
General.—The main difficulty was that experienced 


| rail chair necessary for a bull-head rail presents far 
greater difficulties. 





The sleepers remain in the furnace [or 
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The riveting of cast chairs can, without hesitation, be 
ruled out as being uneconomical, if not impracticable. 
Bolting is open to the great practical objection of the 
difficulty in maintaining close contact between the 
chair and the sleeper. Clipping introduces an undesir- 
able number of members requiring constant mainten- 
ance. The contact difficulty appears to have been 
successfully overcome by one manufacturer by actually 
casting on the chair to the sleeper, and by others by 
welding to the sleeper a rolled steel chair. In another 
type, the chair jaw forms an integral part of the steel 
sleeper, the rolled bearing plate, on which the rail beds, 
being held in position by driving, to the correct degree 
of tightness, a special wooden rail key. 

For the reasons previously given, the author would 





hesitate to recommend a trial in actual service of any 


SANDBERG TYPE (1930 PATTERN USED ON 6.W.R.) 


Weight of Sleeper for 4.84 G 
Weight of Baseplate8&% 


Fig.i1. 


6. (approx) BASEPLATE 
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a sleeper of this type, sufficiently reliable to justify 
actual service tests, was put on the market at an 
economical cost. Experimental lengths are under 
observation by each of the railway groups, particular 
attention being given to the maintenance of correct 
gauge of the track and to the reliability of the welding, 
the efficiency of which depends to such a great extent 
on the human element. Selected welds undoubtedly 
pass high and satisfactory tests, but in railway service 
not only the selected, but the general, must be perfect. 
The sleeper is illustrated in Figs. 6 to 10. 

The Sandberg Type.—In this type of sleeper the 


necessary lateral support for the bull-head rails is | 


given by means of lugs, or jaws, pressed up from the 
top plate of the sleeper, which is ribbed to give the 
necessary rigidity. The rail seats consist of loose steel 


e: 133 Lb. (approx.) 




























NS 











Fig .t3. Hf 
Gg {ERSSES 
PERE 
y RNY 







es 
M4, 


= 












“ENGINEERING” 


SECTION A.B. 





Fig.14. 
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Estimated Weight (Sleeper Plate 9'4'Lq.): 186-187 Lb. 


Fig. i6. LONGITUDINAL SECTION 


Zo 
VSS 


aaa —48% Gauge 

















Fig. 18. SECTION OF PLATE 


SSS SSS se a a a a ae > 





(5049.6.) 


was a permanently rigid one. 


render maintenance costs prohibitive. 


extensively used in this country and in India. 


year, about 120 miles of bull-head track laid with 
these sleepers, and foreign railway companies (including 
those in India) about 66 miles of flat-bottomed track. 
The first trials in this country were made in 1928, and 
after various modifications as a result of these trials, the 
sleeper has taken the form shown in Figs. 1 to 5, page | 
776. This sleeper has, on the whole, given excellent 






An attachment of | is to say rail and plate, being held firmly in position by 
metal to metal requiring constant adjustment would | the spring of the jaws acting through specially-shaped 
|keys. Following the laying in 1918 of a trial length 

The ‘‘G K N” Composite Sleeper (Guest, Keen and|on the former London and South Western Railway, 
Vettlefolds Type).—This type of sleeper is somewhat | considerable lengths are now in service on the Southern 
British | Railway, and experimental lengths are under observa- 
railway companies had in service, at the end of last | tionin service on the other railway systems. This sleeper, 
illustrated by Figs. 11 to 15, calls for particular care in 
the fit and drive of the keys and attention to “‘ creep,” 
which is greater than that with chaired road, owing 
to the reduced width of lateral grip of the rail in the 
chair jaw. 
in service after consolidation of the ballast bed. 





Fig.20. SECTION AT 
CENTRE OF SLEEPER 
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type of steel sleeper unless the attachment of the chair | plates, shaped to the requisite “ tilt,” the whole, that 


It has, on the whole, given excellent results 


The Ebbw Vale Type.—This is a pressed-up type of 


The Workington Type (United Steel Companies).— 
This interesting example of a practical design of steel 
sleeper (of which a trial length has been in service for 
some twelve months) provides additional lateral support 
to the welded joint by a ‘“ dishing ” in the sleeper plate. 
The rail seat in the rolled chair is formed to give the 
necessary “tilt” to the rail, and the chair jaws are 
strengthened by wings which rest upon and are 
electrically welded to pads pressed up from the trough 
of the sleeper. It is illustrated in Figs. 21 to 27. 

There are practically no data available relating to 





results in service after the new ballast bed has settled | sleeper, in which the whole of the chair supports are 
down and consolidated ; the track so formed maintains | formed during the manufacture of the sleeper, which 
its line and level on curved sections as well as on straight, | is complete in itself. Such a sleeper, having no loose 
in a satisfactory manner. | parts, should, provided that accuracy of tilt and gauge 

The Rolled Steel Chair Welded to Sleeper (Dorman, | be assured, stand up well to the practical tests which 


the life of steel sleepers under the present conditions 
obtaining on British railways. The life of such sleepers 
in countries where the climate is not subject to the 
changes of humidity and temperature which prevail 
in our own, is no indication of their life in this country. 

With the object of obtaining data as full as possible 
under all conditions, steel sleepers have been laid on 
the Great Western Railway in various localities subject 
to as great a variation as possible in class, speed, and 
density of traffic, gradient and alignment of track. 
nature of formation, and composition of ballast. 
Among these trials, of particular interest are those in 
the humid atmosphere of the South Wales Valleys, 
where lengths of steel sleepers have been laid with slag 
ballast (a local product) on severe gradients and sharp 
curvatures. Should it be found that the life of these 
sleepers is unduly reduced owing to corrosion set up 
by the deleterious action of sulphur, &c., in the slag 
ballast, the use of steel sleepers would be abandoned 
in such area, since it would obviously be uneconomical 
to transport stone ballast into a slag area, and vice 
versa, unless the steel manufacturers produced at an 
economic price an alloy steel impervious to such action. 

Electrical Insulation.—There still remains one great 
difficulty which at present entirely prohibits the use 
of steel sleepers on certain sections of track. It is the 
problem of insulation on electrified and track-circuited 
sections, a problem which has already more than once 
caused some little difficulty in locating trial lengths. 
Unless some economically efficient insulation can be 
devised, this limitation to the use of steel for sleepers 
can only be overcome by a modification of the signalling 
system to afford, by means independent of track 
electrification, control similar to that now given by 
track-circuiting. Several such devices are in the 
experimental stage, and merit serious attention. 

Crossings.—Although in Germany, if not elsewhere, 
a certain limited use is made of steel sleepers for 
crossing-work, these do not appear to be very successful, 
partly owing to the lack of strength of the longer 
members, partly to difficulty of efficient packing, on 
account of the close spacing, and partly to difficulties 
of alignment, except with standard junctions of a 
simple character. 

The weakness difficulty has been overcome to an 
extent in Germany, by filling the sleepers with hard- 
wood timbers, or with concrete reinforced with stout 
wire-netting. Such a filling, resulting in a solid sleeper, 
does remove the ballast packing difficulty, but it 
would not appear to be either a really practical or 
economical solution of the difficulty. 

In the case of the composite, chaired type, the 
difficulty of correct alignment would appear to preclude 
the use of steel sleepers for crossing-work. 

Steel Sleepers on the Great Western Railway.—Of the 
total of 14,275 tons of steel sleepers in service on the 
Great Western Railway, 14,010 tons are of the 
“GK N” type. These sleepers only differ from the 
G.W.R. standard timber sleeper in that the chair, 
instead of being secured thereto by means of two 
bolts, is cast on and held in position by means of four 
cast-iron snugs, which are really rivets. 

The first trial length of about half a mile was laid 
down between Risca and Cross Keys, and has been in 
service for two years. This section of line is formed 
of comparatively sharp curves, some as sharp as 11 
chains radius, and carries some 40,000 tons of traffic 
(principally coal) every 24 hours. In this instance, the 
locally-produced slag ballast was used with the object 
of ascertaining the corrosive action of sulphur, &c., in 
the slag. The second length, also about half a mile, 
was laid near Twyford on the down relief line over 
which speeds of 60 miles an hour are commonly run. 
The section is slightly curved. The sleepers used on 
each of these two sections were 8 ft. long. At Swindon 
a specially-prepared short section of the main line over 
which very high speeds are commonly run, was laid 
with equal lengths of 8 ft. and 8 ft. 6 in. steel sleepers, 
and 8 ft. 6 in. standard timber sleepers. 

As a result of these trials, it was decided to adopt 
the 8 ft. 6 in. sleeper as the standard, and all subsequent 
orders were for steel sleepers of this length. Some 
doubt was felt at first as to the method to be adopted 
to ensure that the sleepers would be adequately filled 
with ballast before the passage of traffic. 

With the early trial lengths the following methods 
were adopted :—(a) Forming ballast mounds by hand. 
(b) Filling the inverted sleepers with ballast and tilting 





Long Type).—Although various designs had been put| some of the companies have in hand. The sleeper is 
forward, it was not until the latter part of 1930 that illustrated in Figs. 16 to 20, above. 


them over to the correct position. (c) Levelling the 
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old ballast (after addition of new ballast if required), 
placing the sleepers in correct position, and rolling 
them in with a locomotive. 

Of the three methods, it was found that the two first 
were not sufficiently exact and were too slow. The 
third method, that of rolling in the sleepers, appears to 
be the most generally suitable. So far as the author’s 
experience goes, steel sleepers require considerably more 
attention immediately after relaying than do wooden 
sleepers, but when the new ballast bed becomes firmly 
consolidated, the steel sleeper track holds the line and 
level with less maintenance. When changing from 
timber to steel, extra ballast is needed to maintain 
level. 

In Appendix I (not reprinted), the author set forth 
tables showing first costs, scrap values (at end of 
ultimate life), capital sums for reproduction in per- 
petuity, &c., per mile of track. As these figures were, 
in the case of the timber sleeper, based on definite life 
figures, and in that of the steel sleeper on assumed life, 
the comparison cannot be regarded as final. 

In Appendix II are set out the results of bending, 
drop, and chair jaw tests carried out in connection with 
the supply to the Great Western Railway of the first 
consignment of ““G K N”’ composite sleepers, with 
some special tests of sleepers in which chair defects 
developed in service. 

That the railway companies have confidence in the 











developments occurred as the effect of two further 
blows with a 4-ft. drop. 

Test (2) consisted of a succession of blows with a 
4-ft. drop of the tup. At the tenth blow the chair 
broke through the rail seat on the key side. 

Chair Jaw.—The testing gear was that used for 
proving chairs bolted to timber sleepers. 

Two tests were carried out. Under each there was 
no movement of the chair on the sleeper or loss of 
snug tightness, fracture of key jaws occurring at 20-5 
and 18-7 tons, respectively. Subsequent attempts to 
break off the snugs by direct pull were unsuccessful. 

Following some isolated cases of partial fracture in 
service of chair seats, similar testis were undertaken 
on these sleepers, with the following results :— 

Sleeper No. 1.—Chair A cracked in line. Key jaw 
broke at 20 tons through existing crack. 

Chair B not cracked in line. Key jaw broke at 
21-8 tons. 

Sleeper No. 2.—Both chairs cracked in line. Key 
jaw side. 

Chairs broke through existing cracks at 14-8 and 
15-7 tons, respectively. 

Sleeper No. 3. (Dead Load.)—Chair A cracked in 
line on rail jaw. Crack commenced to open under 
30-ton load. Complete fracture was reached with 
twenty-five blows from hammer with steel wedges. 

Chair B not cracked. Base of chair under key jaw 


WORKINGTON TYPE. 


Weight of 8:6" Sleeper Plate: 164 Lb. 
Weight « of Two Chairs: 32 Lb. Total: 196Lb. 


Fig.21 
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Fig.23. CROSS SECTION OF CHAIR 
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practical value and the ultimate success of the steel | 
sleeper is indicated by the extensive use of the various | 


types to which reference has been made. This is illus- 
trated by the table in Appendix III. 


Experience has proved that heavy traffic, at speeds | 


approaching, if not exceeding, 80 miles an hour, may 
safely be run on tracks of these descriptions, and 
provided that steel sleepers have an ultimate life 
economically comparable with that of timber, our home 
industries and our national prosperity should, in the 
future, be greatly benefited by their extended use. 


ApprENDIXx II. 


Bending, drop, and chair jaw tests were carried out | 
on the first consignment of steel sleepers (““G KN” | 


type, 8 ft. long) with the following satisfactory results :— 

Bending.—Sleeper supported on rigid bearings 12 in. 
apart, equally spaced on either side of centre of rail 
seat, where pressure was gradually applied through 
a 10-in. by l-in. steel plate thrust-piece. 


In two tests signs of cracking of the rail seat of the 


chair occurred under a ioad of 26-5 tons. 

In test (1) an increase in load up to 38 tons produced 
no increase in fracture either of chair or snugs, nor 
did any lateral movement of chair or sleeper occur. 


In test (2) no further fracture occurred with an | 


increased load of 36 tons, but a slight buckling of the 
sleeper took place. 


Drop.—Sleeper supported on a bed of sand, blows | 


from a falling tup weighing 3} cwt. being struck on a 
short length of rail keyed into a chair. 

Under test (1) the tup was allowed to fall from 
heights varying from 2 ft. to 7 ft. by increments of | ft. 
The first sign of cracking occurred on the key side of 
the chair when the drop reached 7 ft. No further 











Fig.25. 
SIDE ELEVATION OF CHAIR 





Fig.27. 
SECTION OF CHAIR PLATE 
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cracked at 27 tons and fractured with a further seven 
hammer blows on steel wedges. 
In all cases the chairs were tight on the sleepers. 





AppeEnpDIx III. 
Approximate Tonnage of Steel Sleepers Actually in Service 
or on Order by the four Group Railway Companies at the 
End of 1930. 





Sandberg .. on ~ 74*| 








Sandberg .. a .-| 5,000 | 727 | — 91 
if Si ae --| — | 7,406 | 500 | 14,010 
United Steel Company ..| 87 | 127 587 87 
Dorman, Long and Com- 
pany... és ++ 87 | 125 87 87 
Teeside Company Se = gl as | 500; — 
Tons... .-, 5,248 | 8,385 | 1,674 | 14,275 
' 





* First length laid 1921. 
Notr.—Up till the end of September, 1931, the total mileage 
(representing 18,069 tons) of steel sleepers laid down on the Great 


| Western Railway was 80 miles. 








THE British InpustRIES Farr.—We_ understand 
that upwards of 120,000 large folder-letters have been 
despatched to buyers in all parts of the world, giving them 
particulars of the British Industries Fair, which is to be 
held concurrently at Olympia and the White City, London, 


'and at the Exhibition Buildings, Castle Bromwich, near 


Birmingham, from February 22 to March 4. Besides 
being written in the buyer’s own language and addressed 
to him personally, the letter bears the flag of his own 
country flying beside the Union Jack. 





CATALOGUES. 


Garage Lighting.—Messrs. The Benjamin Electric, 
Limited, Tariff-road, London, N.17, have issued a 
catalogue of fittings specially adapted for lighting 
garages. 

Valves.—Messrs. Ismailia Valve Company, 17, Victoria- 
street, London, 8.W.1, have issued some further lists 
and illustrations of their tide flaps, penstocks, stop 
valves and pump valves, giving dimensions and other 
particulars, 

Electric Lamps.—A list of special electric lamps for 
sound-film apparatus, day colour-light street signals, 
television receivers, lighthouses, &c., has been issued 
by Messrs. The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2. 

Drawing Office Equipment.—Mr. J. W. Smith, High- 
street, Coventry, has issued an excellent catalogue of 
instruments and materials for drawing offices and 
technical colleges, including a good range of slide rules 
and scales, in addition to the usual items. 

Electrodes,—Messrs. The Sure-Are Electrode Company, 
Limited, 63, Crutched Friars, London, E.C.3, have issued 
a pamphlet describing the qualities and methods of 
using their electrodes for reconditioning railway and 
tramway crossings, with illustrations of work done and 
notes of the time taken. 

Storage Batteries.—Messrs. Edison Storage Battery 
Distributors, Limited, Victoria House, Southampton- 
row, London, W.C.1, have sent us a descriptive catalogue 
of batteries, with illustrations of ships, locomotives, 
omnibuses, and other road vehicles, trucks, &c., for 
which they are suitable. 

Steel Sheet Piling—We have received from Messrs. 
Metallurgia Eisen und Stahl-Handel. G.m.b.H., Berlin, 
W.15, a handbook describing the ‘‘ Hoesch ” design of 
steel-sheet piling. The text is in English and the methods 
of applying the various sections are illustrated, as well 
as a number of completed works. 

Stone-Preparing Machinery.—Messrs. Marshall Sons 
and Company, Limited, Gainsborough, have sent us 
a new catalogue of machines for treating and handling 
stone, sand, gravel, &c., including crushing, washing, 
drying, screening, and grading plant, and a variety of 
lifting, elevating and conveying machines. 

Cement.—Messrs. Thomas W. Ward, Limited, Sheffield, 
have sent us a pamphlet de -ribing the qualities of the 
cements made by Messrs. The Ketton Portland Cement 
Company, Limited, for whom they are sole distributors. 
The cements are sold under the trade names “ Ketco” 
and ‘ Kettocrete,” and test rests are given, 


Steel Pit Props.—A catalogue of pit props, trees, arches, 
and end pieces made of steel, is to hand from the 
British Steelwork Association, Art Ilery House, West- 
minster, London, 8.W.1. They are illustrated in working 
positions for the different forms of support required, a 
wedge device being included to afford easy release. 


Pressure and Vacuum Gauges.—Messrs. Budenberg 
Gauge Company, Limited, Broadheath, Manchester, 
have sent us a copy of their new catalogue of pressure 
and vacuum gauges and related fittings. Contactor 
or snap-action devices can be fitted by which the gauge 
pointer operates an electric signal at a predetermined 
position. 

Ball Mills.—A catalogue of the ‘Colorado’ con- 
vertible discharge ball mills is to hand from Messrs. 
Head, Wrightson and Company, Limited, Stockton-on- 
Tees, containing a list of 27 standard sizes with cylinders 
ranging from 3 ft. by 3 ft. to 7 ft. by 10 ft. Some 
descriptive notes and information for operating the mills 
are added. 

Shipbuilding.—Messrs. Harland and Wolff, Limited, 
Belfast, have issued a quarto pamphlet containing a 
series of illustrations of the steam and oil-engined ships 
they have built for naval and mercantile service. Some 
illustrations of their shipyards and workshops are in- 
cluded, and reasons are given why shipowners should 
place contracts for new vessels before the tide of trade 
begins to turn. 


Chains.—A catalogue of chains for driving, conveying, 
cutting, &c., has been issued jointly by Messrs. The 
Coventry Chain Company, Limited, Coventry, and 
Messrs. Hans Renold, Limited, Manchester. There are 
very full lists of chains for each of the various purposes, 
with dimensions and prices. Kindred parts, such as 
chain wheels and various special tools, are also listed and 
illustrated, 

Shafting and Fittings.—Messrs. Smith and Grace, 
Limited, Thrapston, Kettering, have issued a new 
catalogue of shafting, pulleys, couplings, plummer block 
and other bearings, &c. Particulars are included of 
the “ Veeflat’”’ belt drive, in which the belt engages 
side grooves in the small pulley and the flat surface of 
the large pulley, where the ratio of diameters is not less 
than 3} to 1. 

Valves and Boiler Mountings.—Messrs. Dewrance and 
Company, Great Dover-street, London, S.E.1, have 
issued a new edition of their catalogue of valves and 
boiler mountings, arranged in sections and extending to 
over 300 quarto pages. The valves include a full range 
of those usually classed as stop, isolating, blow-off, 
feed-check, safety and relief. The catalogue also deals 
with pressure and vacuum gauges, steam traps, reducing 
valves, cocks, general fittings and white metals. All 
items are illustrated, and a table of sizes for each pattern 
is given. A separate section is devoted to forged-steel 
valves, which are also included in the classified sections. 
The catalogue is well arranged for easy reference, and 
is accompanied by a separate list of references, dimen- 
sions and prices, 
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THE QUADRUPLE-SCREW TURBO- 


|ing, manufactured by Messrs. David Brown and 


ELECTRIC LINER ‘‘ MONARCH OF |Sons (Huddersfield), Limited, Huddersfield, to a 


BERMUDA.” 
(Concluded from page 721.) 


As mentioned in the earlier pait of our description 
ot the Monarch of Bermuda, in addition to operating 
the propulsion equipment electricity is also used for 
driving practically all the auxiliary machinery, in- 
cluding not only that connected with the main 
generators, but also the refrigerators, laundry instal- 


750-kw. generator, which runs at 750 r.p.m. and 
supplies direct-current at a pressure of 220 volts. 
These generators are of the General Electric open 
compound-wound marine type and are provided 
with special insulation and finish to render them 
suitable for operation under tropical conditions. 
Each generator is connected to a panel at the 
centre of the main direct-current switchboard, a 
view of which is given in Fig. 31. This board, as 


lation, gymnasium fittings and printing presses. It|/shown in Fig. 18, on page 691, of our issue 
is further employed for lighting, heating and cooking. | of December 4, is also installed in the auxiliary 


Fia. 30. ‘ PLURAL STARTER”? SWITCHBOARD. 


Fig.32. DIAGRAM OF CONNECTIONS OF PLURAL STARTER SYSTEM. 











engine-room and comprises 























a aaeae coeeraa panels, from which the ex- 

FOR SPARE STARTER oe anels, Irom - , 
a SSIES 7 citation circuits of the main 
—— ° propelling machinery, the 
_—? engine room, deck and 
Fas ISOLATING ISOLATING sraarine other auxiliaries and the 
F ties a | (peves \ testrantes BAR heating, lighting and cook- 
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electrically operated 4,000- 
ampere multi- pole line 
contact circuit-breaker of 
the General Electric Com- 
pany’s design, which is 
actuated by push buttons, 
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auxiliaries outside the 


Power for all these purposes is obtained from four | engine-room are equipped with manually operated 





second board in the auxiliary engine room, a view 
of which is given in Fig. 30. The use of this arrange- 
ment, it is claimed, effects a considerable saving in 
floor space. The apparatus used in this system 
may be divided into three parts : A control unit for 
each motor, which is mounted on the latter, the 
common starter, which is located behind the switch- 
board, and two line and one starting contactors for 
each motor, which, together with the necessary 
tripping relays, are mounted on the switchboard 
panels. The control unit consists of start and stop 
push buttons, isolating links, a shunt regulator, an 
ammeter and pilot lamp. The starter is of the 





Fie. 31. Marin Direct Current SwitcHBoARD. 


motor-operated drum type, a pattern which has 
been adopted, owing to the fact that it can be 
employed over a wide range of current. The drum 
is arranged to make a complete revolution each time 
a motor is started, and, in order to give a longer 
starting period for the larger machines, its operating 
motor is provided with two independent field wind- 
ings, one of which is a light series winding, designed 
so that it gives a starting time suitable for the 
smaller machines, while the second, which acts in 
conjunction with the first, is connected across the 
starting resistance. When starting a large machine, 
the sustained voltage drop across this resistance 
energises the winding and strengthens the field, so 
that a proportionately longer starting period is 
obtained. The resistance has such a total value 
that it is suitable for starting the smallest machines, 
while its later steps are of sufficient section to carry 
two or three times the current of the largest machine. 
This method of grading enables motors, the horse- 
power of which is in the ratio of 10 to 1, to be started. 
The line and starting contactors are of standard 
pattern and are, of course, suitably dimensioned for 
the current they have to carry. 


































turbo-dynamos, which are installed in an auxiliary | circuit-breakers of a similar type, the capacities of 
engine-room at G deck level. As shown in Fig. 14, | which vary from 400 amperes to 1,200 amperes, while 
Plate XX XIII, and Figs. 18 and 19, on page 691, | circuit-breakers with capacities varying from 300 
of our issue of December 4, this engine room is| amperes to 2,000 amperes for controlling the engine- 
Separated into upper and lower decks and is | room auxiliaries and other circuits are mounted on 
divided into three parts by the lower swimming | the remaining panels. The switchboard is 56 ft. long. 
bath. Each of these machines, one of which was| ll the engine-room auxiliaries are controlled on 
shown in Fig. 4, Plate XX XI, consists of a Fraser and the General Electric Company’s “ plural starter” 
Chalmers turbine, which is supplied with steam under | system, the principle of which is that only one starter 
the same conditions as the main sets and runs at | is used for a number of motors, the starter itself and 
6,000 r.p.m. This turbine is coupled through gear-| its associated equipment being centralised on a 








The method of operating this system may be 
explained by reference to the diagram given in 
Fig. 32. When the start push-button is depressed, 
the starting and negative line contactors close, thus 
connecting one terminal of the motor to the negative 
line and the other to the starter through the starting 
*bus bar. At the same time the starter is set in 
motion by its operating motor, and the resistance is 
gradually cut out in the usual way. When all the 
resistance has been cut out, the motor is connected 
to the positive “bus bar through the running 
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Fie. 33. Auxm1aRy Pumps on Port SIDE. Fie. 34. 25-Kw. Negative Booster Szts. 


contactor. The starting contactor then opens and | 
the starter, the drum of which has automatically re- | 
turned to the off position, can be used for starting a | 
second motor. During, and after, starting the motor 
is fully protected by an overload relay, which opens 
both poles of the motor circuit breaker, when it trips. 
Interlocks ensure that all the “start” buttons on 
the motors themselves are inoperative when the 
starter is actually in use on another motor. 

Two complete sets of “ plural starter” equip- 
ment are provided, one of which is installed in the 
engine-room and controls twelve motors, while the 
other is placed in the motor-room and controls 
seventeen motors. Each installation is completed 
by a stand-by starter, which can be brought into 
action by a change-over switch, should the first 
starter fail. In addition, each starter can, in emerg- 
ency, be operated by hand 

The ship’s auxiliary system as a whole is pro- 
tected by a “ non-essential circuit ’ tripping system, 
which operates in the following way: Each circuit 
and each motor is provided with a shunt trip, which 
is connected to one of two ’bus bars. Should the 
auxiliary generators become overloaded, these 
two ’bus-bars are successively energised by timing 
relays, the first, five seconds after the occurrence of 
the overload, and the second, after a further interval 
has elapsed. The energisation of the first *bus-bar 
causes current to be supplied to the shunt trips 
of circuits of secondary importance, such as the 
winches, a portion of the ventilating plant and 
part of the lighting. If the overload persists, the 
second ’bus bar is energised in turn, and a further 
group of circuits is cut out, leaving alive only those 
which are supplying the vital services, such as 
the navigation, engine-room and auxiliary lighting, 
the steering gear, excitation and wireless apparatus. 
It is claimed that under certain conditions this 

> mB R “ LEI LER 
arrangement leads to ‘a considerable saving in 
running costs, as it is possible to use each generator 
up to the limit of its capacity without endangering | 
the continuity of supply to that plant, which must | 
be kept running in any circumstances. | to the main ’bus bars through a trickle charger, ; scheduling some of its main features. The motors 

When the auxiliary dyaamos are shut down, or| and comes into action automatically when required. | used for driving the ballast, bilge, sanitary and 
in cases of emergency, the more important power| Both the emergency dynamo and the “ panic” | fresh-water pumps and turning gear are of the 
requirements of the vessel can be met by a four-| battery are connected to a switchboard in the| marine or drip-proof pattern, and comply with the 
cylinder British-Fiat Diesel engine, which runs at | emergency dynamo room, from which the various | specifications of both the British and American 
900 r.p.m. and drives a 45-kw. dynamo. This set is | emergency and * panic ”’ circuits are fed. The ’bus | authorities, all coils being impregnated both before 
installed aft on B deck and is illustrated in Fig. 35. | bars of this board are arranged so that a supply of | and after winding. In this connection it may be 
In addition, energy can also be obtained from an/| current can also be received from or given to the | mentioned that to avoid numerous openings in the 
Exide-Ironclad battery, with a capacity of 256 amp- | main switchboard. |Ship’s sides for scupper and sanitary discharge} an 
hours. This is mainly intended for the independent The auxiliary plant of the ship does not depart | internal sewage system is used. A view of some of 
supply of the “panic” lighting circuits and | from what has come to be recognised as good modern | these pumps appears in the background of Fig. 33. 
emergency steering gear. It is normally connected | practice, and space precludes our doing more than | while two of the fans which are driven by horizontal 











Fie. 35. 45-Kw. EMERGENCY GENERATOR. 
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| By a simple adjustment of the contactors, the 
winches can be made suitable for handling a maxi- 
| mum load of 5 tons. When two winches are coupled 
| together they can both be controlled from one 
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36. Deck WINCHES. 


| | master controller and can also be operated from a 

| small portable controller, which is strapped to the 
| back of the driver, thus leaving him free to move 
about and supervise the handling of the cargo. The 
winches are protected by an overload relay which 


| trips the line contactors through the no-volt relay. 
| After an overload the handle of the master controller 
: an 4 must be returned to the off position in order to re-set 
| the no-volt relay and re-start the winches. 
| The four Linkleter’s self-levelling accommodation 
| ladders are raised and lowered by 7-h.p. electrically- 
| driven winches supplied by Messrs. Brown Brothers, 
jand Company Limited, Edinburgh. These are 
| arranged for continuous running and have a capacity 
/of 15 ewt. at 100 ft. per minute, while the 14 
| Fleming lifeboats and two launches are also raised 
| by electrical power, lowering, however, being 
|effected by Welin, McLachlan davits of the auto- 
| matic gravity type. An illustration of. the boat 
| davit gear appears in Fig 37. 
| Mention may also be made of the fact that the 
| vessel is served by three passenger lifts running 
lat 150 ft. per minute, six baggage and mail lifts 
| running at 60 ft. per minute, and four 1}-ton cargo 
| lifts running at 90 ft. per minute. These are all 
| controlled by push-buttons and were manufactured 
| by Messrs. The Express Lift Company, Limited, 
| London. 

Owing to the confined channels of Bermuda 
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Fig. 37. 


motors, are visible in the foreground. The type of 
motor used will also be gathered from Fig. 34. 
This showing two of the booster sets, whose object 
was explained in connection with the main control. 

The deck machinery, which was supplied by 
Messrs. Clarke Chapman and Company, Limited, 
Gateshead, comprises a naval type windlass, four 
warping capstans and four winches, two of the latter 
being illustrated in Fig. 36. The windlass has two 
vertical spindles, which carry the cable lifters for 
handling the 3}-in. cable. Two additional spindles 
each carry a capstan head for warping purposes. 
The vertical shafts are driven through worm spur 
and bevel gearing by a 150-h.p. enclosed ventilated 
motor, which runs at 400 to 900 r.p.m. This motor, 
Which is controlled by the Clarke-Chapman booster 
system, is, together with its controlling motor- 
generator, placed below the deck. This system, 
Which is supplied from the 220-volt mains, is 
protected against overload, and gives a character- 
istic similar to that obtained with steam gear, 
though, it is claimed, it is much more economical 
in power consumption. The overall working effi- 


ciency is also higher than with contactor control, per minute. The control gear is of the contactor 
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| Harbour, special attention had to be paid to the 
| design of the steering gear, an illustration of which 
| is given in Fig. 38, page 782. This consists of two 
| main pumping units, and one emergency unit. Each 
|of the former comprises a 42 h.p. Witton motor 
| driving a Williams-Janney variable delivery pump. 
| The motors are started and stopped from the bridge 
| by an hydraulic telemotor, and so arranged that the 
pump, which is in action, delivers oil under pressure 
to the hydraulic cylinders on the system developed 
| by Messrs. Brown, Brothers and Co., Limited, who 
supplied the gear. The rams in these cylinders are 
connected to the tiller, so that the rudder moves in 
exact response to the movements of the steering 
| wheel. Each of the main pumping units is capable 
of meeting all the ordinary steering requirements 
|and a change over can instantaneously be made 
|from one to the other. Moreover, both can be run 
| together in close waters. The emergency unit, 
| which is driven by a 7-5 h.p. motor, supplied from 
| the “ panic” battery comes into operation, if the 
| main motors fail and is switched out automatically 
| when they are restored. Tests show that the emer- 
gency motor can be brought up to full speed within 
14 seconds of the main supply failing. The rudder 
itself is of the Simplex type and was supplied by the 
Deutsche Werft, Hamburg. It is stated that it is 
the first of its kind to be fitted to a British-built 
quadruple screw vessel. 

All the public rooms and living spaces are heated 
controller on the top deck near the capstan heads. |and ventilated by the Therm »tank punkah-louvre 
The cable lifts are capable of raising a load of |S8Ystem, the temperature being set to and main- 
28-5 tons at a speed of 38 ft. per minute, and | tained at any desired figure by thermostats, which 
the capstans can exert a pull of 10 tons at 130 ft, | 4 mounted on a panel in the fan-control room. In 
per minute. The warping capstans, operated in the this room there are also push button panels for start- 
same way as the windlass, are placed two forward | ing and stopping 60 out of a total of 126 of these 
and two aft. As one of the latter is intended | Units. Air filters are fitted to the inlets of all the 
for handling the stern anchor, it is provided with | Thermotanks. The kitchen spaces, laundry and 
dual control, so that it can be worked from two | baggage rooms are ventilate d on the same system, 
decks. Each capstan is driven through worm and | While the engine room is ventilated by four 50-in. 


bevel gearing by a 75-h.p. motor running at a speed diameter Aeroto reversible fans, manufactured by 
of from 250 to 1,000 r.p.m., and can exert pulls of | Messrs. British Aerotechnical Company, Limited, 


15 tons at 45 ft. per minute, 13 tons at 60 ft. per London. These fans each deliver 28,000 cub. 
minute, 3 tons at 160 ft. per minute, and slack at | ft. of air per minute against 1} water gauge. 
240 ft. per minute. The motor room is ventilated by four similar fans 

The winches, which will be used for cargo | With a diameter of 45 in. and an output of 20,000 
handling, are arranged in pairs, so that they can | Cub. ft. per minute against the same pressure. The 
be coupled together by a derrick head, and thus | larger fans —_ driven by 10 h.p. damp-proof motors 
handle loads up to 15 tons at a speed of 30 ft. per | TuUnning at 635 r.p.m. and the smaller by 6°25 h.p. 
minute. Each winch is driven by a 24-h.p. motor | ™otors running at 690 r.p.m. All these units are 
and is designed for a separate duty of 3 tons at installed on the sun deck and are integral with the 
130 ft. per minute, 1} tons at 160 ft. per minute, ventilators, the cowls of which are fixed on the top 


1 ton at 300 ft. per minute, and light hook at 400 ft. of the fan casings. 
The refrigerating plant, which was manufactured 


since there are no main resistance losses. The wind- | type, and is installed in deck houses, watertight; by Messrs. J. and E. Hall, Limited, Dartford, 


lass is started, stopped and operated by a master 


' master controllers being mounted on each machine. ' consists of two vertical twin-compressor enclosed 
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CO, machines each of which is coupled to a 67 h.p. 
variable speed motor. The machines with their 
condensers, evaporators and water and brine pumps 
are placed on the tank top between the two inboard 
shafts as indicated in Fig. 2, on page 690 (ante). 
These machines supply insulated cargo and provi- 
sion chambers, of a capacity of 42,500 cub. ft., as 
well as ice-making plant and other cooling equip- 
ment. The subsidiary cupboards are supplied by 
Hallmark automatic machines. 

As regards fire protection, all the machinery and 
cargo spaces and boiler-rooms are fitted with Lux— 
Rich equipment, by means of which CO, gas can 
be discharged when required, while the passenger 
quarters, linen lockers, and store room are equipped 
with the Silex, thermostatic fire-alarm system, with 
automatic electric supervision, which is arranged to 
indicate and give an alarm signal in the wheel- 
house. This plant was supplied by Messrs. Walter 
Kidde and Company, London, and Messrs. Pyrene 
Company, Limited, Brentford. 

The electric equipment installed by the General 
Electric Company for cooking purposes comprises 
two eight-oven ranges, each with a loading of 
128 kw., a 18-kw. fish fryer, a 10-kw. salamander, 
three 8-kw. grillers and a three-oven range for the 
crew, as well as numerous hot-plates, ovens, and 
hot cupboards. An illustration of part of this 
equipment is given in Fig. 39. 

Communication for navigation purposes is main- 
tained by a complete system of Siemens telegraphs, 
which is operated from dry batteries independently 
of the ship’s mains. The same firm also supplied 
the navigation lights indicators. The helm indi- 
cator and the instruments on the control board in 
the engine-room and on the bridge for indicating the 
direction of rotation and speed of the shaft were 
manufactured by Messrs. Evershed and Vignoles, 
Limited, Chiswick. For communication between 
the passengers and stewards the General Electric 
Company have installed a luminous-indicator system 
which lights a lamp outside the cabin, at the junction 
of each branch alleyway and the main corridor and 
in the local pantry, whenever a button is depressed. 
The same firm have also installed a fire-alarm system 
by which light signals can be given to the bridge 
and telephone communication established, while a 
100-line switchboard allows communication to be 
established both within the ship and between the 
ship and shore. The ship can also be linked 
with the telephone systems of the world through 
the radio stations at New York and Bermuda. 
Finally, broadcast programmes can be picked up 
and transmitted to 39 loud-speakers installed at 
various parts of the ship by a Marconi repeater 
installation. 

The vessel is fitted with a Sperry gyro-compass, 
the equipment including steering and _ bearing 
repeaters, a course recorder, and a repeater for use 
with directional wireless. There are also two 24-in. 
Sperry searchlights of the Suez Canal type, which 
are placed over each bridge wing and are arranged 
for “ pilot-house ” contr! in azimuth and elevation 
from below. They are fitted with 2-kw. incan- 
descent lamps, and the beam can be divided into 
two so as to illuminate each side of the channel and 
leave the centre dark. To enable the ship’s officers 
to estimate the depth of water under the vessel, a 
Fathometer manufactured by Messrs. The Sub- 
marine Signalling Company, Limited, London, is 
fitted, and the same firm has installed a submarine 
receiving equipment. The speed of the ship is 
registered in the chart-house by Walker's Trident 
and Chernikeef logs, the latter instrument also 
showing the distance covered. 

The telephone, telegraph, fire alarm, luminous 
signalling, and other low- voltage circuits are supplied 
from two motor-generators, each of which is capable 
of giving an output of 3 kw. at from 24 volts to 
30 volts, while an alternative supply is provided by a 
160-ampere-hour Exide Ironclad battery. 

The whole of the cabling and wiring both for 
heavy and weak-current purposes was carried 
out by Messrs. The Sunderland Forge and Engi- 
neering Company, Limited, Sunderland, in conjunc- 
tion with Messrs. The General Electric Company. 
About 410 miles of cable and wires were used, all 
of which was manufactured at the Pirelli-General 
Cable Works, Southampton. 
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CHAPTERS IN NAVAL AND MARINE 
ENGINEERING HISTORY—XII. 


By Ena.-Capt. Epaar C. Smita, 0.B.E., R.N. 


EarRty naval engineering history is intimately 
bound up with the progress of mechanical engineer- 
ing in the Royal Dockyards. The history of the 
Dockyards goes back to the reign of Henry VIII, 
but the introduction of machinery, steam engines 
and steam pumps did not take place till the very end 
of the Eighteenth Century. Newcomen pumping 
engines had been used in mines since 1712, and in 
1734 the Swedish engineer, Marten Triewald, had | 
called attention to the great saving both in time and | 
money which might be effected by the use of New- | 
comen engines for pumping out docks and basins, | 
yet the docks in the naval yards continued to be | 
pumped out by either men or animals even long | 
after Watt had made his great improvements in the | 
steam engine. This failure of the naval authorities | 
to utilise one of the greatest of all inventions is 
perhaps not surprising when it is realised that in this 
country during the Eighteenth Gentury the whole 
art of naval architecture was in a state of stagnation. 
Except for sheathing and pumps, Robertson tells 
us, no important improvement in naval architecture 








was patented between the years 1618 and 1800, 





ELectric Cooking EQUIPMENT. 


while Sir Nathaniel Barnaby in his Naval Develop- 
ment of the Century, drew attention to the remarkable 
similarity which existed between the Caledonia of 
the early Nineteenth Century, and the old Sovereign 
of the Seventeenth Century. With the art of naval 
architecture at a standstill, it was not likely that 
improvements in the means of production would be 
forthcoming, and so, although many of the parts of 
ships were admirably adapted for production by 
machinery, the rapid developments which took 
place in our mills and factories, for some time were 
unaccompanied by similar progress in the Royal 
Dockyards. 

The first notable steps in the application of the 
inventions of the Eighteenth (entury to work in 
the Dockyards were taken during the seven years 
administration of George John, second Earl 
Spencer (1758-1834) who was made First Lord of 
the Admiralty by Pitt in 1794. To him the Naval 
Service owed the appointment of Sir Samuel 
Bentham to the important post of Inspector- 
General of Naval Works. The office was specially 


‘created for Bentham, so that he might be freed 


from the control of the Navy Board “a Government 
department to which the execution of the works 
determined upon by the Admiralty was confided. 
but which seems to have been only calculated to 
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enlarge patronage, decrease responsibility and 
multiply the links in the official drag chain of the 
Naval Service.”” Bentham, who was the younger 
brother of Jeremy Bentham, the “ utilitarian ”’ 
philosopher, was born in 1757 and died in 1831. 
Educated at Westminster School, he early dis- 
played a fondness for mechanics, and at the age of 
fourteen he was apprenticed to the Master Ship- 
wright of Woolwich Dockyard, and there laid the 
foundation of his knowledge of the requirements of 
the Naval Service. His subsequent career was not 
one likely to allow him to become steeped in official 
routine. As a youth of eighteen he visited France, 
in 1778 he was present in the Channel Fleet at the 
Battle of Ushant, and he then went to Russia, 
where he found full scope for his energy and talents. 
He travelled extensively, studied the working of 
metals, became superintendent of the shipbuilding 
yard of Prince Potemkin at Kritchev, made 
improvements in naval armament, and in 1788 
commanded a flotilla of long boats, which, at Liman 
in the Sea of Azof, defeated a far superior force of 
Turkish ships. Awarded the military cross of St. 
George, and raised to the rank of brigadier-general, 
in 1791, at the age of thirty-four, he returned to 
England on leave, but it was many years before 
he revisited Russia. 

Bentham was made Inspector-General of Naval 
Works in 1795, and was actively employed as such 
till 1805. His services during those ten years were 
of such a character that he may be looked upon as 
a pioneer in dockyard organisation. Already, in 
1793, he had patented a machine for bending the 
timbers of ships, and after his appointment he pro- 
ceeded to apply machinery to many operations. 
“ Perhaps the principal achievements of Bentham,” 
says Mr. E. A. Forward, “ were the introduction, 
against great opposition, of steam engines into the 
Dockyards, and the setting up of the wood mills, 
metal mills, and millwrights shop, in Portsmouth 
Dockyard, for the more economical manufacture 
of naval requirements. The success of these estab- 
lishments is indicated by the fact that the saving 
on the blocks made during 1808 was nearly 17,0001., 
while that on the work done in the metal mills 
during 1812 was nearly 41,0001.” In much of his 
work Bentham was ably seconded by his assistants, 
Simon Goodrich and Joshua Field, and by the elder 
Brunel and Henry Maudslay. 

The first steam engine in the Royal Dockyards 
was a 12-h.p. engine, erected at Portsmouth in 1799 
to pump out the docks. It was a single-acting 
rotative and condensing engine without beam or 
parallel motion, but with a roller crosshead and 
guides and return connecting rods joined to the 
crankshaft beneath the engine. It drove a large 
lifting pump capable of raising 7 tons a minute. A 
second engine of 30-h.p., constructed by Boulton and 
Watt, was installed in 1800, and was used to work 
six chain pumps each capable of raising 10 tons of 
water per minute. One feature of these pumps 
was that they could on occasion be used as prime 
movers worked by the action of the water flowing 
out of a dock. Another important innovation in 
dockyard practice due to Bentham was the intro- 
duction of a wooden floating caisson for closing a 
dock and yet another, the application of a steam 
engine to a dredger. The dredger was designed to 
dig 16 ft. deep and raise 1,000 tons of soil in a working 
day of 12 hours. The boiler of this dredger, made 
in the Dockyard, had a rectangular wooden shell 
9 ft. 4 in. by 6 ft. by 6 ft. 4 in. of 4 in. plank, in the 
interior of which was fitted a cast-iron furnace 
and a convoluted wrought-iron flue. Bentham 
also proposed to use steam for cranes and pile 
driving. Two other important projects he was 
associated with were the setting up in the Dockyards 
of the metal mills for re-manufacturing copper for 
the sheathing of ships, and the famous block-making 
machinery at Portsmouth. Much has been written 
regarding the invention of this machinery, but it 
appears probable that Bentham originally proposed 
some such plant, Brunel then appeared with his 
improvements, while the success of the machinery 
was largely due to the mechanical skill of Maudslay. 

The ten years of Bentham’s active association 
with the Dockyards came to a sudden end in July, 
1805, when he was withdrawn from his duties and 
sent on a mission to Russia, where it was proposed 








to build ships for the British Navy. He returned 
home two years later to find the terms of his appoint- 
ment altered, and although from 1807 to 1812 he 
was a Commissioner of the Navy, the work of further- 
ing the projects he had set afoot in Portsmouth 
fell to the lot of his able assistant, Simon Goodrich, 
whose services deserve far more recognition than 
they have yet received. 

Goodrich was born on October 28, 1773. He was 
therefore 16 years younger than Bentham. Of his 
early career nothing is known, but on December 25, 
1796, at the age of 23 he was appointed draughtsman 
to the mechanist in Bentham’s office, and he con- 
tinued to serve under the Admiralty, first in London 
and then at Portsmouth, till his retirement in 1831. 
Originally enjoying a salary of 400]. per annum, 
in 1814 on being made mechanist to the Navy Board, 
he was given a salary of 600/. per annum. Three 
years after his retirement he went to Lisbon, and 
he died there September 3, 1847. 

Few engineers have left behind them so faithful 
a record of their varied interests and activities 
as Goodrich, whose note books are preserved at 
the Science Museum. Numbering some 40 in 
all, these note books afford most valuable informa- 
tion as to the application of machinery in the 
Dockyards, the organisation of the new departments 
and the early history of the engineering branch 
of the Navy. Every page of his note books is a 
tribute to this most industrious of public servants, 
whose opinion was sought by those in high position, 
and who was without question the most experienced 
engineer the Admiralty had in their employ. He 
was called upon to report on a great variety of 
matters; every naval officer desirous of seeing 
his invention tried, appears to have gone to him, 
and his observations extend over a wide range of 
subjects, which included Captain Napier’s plan 
for driving the Galatea with hand-worked paddles, 
Sir Humphry Davy’s experiments on copper 
sheathing, the cost of iron at Woolwich and 
Portsmouth, Thames steam boats, chain cables, 
sheer legs, capstans, pumps, water supply, bollards, 
cordage manufacture, flour milling, tarring mach- 
ines, brewing and breakwaters. His note books 
contain references to many of the early steam 
vessels in the Navy, such as the Lightning, Comet, 
Meteor, Echo, Confiance and African, and _ his 
memoranda refer to persons as widely apart as 
the boy who desired to become an apprentice in 
the engine room and the Lord High Admiral. 
In an interesting paper read to the Newcomen 
Society in 1922, Mr. Forward gave a sketch of 
Goodrich’s career up to 1805, but the remaining 
26 years of his service under the Admiralty still 
awaits the student of history. 

To the position of engineer and mechanist at 
Portsmouth left vacant in 1831 by the retirement 
of Goodrich, no one else was appointed, but the 
same year an officer was appointed Superintendent 
of the Wood Mills and Block-making Machinery 
in the Yard, who was afterwards to become the 
first engineer-in-chief of the Navy. This was 
Thomas Lloyd. Born at Portsea October 29, 
1803, Lloyd entered the school of Naval Archi- 
tecture in Portsmouth Dockyard in 1819, and after 
passing through the course of study with great 
distinction, served as a shipwright at Devonport 
and at the Navy Office. He was next detailed 
to go through a course of study in steam and 
machinery. This was followed by his appointment 
as Superintendent of the Wood Mills at Portsmouth, 
and in 1833 he became Inspector of Steam 
Machinery at Woolwich, being the first officer to 
hold such a post. In this position he was directly 
responsible for the upkeep of the machinery in the 
steam navy, but the number of steam vessels 
was increasing so rapidly, that it was felt that an 
officer with much greater experience was required 
and on May 15, 1835, an Order in Council appeared 
referring to the appointment of a Chief Engineer 
and Inspector of Steam Machinery. This Order, 
quoted below may be taken as the first step in 
the organisation of the Engineering Departments 
in the Dockyards as we know them to-day. The 
Order said— 


‘‘ Whereas, since the introduction of steam-vessels 
into Your Majesty's Naval Service, it has been found 
necessary to increase gradually this description of vessel 


] 
services which they are required to perform, whether as 


an armed force, capable of opposing those in use by foreign 
powers, or to serve as packets at home and abroad, or for 
towing ships into or out of harbours; and whereas the 
numbers that are required for these and other important 
purposes, can be kept up only at a very considerable 
expense, as well in their original cost as in the frequent 
repairs of their machinery ; the estimates for which can 
only be properly checked and controlled by some person 
well skilled in the knowledge of every part of such 
machinery—we would most humbly submit to Your 
Majesty, as the best means of thus checking and con- 
trolling this branch of Naval Expenditure, the expediency 
of authorising us to appoint a person so skilled, to be 
called Chief Engineer and Inspector of Machinery, and 
that he be allowed the salary of six hundred and fifty 
pounds a year (which is equal to that of a Master Ship- 
wright) to be placed on the Ordinary Estimate of Your 
Majesty’s Navy.” 

In seeking for a suitable person to fill this onerous 
position of Chief Engineer, the Admiralty consulted 
James Watt, Junr., and through him the choice 
fell on Peter Ewart, who had been the first appren- 
tice of John Rennie in Scotland, and for some years 
had been employed by Boulton and Watt. At the 
time of his appointment he was no less than 68 
years of age, having been born at Traquaire Manse, 
Dumfriesshire, May 14, 1767. For nearly forty 
years, however, Ewart had been more concerned 
with manufactures than engineering, and though 
he undoubtedly possessed the necessary experience 
for dealing with accounts, it is unlikely that at his 
advanced age he stimulated greatly the progress of 
naval engineering. There is an interesting memoir 
of Ewart in the Proceedings of the Literary and Philo- 
sophical Society of Manchester, in which institution 
his portrait is preserved, while a tribute to his 
memory is contained in James Walker’s presidential 
address to the Institution of Civil Engineers in 1843. 
Ewart held office at Woolwich from 1835 to 1842, 
and his death at the age of 75 was caused through 
a blow from a chain which broke. 

The choice of Woolwich as the first of the Dock- 
yards to have an engineering department for dealing 
with machinery affoat, was influenced no doubt 
by many considerations. Though it has been 
closed since 1869, in the first half of last century 
Woolwich was an important building yard, and 
several of the early steam warships were con- 
structed in it. Many others were built on the 
Thames either at Deptford Dockyard or at Black- 
wall, and much of the machinery for these came from 
the London district. For a long period the Thames 
was the centre of a flourishing shipbuilding and 
marine engineering industry, and thus Woolwich 
was favourably situated for obtaining an adequate 
supply of mechanics familiar with the steam engine 
and machinery. The works of Maudslay, Penn, 
Miller and Seaward were all within easy reach, and 
it was in their shops that most of the early naval 
engines were constructed. Moreover, Woolwich 
was far easier of access from the Admiralty than 
Portsmouth or Plymouth, which were as yet 
unconnected with London by railway. But, 
though Woolwich might well serve as an engine 
repairing yard, it was soon found that the super- 
vision of the steam department of the Navy would 
require an officer at the Admiralty, and so, two years 
after Ewart’s appointment to Woolwich, another 
Order-in-Council dated April 19, 1837, was issued 
regarding the “ Appointment of a Comptroller of 
the Steam Machinery and Packet Department of the 
Navy.” This order, it will be observed, preceded 
by three months that which led to the organisation 
of the engineering branch afloat. The order ran :— 

“In consequence of the addition of several steam 
vessels to those already belonging to Your Majesty’s 
Navy, from the transfer of the Post Office Packets to 
the Admiralty, and the demands which are continually 
being made for additional steam-packets in various 
parts of the world, with reference to the number of 
steamers belonging to other maritime powers, it has 
become necessary to provide a more efficient control and 
superintendence over the steam department of Your 
Majesty’s Naval service, as well as to erect buildings, 
which are now in progress at Woolwich, for the construc- 
tion and repair of steam machinery. We, therefore, 
most humbly submit that Your Majesty will be graciously 
pleased to authorise, by Your Order in Council, that a 
naval officer be appointed to have the charge and super- 
intendence of the steam machinery and packet service 
of the Navy, acting under our direction, and to be allowed 
a salary of seven hundred pounds per annum, without 
half pay, and without any superannuation allowance, but 





. . Y 
in number, size and power, in consequence of the various 8 


with an allowance of two hundred and fifty pounds per 
annum for house rent.” 

To this newly created post was appointed Captain 
ir William Edward Parry, who then, at the age 
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of 47, had had experience in many important |in 1869 to succeed Lloyd as Engineer-in-Chief of 
positions. Entering the Navy at the age of 13,|the Navy. Dinnen, to whom some reference has 
he had seen active service during the Napoleonic | been previously made, was the son of the master- 
wars and had long been known for his scientific | founder and metallurgist of Portsmouth Dockyard 
attainments. In view of the position he afterwards | and an apprentice of Goodrich. As a naval engineer | 
occupied as head of the engineering branch of the | he served in the Lightning and African, and in 
Navy, it is worth recalling that in 1813, during a | 1840 became a foreman at Woolwich. Seven years 
visit to Portsmouth, he saw the steam-driven| later he was promoted to Inspector of Machinery 
block-making machinery, and, referring to his} Afloat, being the first to hold that rank, and for 
visit in a letter, he remarked: “I cannot express|a short time served at sea in the Squadrons of 
to you how I have been delighted with this master- | Admirals Napier and Martin. He was then trans- 
piece of human invention. I never before saw a| ferred to the Admiralty, where his services were 
steam-engine ; but was rather pleased with myself | apparently in urgent request, and he continued to 
in finding that, with the previous knowledge I| serve there as an inspecting officer till his unfortunate 
had acquired of this wonderful moving power, | death on January 4, 1866, at the age of 58. A few 
I could point out to my companion the uses of its | days before, on leaving the Admiralty in Whitehall, 
several parts as soon as I saw them, having several | he had been knocked down by a hansom cab, and 
good plates of it in Ferguson, Imison, Gregory, | his death was due to concussion of the brain. 
&ec. . .. I am confident that, if we live twenty | Dinnen was the first naval engineer to occupy a 
years, we shall see steam applied to a hundred | post in either of the Dockyards or at the Admiralty. 
purposes on board a ship; I may be wrong in the| His tomb is to be seen in Highgate Cemetery. 
method of applying it, but I am sure that much | There is a long inscription on it, which concludes 
is to be done by steam ina ship.” However clear his with a reference to his having devoted a life of 
insight into the future of steam propulsion, Parry’s 39 years to bringing Her Majesty’s Steam Navy 
life’s work lay in the direction of exploration, and | to its present important position among nations. 
during the years 1819 to 1828 he made three voyages| The first of the four civilian engineers mentioned, 
to discover the North-west Passage and another to | Andrew Murray, became an assistant to Lloyd at 
attempt to reach the North Pole. For some years | Woolwich in 1843, and three years later became the 
he was also Hydrographer to the Navy. His| first Chief Engineer of Portsmouth Dockyard, a 
career at sea terminated in 1828, and for five years | post he held till 1869. The son of a Sheriff of 
he was Commissioner for the Australian Agricultural | Aberdeenshire, he was born in Edinburgh in 1813, 
Company in New South Wales. He then served as | and was educated at the High School and Edinburgh 
a Poor Law Commissioner. His period of service | University. At the age of 19, in 1832, he was 
as Comptroller of the Steam Department lasted | apprenticed to Fairbairn at Manchester, and five 
from 1837 to 1846, when he was relieved by Captain | years later, when Fairbairn opened the iron ship- 
Alexander Ellice, but of his activities during that | building yard on the Thames at Millwall, Murray 
period his biographer has little to say. He died | was sent there as managing partner. Unfortunately, 
in 1855 at the age of 65, and two years later his | these works did not answer Fairbairn’s expectations, 
memoirs were published by his son, Rev. Edward | and the partnership was dissolved. It was then 
Parry, but these refer mainly to his voyages and | that Murray entered Government service, among his 
to his efforts to ameliorate the lot of his fellow men ; | first tasks being to report on the smitheries in the 
they shed no light on the engineering progress of | Dockyards and assist in planning the steam factory 
the time. In the Proceedings of the Institution of|at Portsmouth. When sent to Portsmouth as 
Civil Engineers, however, is to be found the record | Chief Engineer in 1846, he was instructed “ to 
of his election as an honorary member of the | bring the new factory there into operation as soon as 
Institution, ‘‘among whose members he _ had _| possible in view of the strained foreign relations.” 
rendered himself extremely popular by the kindness | During his career he was connected with the fitting 
of his manner and his accessibility while holding out of the first armoured turret ship, H.M.S. 
the position of Director of Steam Machinery, the | Royal Sovereign, with the application of steam to 
duties of which he performed with singular upright- | capstans and to ships’ launches and with the 
ness and skill.”’ | experiment with jet propulsion in the gunboat 

Whatever the debt naval engineering owed to | Waterwitch. He was also known for his action in 
the labours of Ewart and Parry, of far greater | introducing a better system of keeping accounts of 
importance were the services of Lloyd, who in 1835 | the factory and for his various professional papers. 
For a short time after leaving Portsmouth, he was 
made Inspector of Factories and Consulting Engineer 
to the Admiralty, but finally retired in 1870. He 
died on October 13, 1872. 








had been sent to Devonport, but who at the end of 
1838 returned to Woolwich, where in 1842 he 
succeeded Ewart as Chief Engineer. In the mean- 





time he had been employed on the survey of the 


joined the staff at Woolwich in 1846. He became 
the Chief Engineer of Devonport in 1854, at the age 
of 40. The foundation stone of the new steam yard 
at Keyham had been laid by Lord Auckland in 
1846 and a certain amount of engineering had been 
done there. It was not, however, till the time of the 
Crimea War that the new steam factory was opened. 
As Chief Engineer, Trickett introduced many 
labour-saving arrangements in connection with 
boiler work, he improved the crane equipment and 
erected the first iron sheer legs in the Dockyard. 
After Atherton’s retirement in 1862, he returned to 
Woolwich, but on the closing of that yard he was 
again made Chief Engineer of Devonport and held 
that post till his retirement in 1879 at the age of 
65. He died in 1888. Like Dinnen, Lloyd, Murray 
and Atherton, Trickett belonged to the Institution 
of Civil Engineers in whose publications notices 
of all are to be found. Of the career of Wright, 
afterwards Sir James Wright, details will be given 
in a subsequent article. 








THE RADIO RESEARCH BOARD. 


FortuNaTELy for the comfort and civilisation of 
mankind, the old mechanical arts began to be 
built up tens of centuries before systematic science 
came into existence. With contributions from 
generation after generation of craftsmen, they 
forged steadily ahead, using the traditions and skill 
of individual workmen to supply the needs of indi- 
vidual customers and groups of customers. They 
remained self-dependent even during the period 
which began at the end of the eighteenth century, 
when the use of mechanical power and the concep- 
tion of mass production first began to enter into 
engineering practice. Here and there a_ stray 
philosopher or man of science, such as Watt, found 
his way into the ranks of those who followed the 
arts, or led them, but they continued to be based 
on and directed by their workshop traditions and 
experience. The history is familiar of how, gradu- 
ally and with much mutual suspicion, the crafts- 
men of these arts began their interchange of views 
with men of science, and this is still in the course 
of development. In the upshot, as we know, science 
set itself to find a reasoned basis for practice, and 
is still busy seeking to complete it. Practice, in 
fact, had a very long start of theory, and retains 
much of it to the present time. During the last 
wonderful half-century, on the other hand, science 
itself has found applications undreamt of by prac- 
tice for some of its discoveries, and in making fresh 
discoveries has almost simultaneously indicated 
means for putting them into practice. With the 
new arts so developed science got ahead for the 
time being, with practice following restlessly in its 
steps. Such was the early history of wireless trans- 










machinery of the mail packets at their various 


stations, and on behalf of the Admiralty had | 


inspected some of the principal engineering estab- 
lishments in England and Scotland. The wide 


Whereas Ewart bad been associated with Watt, | Mission, but it has not lasted very long. With its 
and Murray with Fairbairn, Charles Atherton, who | traditional audacity, practice has plunged into the 
in 1846 succeeded Murray at Woolwich, had been | development of radio work in all directions, and 
‘trained under Telford. Born at Calne, Wiltshire, | has left science with its hands full, endeavouring 

to answer the innumerable questions which this 























experience he had thus gained proved of great |in 1805, Atherton spent four years at Cambridge | 
value to the Service, and on April 6, 1847, he was| University and was probably the only Wrangler | 
transferred to the Admiralty as Chief Engineer of |ever employed in the engineering branch of the 
the Navy, a title subsequently altered to that of | Navy. Under Telford he assisted in the construc- 
Engineer-in-Chief of the Navy. He retired from | tion of St. Katherine’s Docks, London, and Dean | 
this position in 1869, after fifty years of public | Bridge, Edinburgh, and his subsequent experience 
service, and died on March 23, 1875. During his | included the management of the firm of Glasgow | 
long career he was responsible for the adoption of | engineers, Messrs. Claude Girdwood and Company, 
the tubular boiler; he conducted the trials with |and the improvement of the navigation of the St. 
the screw propeller and applied it to the propulsion | Lawrence. Made assistant at Woolwich in 1846, 
of large vessels ; he was concerned with the appli-| he succeeded Lloyd as Chief Engineer in 1847, 
cation of armour to ships; under his direction the | was transferred to Devonport yard in 1848, but 
engineering shops at the Dockyards were laid out | from 1851 to 1862 was again Chief Engineer at 
and equipped; and he supported the claims of | Woolwich. He wrote reports and papers on various 
naval engineers for improved conditions of service. | aspects of marine engineering, suggested making 
On his retirement, the Controller of the Navy, |the Dockyards practical training: schools for naval 
Vice-Admiral Sir Spenser Robinson, wrote, ** There | engineers and like Murray, contributed to the 
is no public servant within my knowledge who has| Encyclopedia Britannica. Leaving the Govern- 
so largely contributed to the advance of practical | ment service in 1862, he became a consulting engi- 
science in his particular department.” |neer, but retired to the Isle of Wight in 1870 and 
Not the least important service of Lloyd to the died on May 24, 1875. 
Navy was his choice of assistants. Bothat Woolwich} What Murray did for Portsmouth Dockyard, 
and at the Admiralty he gathered around him a staff | John Trickett did for Devonport Dockyard. After 
of able and experienced men, many of whom |an apprenticeship at Butterley Ironworks, Derby- | 
became widely known in the engineering profession. | shire, then an important marine engineering works, ' 
Among these were Dinnen, Murray, Atherton, | Trickett had held positions with the General | 
Trickett and Wright, the last of whom was selected Steam Navigation Company and at Penn’s, and} 








development has raised in regard to the nature and 
mechanism of the phenomena that are being used. 

Conspicuous in this country, and indeed through- 
out the world, among the bodies who are seeking to 
elucidate these phenomena is the Radio Research 
Board of the Department of Scientific and Industrial 
Research, and its second annual report,* which has 
just been published, gives evidence of the progress 
it is making in its difficult task. The Board, in- 
deed, was established in 1920, and from time to 
time has published reports on some of its individual 
researches. The year before last, however, these 
results were attracting so much attention both at 
home and abroad that it was decided for the future 
to furnish a summary of them in an annual report. 
The first of these documents carried the history of 
the Board from the foundation to the end of March, 
1929, and the present report brings the story to the 
end of last year. 

The subject matter of the Board’s work is so wide 
and so new that, before referring to some elements 
of the work itself, it may be of interest to indicate 
in outline where the Board stands in relation to 


* Report of the Radio Research Board for the Period 
Ended December 31, 1930. H.M. Stationery Office. 
Price 2s, net. 
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other bodies working in the same field, and to what 
extent the danger is avoided of the same work being 
done twice over by different bodies. In this 
country, the chief bodies, other than the Board, 
who are interested in wireless research, are the 
Navy. the Army, and the Air Force, Imperial 
Communications, Limited (which now embodies the 
Marconi Company), the British Broadcasting Cor- 
poration, and the manufacturers of wireless appara- 
tus. So far as is known, the last two bodies have 
no concerted scheme of research, though the British 
Broadcasting Corporation appears to be co-operat- 
ing most helpfully by providing the Board, when 
required from time to time, with facilities which it 
would be difficult or impossible to obtain without 
its assistance. Each of the other bodies has problems 
particular to itself, for which it has its own research 
organisation, but, apart from these specialised 
problems, each must be conscious of needs com- 
mon to all, of an enormous volume of fundamental 
knowledge still lacking, and of a great number of 
applications in which each of them is confronted 
with substantially similar problems. The purpose 
for which the Radio Research Board was originally 
instituted was to assist in the co-ordination of radio 
research work carried out by the Fighting Services 
and the Post Office, and to provide for research work 
of a fundamental nature in directions where it was 
lacking and where it would be likely to lead to useful 
applications. The Services and the Post Office, 
on the other hand, had no mandate to undertake 
research of a fundamental character, except when 
it appeared to lead to direct technical applications. 

As time went on it became evident that the 
prosecution of fundamental research was absorbing 
a much greater part of the Board’s attention than 
had been contemplated when it undertook the co- 
ordination of the Service work, and it was decided 
accordingly to relinquish the direct co-ordination of 
work that the Services had power to do for them- 
selves, and to direct the Board’s attention mainly to 
the fundamental work which no other body was in 
the same position to undertake. Apart from Imperial 
Communications, Limited, the Universities are 
the only bodies other than the Board likely to 
interest themselves in fundamental wireless research, 
and their activities in that respect are limited auto- 
matically by the fact that much of the work requires 
the co-operation of observers scattered over a large 
area, and organisation on a scale that a single 
university could not provide. With experiments, 
on the other hand, undertaken with an eye to ob- 
taining solutions of urgent practical problems, there 
is no such automatic limitation, nor apparently at 
the present time has any systematic mechanism 
been evolved for preventing the same problems 
from being attacked independently by different 
bodies. Ultimately, perhaps, some such mechanism 
may be found desirable, but in a field of work so 
largely unexplored as that of wireless transmission, 
it may be thought, with reason, that the independent 
attack of the same problem by different bodies may 
lead to results so distinct from each other as to 
justify some amount of initial overlapping. 

In the meantime, the constitution of the Board 
seems to provide excellent ground for hoping that 
no serious amount of duplicated work is likely to be 
done. During the period under notice, the Board 
had the misfortune to lose, by his resignation, 
followed a few months afterwards by his death, 
the services of Admiral-of-the-Fleet Sir Henry 
Jackson, F.R.S.. who had been its Chairman from 
the outset. and eloquent expression has been given 
on several occasions to the sense of the calamity 
these events were felt to entail on the Board’s 
work and staff. The appointment of his successor, 
Lieutenant Colonel A. G. Lee, Assistant Engineer- 
in-Chief to the Post Office, seems to have been 
‘ade with the important object of increasing the 
intimacy of working between the Board and the 
Post Office. Financial arrangements have been 
made between the Post Office and the Department, 
through the Radio Research Board, whereby the 
R«dio Research organisation of the Department will 
made available to a greater extent, both for 
exploring new ideas and principles in radio develop- 
ment of special interest to the Post Office, and of 
collaborating, experimentally and otherwise, with 


difficulties. It is felt that, apart from the advantage 
of this arrangement to the work of the Post Office, 
it will help to keep the Board in touch with practical 
requirements, and assist it in giving a suitable 
direction to the fundamental researches which it 
undertakes without immediate practical application 
in view. There appears to be ground for hoping 
that similar arrangements may be made with the 
War Office and the Air Ministry. In the meantime, 
each of these services, as well as the Post Office, is 
represented on the Board and its committees, and 
since the report was issued, Mr. G. M. Wright, of 
the Radio Research organisation of Imperial Com- 
munications, Limited, has joined the Board in his 
private capacity. 

In other directions the Board is continuing to 
extend its co-operation with other bodies, both in 
this country and overseas. In addition to its 
large radio research station at Slough and certain 
small stations elsewhere for special purposes, it has 
equipped at the Meteorological Office’s station at 
Leuchars, Fifeshire, a small out-station to work in 
conjunction with Slough on observations in respect 
to atmospherics and the propagation of waves. In 
various ways it has maintained close collaboration 
with the Australian and New Zealand Radio Research 
Boards, and is taking an increasingly active part in 
international co-operative arrangements. A satis- 
factory circumstance of the Board’s working, when 
the wide scope of its operations is considered, is 
that its total cost, including the considerable 
amount of experiment conducted for it at the 
National Physical Laboratory, is under 20,0001. per 
annum. 

Of the various fundamental problems that have 
engaged the Board’s attention during the year 
under review, the most important are those con- 
nected with the propagation of waves and the nature 
and origin of atmospherics. In regard to these, 
apparatus and methods capable of yielding reliable 
and consistent results have been worked out, and, 
in addition to further work on perfecting and, 
supplementing them, progress has been made in 
arrangements for the study and application of 
their results. Among practical applications, import- 
ant results have also been obtained in radio-direction 
finding, and in the improvement of methods for the 
measurement of electrical quantities at high fre- 
quencies. The work on the propagation of waves, 
which has been conducted mainly by Professor 
EK. V. Appleton and his co-workers, follows on 
Professor Appleton’s experimental demonstration of 
the existence in the upper atmosphere of the Heavi- 
side layer, and of more than one such layer, which 
subsequently was confirmed by American workers 
by other methods. Taking advantage of the 
methods elaborated by Professor Appleton, various 
problems relating to the influence of these layers 
have been studied, including the possible influence 
of magnetic storms on atmospheric ionisation, 
the extent and variations of ionisation in the 
upper atmosphere and its effect on the height 
reached by waves before reflection, and a number 
of measurements of the reflection coefficients of 
the ionised layers, with their effect on the average 
value of downcoming waves at different distances 
from a broadcasting station. The work is now 
being extended to waves of short length, in regard 
to which information is being obtained as to the 
minimum wavelength which is_ reflected and 
refracted by the Heaviside layer. Among other 
results of these studies it appears that variations 
in height of the ionised layers do not occur so often 
or exercise so great an effect as variations in the 
density of ionisation, and the ultimate objective of 
these investigations, which seems likely to be 
realised, appears to be to determine quantitatively 
the mean distribution of ionisation at different levels 
of the atmosphere. At the present time, Dr. Mary 
Taylor and Professor Hartree are working on a 
general mathematical theory of wave propagation 
in an ionised medium, which it is hoped may cover 
the phenomena met with in radio transmission. If 
reliable figures can be obtained for the mean 
ionisation density at different heights, it will be 
possible to evaluate the mathematical formule for 
the processes by which waves of various frequencies 
are propagated, and means will be available for 





the staff of the Post Office in dealing with practical 


Another branch of fundamental knowledge in 
which the pioneer work of the Board has changed 
the situation from that of struggling with an 
inconceivably vast volume of material by methods 
dependent on individual skill and experience into 
a largely automatic routine, independent of the 
personal equation of the observer, is the study of 
atmospherics. With the fortunate help of a new 
cathode-ray oscillograph developed in Berlin, it 
has been possible to supplement the Board’s existing 
methods by introducing photographic recorders 
without objectionable loss of accuracy. As a result, 
a network of synchronised observations extending 
over this country and a considerable part of Western 
Europe is expected shortly to be at work, and it is 
hoped that this will yield important results in 
improving the accuracy of meteorological forecasts. 
So far as they have gone, they support the British 
view that most atmospherics, which in the ob- 
servations made have been identified over wide 
areas by their synchronous occurrence, come from 
distant sources, and are not, as has been maintained 
elsewhere, predominantly of local origin. Evidence 
is accumulating by which the distribution of atmos- 
pherics is correlated with the meteorological pheno- 
mena on which forecasts can be most reliably 
based, and if this correlation is ultimately confirmed, 
the occurrence of atmospherics will be a valuable 
and direct means of forecasting weather. It will be 
of particular advantage to the aviator, who, with the 
cathode-ray apparatus, will be able to detect the 
atmospherics, and so forecast directly the sort of 
weather into which he is flying. 

A gratifying feature of the year’s work has been 
the increasing extent to which apparatus for various 
purposes developed at the station are being adopted 
in other countries. 








STATE ELECTRIC POWER STATION, 
MONTE VIDEO. 
(Concluded from page 753.) 

THE account given below of the control house and 
switch house of the State Electric Power Station, 
Monte Video, with the illustrations Figs. 51 to 59, on 
pages 786, 787, 788 and 792, completes our descrip- 
tion of this interesting plant. Reference to the general 
views given in the first article will show that these 
two houses are contained in buildings the fronts of 
which are approximately continuous with those of 
the boiler and engine houses, but it may be pointed 
out that while the switch house extends from the 
front of the building to the back, the front part of 
the structure which contains the control house is 
occupied by the administrative offices, &c. Further, 
the additional accommodation required for future 
development will not be secured by extending the 
buildings eastwards, as in the case of the boiler and 
engine houses, but is already partly provided, and 
the remainder will be met by the provision of an 
independent outdoor 33,000-volt substation in the 
position indicated in Fig. 1, page 599 ante. The 
control house building adjoins the engine house, 
and is approximately 78 ft. long by 67 ft. wide 
by 58 ft. high. It is of the same general construc- 
tion as the other buildings, but the roof has large 
wired-glass skylights. Advantage has been taken 
of this to provide diffused lighting in the control 
room, which is situated on the top floor, by means of 
the ceiling of glass panels seen in Fig. 51, page 786. 
This even distribution of light is maintained at 
night by lamps above the roof. The glass panelling 
is hung from the roof in the manner shown in 
Fig. 52, page 787. 

The switch house, which contains the main 
generator and feeder circuit breakers and reactors 
and provides accommodation for the ’bus bars and 
isolators, the outgoing cables, &c., adjoins the 
control and administration building. It is 150 ft. 
long by 50 ft. wide by 58 ft. high. A cross section 
of both the control house and switch house is given 
in Fig. 52. Both buildings are erected on concrete- 
pile foundations. The details of the switch house 
will, of course, be considered first. It consists of 
four floors and a basement. The two upper floors 
are reserved for the main switchgear controlling the 
generating plant, interconnecting feeders to the 
old station, and the group feeders to the distribution 





checking various theories of wave propagation. 


feeder switchgear. The main ’bus bars, with the 
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circuit isolating switches, occupy the whole of the 
top floor, while the oil circuit breakers and instru- 
ment transformers are placed on the floor below. 
The second floor is the reactor room, in which are 
installed the ’bus bar and feeder reactors for the 
main switchgear equipment. The first floor con- 
tains the whole of the distribution feeder switchgear, 
while the cable supporting racks for the 70 distribu- 
tion cables to the city network are housed in the 
basement. 

The electrical arrangement of the switchgear 
equipment is shown diagrammatically in Fig. 54, 
page 788. The main ’bus bars are duplicated and 
are divided into three sections by reactor units, 
which, when necessary, can be short circuited by 
oil circuit breakers. The nine group feeders to the 
distribution switchgear are divided equally among 
the three sections, while the three interconnectors 
to the existing power station are all connected to 
one section. The two alternators are connected 
one to each of the other two sections, and provision 
is made for the addition of a further alternator 
equipment to each of these sections. The total 
generating plant on each alternator section will then 
be 60,000 kw., while, in the meantime, 40,000 kw. 
of the old station is connected through inter- 
connectors to the third section. As the system is 
operating with an unearthed neutral, each set of 
main bars has been fitted with suitable over- 
voltage and earth-indicating equipments. 

The distribution switchgear is arranged in three 
groups, each of which is supplied by the three 
group feeders on one section of the main bars. 
A further sub-division is made on the group ’bus 
bars by section switches, whereby eight or nine 
outgoing feeders can be separately supplied from 
each group feeder circuit. Duplicate sets of ’bus 
bars are provided for eech feeder group, but only 
one set is sectionalised in the manner indicated, the 
second set being continuous throughout the cubicle 
structure. One feeder equipment on each group 
is connected to a set of transfer bars placed in the 
basement and running the full length of the corre- 
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reactors of the type shown in Fig. 57, page 792, 
are inserted in all group feeder circuits and inthe 
interconnector circuits in order to limit the value 
of the short-circuit current that would flow under 
fault conditions. By the arrangement of reactors 
in the main bars and group feeders, it is estimated 
that with all the present and contemplated generat- 
ing plant in service, the fault kilovolt-amperes on 
the main bars will be approximately 915,000, and 
that on any of the group feeder bars will be approxi- 
mately 300,000. 

All cubicle structures in the switch house are 
built on similar lines, and consist of moulded-stone 
slabs carried in a steel framework of standard angle 
and channel sections. The construction is such that 
any stresses caused by the operation of the oil 
circuit breakers or isolating switches are carried 
entirely by the steel framework and are not trans- 
mitted to the stonework. The design of the struc- 
ture provides for separate compartments for each 
item of the apparatus by the insertion of stone 
phase barriers and of horizontal stone shelves at 
suitable points. The cubicles are closed by hinged 
steel doors that can be padlocked to prevent the 
entry of unauthorised persons. Mechanical inter- 
locking devices are also fitted between the doors and 
the isolating switches in the cubicle to prevent the 
doors from being opened while any isolating switch 
in the circuit is closed. Each reactor is mounted 
inside a separate compartment built in the same 
manner as the switchgear cubicles, but in this case 
doors are constructed of fine-mesh expanded metal 
in order to allow adequate ventilation of the reactor 
coils. 

All *bus bars and connections are mounted on 
porcelain insulators fitted with clamps of non- 
metallic material. The bars have been suitably 
braced and supported to withstand the electro- 
| mechanical forces that would develop between the 
conductors should a heavy current flow on a fault. 
| The isolating switches are of the three-pole, mecha- 
| nically-operated type, designed to form a self-con- 


| tained unit with the operating mechanism, the whole 











sponding cubicles. Suitable switching arrange-| being secured directly to the cubicle framework. 


ments on each feeder circuit enable a feeder cable 
to be changed over from the circuit equipment to 
the transfer bars without any interruption of 
supply, thus facilitating the inspection of any 
feeder equipment in case of emergency. Air-core 


These switches, which range from 300 amperes to 
5,000 amperes in capacity, are operated from the 
outside of the cubicle by a detachable handwheel 
at a convenient height. Position indicators inform 
the operator of the position of the switch blades, 
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which work in conjunction with the mechanical 
interlocks of the cubicle doors, already mentioned, 
the isolators having to be fully open before the 
doors can be opened. Some of the isolating switches 
are shown in Fig. 59, page 792. 

The oil circuit breakers for the main and subsidiary 
circuit are of the firm’s type K series, arranged 
for cubicle mounting. Two frame sizes are installed, 
as the arrangement of the system permits the use 
of circuit breakers of a lower short-circuit capacity 
rating on the distribution feeder circuits. All cir- 
cuits connected to the main bars have type K 6 A 
breakers, with a short circuit rating of 1,000,000 
kv.-a. These are shown in Fig. 53, on the opposite 
page. They are situated on each side of a passage 
down the centre of the switch house on the third 
floor, as shown in Fig. 52. The outgoing feeder 
circuit breakers for which a short-circuit rating of 
350,000 kv.-a. is sufficient, are of the K 3 type. 
These are shown in Fig. 56, page 792, and are 
seen at the right hand of the house in Fig. 52, on 
the same floor as the sub-station feeder and 
group feeder cubicles. Both the K6A and K3 
circuit breakers are generally similar in design, 
electrically and mechanically, but differ somewhat 
in certain points in consequence of the variation 
in circuit rating. The Y-form of contact brush, 
with Bakelite insulation for the contact studs which 
is very suitable for heavy current circuits with 
solenoid operation are common to the two designs, 
but the oil tank arrangement is different. The 
K3 breaker has a single welded-steel tank with 
steel barriers welded in position between the poles. 
The type K6A breaker has separate tanks for 
each pole, these tanks being oval in cross-section 
in order to obtain the maximum strength possible. 
Suitable tank-lowering devices are provided, those 
for the K6A tanks being electrically operated. 
The current ratings vary from 600 amperes to 
1,800 amperes for the K 3 breakers, and from 
2,400 amperes to 4,000 amperes for the K 6A 
breakers. 

All instrument current transformers have, as far 
as possible, a single-turn primary winding, for 
the reason that very large currents are to be 
expected under fault conditions. The voltaze 
transformers are oil-immersed draw-out units, in 
which the high-voltage fuses, limiting resistances, 
and the transformer itself are contained in a common 
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tank. This arrangement permits the renewal of a 
fuse link on the transformer circuit with safety 
to the operator and without interruption of the 
main circuit, as access to the fuses is not possible 
until the transformer has been withdrawn from 
the circuit. The ratings of the reactors on the 
system vary with the duty required of them. Those 
connected in the main ’bus bars are designed to 
pass 2,350 amperes continuously and to have a 
voltage drop of 10 per cent. across them at the 
current rating. The feeder reactors in the group 
feeder and interconnector circuits are smaller, 
being designed for 2,200 amperes continuous rating, 
and to have a 5 per cent. voltage drop at this current. 
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All standard air-core units are wound with lightly 
insulated asbestos covered cable, which is supported 
and held in position by concrete sectors, the whole 
reactor being then mounted on disc insulator feet. 
As the spacing between reactors is a minimum, so 
that less room may be occupied, insulated compres- 
sion struts are placed between adjacent units to 
resist the magnetic forces that would result from 
fault conditions. 

The control room, as will be seen from Fig. 52, 
is really an isolated enclosure in the building. The 
internal view reproduced in Fig. 51, was taken 
before the parquet flooring was laid, but the room is 
otherwise complete. Glass panel swing doors are 
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fitted at each corner. The four sides are formed by 
the main control desk and the three distribution 
feeder control boards, all built up of white marble 
panels. The control desk occupies the background 
of the figure and the control of the supply circuits 
viz., those for the alternators, interconnectors, and 
house-service alternators, is centralised on it, while 
space is also provided for future alternator equip- 
ments. A panel equipped with a set of summation 
instruments for totalising the station output is 
included in this board, and on this panel are also 
mounted the control switches for the various ’bus- 
coupler and ’bus-reactor circuits. Immediately 
in front of each turbine-driven alternator panel is 
placed the corresponding telegraph instrument for 
transmitting instructions to the turbine attendants. 
A pedestal equipped with synchronising instruments 
occupies a central position with respect to the control 
desk. The desk is a double structure, the panels at 
the front being equipped with indicating instruments 
and control details, and those on the vertical board 
behind the desk carrying the integrating and record- 
ing meters together with the automatic voltage- 
| regulator equipment for the alternators. Between 
| the desk and the vertical panels is a space sufficiently 
wide to provide a passageway for the operators. This 
passage is fitted with doors at each end, which may be 
locked. 

The three feeder-control boards are of the ver- 
tical-panel cubicle type, each controlling one of 
the groups of feeder circuits together with the three 
group feeder equipments connected thereto. All 
the control and instrument equipment in these cases 
is mounted on the front panel, and the rear of 
each of the cubicles is closed by a steel door. All 
boards are surmounted by a coloured mimic diagram, 
fitted with automatically-operated semaphore in- 
dicators showing the open and closed positions 
of the isolators and oil-circuit breakers in the 
station. Reference to Fig. 52, will show that below 
the control room, but divided from it by the cable 
floor, is the main substation containing the switch- 
boards controlling the feeders for the auxiliary 
services in the station. A view of it is given in Fig. 








58, page 792, and an electrical diagram of the 
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auxiliary supply system in Fig. 55, annexed. The ; transformer, and control feeders for the other half 
main feature of the sub-station is a 26-panel steel |of the essential, and also of the less important, 
cubicle switchboard for the 2,200 volt auxiliary | services in the boiler house, engine-house, coal- 
system. This board is divided into five sections | handling plant, &c. The central section includes the 
by ‘bus section switches, the sections being deter- | equipment for the control of the emergency auxiliary 
mined by the arrangement of the auxiliary services. | turbo-alternator, and also for a third 1,500 kv.-a. 
Each of the two end sections of the board comprises | transformer. 

the equipment controlling one of the direct-coupled | The switching arrangements are such that the 
house-service alternators, and the feeders for one- | sections can be coupled together, but a system of 
half of the essential services for the corresponding | mechanical and electrical interlocks between the 
main turbo-alternator set. The two intermediate |*bus section switches and the auxiliary alternator 
sections each receive a supply from a 1,500 kv.-a. hes prevents the paralleling of sections when 
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conditions are such as to make it undesirable. 
The cubicles are a standard steel type with front 
and rear doors. The oil circuit breakers, isolators 
and cubicle doors are mechanically interlocked to 
ensure the correct sequence of operation when 
isolating and inspecting a cubicle equipment. W ith 
the exception of the alternator equipments, which 
are electrically operated and controlled from the 
main desk, all circuits are arranged for direct hand 
or push-button control, with instruments and relay 
apparatus mounted on the front of each cubicle. 
The substation also contains a 12-panel marble 
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switchboard controlling the 220-volt storage bat- 
teries for the control circuits and emergency light- 
ing and corresponding motor-generator plants for 
charging purposes. A number of 380-volt three- 
phase, four-wire feeders are controlled from this 
board, including the general station-lighting circuits 
and some minor power circuits of small capacity. 
This 380-volt supply is obtained from small trans- 
formers connected to the 2,200 volt auxiliary 
service board. Of the other switchgear and control 
details in the station, the control board for the 
circulating-water system was described in the pre- 
ceding article, page 750 ante. An 18-in. scale indicat- 
ing wattmeter with illuminated dial is fitted in both 
the engine-house and boiler-house, these instruments 
being operated from the main totalising panel in the 
control room, and showing the operating staff the 
variations in the total load on the station. 

The three interconnectors between the old and 
new stations are fitted at the old station end with 
three type K6A cubicles, similar to those in the 
new station, and these are controlled from a three- 
panel desk board corresponding in arrangement 
with the main desk in the control room. A system 
of panel feeder protection is employed on these 
circuits, using type PD relays that are designed 
for operation on an arithmetical difference in the 
current flowing in two or more parallel feeders, thus 
obviating the use of pilot cables between the two 
stations. The capacity of these feeders is such that 
two will transmit the full 40,000 kv.-a. obtainable 
from the old station plant, thus leaving the third 
feeder as a spare circuit. 

The general principles, which, to a large extent, 
are employed in the auxiliary circuits, are those of 
arranging for the isolation of the auxiliaries for any 
one generating set from those operating in conjunc- 
tion with the remaining sets, and of duplicating 
all essential auxiliaries and feeding them from inde- 
pendent supplies. Reference to Fig. 55, page 788, 
will show how this has been carried out. The supply 
for all the various auxiliaries for both main turbo- 
alternator sets is taken from a 2,200-volt switch- 
board in the substation. This board is supplied 
with power from three independent sources, i.e., 
by three 1,500 kv.-a., 6,300/2,200-volt transformers 
from the generator ring main; by the two 750-kw. 
2,200-volt house generators on the main alternator 
shafts; and by the 750-kw., 2,200 volt emergency set. 
Interlocking devices are provided to prevent the 750- 
kw. house sets trom being paralleled with the 1,500 
kv.-a. step-down transformer supply. The two 
end sections of this five-section board fed by the 
house sets are utilised for the supply to one half of 
the duplicated essential services for each main set, 
i.e., feed pumps, circulating pump and extraction 
pump, the remaining half of these services being fed 
from the step-down transformers referred to. It 
may be noted that the duplicate extraction pumps 
are both driven by 380-volt Metrovick motors, one 
being supplied from the 380-volt substation board 
and the other being connected, through a suitable 
2,200/380-volt transformer, to the 2,200-volt *bus 
bars, fed from the shaft-driven house set. This 
enables identical motors to be utilised even though 
supplied from two independent systems. One half 
of the boiler-house apparatus is supplied from one 
side of the 2,200-volt switchboard through an 
800 kv.-a. step-down transformer, whilst a similar 
transformer supplies the remaining boiler-house 
equipment from the other half of the board, thus 
preventing a complete shut-down in the boiler- 
house. 

The engine-house and miscellaneous auxiliaries 
have been similarly subdivided, one half of the 
380-volt substation being supplied through a 
500 kv.-a, step-down transformer, and supplying 
the separately-driven alternator fan motors, de- 
aerator extraction pump motor and duplicate main 
extraction pump motors, and also the workshop 
and sereen-house distribution boards. The remain- 
in section of this board, supplied from the other 
haif of the auxiliary switchboard, feeds the remain- 
ing two alternator fan motors and extraction pump 
motors, the switchhouse hoist and crane, and also 
an engine-house distribution board for small miscel- 
lancous engine-room auxiliaries. The two motor- 
generator sets used for charging the duplicate 
Station batteries are also supplied from either side 





220-volt lighting connection, with suitable change- 
over switches, enables the station lighting to be 
supplied from either side of the main auxiliary 
board, or, in case of an emergency, by means of an 
automatic contactor-operated change-over switch, 
from either of the station batteries. The coal and 
ash handling gear supply is also divided, two 
400 kv.-a. 2,200/380-volt transformers feeding this 
equipment, and taking their supply from both halves 
of the main auxiliary board. 

By way of conclusion to this account of the Monte 
Video station, we may add some figures which may 
give some idea of the magnitude of the operations 
involved. During the construction of the station, 
a total of 1,750,000 cub. ft. of earth had to be 
excavated, and approximately 700,000 cub. ft. of 
solid concrete was put down. The foundations 
necessitated some 1,200 reinforced-concrete piles ; 
these were all made on the site. The steel- 
work necessary for all the buildings, which was 
supplied by Messrs. Stahlunion Export, Dusseldorf, 
totalled approximately 3,000 tons, exclusive of 
stairways, gratings, gutters, &c. The whole of the 
civil engineering work, foundations, erection of 
buildings, &c., was carried out by the main con- 
tractors, Messrs. Compafiia General de Obras 
Publicas, Buenos Aires. An interesting point in 
connection with the plant is that the boilers, turbines 
and electrical generating plant were constructed 
under the inspection of the surveyors to Lloyd’s 
Register of Shipping. We have pleasure in 
acknowledging our indebtedness to Messrs. Metro- 
politan-Vickers Export Company, Limited, and 
especially to Mr. H. Watson Jones, who had special 
charge of this matter for assistance in the pre- 
paration of the account of this interesting station. 








LETTERS TO THE EDITOR. 


: PROGRESS AND RECOVERY. 
To THE Epiror oF ENGINEERING. 


Str,—As an old contributor to the columns of 
ENGINEERING, I am indeed flattered that any observa- 
tions of mine should be regarded as calling for a leading 
article. But any exuberance of satisfaction is tem- 
pered by the fact that the speech itself was not reported 
in your columns, and that your editorial (ENGINEERING, 
December 11, 1931, page 733) was founded on what I 
may describe as an addendum to my remarks. 

The single observation which you have quoted, 
apart from its context, is calculated to give a wrong 
impression. It would be absurd for anyone to say 
that between 1848 and 1900 mechanical engineers 
made no progress. What I said was founded on the 
statement that in 1848 there was a faster train than 
there was in 1900, and that Great Western express 
engines in the latter vear were practically identical with 
those of 1848. On this—which I believe to be a state- 
ment of fact—I based my remark that railway mechani- 
cal engineers seemed to have made no progress for 
fifty years, whereas there has been constant develop- 
ment of speed in the case of motor vehicles and flying 
machines. 

I quite accept your view that the general managers 
must take their share of responsibility ; per contra, 
they share the glory of the achievements of the railway 
mechanical engineers during the present century. 

As to the question you address to me as to what I 
did to ‘remedy the existing state of affairs,” I will 
reply with due modesty that I encouraged every 
effort to increase speed, believing that fast travelling 
should be the chief aim of railways, and I was in office 
at Paddington when it was decided to schedule a 
train at 66-2 m.p.h. start to stop, which speed, I am 
glad to say, has since been increased. For the rest, I 
send you a copy of my last address to a Great Western 
audience in October, 1929, in which I have marked 
two or three paragraphs bearing on the subject of this 
letter. 

Yours truly, 
FELIx J. C. POLE. 

Reading, December 20, 1931. 


[Nore.—The Editor was present in person at the 
function referred to, and must, under the circumstances, 
meet our correspondent’s charge of quoting apart from 
the context in a way calculated to convey a wrong 
impression. If this has been the result, we certainly 
regret it; that our readers may judge for themselves 
we quote from Sir Felix Pole’s speech, not as recorded 
scrappily by the Editor on the back of his menu, but 
as subsequently forwarded to us officially by the 
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Hon. Secretary of the Institution of Mechanical 
Engineers, North Western Branch. We may add that 
a very short report of the function given in the local 
edition of the Manchester Guardian made a point of 
the same words regarding mechanical engineers having 
** just sat still,” so that we had company in the matter 
of the impression received. We apologise to Sir 
Felix if we have laid undue stress upon an ‘* addendum,” 
which clearly was so cleverly worked into his speech 
as to carry the impression of being part of the main 
structure. The official report of this part of his 
remarks runs as follows :— 

* The railways had quadrupled the speed and halved 
the cost of transport, and they would have great 
difficulty in finding any other invention which had 
done as much as that at one bound. Unfortunately, 
mechanical engineers had just sat still from 1849 to 
1900, and it had always seemed to him amazing that 
in 1848 the Great Western Railway had been running 
with a train at a higher speed than in the year 1900. 
True, it had only had one train, but it had run faster 
than any one train in 1900. They had lost a good 
deal of time, and one wondered what might have been 
the speed if, instead of worshipping that 60 m.p.h., 
they had gone on increasing, say, 10 miles every 
10 years. If the flying machines had done what the 
railways had done, the first aeroplane would have had 
to start flying at 300 m.p.h.” 

We regret that owing to pressure on our space we 
cannot reproduce the remarks referred to in the latter 
part of Sir Felix Pole’s letter.—Eb. E.] 

















DIESEL ENGINES. 
To THE Eprror oF ENGINEERING. 


Sir,—With reference to the report in your current 
issue, of the lecture delivered before the Royal Society 
of Arts on December 7, by Mr. R. H. Ricardo, F.R.S., 
the revolutionary opinions expressed therein, whilst 
being, of course, extremely interesting, appear to have 
been put forward without any consideration of the 
disadvantages. Mr. Ricardo does not give any 
estimate as to the number of engineers required to 
operate 1,000 small engines, and it is quite obvious 
that here is a very large increase in operating costs, 
apart from any other considerations. Furthermore, 
it would be amusing to be in such a station when it 
was operating, say, at half load, to see the efforts of 
the engineers to start up the other 500 engines should 
a sudden demand for full load be experienced. 

Mr. Ricardo states that the history of the steam 
engine might be repeated, and he mentions the progress 
from the slow-moving engine through various stages 
to its present form of the high-speed steam turbine, 
but he very convenienfly omits to remark that, not 
only has this progress shown an increase in speed, but 
it has also been in the direction of the utmost simplicity, 
inasmuch as a steam turbine is entirely devoid of 
reciprocating parts. The tendency to-day with Diesel 
engine makers of long experience is towards simple 
construction, and it is now possible to obtain units of 
the highest efficiency in sizes up to 1,000 brake horse- 
power without a single mechanically-operated valve of 
any description. 

In a station as outlined by Mr. Ricardo, containing 
a large number of high-speed engines of admittedly 
complicated construction, it would be necessary to 
maintain a permanent staff of highly-skilled engineers 
who would be doing nothing else but overhauling 
engines. On the other hand, large engines of simple 
construction can be run for several years continuously 
before needing a complete overhaul, and the small 
amount of running adjustments could be easily done 
by the ordinary driver as part of the normal day’s 
work. It so happens that I have this week had an 
opportunity of inspecting a Diesel engine running at 
about 175 r.p.m., which has been in constant daily use 
for 28 years without giving any trouble, and with very 
low maintenance costs. If this plant had consisted of 
a number of small high-speed engines, it is pretty safe 
to assume that, in 28 years, they would have been 
replaced several times over. Another point, perhaps 
of minor importance, is the fact that a 1,000-panel 
switchboard would make superhuman demands on the 
switchboard attendants, and the first cost of the 
installation and wiring up would be colossal. 

Mr. Ricardo cites as an example the German pocket 
battleship, which contains 140 cylinders in all, but 
I think I am on safe ground when I say that, quite 
apart from the engine-room staff, consisting of a couple 
of clerks and charwomen, it comprises a large number 
of very highly-skilled engineers. Furthermore, it is 
not possible to compare a battleship with a commercial 
installation, as, in the former case, the costs of operation 
are of no particular importance. 

Yours faithfully, 
A. V. Jagratt, A.M.I.Mar.E. 

New Oxford House, Hart-street, London, W.C.1., 
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ELECTRICAL DEVELOPMENT AT 
TUNBRIDGE WELLS. 

An important strategic point in that part of the 
South-East England Electricity District which lies 
south of the Thames, is the substation at Swanscombe, 
near Gravesend. This will be supplied from the 
Deptford power station via Eltham, and will also be 
connected to the Battersea power station via Wimble- 
don and Croydon. In addition, one line will run from 
it to Maidstone and on to Canterbury, Folkestone and 
Hastings, and a second to Tunbridge Wells and on to 
Three Bridges, Brighton, Eastbourne and Hastings, 
thus forming a ring main with the first. These circuits 
are gradually being completed and on Thursday, 
December 17, the line from Swanscombe to Tunbridge 
Wells was officially switched in by Sir Andrew Duncan, 
Chairman of the Central Electricity Board, while at 
the same time a new switchboard for controlling the 
incoming supply to the latter town was inaugurated by 
its Mayor, Alderman A. Dennis, J.P. 

The grid substation at Tunbridge Wells is of the 
three-switch, high-extensible type*, and is equipped 
with two 15,000 kv.-a. transformers manufactured by 
the Fuller Electrical Company, London, by which the 
incoming pressure of 132 kv. is stepped down to 6-6 kv. 
for transmission to the power station through cables. 
Tap-changing equipment allows the pressure on the 
high-tension side to be altered by +- 10 per cent. These 
transformers are fitted with forced-draught cooling, 
which comes automatically into operation when a 
pre-determined load is exceeded, and are connected 
on the secondary side to 130/260 kv.-a., 6-6/0-4 kv. 
earthing transformers. 

The switchgear installed comprises English Electric 
oil cireuit-breakers with a rupturing capacity of 
1,500,000 kv.-a. and of a type which has already been 
described in ENGINEERING on page 354 ante, and in- 
cludes a *bus-coupler for connecting the two 132 kv. 
lines in parallel. All the breakers can be operated either 
by hand at the substation itself or by remote-control 
equipment from the power station. Each 132-kv. 
circuit contains a Reyrolle potential coupler, which is 
designed to compensate for any unusual variations in 
the voltage. 

The incoming cables from the substation are con- 
nected to a board of the hand-operated horizontal isola- 
tion type, which was manufactured by Messrs. The 
English Electric Company, Limited, to the specification 
of Mr. R. N. Torpy, the Borough Electrical Engineer. 
This board comprises 12 units, each with a rupturing 
capacity of 350,000 kv.-a. and, in addition to the grid 
lines, controls the two 3,750 kv.-a. generating sets in the 
station and the outgoing feeders to the Tonbridge 
Urban District Council and to the Weald Electric 
Supply Company. It is also connected to the existing 
board through two banks of current-limiting, oil- 
immersed, air-core reactors, each of which is rated at 
400 kv.-a., or 4 per cent. of the connected kilovolt- 
ampere capacity, and can absorb 250,000 kv.-a. for 
three seconds in the event of a fault. The 132 kv. and 
6-6 kv. switchgear is interconnected, so that an earth 
fault or out-of-balance on any low-pressure line will 
trip the 132-kv. breaker. In the event of an overload, 
however, only the 6-6-kv. breaker will be tripped. 





ENGINEERING TRAINING AND 
EDUCATION. 


lustitution of Municipal and County Engineers.—In 
view of the increased administrative demands upon 
municipal and county engineers, the council of the 
Institution of Municipal and County Engineers has 
decided to introduce questions on administration and 
organisation into tLe Testamur Examination and also 
to inaugurate a Diploma in Administration, for which 
a special examination will be held. Part VI of the 
Testamur Examination will henceforward consist of a 
three-hour paper divided into two sections, namely, 
law and bye-laws, and administration and organisation. 
Part IV of the County and Highway Engineering 
Examination will be similarly divided. The first 
examination for the Institution’s Diploma in Adminis- 
tration will be held in November, 1932. Every 
entrant must be a corporite member of the Institution, 
and at least 25 years of age at the date of the examina- 
tion. The examination regulations and_ syllabus, 
revised to include the chenges referred to above, may 
be obtained from the secretary of the Institution, 84, 
Eccleston-square, London, 8.W.1. 





GENERATION OF ELECTRICITY IN GREAT BRITAIN.— 
During the first eleven months of 1931, the total amount 
of electricity generated by authorised undertakers in 
Great Britain was 10,178 million units, as compared with 
9,764 million units during the corresponding period of 
1930, representing an increase of over 4 per cent. 





* See ENGINEERING, Vol, cxxvii, page 516 (1929), | 





TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are given. Further details may be obtained on 


appended being quoted in each case. 

Structural Bridgework.—The supply of 1,790 tons of 
steelwork, troughing, &c., for the new Buffalo River 
Bridge, East London. The South African Railways 
and Harbours Administration, Johannesburg, 
ruary 15, 1982. (Ref. No. G.X. 11,007.) 


20 m. in length and 8 m. in width, for the conveyance 
of passengers and vehicles. 
Travaux Publics, Morocco (French zone). 
A.X. 11,223.) 


(Ref. No. 


Brazilian Railway Electrification ——The Brazilian 
Government is open to receive proposals for the electri- 
fication of the suburban lines of the Estrada de Ferro 
Central do Brasil, as also for the main interior line situated 
between the stations of Pedro II and Barra do Pirahy. 
Further particulars may be obtained from the Brazilian 
Embassy, 19, Upper Brook-street, London, W.1. 
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| The Monopoly of Credit. 
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CHANGE OF ADDRESS.——-Messrs. Mackness and Shipley, 
consulting engineers, are removing, at the end of this 
month, from 28, Victoria-street, to Parliament Mansions, 


application to the Department, the reference number | 


Feb- | 


Steel Ferry Boat.—The supply of a steel ferry boat, | 


La Direction Générale des | 


| CONTRACTS. 


| Messrs. C. A. Parsons AND Company, LimITEp, 
Heaton Works, Newcastle-on-Tyne, have received ai 
order for three transformers, each of 6,000-kv.-a. 
capacity, with a voltage ratio of 13,500/3,000, and for 
26 auxiliary transformers of lower voltage ratio, to be 

| used in connection with the new Dunston power station. 


Messrs. VickerS-ARMSTRONGS, LtD., Vickers House: 
| Broadway, London, 8.W.1, have received an order from 
, the Great Western Railway Company for five ‘‘ Norfolk ” 
Spades for use on the coaling plants in the Great Western 
| docks at Cardiff, Barry, Newport, Swansea, and Port 


| Talbot. A detailed illustrated description of the 
| ‘* Norfolk ” spade will be found on page 196 ante. 
| Messrs. Brooke Martne Morors, Liwrrep, Adrian 


Works, Lowestoft, have received a repeat order from 
the Port of Pireus authorities, for several of their 
15/40-h.p., six-cylinder marine motors, for immediate 
shipment to Greece. 


Messrs. JOHN I. THORNYCROFT AND CoMPANy, 
Limitep, Thornycroft House, Smith-square, London, 
S.W.1, are to design and build the high-speed motor 
boat ‘‘ Miss England III’ for Lord Wakefield. The 
vessel will be equipped with engines manufactured by 
Messrs. Rolls-Royce, Limited, Derby. 








PERSONAL. 


Messrs. THE B. A. Ho“tanp ENGINEERING Com- 
pany, Lrp, 18, Victoria-street, London, S8.W.1, have 
purchased from Messrs. Bernard Holland and Company, 
the business, including the goodwill, in Holland-SLM 
rotary air compressors, Holland-SLM rotary vacuum 
pumps, and SLM-Winterthur Diesel engines and loco- 
motives. Although Mr. Bernard Holland ceases to be 
interested in the business, the organisation and manage- 
ment will be continued with the least possible change. 

Messrs. VICKERS-ARMSTRONGS, LIMITED, have ap- 


pointed Mr. J. M. Ormston, M.B.E., a special director, 
in charge of the shipbuilding department at Barrow-in- 


Furness. He will be directly responsible to Mr. J. 
Callander. 
Dr. F. S. Srynart, M.B.E., has been appointed 


Director of Fuel Research under the Department of 
Scientific and Industrial Research, by The Lord Presi- 
dent of the Council. Dr. Sinnatt has been Assistant 
Director of Fuel Research since 1924. 

MEssks, FAIRBANKS, MORSE AND COMPANY, 900 S. 
Wabash Avenue, Chicago, Ill., U.S.A., announce that 
Mr. R. H. Morse, formerly vice-chairman of the board 
of directors, has been elected president and general 
manager of the Company, in succession to Mr, W. 8. 
Hovey. 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—The recent inquiry of the Brazilian 
Central Railways for the supply at Rio de Janeiro of 
100,000 tons of Welsh coal has been the subject of con- 
jecture of late in view of the fact that the order for 100,000 
tons has not been placed. On the other hand, orders 
for cargoes amounting in the aggregate to 50,000 tons 
have been secured by two well-known export and colliery- 
owning firms, so that it is assumed that the business for 
100,000 tons has been either cancelled or left in abeyance. 
The Madrid, Zaragossa and Alicante Railway of Spain 
has also come into the market for 50,000 tons of Welsh 
coal, and already part of the business has been placed 
and news is still awaited in respect to the balance, An 
Athens electricity works, which in the past has taken 
Turkish coal, has also bought 100,000 tons of Welsh duff 
to be delivered at Pirzeus during 1932 and 1933, delivery 
commencing in July next. It is stated that the busi- 
ness has been secured for Welsh coal as a result of the 
depreciation in the £ and the lower cost of Welsh coal 
abroad. While new business remains quiet and most of 
the collieries are compelled to effect stoppages because 
of the lack of trade, loading at the docks has become more 
active as a result of boats which had been delayed by 
foggy weather having arrived. In consequence of this, 
steamers have been compelled to wait for tips for the 
first time for some months, and last week exports were 
increased by 21,000 tons to 487,245 tons, of which 115,220 
tons were shipped from Cardiff and 166,565 tons from 
Barry. To-date this year, shipments at 21,199,805 
tons are nearly 6,000,000 tons less than the amount for 
the corresponding period of last year. Business gener- 
ally remains on quiet lines, and shippers experience no 
difficulty in obtaining their requirements on the basis 
of the schedule of 19s. 6d. for best Admiralty large, and 
13s. 6d. for best bunker smalls. The concession of 2s. 
per ton in respect to banked smalls has created some 
demand for these classes, which are being mixed with 
freshly-wrought coals. 

Mountstuart Dry Docks Combine.—Mr. Fred. E. Lewis, 
director and secretary of the Mountstuart-Channel Dry 
Docks combine, has retired from the secretaryship on 
account of ill-health, but will remain a director of the 
associated companies. Mr. Lewis will be succeeded in 
the secretaryship by Mr. John E. Hamlett, the present 
assistant secretary of the associated concerns. The 
companies in the combine are the Mountstuart Dry 
Docks, Limited, Channel Dry Docks and Pontoon 
Company, Limited, Bute Shipbuilding, Engineering and 
Dry Dock Company, Limited, Barry Graving Dock and 
Engineering Company, Limited, and the Tredegar Dry 
Dock and Wharf Company, Limited. It will be recalled 
that the Mountstuart and Channel combine was brought 











Orchard:-street, Vietoria-street, London, S.W.1. 





into being by amalgamation in February last. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MiIpDLEsBROUGH, Wednesday. 


The Cleveland Iron Trade.—Sales of Cleveland pig 
iron are few, but some expansion of both home and export 
business is expected early in the New Year. Stocks have 
been reduced to quantities little if any larger than are 
considered necessary for ordinary trading, but will be 
increased over next week when consuming works will be 
closed for the holidays. Hope is expressed that the 
Government will be induced to take action shortly of 
a nature calculated to remove the principal obstacles to 
trade with overseas firms, Meanwhile the outlook as 
regards home business is regarded as distinctly brighter. 
Ironmasters’ fixed minimum prices remain at: No. 1 
Cleveland, 61s.; No. 3 g.m.b., 58s. 6d.; No. 4 foundry, 
57s. 6d.; and No. 4 forge, 57s. 

Hematite.—The statistical state of the East Coast 
hematite trade has materially improved, but is still un- 
satisfactory. Accumulations at the blast-furnaces, while 
substantially below the quantities stored a little while 
ago, are still of hampering dimensions. Much of the stock 
is sold, but customers have not been taking up full 
deliveries against running contracts. Improvement in 
demand is, however, looked for. Producers complain that 
prices obtainable are altogether unremunerative. Second 
hands hold a fair amount of iron, but are not inclined to 
undersell makers to any extent, and some advance in 
values would cause no surprise. Definite values are 
difficult to fix, as terms of sale vary considerably after 
individual bargaining. Transactions in ordinary quali- 
ties are stated to have been put through at prices ranging 
from 65s. to 66s. 

Foreign Ore.—There is no market for foreign ore. 
Sellers are not quoting and consumers are not obliged to 
negotiate for supplies. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
very plentiful. Good medium qualities are put at 16s. 6d. 
to 16s, 9d., delivered to works in this area, but market 
transactions are little heard of, as local users have their 
own makes to draw upon. 


Manufactured Iron and Steel.—Manufacturers of semi- 
finished and finished iron and steel are much in need of 
orders, except for constructional steel, in which section 
firms have a fair number of contracts to execute. Quota- 
tions, all round, keep steady. Common iron bars are 
101. ; best bars, 107. 10s. ; double best bars, 117. ; treble 
best bars, 111. 1s.; packing (parallel), 8/.; packing 
(tapered), 107. ; steel billets (soft), 51. 10s. ; steel billets 
(medium), 61. 12s. 6d.; steel billets (hard), 77. 2s. 6d. ; 
iron and steel rivets, 111. 5s. ; steel ship plates, 87. 15s. ; 
steel angles, 8/. 7s. 6d.; steel joists, 8/. 158,; heavy 
sections of steel rails, 87. 10s. for parcels of 500 tons and 
over, and 91. for smaller lots; fish plates, 127. 10s. ; 
black sheets (No. 24 gauge), 8/.; and galvanised corru- 
gated sheets (No. 24 gauge), 91. 5s. 


Scrap.—Several descriptions of scrap are still in fairly 
good request. Borings are 26s.; turnings, 30s. ; light 
cast iron, 40s.; heavy cast iron, 45s.; machinery 


metal 47s, 6d. ; and heavy steel, 42s. 6d. 








PRicES OF IRON AND STEEL, 1914 to 19382.—We have 
received the twelfth annual issue of the Chart of Iron 
and Steel Prices, 1914 to 1932, prepared by Messrs. W. 
Richards and Sons, Limited, Britannia Foundry, 
Middlesbrough, This gives, in the form of graphs, the 
quarterly variations in prices, from 1914 to December, 
1931, of pig iron (No. 3 G.M.B.), iron rivets, Crown 
bar iron, iron ship castings, steel sections and joists, and 
steel rails. The variations in the Bank rate are also 
included. As was the case with previous editions, the 
graphs are neatly and clearly printed in contrasting 
colours. 


THE TECHNOLOGICAL INSTITUTE OF GREAT BRITAIN.— 
Provision is now made in most large works for the 
apprentices to receive technical instruction, either in the 
works itself or in a technical college. There are many 
youths, however, who, either by reason of defective 
early education or slowness in grasping new ideas, are 
unable to take advantage of class tuition, and in such 
cases, there is no doubt that a correspondence college 
fulfils a very useful function. It also makes an appeal 
iv the worker who, by reason of his age, feels disinclined 
to join an elementary class, but is nevertheless anxious 
to improve his knowledge in one direction or another. 
Finally, such colleges are very useful to students wishing 
to prepare themselves for the examinations of the various 
professional institutions. The extent to which the 
lacilities offered by postal tuition are utilised is not 
always realised, but may be illustrated by The Techno- 
logical Institute of Great Britain, which has over 500 
tudents enrolled at the present time. The courses 
arranged by this institution, whose headquarters are at 
Temple Bar House, London, E.C.4, cover all branches 
of engineering work, but no attempt is made to give 
\nstruction in subjects not directly related to engineering. 
Language courses are only given with a view to prepara- 
tion for examinations in which a language forms a 
compulsory subject. The courses arranged by the 
Institute include preparation for its own diploma in 
engineering. There are two types of diploma course, 
the first being of a general nature, and covering one of the 
iain branches of engineering, and the second covering 
Some specific subject, such as surveying and levelling. 
lhe tutors are all fully qualified in the subjects in which 
they teach, and it is interesting to note that in the various 
Institution Examinations, held from 1928 to 1930, over 
90 per cent. of the students entered were successful in 
passing at the first attempt. 





ENGINEERING. 


= 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The recent improvement in the local 
steel and engineering trades has not been maintained. 
Weakness has been accentuated during the past week or 
so. The outlook, however, is more cheerful, and prospects 
for the New Year are said to be bright. The holiday 
stoppage is expected to be of longer duration. The raw 
and semi-finished steel trades are working greatly under 
capacity, and the month’s output of steel ingots and 
castings is likely to show a decline as compared with 
October—the last month for which statistics are avail- 
able—when a welcome rise was recorded. The uncer- 
tainty surrounding the movement of the pound sterling, 
coupled with the absence of definite news concerning the 
Government’s intentions regarding a tariff on imported 
iron and steel, are responsible for buyers showing 
little inclination to place orders. The quietness in trade 
generally is reflected in the poor demand for ferro- 
alloys used in the manufacture of steel. Despite the low 
point which consumption has reached, basic steel scrap 
is firm and is realising about 42s. per ton. The heavy 
engineering and machinery trades are awaiting the turn 
in the tide of depression, and confidently predict an early 
revival. Railway rolling stock manufacturers are meeting 
with a poor demand, both on home and export account. 
The diminution of business generally with the Far East 
has affected local works considerably. In the past, 
Sheffield has done a large amount of work for India, but 
at present, contracts from that source are few and far 
between. Orders have been received locally from 
Government departments for mild steel, boiler and ship 
plates, and steelwork. Motor-car manufacturers are good 
customers, and are taking increased supplies of high-class 
steels and parts. Increased use is being made of 
machinery in several sections of the finished branches. 
One concern has been successful in off-setting keen 
Continental competition, and is doing a good business in 
the production of automatic vending machines, slicing 
machines, weighing machines, and vacuum cleaners. 
Agricultural machinery and implements are at present 
not in very large request. The demand has reached 
its seasonal low level, but a gradual improvement is 
looked for during the next few weeks, The output of 
stainless steel and rustless iron shows a steady increase, 
while other chemical and heat-resisting materials do not 
lack buyers. These represent the most progressive 
lines in local industry. The tool trades are suffering 
under many difficulties. While the Government’s anti- 
dumping duties promise to confer a long-awaited benefit, 
large stocks of foreign-made implements are held by dis 
tributors, and it will be some time before they have been 
disposed of, after which an increased demand for British- 
made tools is anticipated. 

South Yorkshire Coal T’'rade.—The coal market gene- 
rally is more or less lifeless. The inland call is only 
moderate, while export requirements leave much to be 
desired. Immediate improvement is out of the question, 
but revival in the New Year is expected. The current 
consumption of industrial fuel is at a low ebb owing to 
the iron and steel trades being poorly employed. Textile 
manufacturers are taking better deliveries, while gas and 
electricity undertakings are good customers in certain 
classes of fuel. There has been a welcome improvement 
in the demand for housecoal, but gross requirements are 
not up to the seasonal level. The coke market is fairly 
buoyant. Coke for central-heating purposes is being 
disposed of in steady tonnages, while foundry and furnace 
varieties show little change, either on home or export 
account. Gas coke continues steady. Quotations: 
Best branch handpicked 26s. to 27s.; Derbyshire best 
house, 22s. to 23s. ; Derbyshire best brights, 20s. 6d. to 
21s. 6d.; screened housecoal, 19s, to 208. 6d. ; screened 
nuts, 17s. to 18s.; Yorkshire hards, 17s. to 18s. 6d. ; 
Derbyshire hards, 17s. to 18s. 6d.; rough slacks, 9s. to 
10s. ; nutty slacks, 8s. to 9s.; and smalls, 5s. 6d. to 6s. 6d. 








An INTERNATIONAL RAILWAY-TRANSPORT FrAT,—The 
arrangements for an interesting through-transport feat 
have recently been completed by the London and North 
Eastern Railway Company, in co-operation with the 
Great Eastern Train Ferry Company and Messrs. 
Schenkers, Limited, Continental forwarding agents. 
Messrs. Metropolitan-Vickers Electrical Company, 
Limited, Manchester, secured some time ago a contract 
for 1,300 tons of electrical equipment for the Hungarian 
State Railways. Most of this equipment is now com- 
plete, and it is to be conveyed direct to its destination, 
a distance of 1,200 miles, in through wagons. The 
route to be followed from Manchester is to be, via 
Sheffield, Lincoln, Ely, the Harwich-Zeebrugge train 
ferry, Cologne, Frankfort, Nuremburg, Vienna, Hegyes- 
halom and Budapest. The special machinery wagons 
of the London and North Eastern Railway will, there- 
fore, travel over the railways of Belgium, Germany, 
Austria, and Hungary. The machinery to be conveyed 
includes eight transformers, each weighing 264 tons; 
16 switches, each weighing 74 tons; 330 tons of switch- 
gear; and 36 electric motors, each weighing 20 tons. 
The electric motors and transformers are to be conveyed 
on L.N.E.R. “ Weltrols ” wagons, and the switches on 
‘“Flatrols ” wagons ; switchgear and other smaller parts 
are to be conveyed in containers which will avoid all 
packing costs. The Hungarian State Railways wish to 
receive the equipment P ar agen as their electrification 
scheme progresses, and the wagons will, therefore, be 
despatched, at intervals, over a period of three years. 
The first consignment left Trafford-park, Manchester, 
some time ago. The sub-station machinery will be 
deposited on the actual site at four different places in 
Hungary. This is believed to be the first time in history 
that British railway wagons have travelled so far into 


NOTES FROM THE NORTH-WEST. 


MANCHESTER, Wednesday. 

Uncertain Outlook.—Business in the North-western 
iron and steel and heavy engineering industries continues 
to suffer from the uncertainties of the tariff and exchange 
positions, and transactions in the week or two imme- 
diately preceding Christmas have been of very small 
dimensions. In several sections leading firms report 
that the outlook for 1932 is far from encouraging, and 
in the pig-iron branch there is a growing fear that many 
buyers, who recently have contracted forward over the 
last three months or so, are likely to revert to purchases 
for immediate requirements only in the New Year. 
Except for a slight improvement in the demand for boiler 
and tank plates, business is disappointing in the steel 
sections. In brief, the position at the moment appears 
to be that initial hopes aroused by the changed condi- 
tions, which followed upon the departure from the gold 
standard, have not been realised. Constructional steel- 
work undertakings are finding conditions more than 
usually difficult and have little hope of any material 
improvement for at least a month or two. At Liverpool, 
Messrs. McIntyre and Sons, Limited, have supplied 
150 tons of steelwork for the new Gaumont Palace at 
Anfield; and at Manchester, Messrs. Robinson and 
Kershaw, of Trafford Park, are manufacturing materials 
required for the erection of a large new garage at Altrinc- 
ham, Cheshire. 

Possible New Industries.—A further stage in the ambi- 
tious scheme prepared by the Lancashire Industrial 
Development Council, was reached at a meeting at 
Manchester, when representatives of municipal authori- 
ties, Chambers of Commerce and business organisations 
in the Lancashire and Cheshire industrial area, promised 
support to the project. It was agreed to form a co- 
mittee of fourteen to prepare a definite scheme for the 
stimulation of interest in the possibilities of the area 
for the establishment of new industries, and Lord Derby, 
the President, announced that a London office would be 
opened in order to display information to interested 
firms, and to advocate generally the advantages of the 
area for the establishment of new factories and works. 
Liverpool, too, is making a determined effort to capture 
new and diverse trades, and the Liverpool Organisation 
state that they have an inquiry from a Continental firm 
for a 25-acre site in proximity to the docks. At Stoke, 
the Corporation has written to American engineering 
firms offering them suitable sites in the city for new 
branch factories. 

Further Locomotive Orders.—Matters are rather brighter 
in the locomotive-building section, and in the last few 
days, Messrs. Nasmyth, Wilson and Company, Limited, 
of Manchester,.have booked an order from the National 
Construction Commission of Nanking, China, for eight 
Mikado-type engines. Messrs. W. G. Bagnall, Limited, of 
Stafford, have received a contract from the Commission 
for the supply of two small tank locomotives ; and Messrs. 
Charles Roberts and Company, Limited, of Horbury 
Junction, near Wakefield are to supply thirty-eight 
10-ton bogie coal wagons and two 10-ton platform 
type wagons. Messrs. Leyland Motors, Limited, of 
Leyland, near Preston, have obtained a repeat order 
from the Chesterfield Corporation for “‘ Titan ’ double- 
decked motor omnibuses; they are also to supply two 
double-decked omnibuses to the Accrington Corporation. 








Visit To ENGLAND OF AMERICAN CHEMICAL ENGINEERS. 
—lIn view of the present situation, the joint meeting which 
was to have been held in this country in June, 1932, by 
The Institution of Chemical Engineers and the American 
Institute of Chemical Engineers, is, for the present, 
postponed. 


Royat AGRICULTURAL Society.—The annual report 
of the Council of the Royal Agricultural Society of 
England, presented at the annual general meeting held 
at the Royal Agricultural Hall, Islington, on December 9, 
showed that there were 10,456 governors and members 
on the register, compared with 10,940 at the time of the 
previous annual report. The Society’s ninety-first 
annual exhibition will be held at Stoneham Park, South- 
ampton, from July 5 to 9, 1932. Applications for space 
in the implements and machinery section must be made 
to the secretary of the Society, at 16, Bedford-square, 
London, W.C.1, not later than March 21. Entries of 
new implements for the Society’s Silver Medal must be 
made by March 1. The Council has accepted an invita- 
tion to hold the 1933 Royal Show at Derby, and it is 
anticipated that the Shows of 1934 and 1935 will he 
held at Ipswich and Newcastle-upon-Tyne, respectively. 





A Lone Non-Stop Tursine Run.—The reliability 
which now characterises steam-turbine machinery of 
the smaller as well as the larger types, is well shown by 
the performance of a small geared turbo-alternator, 
supplied some three years ago by Messrs. C, A. Parsons 
and Company, Limited, to the Allahabad Power Station 
of the United Provinces Electricity Supply Company, in 
India. This machine, having an economical rating of 
1,000 kw. only, is reported to have carried an average 
load of 950 kw. for no less than 1,176 hours without a 
stop, the heaviest load during the period amounting to 
1,450 kw. for five minutes. The run was made during the 
hottest months of the year, when the temperature of the 
circulating water often attained 100 deg. F. The 
turbine in question is of the Parsons impulse-reaction 
type, running at 6,500 r.p.m, and driving an open-type 
alternator at 750 r.p.m. by means of creep-cut gearing. 
After two years of hard service, the set was tested without. 
any special preparations being made, and the steam 
consumption was found to be 1-2 per cent. below the 
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THE STATE ELECTRIC POWER STATION, MONTE VIDEO. 


(For Description, see Page 785.) 
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LAUNCHES AND TRIAL TRIPS. 


* ConcuH.”’—Twin-serew  oil-tank motorship; _ six- 
cylinder, four-cycle, single-acting Harland-B. and W. 
Diesel engines. Trial trip, December 8. Designed for 
the carriage of 11,900 tons of petroleum in bulk. Built 
and engined by Messrs. Harland and Wolff, Limited, 
Glasgow, for Messrs. The Anglo-Saxon 
Company, Limited, London. 


‘“* MERCATOR.” — Barquentine - rigged, three - masted 
training ship, fitted with a 500-b.h.p. Diesel engine made 
by La Société Anonyme John Cockerill, Seraing, under 
licence from Messrs. Burmeister and. Wain, Copenhagen. 
Launch, December 9. Gross tonnage 770 ; accommoda- 
tion for 72 cadets of Belgian mercantile marine. Built 
by Messrs. Ramage and Ferguson, Limited, Leith, for 
the Belgian Government, 


Petroleum 


| ‘“HicgHLANp Partrior.”-—-Twin-screw passenger and 
| refrigerated cargo motorship; eight-cylinder, double- 
j acting, four-cycle Harland-B. and W. Diesel engines. 
| Launch, December 10. Main dimensions, 520 ft. by 
| 69 ft. by 35 ft. 9 in. Built and engined by Messrs. 
| Harland and Wolff, Limited, Belfast, for Messrs. Nelson 
| Steam Navigation Company, Limited, London. 

““ CaRDIUM.”’—Twin-screw oil-tank motorship; four- 
| cycle, single-acting Hawthorn-Werkspoor Diesel engines 
| Supplied by Messrs. R. and W. Hawthorn, Leslie and 
|Company, Limited, Newcastle-upon-Tyne. Trial trip, 
| December 10. Main dimensions, 450 ft. by 62 ft. by 
34 ft. Built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne for Messrs. The 
Anglo-Saxon Petroleum Company, Limited, London. 
“St. Davip.”—Twin-screw nger steamer for 
service between Fishguard and Rosslare ; Parsons-type 
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turbines and single-reduction gearing. Launch, Decem- 
ber 10. Main dimensions, 325 ft. by 46 ft. 6 in. by 18 ft. 
9 in. Built and engined by Messrs. Cammell Laird and 
Company, Limited, Birkenhead, for Messrs. The Fish- 
guard and Rosslare Railways and Harbours Company, 
Limited. 

‘* TREN’T.”’’—Steam coaster for service between Grimsby 
and Hull ; compound surface-condensing engines supplied 
by Messrs. Plenty and Son, Limited, Newbury, Berkshire. 
Trial trip, December 12. Main dimensions, 105 ft. by 
20 ft. by 8 ft. Built by Messrs. Richard Dunston, 
Limited, Thorne, near Doncaster, to the order of Messrs. 
The Grimsby Express Packet Company, Limited. 

* Sincu.”’—Single-screw oil-tank steamship; triple- 
expansion engine supplied by Messrs. The Wallsend 
Slipway and Engineering Company, Limited. Trial 
trip, December 15. Main dimensions, 380 ft. by 55 ft. 
by 29 ft. 3 in. Built by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Wallsend-on-Tyne, for 
Messrs. The Burmah Oil Company, Limited, Glasgow. 








NATIONAL SMOKE ABATEMENT Socrety, ~The second 
annua! report ot the National Smoke Abatement Society 
shows that, in spite of the period of financial stringency 
through which the country is passing, an increase in 
members of 79 was recorded during the year ending 
June 30, 1931. The second annual conference of the 
Society, held in Leicester in September, 1930, was well 
attended and proved a success. The 1931 conference. 1 
will be recalled, took place at Liverpool. The 193 
conference will be held at Newcastle-upon-Tyne. During 
the year covered by the report, the Society has taken 
in exhibitions at Lancaster, Shipley, Spenborough. 

eywood, Bebington, Birkenhead and Dudley. he 
office of the Society is at 23, King Street, Manchester. 
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ELECTRIFICATION AS A NATIONAL 
POLICY. 

WHEN the reorganisation of electrical generation 
and transmission on national lines was first pro- 
posed, even those who were most enthusiastic for 
the change realised that it would not of itself solve 
the problem of a general cheap power supply, but 
must, if supplies of electricity were to be made 
generally available, be followed by a corresponding 
effort to deal with the equally important question of 
distribution. Generation and transmission having 
now been satisfactorily tackled, it is natural that 


|increasing attention should be paid to the latter 
' problem, which, in some ways, is likely to prove 


the most difficult of the three. Although both 
generation and transmission have their technical 
and economic aspects, the former is the more 
important, and problems coming under the latter 
heading are mainly considered and decided by 
professionals. On the other hand, in the field of 
distribution, finance often outweighs engineering, 
and, as often, the solution of its difficulties depends 
on the co-operation of laymen. With such matters 
as the design of transmission lines and their fittings, 
in fact, go not only the ever-present factor of cost, 
but the necessity of impressing on those whom it 
is desired to benefit the advantages of using elec- 
tricity for every possible purpose. The individual 
consumer, partly because there are fewer of him, is 
a much more important item in rural than in urban 
electrical development. 

This state of affairs, as pointed out by Sir Philip 
Dawson in the Rankin Lecture, which he delivered 
before the University of Liverpool on Monday, 
November 23, is a result of legislation, which made 
it more easy for supply undertakings to develop 
the densely populated areas and still more easy, 
since there were good economic reasons for not 
touching them, to neglect the rural districts. Before 
such districts can be supplied economically, it is, 
in fact, necessary to use the cheapest possible 
equipment consonant with safety and to offer 
tariffs which will encourage consumption, since the 


cream of the load has already been removed to a 
great extent by methods which are not applicable in 
dealing with the skim. That in deciding on the 
best way to deal with the question a bold reduction 
in price should not be excluded, is shown by the fact 
that, while in 1922-23, 3,789 million kilowatt-hours 
were sold at an average price of 2-07d., in 1929-30 
the corresponding figures were 8,666 million kilo- 
watt-hours and 1-38d. This striking advance is, 
of course, mainly the result of what has been 
happening in urban areas, but it is not inconceivable 
that intensive rural development would lead to 
relatively comparable results. Such development 
might, it is true, temporarily result in an increase 
in costs, for, even as it is, the capital charges 
on distribution have, during the last six years, risen 
from 0-38d. to 0:39d., while those on generating 
plant have fallen from 0- 42d. to 0-34d. per kilowatt- 
hour. This, however, is no reason for timidity. It 
is rather an argument for taking care that future 
development shall be carried out in the right way. 

The obstacles to that development are various 
and are variously weighted by different autho- 
rities. Sir Philip Dawson, for instance, regards 
legislative restrictions as being of the first impor- 
tance. The many onerous clauses and conditions 
contained in the franchises under which many 
undertakings operate, as well as lack of security of 
tenure and difficulties of obtaining wayleaves and 
consents, are, he considers, the main obstacles to 
progress. It is, however, very much to be doubted 
whether all, or any, of these offer such a bar to 
development as the simple economic problem, 
whether the capital and running expenditure will 
enable a supply to be given at such a price that the 
rural consumer will find it attractive. In this 
connection the position has been clearly stated by 
Mr. J. M. Kennedy. The crux of the question, he 
said, was to discover how to sell 50 kilowatt-hours 
per annum per pound invested. Where only a small 
amount of electricity is sold, the capital charges are 
invariably a difficulty. Such costs are, however, 
little, if at all, affected by the matters mentioned by 
Sir Philip Dawson. Obtaining wayleaves is seldom 
costly, even if it is slow, while such delay as exists 
is less evident in applications for low-tension than 
for high-tension lines, partly because, rightly or 
wrongly, they are considered to be less detrimental 
to the landscape, and partly because the landowner 
himself often wants the electricity they will provide. 
Moreover, consents to the erection of lines are not 
unnecessarily withheld or pigeon-holed by the Com- 
missioners,, while the regulations promulgated by 
that body mainly occasion concern to those whose 
views on safety are not in accord with standards 
which are, we believe, found generally acceptable in 
this country. 

The real difficulty is then, we repeat, that, having 
started by developing all the rich areas and neg- 
lecting all the poor ones, the supply authorities 
must now find some way of redressing the balance. 
Logically there is much to be said for first dis- 
covering where they stand. This task will be 
much facilitated by a paper on “ The Design of a 
Distribution System in a Rural Area,” which was 
read before the Institution of Electrical Engineers 
on November 19 by Messrs. E. W. Dickinson and 
H. W. Grimmitt. 

From this paper we learn that there are 
61,343 square miles of rural area in Great Britain 
with a population of 115 per square mile, and 
that distribution powers are authorised over 
47,847 square miles with a population of 162 per 
square mile. In 1929-30, a supply was actually 
being given over an area of 25,689 square miles 
with a population of 188 per square mile, the 
number of consumers being 203,620, the average 
revenue 1-17d. per kilowatt-hour, the average 
consumption per consumer 2,491 kilowatt-hours, 
and the average revenue 12-12]. per consumer per 
annum. In these areas, however, development 
had not only proceeded on the lines of least resis- 
tance, but had taken place by extending systems to 
secure isolated power loads of sufficient value in 
themselves to justify the initial outlay. This is 
shown by the fact that the revenue per consumer 
per annum for the whole of Great Britain is only 
15-71. On the other hand, it is anticipated that 





a revenue of 10-06/. should be obtainable in a 
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widespread rural area in which both large and 
smaJl consumers are to be found. 

Proceeding on this assumption, a model scheme 
for an area of about 400 square miles with a popula- 
tion density of 150 per square mile was worked 
out on the basis of using 11,000-volt lines for high- 
tension transmission and 400/230-volt lines for 
distribution. The supply to this area is presumed 
to be derived from the grid at a price of 3°25l. per 
kilowatt plus 0-2d. per kilowatt-hour, through 
secondary-main transmission lines operating at 
33,000 volts. The capital expenditure for such a 
system would, it is estimated, be roughly 300,000/., 
or 31-531. per consumer, and would be spread over 
seven years. The total electricity sold would be 
16,678,000 kw.-hr. per annum, costing 1-22d. per 
kilowatt-hour, for which 1-38d. per kilowatt-hour 
could be obtained, while the capital charges would 
be 0-344d. per kilowatt-hour sold. The authors 
therefore conclude that, by employing a tariff under 
which the charges for electricity were reduced as 
the consumption increased, large sources of revenue 
could be tapped, and that there is no reason why 
electrification should not be proceeded with in 
areas having a density of population only a little 
above 75 per square mile. 

Before arriving at these results, however, Messrs. 
Dickinson and Grimmitt gave full technical and 
economic details of their scheme. Though this was, 
perhaps, wise, in that it enabled them the better to 
withstand the onslaught of their critics, it had the 
unfortunate result that the discussion, which lasted 
for two evenings, was too much directed to dealing 
with such questions as the design of bird guards, 
the effect of voltage drop and other matters of 
detail, and that problems of fundamental im- 
portance were neglected.: Some points that are 
worth stressing did, however, emerge. Statistical 
exercises, such as those indulged in by the authors, 
are always open to the charge of bias, and those 
which we have just summarised were no exception. 
Mr. I’. W. Purse, however, made the just criticism 
that the costs of supply, distribution and manage- 
ment were all too low, and supported his argument 
by the statement that supply undertakings were 
being made to pay as much as 4I. 7s. 6d. to 61. 5s. 
per kilowatt plus 0-22d. per kilowatt-hour for their 
energy instead of the much lower rates quoted above, 
a contention which, if proved, might well destroy 
the argument of the paper. On the other hand, 
Mr. J. R. Perks regarded the authors’ estimate of a 
revenue of 25l. per consumer per annum as unduly 
pessimistic, since, in East Anglia, 60/. was being 
obtained with energy at 2-5d. per kilowatt-hour, 
that is nearly double the authors’ estimated price. 
Moreover, Mr. R. W. L. Phillips, while advising care 
in the general application of the figures, pointed out 
that consumptions as high as 1,245 kilowatt-hours 
per consumer were being obtained in the Bedford 
rural area, the demand being higher in the autumn 
than in the winter (the reverse of what occurs in 
urban areas) owing to electricity being temporarily 
used for cooking during that period. Generally, 
in fact, it may be said that the author*’ case was 
supported rather than damaged by what transpired 
during the discussion. 

It therefore seems to follow that in distribution, 
as in generation and transmission, the big unit 
offers most advantages, especially as the grid will 
enable energy to be delivered at a reasonable and, 
we hope, as far as possible, a uniform cost at one 
or more convenient points within such a rural area. 
This uniformity should, in its turn, produce finan- 
cial results which will enable the radius of economic 
development to be extended. Unpopular as the 
idea may be in some circles, this means a national 
policy in distribution, even if the working out of the 
details of that policy is left in the hands of smaller 
Many of the existing areas of distribution 
are, however, needlessly small, and it would 
probably be an advantage if some form of amal- 
gamation, similar to that which has recently taken 
place in Surrey, could be more generally adopted. 
Morever, in formulating any scheme of this kind the 
possibility of the railways at some time or other 
requiring a supply for traction purposes must not 
be overlooked, since, as Sir Philip Dawson pointed 
out, such a load would be of material assistance in 
bringing down the cost of electricity generally, 


bodies. 





and would do a great deal to accelerate development 
in rural districts. The possibility should certainly 
be kept in mind. 








THE FRENCH COLONIES. 


As an outcome of the International Colonial 
Exhibition, which closed a few weeks ago, a per- 
manent Colonial Museum has been established in 
Paris. This museum, like the exhibition, is intended 
to be of an international character, and time can 
but show if this country is to be better represented 
than it was at the exhibition, in which, to all intents 
and purposes, it took no part at all, except tor an 
exhibit devoted to tropical diseases, which was 
hardly encouraging to the potential colonist. It is 
difficult to understand this neglect of an opportunity 
unless the exhibition at Buenos Aires absorbed all 
the available supplies of Government money and 
energy. A small office was taken by Canada and 
one by South Africa, while India was represented by 
a building largely devoted to nondescript oriental 
wares from the middle east. It is of interest that 
while Great Britain could not make an effort worthy 
of its colonising activities, Palestine, whose loans 
are guaranteed by the British Treasury, could afford 
to have a building of its own. 

From the point of view of the French Colonies, 
the Exhibition has been a remarkable success. 
It was visited by some 32,000,000 people, and a 
French Colonial Office established in the Exhibition 
dealt each week with seme 500 requests for eco- 
nomic information and similar matters. The French 
Colonies are, as a rule, both peaceful and prosperous. 
One reason for this possibly lies in the text which 
appeared in the entrance hall of the permanent 
museum quoting the words of Marshal Lyautey, 
who did so much for the pacification and develop- 
ment of Morocco, “it is necessary to show force 
in order never to have to use it.” The French 
people have not yet reached the idealism of making 
their Colonies a commonwealth of free nations ; free 
to remain neutral in the time of war. They are 
trying to make the Colonies into sources of supply 
of foodstuffs and tropical raw materials for the 
home country, a source of military strength in 
time of war, and into regions where native genius 
and patience can be turned to the arts of peace 
under the guidance of graduates from French 
schools and colleges. 

It must not be forgotten that under the Monarchy 
France had great Colonial Possessions before Great 
Britain had seriously entered the field. The idea 
that our country the only one that can 
colonise is too common, and the exhibits of 
France, Belgium and Holland showed the progress 
that is also being made by others. At the main 
entrance to the Exhibition was placed a fountain 
with monumental pillars. On them were written 
the names of great European explorers and adminis- 
trators of the different nations. One noted with 
pleasure the complete impartiality of the choice of 
great names—British, French, Spanish and Portu- 
guese ; Kitchener and Marchand appear on the 
same monument. There has been in France some 
tendency to minimise the fruits of the country’s 
efforts. Therefore the exhibition, with its pano- 
ramas, models, diagrams, and so on, which showed 
the great public works undertaken in the four 
quarters of the globe, cannot but have proved a 
good corrective to such an idea. 

In most of the Colonial buildings, exhibits were 
displayed illustrating the great development of 
railways, roads, harbour and irrigation works, and 
water supply. At the moment, the world is 
suffering from a glut of food and other tropical 
products, but there is, none the less, evidence 
that the increased demand of the native for Euro- 
pean manufactures, due to his improved standard 
of living, cannot but react on the orders for the 
wares that Europe has to sell. In the same way that 
the British Dominions and Colonies have been an 
important field for machinery and public-works 
contracts, so the French colonies have brought 
important business to French engineering concerns. 
Great Britain was for many years foremost in the 
making of machinery for the preliminary treatment 
of tropical products and for the clearance and 
development of land. 
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from many lands, visited the exhibition, and yet 
no British firm dealing with such plant troubled to 
exhibit. An international exhibition tends to 
attract many foreigners who would not visit a 
purely national exhibition or fair, especially when 
their own country participates. 

The leading French colonies and protectorates 
form four groups: North Africa, West Africa, 
Indo China, and Madagascar. North Africa, with: 
its ores, artificial manures, vineyards, olives, grai: 
and esparto grass, had a good display. Vegetabl 
oil materials and timber were exhibited from 
West Africa, the river traffic being also a feature. 
Great progress has taken place in Indo-China, 
with its population of about 18 millions. In 
Cochin-China, with four million inhabitants, the 
influence of the 15,000 French people has_ been 
such that the infantile mortality has fallen, in 
fifty years, from 27 per cent. to 3 per cent., and 
the area of rice cultivation has increased, since 1883, 
from 1,167,000 acres to nearly 6 million acres ; 
there have also been increases in the output of 
maize, sugar and tobacco. Comparable progress hias 
taken place in Cambodia, Annam, and Tonkin. 

A large building was devoted to Madagascar, 
the dominating race of which island is of Malay, 
and not negro, extraction. This colony is looked 
upon as the future source of the supply of imported 
beef for France, a recent census, which did not cover 
the whole number, showed 8 million head of cattle, 
and cold storage is being developed. The country, 
which was taken over in 1895, is mountainous and 
volcanic. It has suffered so far from a comparative 
lack of roads and railways, owing to the difficult 
nature of the country, but rapid progress is now 
taking place in this direction. Water power is 
being developed for industrial and general elec- 
trical supply. The country is rich in minerals ; 
graphite and mica are worked, and coal, corun- 
dum and petroleum exist. These will receive 
more attention when the country is provided with 
better communications. 

French West Africa, with its 13-5 million in- 
habitants, is growing in importance. Water trans- 
port is of great utility in this conntry, cover- 
ing 2,600 miles of navigable waterways, but there 
are 2,000 miles of railways and 28,000 miles of 
roads. There are 6,000 schools, so that the 
demand for European products should increase. 
Senegal is noted for its ground nuts, the Ivory 
Coast for its great forests and facilities for cocoa 
growing, and the Soudan for its great potentialities 
regarding irrigated lands. 

Morocco is a country with great potentialities, and 
there is a considerable amount of water power await- 
ing development. As with Algeria, there is a variety 
of minerals to be found, the agricultural possibili- 
ties are great, and the native population, under a 
firm, just, rule, prove to be steady workers, perhaps 
the best in North-West Africa. Motor traffic is 
becoming of importance. 


An interesting series of exhibits concerned 
Algeria. In normal times, the mineral wealth of 


that country brings a good deal of business in iron 
ore, phosphates, zinc, lead and mercury. Esparto 
grass, a source of great revenue to the country, is 
nearly all exported to Great Britain for paper 
making. A network of high-tension electric 
transmission and rural distribution lines is under 
development, while in Eastern Algeria, a section of 
railway with a heavy mineral traffic is being 
electrified. A number of good motor roads are in 
existence, and telephone communication is being 
carried out from Tunis to Morocco. Algeria is 
especially valuable as a colony, as in it Europeans 
can settle without that physical and mental deterio- 
ration which, in some countries, follows in the 
second generation. 

Ever since cane-sugar growing was developed in 
the West Indies, and beet sugar was started under 
Napoleon I to counteract the effect of the blockade 
by the Allies, French engineers have taken an 
interest in machinery and appliances for sugar manu- 
facture. When steam was developed, firms in the 
Lille district, in a way, did for France and its colonies 
what Clyde engineering concerns were doing for 





the British West Indies in the making of engines. 
mills and pans. The importance of this field of 


Many French colonists, | work, both at home and in the colonies, to French 
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engineering firms was illustrated at the exhibition. 


A steam-driven sugar mill, with a capacity of 850|undertakes the issue of building permits, the 


tons a day, was shown by the Fives Lille Company, 
and a model of a five-unit mill at Kom-Ombo, on 


the Nile, with a capacity of 4,000 tons a day, was | ance of its machinery, plant, motor and other road 
another interesting exhibit ; much French money is | vehicles in its own workshops, the manufacture 


invested in Egyptian sugar. There was a small repre- 
sentative exhibit of French agricultural machines. 
The Berliet Company showed a lorry operated by 
a suction gas generator fed with green wood. 
There should be great openings for the use of suction 
gas plant for lorry operation in many tropical 
countries, owing to the abundance of poor timber, 
provided that those in charge of them will take the 
necessary care and interest, which has not always 
been the case elsewhere. 

The exhibition was certainly the result of very 
great organising and artistic ability, which reflects 
great credit on those concerned. During the 
summer the weather was not favourable, but, ap- 
parently, this did not seriously interfere with the 
attendances. The display must tend to encourage 
many young people to go overseas, a matter 
requiring perhaps a greater effort across the Channel 
than here, and the great development which has 
taken place in so many lands under the French 
flag must, of necessity, tend to encourage many 
people to think Imperially, rather than parochially. 
The final impression was one of regret that the 
British Empire was not represented in a manner 
worthy of its present and past. 








NOTES. 

Riegip-FRAME BRIDGES FOR Motor Roaps. 

A REMARKABLE development of express service 
highways is in course of completion in Westchester 
County, which lies immediately north of New York 
City, and is the only suburban district having direct 
land connection with the Metropolis. The enormous 
increase of motor vehicles made conditions intoler- 
able on the older highways in this area, and it was 
decided accordingly to undertake the construction 
of a splendid system of ‘“ parkways.” These are 
strips 400 ft. wide, having a carriage way along the 
centre. They are designed for fast motor traffic. 
About 40 miles have already been completed and 
work on 40 miles more is in hand, whilst plans 
have been prepared for another 80 miles of these 
parkways. In order to maintain the high speed 
character of the traffic, level crossings have been 
eliminated, the parkways being carried either 
over or under intersecting roads, and, in addition, 
special access roads are provided to enable cars to 
enter or leave the parkways conveniently when 
required. It has been found economical to build 
the numerous over and under bridges as rigid- 
frame structures. These frames consist of cross 
beams integral with two side-posts. The whole 
frame is shaped to give the pleasing appearance of 
a flat arch, but it is stated that the cost is materially 
less than that of a true arch, largely because no 
abutments are required. For spans up to 80 ft., 
the frames are of reinforced concrete, with ashlar 
on the showing faces. For larger spans steel is 
used, and in one bridge now under construction 
the span is 120 ft. Both theory and experiment 
show that there is a great concentration of com- 
pressive stress at the inner corners of the junctions 
of the cross beam with the side posts. Optical 
methods have been used to demonstrate this, and 
a number of large-scale models have been tested to 
destruction in the engineering laboratory of the 
Columbia University. These experiments showed 
that the carrying capacity of the frame was very 
much greater than had been indicated by the optical 
and mathematical investigations. As a matter of 
fact, not one of the models failed at the corners 


roads, and drainage and sewerage works, but it 


cleansing and watering of streets, the collection and 
disposal of house refuse, the repair and mainten- 


and testing of concrete ware, and the cultivation 
and care of public parks and open spaces. It is 
stated in the last annual report of the Department 
that the building activity during 1930 was without 
parallel, and that a new high record has been esta- 
blished for the value of buildings for which permits 
have been issued. The municipal building pro- 
gramme was also heavy, and it is calculated that 
the total actual volume of work embarked upon 
in 1930 exceeds that of 1929 by 30 or 35 per cent. 
The Department had in hand, at the close of last 
year, the building of three reinforced-concrete road 
bridges and the reconstruction in concrete of a fourth. 
Besides this, it was engaged on the erection of new 
fire and police stations, a seven-storeyed block of 
flats for police officers and their families, a police 
hospital, two new markets, public hostels, store 
sheds and offices, and public conveniences ; it was 
also occupied with extensions to a fire station, a 
gaol, a market and two schools. A total length 
of 5-43 miles of main sewers was laid, varying in 
size from 6-in. diameter to 15-in. diameter ; sewer 
connections, having a total length of 1-8 miles, and 
ranging from 6-in. diameter to 12-in. diameter, were 
also laid during the year covered by the report. 
Road detritus amounting to 72,367 tons and house 
refuse totalling 261,327 tons were collected, removed 
by motor lorry and almost entirely utilised for raising 
low-lying ground. Work at the concrete-ware yard 
and in the workshops of the Department has been 
actively carried on; in the former 210,007 pieces 
of concrete-ware were manufactured, including 
pipes, kerb stones, channels, gullies, boundary stones, 
pavement slabs and fence posts. An area of approxi- 
mately 25 mow (about 4 acres), fronting on Singapore- 
road, has been purchased, and is being laid out as 
a park and recreation ground. The planting of 
trees, shrubs and plants and general maintenance 
work has also been actively continued in all the other 
parks, open spaces, and children’s playgrounds. 








SPRINGS AND SPRING STEEL. 
THE investigations carried out during the last ten 
years by the Spring Research Committee of the Depart- 
ment of Scientific and Industrial Research, have 
been dealt with by us from time to time. They have now 
reached a stage at which it is possible to lay down lines 
for the further study of the subject, and the Committee 
has accordingly published a report* presenting a sum- 
mary of the work that has been done, and indicating 
the lines on which it is intended to continue. 

The investigations have been directed particularly to 
laminated bearing springs for mechanically-propelled 
vehicles, and to helical engine-valve springs. The failure 
of laminated springs became of particular importance 
during the war. In one year alone over 500 tons of 
spring-steel material for repair was supplied to the 
army in France, in addition to thousands of replace- 





Laboratory, and the motor industry, and in various 
ways was assisted by the co-operation of steel-spring 
makers and other manufacturers. 

The report includes abstracts of the reports that have 
been published on research work carried out for the 
committee. An account of much of this work has 
already appeared in these columns, and its details need 
therefore not be repeated. It may, however, be 
convenient to indicate its scope and general conclusions. 
The investigations of the mechanical properties of 
spring-steel plates were made primarily by experimental 
work carried out on a number of standard carbon and 
alloy steels in the form of machined test pieces. The 
results, in respect to standard steels for laminated 
springs, gave complete particulars of the heat treatment 
required, and the mechanical properties produced, when 
the surface was removed before testing. Material 
for valve springs was likewise investigated by test 
pieces machined from treated bars. In these tests it 
was found that the values of the safe ranges for reversed 
and repeated stresses were roughly proportional to the 
tensile strength or Brinell hardness number when 
heat treated up to a hardness of not more than No. 410, 
but from that point up to No. 550 the increase: was 
less than proportional to the increase in tensile strength, 
and could be obtained only by giving the test pieces 
so high a polish as to be impracticable under normal 
conditions. With some steels there was accordingly 
a limit of hardness above which resistance to torsional 
fatigue might fall off, and with all steel its resistance 
was at its highest when surface defects had been 
eliminated. 

In each investigation, the dominant result was to 
show the surprising inferiority in the resistance to 
fatigue shown by spring materials as ordinarily manu- 
factured and used, in comparison with that shown by the 
same material with its outer layer machined off. With 
laminated springs, the strength of the black heat- 
treated plate, measured on the master leaf, was only 
from about a fifth to two-fifths as great as that of 
the machined plate. The difference was reported to 
be greater than any error introduced by existing 
formule, and was sufficient to mask entirely any 
advantage to be obtained from alloy steels, and, in the 
opinion of the committee, to account for almost all 
the failures of laminated springs in practice, if they were 
designed upon the fatigue strength of machined test 
pieces. It was concluded that, although there had been 
a marked decrease in spring failures during the past 
few years, springs were evidently working at a much 
lower factor of safety than had been commonly appre- 
ciated. 

Since the date of this report, a paper by Dr. G. A. 
Hankins and Dr. M. L. Becker has been presented to 
the Iron and Steel Institute this year, describing further 
work done at the National Physical Laboratory on the 
effects of surface conditions on the fatigue resistance 
of steel. They were carried out on material from which 
the surface layer, as left in manufacture, had first been 
removed, and were addressed to the study of the effect 
produced by subsequent heat treatment on the changes 
in resistance to fatigue through the influence of slight 
surface cracks and surface decarburisation. The 
results did not seem to show any appreciable effect 
through the surface markings so produced, but, in 
confirmation of the results of earlier work, suggested 
that surface decarburisation was the most important 
factor in the reduction of fatigue strength. 


MECHANICAL PROPERTIES OF NICKEL ALLOY STEELS, 
A pamphlet containing, in convenient form, an account 





ments of complete springs and bearings, and even then 
the supply was unequal to the demand. This ex- 
perience could be explained, in part, by the abnormally 
trying conditions of roads and of lighting in which 
the vehicles had to be used, but it was found that 
springs continued to give similar trouble in peace time. 
It was recognised that the data available for the design 
of springs were derived largely from experience of 
horse-drawn road carriages and of railways, and were | 
inadequate to provide for the influence of high speeds, | 
bad roads, elastic tyres, and other conditions more or | 
less special to automobile working. Many factors in | 
the design, manufacture and use of laminated springs 





of the country. No less obscurity was felt with regard 


of the mechanical properties, after heat treatment, of a 
number of typical alloy steels containing from 1 per cent. 
to 5 per cent. of nickel, has recently been published by the 
Bureau of Information on Nickel, of Messrs. The Mond 
Nickel Company, Limited, Imperial Chemical House, Mill- 

ank, London, 8.W.1. Tables of specification requirements 
and of typical properties of steels are given, as well as 
curves based on figures representing the averages of a 
large number of mechanical-test results. These diagrams 
are very neat and legible, the curves for each property 
being printed in contrasting colours. 


WuHITWoRTH AND RoyAL SCHOLARSHIP AND FREE 
StupENtTsHIp Awarps.—The list of awards resulting 


thus remained obscure, to the detriment not only of | from the 1931 Competition for Whitworth Scholarships, 
military practice but also of the entire motor industry | Royal Scholarships and Free Studentships has recently 


been published by the Board of Education. Whitworth 
Senior Scholarships have been gained by Messrs. R. W. 




































































































in question, the strength developed being much the 
same as if the stress concentration did not exist, 


to helical springs, the severest strains on which appeared 
to be found when they were applied to engine valves. 





and the ordinary beam theory applied. 


THE SHANGHAI PuBLIC WorKS DEPARTMENT. 


Kven a casual glance through the annual reports 
of the Public Works Department of the Shanghai 


Accordingly, a conference was held early in 1922, 
for the purpose of taking stock of the research situation 
in regard to springs, and concerting means for procuring 
the co-operation of outside interests. On the recom- 
mendations of this conference, the Committee which has 
now reported was appointed. It included representa- 
tives of the several services, the National Physical 











Municipal Council will reveal the wide range of 
duties and the many responsibilities of the Depart- 
Not only does it take charge of the construc- 
tion and maintenance of all public buildings, bridges, 





* Department of Scientific and Industrial Research. 
Report of the Springs Research Committee. H.M. 
Stationery Office. Price Js. 3d. net. ; 








Corbitt, of Billingham-on-Tees, and J. L. Thomson, of 
Norwich. Whitworth Scholarships have been awarded 
to Messrs. J. M. Kenyon, of Manchester; W. Smith, of 
Burnley ; J. W. Macfarlane, of Glasgow, ; E. G. Dann 
and R. O. Fletcher, of H.M. Dockyard, Chatham; and 
W. A. Bond, of H.M. Dockyard, Devonport. Royal 
Scholarships in Engineering have been gained by Messrs. 

J. Bray, E. Evans, and A. Wheeler, of H.M. Dock- 
yard, Portsmouth; J. Grensted, of Gillingham; and 

EK. Russell, of Woolwich. Free Studentships in 
Engineering have been awarded to Mr. J. Hanson, of 
Halifax; and to Mr. 8S. H. J. Groom and G. R. Bucking- 
ham, of H.M. Dockyards at Portsmouth and Devonport, 
respectively. 
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THE COMMERCIAL GRADING OF 
COAL. 


OnE of the methods of economy which may be prac- 
tised in the use of coal, is to grade it more closely accord- 
ing to its composition, and to reserve each coal for the 
purposes for which it is most suitable. The general 
survey which the Department of Scientific and Indus- 
trial Research is carrying out throughout the principal 
coal fields of the country is giving a detailed study of 
individual seams in regard to their variations vertically 
and horizontally. This, however, does not show the 
various grades of coal that are prepared and marketed, 
and in the South Yorkshire area parallel investigations 
are going on which provide these details. Although 
these supplementary investigations are not yet com- 
plete, some of the results now available have been 
published.* They describe the products marketed by 
40 collieries in this area, ranging from coals producing 
excellent metallurgical coke to others that are almost 
non-coking, and are used mainly for steam raising and 
domestic purposes. Taking the results as stated in the 
report, it appears that while the quality of the many 
grades of coal as judged by the ash content may vary 
from hour to hour, samples taken over successive 
periods of three hours show little variation, unless they 
include slack. Similar agreement is found over periods 
of four hours when washed slacks are included, and it 
has, therefore, been thought satisfactory practice to 
sample continuously for four hours when dealing with 
coal free from slack, and for six hours when slack is 
included. The sampling is carried out with a mechanical 
sampler, operating on gross samples taken by hand. 
This sampler crushes and reduces the gross sample, 
and is adjusted to deliver from 5 per cent. to 20 per 
cent. of it. Usually, it was set to deliver 20 per cent., 
which was returned to the machine to be further 
reduced until a final sample of about 10 Ib. weight 
was obtained. With unwashed coal this sample was 
usually derived from increments of about 10 Ib. taken 
at intervals of five minutes, and with washed coal 
similar increments were taken every five minutes over 
periods of from four to six hours according to the 
grade. The gross samples of the washed grade were 
air-dried before passing to the sampling machine. In 
addition to the usual proximate analysis and deter- 
mination of the calorific value, sulphur, water-soluble 
chlorides, and phosphorus was also determined in grades 
that might be used for coke making, and also in some 
cases ultimate analyses and Gray-King carbonisation 
assays at 600 deg. C. were made where desirable, 
the resulting coke being graded into four classes. A 
striking feature of the results is the very high quality 
of a large amount of the marketed material. Some 
collieries are delivering coal of well under 2 per cent. 
of ash with a calorific value exceeding 15,000 B.Th.U. 
per lb., and there are few that do not deliver among 
their products some of which the ash is well under 
5 per cent. Another notable circumstance is that, 
although usually the smaller coal is higher in ash than 
the larger, this is not always the case. 








ELECTRIC CLOCKS FOR DOMESTIC 
USE. 


Tue fact that in all the electricity-supply under- 
takings connected with the National Grid Scheme and 
many other large undertakings throughout the country 
the frequency is time-controlled to a high degree of 
accuracy renders available a simple and convenient 
method of time-keeping for domestic and _ other 
purposes. In such frequency-controlled systems the 
variations from the mean frequency do not exceed a 
few cycles a day, so that a small synchronous motor 
connected to the mains can be made to operate a 
timepiece with a much higher degree of accuracy 
than is attainable with the simple spring or weight- 
driven timepieces generally employed for domestic 
time-keeping. Such electrically-driven clocks have 
the further advantage that they require no winding or 
other attention, and will function indefinitely as long 
as the current supply is maintained. It is desirable, 
however, that the motor should not be of the self- 
starting type, since if, as is sometimes done, although 
very rarely, the current is cut off for some reason— 
say, during the night— he clock will stop while the 
current is off and restart when it is restored; its 
reading would then be slow by the length of time for 
which the current had been off. Any mistake due to 
this cause is, however, avoided if the motor is of the 
non self-starting type, since if the current supply is 
cut off the clock will simply stop, and the fact that it 
has stopped can be made obvious by providing on the 
dial a seconds hand or some other part which normally 
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rotates at a suitable speed to render its movement 
noticeable. With this provision, as long as the clock 
remains in motion its readings are thoroughly reliable 
for an indefinite period, assuming, of course, that it is 
accurately set when started. 

Such a clock has been recently placed upon the 
market by Messrs. Ferranti, Limited, of Hollinwood, 
Lancashire, and one of the special claims for these 
clocks is that they are of British design and construc- 
tion throughout. They are supplied at a very moderate 
cost for use on controlled-frequency systems, with a 
frequency of 50 cycles and for voltages ranging from 
200 to 250. The motor runs at the very low speed of 
166-6 r.p.m. and is quite silent in operation. Moreover, 
since the motor spindle runs in bearings which are 
nearly four times the spindle diameter in length and 
self-lubricating arrangements are provided, a very long 
life is ensured for the mechanism. The standard 
model clock is supplied in a moulded Bakelite case of 
walnut colour, but models in other colours are also 
available. The dial is clearly marked in Arabic 
figures, and the centre seconds-hand provided serves to 
show that the clock isin motion. The energy consump- ’ 
tion is only 0-75 watt, so that the operating cost is 
negligible. We may add, in conclusion, that these 
clocks can be supplied in special forms for use on 
100-volt circuits and also to operate through a Ferranti 
bell transformer at nine volts, this latter arrangement 
enabling low-tension wiring to be employed and 
reducing the cost of wiriag when a number of clocks 
are being installed in the same house. 








ANNUALS AND REFERENCE BOOKS. 

Who’s Who, 1932.—Of all annual reference books 
issued for the benefit of English people in every part 
of the world, few are so well known or so often con- 
sulted as Who’s Who. The 1932 issue of this biographi- 
cal dictionary of prominent living men and women, 
which constitutes the 84th annual edition of the work 
has recently made its appearance. From the point of 
view of preparation and production, it is in every 
way up to the high standard which has been main- 
tained for many years past. Although a bulky volume 
of upwards of 3,500 pages, it is easily handled, and the 
information sought for can be turned up without 
delay. As heretofore, each biography is headed by the 
surname or usual title of the person concerned, printed 
in thick heavy type. Then follow Christian names, 
titles, distinctions, together with the dates of award, 
present profession or occupation, date and place of 
birth, parentage, details regarding education, a brief 
and succinct account of the career of the person, and, 
finally, addresses, clubs, and recreations. The fact 
that the 35,000 biographies contained in the volume 
have been revised by the persons to whom they refer 
render the data authentic, and obviously enhances 
the value of the work. It is pointed out in the preface 
that, as it was necessary to begin printing the 1932 
edition in August, 1931, occurrences of a later date 
have perforce not been recorded in many cases ; 
deaths reported up till the middle of October, however, 
are given in an obituary list. Eight plates representing 
H.M. The King and the leading members of the Royal 
Family are included at the commencement of the 
volume. The book is strongly bound in the usual 
scarlet buckram covers. The publishers are Messrs. 
A. and ©. Black, Limited, 4, 5 and 6, Soho-square, 
London, W.1, and the price is 2/. 10s. net. 

Jane's Fighting Ships, 1931.—Pictures of ships 
always have a fascination for men and women of our 
race, and, as a nation, we have ever been proud of 
our Navy and of our Mercantile Marine. Jane’s Fighting 
Ships, as the title implies, is devoted exclusively to 
Naval vessels, and its range is world-wide. It is a 
picture book of ships par excellence, containing as it 
does upwards of 3,000 reproductions of photographs 
and other illustrations. The volume, however, 
much more than this; it is an encyclopedia, as 
authentic as it is exhaustive, of all the navies of the 
world, and the recently-issued 1931 edition contains 
a record, as complete as it can be made, of naval pro- 
gress throughout the world during the past twelve 
months. The present edition constitutes the 35th 
annual issue of the work, which was founded in 1897 
by the late Mr. Fred T. Jane. The book contains 
572 pages, and the first 100 of these deal with our 
Navy and those of our Dominions. The remaining 
countries of the world are dealt with, in turn, in alpha- 
betical order. All the sections open with neat draw- 
ings of the ensigns, standards, admirals’ flags, and 
officers’ uniform coat sleeves, then follow lists of the 
Government Departments governing the Navy, par- 
ticulars concerning such matters as personnel, colour 
of the ships and future construction programmes, and 
tabulated data of the ordnance in use. The first 
illustrated section comprises the “recognition silhou- 
ettes”’ of the ships of the fleet concerned; this has 
always been an attractive feature of the volume. The 
main illustrated section contains, in addition to repro- 


is 


in the particular country’s navy, full particulars and 
diagrams relating to the armament, armour, propelling 
machinery, and other matters of interest. The book 
continues to be the standard work of its class; it 
contains a great deal of information which is not 
available in so compact and readily accessible form in 
other publications. The editor, who is to be congratu- 
lated on his achievement in the production of an 
interesting and valuable work of reference, is Mr. 
Oscar Parkes, O.B.E. The price of the volume is 
21. 2s. net, and the publishers are Messrs. Sampson 
Low, Marston and Company, Limited, 100, Southwark- 
street, London, 8.E.1. 

Verzeichnis der Dr.-Ing.-Dissertationen der Tech- 
nischen Hochschulen und Bergakademien des Deutschen 
Reiches.—This directory forms a valuable example of 
the efforts which are being made in many countries to 
render the enormous mass of technical information 
and data which has been accumulated more easily 
accessible to scientific workers generally. It is an 
index of the dissertations which have been presented 
for the degree of Doctor of Engineering at German 
universities and mining schools between the years 
1923 and 1927, and follows an earlier similar publica- 
tion which covered the years 1914 to 1922. Copies of 
these dissertations should be available in the State 
Library in Berlin, but apparently at the time of publi- 
cation of this volume many of them were not. Should 
any worker desire to consult any of the missing papers, 
which are indicated by asterisks in the volume, they 
could, no doubt, be seen in the library of the Univer- 
sity concerned or, in the last event, by application to 
the author. This valuable compilation, which is 
published by Robert Kiepert, of Charlottenberg, 
Berlin, at the price of 12$ marks, is divided into sections 
each covering some branch of work, as, for instance : 
Reinforced Concrete; Pumps and Air Compressors ; 
Aeronautics, and so on. There is also a detailed 
subject index and an authors’ index. An illustration 
of the valuable material which may be found in the 
type of treatise which is indexed in the volume was 
given by Dr. Jakob in his lectures on ‘‘ Steam Research 
in Europe and in America,’ which we have recently 
been publishing. He referred to the thesis presented by 
Dr. Moser to the University of Berlin, and stated that 
it was the only treatise in existence dealing with the 
conductivity of steam. [t is also pertinent to note 
that the Association of Special Libraries and Informa- 
tion Bureaux (A.S.L.I.B.) has recently appointed a 
committee to consider the compilation of an index of 
the documents, many of which are unpublished, in 
the possession of the various institutions and societies 
throughout the country. 











ELECTRICITY SUPPLY IN FRANCE. 
A seERrEs of tables, which have been compiled by 
the Service Central des Forces Hydrauliques et des 
Distributions d’Energie Electrique of the Ministére 
des Travaux Publics, enable the position of electricity 
supply in France during the year 1929 to be ascer- 
tained. From these it appears that the total electricity 
generated amounted to 14,352,000,000 kw.-hr., of 
which 8,210,000,000 kw.-hr. were produced in thermal 
and 6,142,000,000 kw.-hr. in water power stations. 
In addition, 606,000,000 kw.-hr. were imported, making 
a total of 14,958,000,000 kw.-hr. The amount generated 
in each department varied from 2,020,342,000 kw.-hr. 
in Seine, to 19,000 kw.-hr. in Oise, thermal stations being 
entirely responsible in both cases, while in Mayenne 
only 80,000 kw.-hr. were generated, again by steam 
power exclusively. On the other hand, the output 
of Savoie was 1,284,434,000 kw.-hr., only 33,000 kw.-hr. 
of which were produced in thermal statiors, the re- 
mainder being hydraulically generated. Other depart- 
ments with large hydro-electric outputs were Isére 
with 861,577,000 kw.-hr., and Hautes-Pyrénées with 
452,348,000 kw.-hr., there being in both cases a small 
thermally-generated output in addition. 

Of the energy distributed at high'tension, 620,629,000 
kw.-hr. was used for traction, 1,353,453,000 kw.-hr. 
for electro-chemical and electro-metallurgical purposes, 
and 4,649,691 kw.-hr. for other uses, making a total 
of 6,623,773,000 kw.-hr., while of that distributed at 
low tension, 1,259,555,000 kw.-hr. was utilised for 
lighting and domestic purposes and 967,384,000 kw.-hr. 
for power. The total population is given as 40,742,000, 
the annual consumption per inhabitant being 314 
kw.-hr., 30 kw.-hr. of which, it is estimated, was 
used for lighting. Some of the departments, however. 
showed consumptions very much above this average, 
that of Savoie being no less than 4,155, while in six 
other departments it exceeded 1,000 kw.-hr. On the 
other hand, in Corsica it was only 4 kw.-hr., in four 
others it was less than 20 kw.-hr., and in numerous 
others less than 100 kw.-hr. It is also interesting to 
find that at the end of the period under review there 
were 8,383 communes with a population of 3,653,735 
with no electricity supply. It is unfortunate that the 
form in which the statistics are given makes comparison 
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with the position in this country difficult. 
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CEMENT AND CONCRETE LABORA- 
TORY AT THE UNIVERSITY OF 
BIRMINGHAM. 


EXPERIMENTAL work on cement, concrete and rein- 
forced concrete now forms an important part of the 
training of a civil engineer, owing to the general use 
of these materials in construction work of all kinds. 
There is also a need for more knowledge of the pro- 
perties of the materials, and of the correct methods 
to be adopted in design, and the prosecution of research 
in this field should yield results of considerable value in 
practice. In order to meet these requirements more 
fully in the Civil Engineering Department of the Uni- 
versity of Birmingham, a new laboratory has recently 
been added to the Department. This building of which 
a photograph is reproduced in the accompanying 
figure is situated in close proximity to the other Civil 
Engineering Laboratories, is constructed of brick, 
and has a floor space of 60 ft. by 30 ft. The interior, 
which has a clear height of 19 ft., is completely free 
from obstructions so that it may be fully utilised for 
experimental work, which is necessarily on a fairly 
large scale, on concrete structures. Four 2-ton runways 
in the roof facilitate the transportation of materials 
and the erection and handling of the experimental 
structures. The laboratory is equipped with the most 
recent apparatus for the testing of cement, grading 
of aggregates, and so on, and the concrete is mixed in 
a machine of the open pan type. The aggregates, &c., 
are stored and dried in a separate building. 

The experimental beams and structures are loaded 
by dead weights or hydraulic jacks, and the machines 
in the testing laboratory are also available for this pur- 
pose. A 500-ton compression machine of special type, 
in which the rate of loading is controllable, will shortly 
be added to the equipment. This machine is being 
constructed by Messrs. W. and T. Avery, Limited. 
\ portion of the basement of the main laboratory of the 
Department has been converted into a constant 
temperature room, the temperature being regulated 
by means of a thermostat. This room is used for the 
toring of specimens and for special investigations. 
The laboratory has been in use since the spring, and 
researches are in progress on the effect of time on the 
strains and deformations in reinforced concrete beams 
and frameworks, and on some of the properties of 
cements and aggregates. Work on composite structural 
steel and concrete structures is also about to be under- 
taken. In the illustration, experiments can be seen in 
progress on the effect of time on the strains and defor- 
mations of reinforced-concrete beams and frameworks. 
The concrete mixer can be seen in the background on 
the left, and the elutriator for testing finely-ground 
cements under the right hand windows. The laboratory 
is under the control of Professor C. Batho, M.Inst.C.E., 
Professor of Civil Engineering in the University. 








REGISTRATION OF Motor VEHICLES.—The number of 
new motor vehicles registered in Great Britain during Oc- 
tober was 18,292, compared with 20,720 in October, 1930. 








LABOUR NOTES. 


Mr. Finpuay, the general secretary of the United 
Pattern Makers’ Association, states in his latest official 
report to members that in September the number of 
unemployed was 3,043. In the following month the 
total increased to 3,063, with returns from three 
branches still to come in. In November, however, 
there was a reduction of about 200, the total number 
being 2,865. This is, he points out, the first reduction 
since November, 1929. ‘* With the single exception of 
1922,’ he adds, ‘‘ this has been the worst year of our 
experience as a society for unemployment. Including 
sick and superannuated members, approximately two 
out of every seven of our membership have been on 
benefit all the year.” The total membership of the 
organisation is 11,169. 





The Ministry of Labour Gazette states that there was 
a further improvement, on the whole, in employment 
during November. Among workpeople insured against 
unemployment in Great Britain and Northern Ireland, 
the percentage unemployed in all industries taken 
together was 21-4 at November 23, 1931, as compared 
with 21-9 at October 26, 1931, and 18-9 at November 
24, 1930. For males alone the percentage at November 
23, 1931, was 23-6, and for females 15-9. At October 
26, 1931, the corresponding percentages were 23-6 
and 17-5. It is estimated that on November 23, 
1931, there were approximately 9,510,500 insured 
persons aged 16 to 64 in work in Great Britain. This 
was 74,500 more than a month before, but 53,400 
less than a year before. ~ 


At November 23, 1931, there were 2,070,442 persons 
on the registers of employment exchanges in Great 
Britain who were out of a situation. This was 57,501 
less than a month before, but 410,575 more than a year 
before. The total included 1,616,075 men, 56,678 boys, 
355,333 women, and 42,356 girls. It was made up 
approximately of 988,324 insured persons with claims 
for insurance benefit, 796,392 applicants for transitional 
payments, 174,574 other insured persons not in receipt 
of insurance benefit or transitional payments, and 
111,152 uninsured persons. On the registers were 
321,375 men, 8,819 boys, 99,962 women, and 5,549 
girls, who were on short time or were otherwise sus- 
pended from work on the definite understanding that 
they were shortly to return to their former employment. 
The total of 435,705 was 46,848 less than a month 
before, and 85,600 less than a year before. It included 
379,010 insured persons with claims for insurance 
benefit ; 36,239 applicants for transitional payments, 
and 20,456 persons not in receipt of insurance benefit 
or transitional payments. Of persons who normally 
seek a livelihood by means of jobs of short duration, 
there were 106,941 men, 175 boys, 1,835 women, 
and 17 girls; these are mainly employed in dock, 
harbour, river, and canal service. The total of 108,968 
was 6,628 less than a month before, but 3,680 more 
than a year before. It included 80,160 insured persons 


with claims for insurance benefit; 27,739 applicants 
for transitional payments, and 1,069 persons not in 
receipt of insurance benefit or transitional payments. 


Employment improved in coal mining, in pottery, 
glass (other than glass bottles), tinplate and metal goods 
manufacture, in general engineering, in the textile, 
leather, printing and paper industries, in dock and 
harbour service, and in the distributive trades. On 
the other hand, employment declined in iron and steel 
manufacture, in shipbuilding and ship-repairing, and 
in the building and contracting industries. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages, reported to have come into operation in 
November, resulted in a decrease of about 15,9001. in 
the weekly full-time wages of 220,000 workpeople, and 
in an increase of 175/. in those of 3,000 workpeople. 
The largest bodies of workers affected by the changes 
were employees in steel-melting shops and _ rolling 
mills in various districts in England and Scotland, 
whose wages were reduced under a sliding scale based 
on steel selling prices, and workpeople in the boot and 
shoe industry, who sustained reductions under a cost- 
of-living sliding scale. Other workpeople whose wage 
rates were reduced included tinplate makers in South 
Wales and Monmouthshire, workpeople employed in 
the dyeing and dry-cleaning industry, iron miners and 
‘blast-furnace workers in Lincolnshire, building trade 
craftsmen at Belfast, leather belt makers, and the 
employees of certain local authorities. During the 
eleven completed months of 1931 there have been 
total net increases of about 5,000]. per week in the 
wages of 35,000 workpeople and net decreases of about 
380,0001. per week in the wages of 2,890,000 work- 
people. 

The number of trade disputes, involving stoppages 
of work, reported to the Department as beginning in 
November, was 33. In addition, three disputes which 
began before November were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in November (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes) was about 9,200, and the aggregate 
duration of all disputes in November was about 42,000 
working days. Disputes during the 11 completed 
months of 1931 have involved about 490,000 work- 
people in an aggregate loss of 6,930,000 working days. 


The latest issue of the British Ministry of Labour’s 
official organ contains particulars of recent changes in 
wages and working conditions in the German metal 
industries. In the North-West Group of heavy iron 
and steel makers, the employers demanded reductions 
in the wage rates of skilled workers and auxiliary 
workers from 79 and 63 pfennigs to 70 and 55 pfennigs, 
respectively, and, according to the latest available 
information, these demands have been conceded under 
an arbitration award issued on December 14. At the 
same time, it is reported that the 52-hour and 57-hour 
weeks, worked by certain classes of workmen, have been 
reduced to 48 hours and 52 hours, respectively. In the 
Berlin metal industry the wage agreement has been 
determined on notice given by the employers. An 
award providing for a wage cut of 7 per cent. in Central 
Germany (Anhalt, Halle, Magdeburg, and Thale) has 
been accepted by the employers, but rejected by the 
workers. For the Kassel area, an award providing 
for a reduction of 5 per cent. in piece rates was even- 
tually accepted by both parties. Reductions, details 
of which are not available, were also made in the wage 
rates of piece-workers by a recent binding award for 
the Breslauarea. By agreement between the employers 
and workers in the Diiren metal industry, the standard 
hourly rates were reduced, as from November 16 last, 
from 77 to 72-5 pfennigs for skilled workers over 
23 years of age, and from 70 to 66 pfennigs for semi- 
skilled workers. Agreement was also reached in the 
Siegen area with regard to the application of a wage 
reduction of 6 per cent., while a similar reduction in 
the hourly rates of wages in the Liidenscheid area was 
imposed by an award and accepted by both parties. 


In Wiirtemberg an award toi much the same effect 
is being applied by agreement between the parties. 
Two awards for Lower Silesia (excluding Breslau and 
Gladbach-Rheydt) provide for a wage cut of 6 per 
cent. in each case, while reductions ranging from 5-6 
per cent. to 7 per cent. are effected by an award for the 
Stettin district, operative until January 15. A reduc- 
tion from 81 to 76 pfennigs in the standard wage rate 
for skilled workers has been effected by agreement in 
the Darmstadt area and by conciliation award in the 
Bremen area. In the Benrath-Hilden area the 
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employers and workers have agreed to extend the 
current agreements regulating wages and working 
hours until December 31 and January 31, respectively. 
An award for Frankfort-on-the-Main reduced the 
standard wage rate from 83 to 79 pfennigs, with effect 
as from November 1 last. 















The latest issue of The New Way, the official organ | 
of the Industrial Peace Union of the British Empire, | 
contains New Year messages from many prominent | 
public men. Among these are :—Mr. J. H. Thomas, | 
M.P., Mr. F. C. Allen, Mr. George N. Barnes, Mr. J. R. | 
Clynes, Mr. Ebby Edwards, Sir Auckland Geddes, | 
Sir Harry McGowan, and Sir Herbert Austin. Sir | 
Herbert Austin says :—‘‘I claim no credit for being | 
optimistic, for optimism was never more justified 
than at the moment. Iam confident that 1931, though 
difficult, is but the prelude to a successful 1932. The 
year that is terminating has been most uneven. From 
amidst general adversity there have yet emerged , 
unparalleled achievements in all phases of human 
activity. They provide every indication that the 
spirit of progress is vigorously renascent. The events | 
of 1931 have confirmed that we cannot afford war, | 
industrially, politically, or internationally. That it 
involves combatants and non-combatants, victorious | 
and vanquished, without exception, in suffering and 
loss, has become, I trust, a universally accepted fact. 
Can there be any better foundation than this for the 
cause of peace ? Peace to-day, and [ refer particularly 
to industrial peace, stands for much more than static 
goodwill. Its complete expression can only my 
realised in concerted effort to a common end. I look 
and hope for this in 1932. As the most practical ex- 
pression of my sincere wishes for a New Year, inaugu- 
rating many years of goodwill and prosperity, I endorse | 
wholeheartedly the cause of Peace in Industry.” 





* Peace and goodwill were 


Industry is at present 


Mr. Barnes writes : 
never more needed than now. 
crippled by a breakdown in the mechanism of exchange, | 
the outward and visible result being unemployment | 
on an unprecedented scale and consequent lower | 
standard of living. The problem is at once an enigma | 
and a challenge. How it may be solved is at present | 
unknown. I believe that some of the best brains 
of this and other countries are being devoted to a | 
consideration of its intricacies, but manifestly its | 
solution will be facilitated by peace in industry and | 
would be prejudiced by ill-will and stoppage.” Mr. | 
Clynes says :—** Continued trade depression has, no | 
doubt, checked any tendency there might have been 
towardsindustrial conflict, and settlement by negotiation 
has been common. I should be glad to see both sides 
cultivating the spirit when greater prosperity returns. 
Although | think the workers will be entitled to ask 
for the best conditions which the market may afford, 
it would be an advantage if both sides would show 
themselves sane enough to avoid the loss and waste 
which endless conflict always entails.”’ | 





The Industrial Peace Union (7'he New Way states), 
is not connected in any way whatever with any other 
organisation having political motives, and a similar 
name. It is absolutely non-political, and is the only 
organisation devoted to securing peace in industry, the 
advancement of British commerce and a better under- 
standing between employers and employed. 


The Sheet Metal Workers’ Union have been involved 
in trouble at Coventry, brought about by local mem- 
bers employed by a firm of gas-meter manufacturers, 
Two piece-workers, it seems, had exceeded an output 
limit imposed by the branch, and a demand was made 
by the other members of the Sheet Metal Workers’ 
Union that they should be dismissed. The employer 
declined to dismiss them and the others struck. Under 
pressure—by the strikers, of course—the two men 
undertook not to work beyond the ** limit” in future, 
and to hand over their * excess’? earnings to the 
union. The employer quite rightly reported the matter 
to the Coventry and District Engineering Employers’ 
\ssociation, which lost no time in arranging a joint 
conference on the subject with the Sheet Metal Workers’ 
Union. At the close of this conference, the following 
official statement was given out by Mr. Varley, the 
secretary. of the Employers’ Association :—** After a 
lengthy discussion, the union representatives stated 
emphatically that as far as they were concerned they 
did not countenance a ‘limit’ of earnings by their 
members, and that the union at the earliest oppor- 
tunity were proposing to call a meeting of their members 
engaged in the particular works to go into the allega- 
tions which have been made.” 




































At the quarterly representative meeting in Man- 
chester, on Saturday last, of the Operative Spinners’ 
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POLE-MOUNTING SWITCH FUSE. 
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Fie. 1. Fuss-CarRriER LOWERED. 


Amalgamation, it was decided to make no move in the 
direction of maintaining the 1919 agreement on work- 
ing hours and wages until the employers proceeded 
to give effect to their notice to terminate it. Accord- 
ing to Mr. Boothman, the secretary of the Amalgama- 
tion, the operatives’ organisation will, however, resist 
to the utmost any attempt to increase working hours 
or lower wage rates. 


The more-looms question appears to have taken 
a more favourable turn. At a meeting on Saturday 
of the General Council of the Weavers’ Amalgamation, 
the Central Committee were given powers which should 
lead to an early resumption of joint negotiations with the 
employers. In well-informed circles, this is regarded as 
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| 


a peace move, and the Amalgamation has, no doubt, | 


been induced to make it by the fact that an increasing 
number of operatives are entering into individual 
agreements with their employers on the subject. 
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POLE-MOUNTING SWITCH FUSE. 
THE accompanying illustrations show a switch-fuse, 
which has been designed by Messrs. George Ellison, 
Limited, Perry Barr, Birmingham, for making a 
connection from overhead lines to a transformer or 
branch circuit. It consists essentially of a steel 
framework, which is fixed to the top of the pole, and 
carries an appropriate number of pin-type, metal- 
capped porcelain insulators. These insulators are 








provided with terminals by means of which connection | 


is made to the overhead lines, and with switch contacts 
for engaging with the fuse holders. 
prise hollow, ribbed porcelain cylinders, to which 
switch blade contacts are secured at both ends by 
brass clamps, and through which a silver fuse wire, 
which is fixed to the contacts, passes, 


The latter com- | 











































LULING OM thle 


Fie. 2. Switcu-Fusr 1n WorkKING Position. 


| are fixed to two tubular members, which are attached 


horizontally to two endless steel wire ropes, as shown 
in Fig. 1. The ropes work in parallel, and are 
carried round two pairs of metal pulleys, one of which 
is fixed to the switch framework, while the other is 
placed at the operating position near the foot of the 
pole. The ropes are maintained at the correct 
tension by jockey pulleys, which take up any variation 
in their length caused by changes in temperature. 
The lower pair of pulleys are borne on a shaft, which is 
driven by a crank handle, and are mounted on the 
same frame as the jockey pulleys. 

When the handle is turned the movable framework 
is wound up the ropes, until its contacts engage with 
those on the fixed framework, the arrangement being 
such that the former is enabled to ride on the upper 
pair of pulleys. The position of the movable frame- 
work is then as shown in Fig. 2. Reverse operation 
of the handle causes the movable frame to travel 
from its “on” position round a circular path, thus 
withdrawing the fuse holders from the fixed contacts, 
while subsequently it moves vertically downwards, 
until it is checked by the counterweights coming in 
contact with the upper frame, as illustrated in Fig. |. 
The fuse-carrying structure, being counterbalanced, 
requires little effort to raise it, and rises easily over the 
top pulleys to engage in perfect alignment with the 
fixed contents. The fixed insulators are so disposed 
in relation to the upper pulley centres that when the 
handle is turned the fuseholders are withdrawn more 
or less horizontally, as in a switch. The fuseholders 
can be locked in their ‘on’’ position or at any point 
in their travel to the completely lowered position. 
The circuit is broken at the higher contacts first, 


|so that any magnetising current that may be flowing 


is broken on the contacts with horn breaks. The 
switch is designed for currents up to 100 amps at 


These holders! 11,000 volts. 
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THE ELEVATED EXPRESS HIGHWAY, 
NEW YORK CITY. 


pBy Frank W. Skinner, M.Am.Soc.C.E. 


ALTHOUGH most of the very heavy passenger 
traffic on Manhattan Island, New York, is carried 
by the four elevated railway and four subway 
north-and-south lines, most of the parallel streets 
and avenues in the up and down-town direction 
are well filled during business hours, while some 
of them are often badly congested by commercial 
vehicles, "buses, and private motor-cars. This is 
especially the case along the shore of the Hudson 
River for about four miles, from below Canal-street 
nearly as far as 72nd-street. In this distance 
are situated the principal ferries, and the docks, 
piers, and warehouses of numerous steamship 
companies. This district, therefore, has a great 
deal of heavy lorry and taxi traffic, and for part 
of the distance difficulties are accentuated by 
railway freight tracks being laid at street level. 
Above 72nd-street, the famous Riverside Drive, 
from which commercial traffic is excluded, extends 
for several miles near the shore of the Hudson | 
River, and parallel to it are the lower level railroad | 
tracks, between it and the river. 

To provide for rapid north and south vehicular | 
traffic of all kinds, the City of New York has 
planned and partly built an Express Highway 
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is about 11,000,000 dols. This arrangement restores 
to full public use some 84 blocks of five main traffic 
arteries ; it eliminates 106 level crossings, and has 
brought to a close more than thirty years’ effort to 
abolish the dangerous and unsightly railway-track 
system which for seventy-seven years has caused 
obstruction in the city streets. Above 72nd-street 
the Express Highway will be carried to the Borough 
of the Bronx for about 11 miles, on a steel structure 
now being built over the railroad tracks. 

On May 24, 1929, ground was broken for the 
construction of the first section of the Express 
Highway, extending from Canal-street, near the 
entrance of the Holland vehicular tunnels to New 
Jersey, about 14 miles to 22nd-street. This part 
of the work was completed at a cost of about 
6,500,000 dols., and it was opened for traffic on 
December 13, 1930. It is shown in the plan Fig. la; 
Figs. 1b and lc show the remaining parts still to 
be built. 

The general features of the structure are shown 
in Figs. 2 to 5, Plate XXXVI, and Figs. 6, 7 and 8, 
Plate XXXVII. Beyond the entrance ramp at the 
south end, the highway structure is 14 ft. in the 
clear above the street and 70 ft. wide overall, pro- 
viding two 30-ft. roadways reached at intermediate 
points by ramps arranged in the centre. One of 
‘these is shown during construction in Fig. 25, 
Plate XXXVIII. At these points the fast-moving 
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| taining walls. The spaces underneath the upper 

| portions of the ramps are paved between the masonry 

| walls supporting the roadway, and are used by the 

| municipality. Cross passages are provided under 
the ramps where necessary for pedestrians. 

All columns are supported on pile foundations, 
the construction of which was very slow, costly and 
difficult, on account of the numerous obstructions 
encountered below the surface. The streets over 
which the first section of the Highway have been 
built are on land reclaimed from the Hudson river, 
filled in over old bulkheads, cribs and docks. Many 
old hulks had been brought to the site and sunk to 
provide additional foundations, making the con- 
ditions very difficult for pile driving. 

It was indicated by the preliminary estimates 
that the different foundations would require in all 
about 220,000 linear feet of concrete piles, 50,000 
linear ft. of concrete sections of combination piles, 
115,000 ft. of wood sections of combination piles, 
1,000 linear ft. of steel piles, and 700 linear ft. of 
lagging piles. The cast-in-place concrete piles 
had driven steel shells with a minimum diameter 
of 15 in. for those of uniform cross section, and 16 in. 
for tapered cross sections. The cylindrical shells 
were driven to rock or approved refusal, and 
filled with concrete, reinforced with four {-in. dia- 


meter round, deformed bars enclosed with }-in. 


hoops or spirals. 
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running about 14 miles along the shore of the traffic on the outside continues uninterrupted, 
Hudson River. In view of all the activities of the and that moving more slowly in the centre 


river and its fine scenery, it will form a very attrac- 
tive drive, free from all cross or interfering traffic, 
since the two lanes of slow-moving vehicles in the 
centre of the roadway will prevent any possible con- 
tact between the two lanes of moving-fast vehicles 
running in the opposite directions on the outside. 
A roadway suitable for heavy traffic, modern | 
signalling devices for traffic control, adequate fire 
and police protection and ample street lighting, as | 
well as special facilities for removing snow, have been 
adopted in order to ensure continuous operation 
under all conditions. The highway will intercept 
all main cross-town streets and provide access to 
the Holland Tunnel, to the proposed 39th-street 
tunnel, the Weehawken Tunnel, the ferries, freight 
terminals, industrial centres, residential districts, | 
and to the piers of the transatlantic and coastwise 
shipping lines. The route crosses the 60th-street 
terminal of the New York Central Railroad and | 
provides a southward extension from Riverside 
Drive. The present surface roadway will, of course, 
remain available for local traffic underneath the 
hew structure. 
In consideration of a readjustment with the | 
municipality of its rights and easements along its | 
lines, the New York Central Railroad Company 
agreed to pay for the removal of its tracks, and | 
contribute to the construction of the adjacent portion 
of the Express Highway, the estimated cost of which 








can leave by the ramp or, coming up the ramp, 
can merge into the slow stream without incon- 









Combination piles had lower sections of untreated 
| yellow pine, with a minimum diameter of 14 in. 
|at the top, and upper sections of concrete extend- 
| ing not less than 15 ft. below the cut-off elevation, 
| with a minimum diameter of 14 in. at the bottom. 
The connections between the concrete and wood 
sections were thoroughly sealed to exclude water, 
mud, and other foreign matter while the piles were 
| being driven, or concrete placed. The end of the 
wooden section was embedded 18 in. in the concrete 
section, and surrounded for this distance by a mini- 
mum thickness of 2 in. of concrete. A deformed 
bar extending above the cut-off was secured to the 


| wood section in such a manner as to withstand an 


venience. This arrangement avoids all cross traffic, | upward pull of about 10 tons. 


and as it permits of speeds of 40 m.p.h. or so, | 
the capacity of each roadway is about 4,000 vehicles | 
per hour, or twice that of lower-level Fifth Avenue. | 
Traffic is regulated at the ramps by signals. A| 
complete police and fire-alarm system has been | 
installed. Snow can be removed by ploughs to | 
snow manholes discharging into lorries beneath. 

The Highway, and the streets beneath it, are well 

lighted by large standards erected along the centre | 
line, as may be seen in Fig. 6. The steelwork | 
columns are carefully placed to cause the least pos- 
sible interference with the street surface, and the 
girders have been arranged to span all streets and 
river-pier entrances. The access ramps are provided 
at important cross-town streets. 

Considerable efforts have been made to secure a 
good architectural appearance. The outsides of the 
longitudinal girders are embellished with the various 
seals of the City. At each pier entrance and cross- 
street an ornamental tablet has been provided 
giving the name of the street, and the number of the 
pier. The ramps are enclosed in granite masonry 
carved into plaques. The down-town end of the 
highway shown in Fig. 27, Plate XX XVIII, gives an 
idea of this treatment. The lower ends of the ramps 
are carried on solid fills between the masonry re- 





Concrete-filled steel piles are made with seamless 
or lap welded tubes 3-in. thick and 12 in. in minimum 
diameter. Not more than one splice was permitted 
in each pile; their lengths do not exceed 40 times 
the inside diameter. The safe bearing value 
of each pile was determined in accordance with 
the Engineering News formula for steam hammers, 


2WH Pie ; 
= —y’ where P = safe bearing in pounds, W 
aia 


- weight in pounds of striking part of hammer, 
H = height of fall in feet, and S = average penetra- 
tion in inches per blow for the last 6 blows. The 
minimum safe bearing value of each pile was 30 
tons, but in no case was the contractor required to 
drive to a greater resistance than 40 tons per pile, 
as determined by the above formula. The con- 
tractor drove thirty test piles as ordered by the 
engineer, to provide the necessary information 
as to the length, size and type required at the various 
points of the work. All test piles were withdrawn. 

At three different locations along the line of the 
work a loading test is required. Each test pile was 
first loaded with a concentrated load of 40,000 lb., 
and settlement over a period of 5 days carefully 
recorded. Then 20,000 Ib. more were added to the 
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load, and the settlement over a period of five days | each column, and engages it with projecting lower 
again recorded. A final increment of 10,000 Ib. | flanges. It provides a half hole bearing for a pin 
more was then added to the load, making a total engaging a corresponding steel casting bolted to 
of 70,000 lb., and the settlement over a final period | the lower flange of the longitudinal girder. This 
of five days was recorded. The total settlements} pin has at each end an integral collar securely 
varied from 0 in. to 4 in. The test piles were sub- | locking it to the steel castings. Details of the 
jected to direct loading with heavy steel slabs that | bearings are given in Figs. 28, 29 and 30. Fig. 11 
were easily piled up to impose the required weight | shows a bearing, girder, column and floor beam. 

quickly. A test pit is shown in Fig. 26, Plate} The deep longitudinal central girders are of 












XXXVIII. | standard construction, but the shallower outside 
girders have solid web steel parapets integral with 


Numerous obstructions were encountered below 1 
the top flanges, the outer surfaces of the webs being 











the surface, and pile driving proved exceedingly | é 
slow, difficult and costly. Some extra piles were | panelled for architectural effect. ; 

driven where it was impossible to secure the desired | | The ends of the webs above the column bearings 
penetration at the locations designated on the plans. | shown in Figs. 12,13 and 14 are stiffened with 
All piles were driven by heavy single-acting steam | Vertical plates and angles, providing a cross-section 
hammers with striking parts having weights of | corresponding to that of the column below, and 
3,000 and 5,000 Ib., operated by machines having | Serving to transmit to it loads from future upper 
long derrick booms, from which were suspended | Sections of the columns that will be seated on top 
vertical steel leads for the hammers. The rapidity | flange pins similar to those on the bottom flange. 
of driving varied from about 1 to 6 piles per hammer | Figs. 15 and 16 are sections of the girder ends, as 
in an 8-hour shift. About 500,000 linear ft. of | Shown in Fig. 14. An ornamental casting having the 














































piles of all types were driven for the foundations | 


of the first section of the highway. 

In most cases this work gave so much trouble 
that it was necessary to enclose the foundations 
with sheet piles, and excavate around the piles to 
remove the various obstructions, afterwards filling 
the cofferdams with sand up to the pier footings, 
and cutting off the projecting sheet piles. The 
footings were made with cross grillages of I-beams 
enclosed in concrete, and supported on a thick 
reinforced concrete mat engaging the upper ends 
of the piles. Illustrations of typical footings are 
given in Figs. 19 and 20, Plate XXXVII. The 
foundations alone cost 2,500,000 dols. 

The foundations and columns have been designed 
for a two-deck structure, of which only the lower 
deck is now being built. The roadway consists 
of a granite block pavement on a concrete slab, as 
shown in Figs. 7 and 17, Plate XX XVII, supported 
on 14 longitudinal 15-in. I-beam stringers. The 
stringers shown in Figs. 3, Plate XXXVI, and 7,8 
and 17, Plate XX XVII, are carried on transverse 
floor beams. The floor beams shown in the illustra- 
tions, Figs. 2, 5, 8 and 17, are 49 in. deep at one 
end, where they are web connected to the centre 


longitudinal girders 72 in. deep, and taper to a | 


depth of 44 in. at the other end, where they are web 
connected to outside longitudinal girders 66 in. deep. 

The columns are located from 50 ft. to 60 ft. 
apart on three longitudinal lines 34 ft. apart as 
shown in Fig. 8, and stand on structural steel slabs 
up to 7 in. in thickness carried by the foundation 
grillages to which they are secured by vertical 
anchor bolts embedded in the concrete mat above 
the pile tops. The columns, of which drawings are 
shown in Figs. 9, 10 and 11, Plate XX XVII, are H- 
shape in cross section, and are arranged close 
together in pairs with their webs at right angles to 
the line of the highway. Each column supports 
one end of one longitudinal main girder. The pairs 
of columns supporting the expansion ends of two 
adjacent girders are separate (Fig. 9), except for 
their connections to a common base-plate and flange 
cover plates connecting them at their lower end ; 
this affords an independent type of construction at 
the upper end, where variations in the relative posi- 
tions of the girders may occur. On the other hand, 
pairs of columns supporting the fixed ends of 
adjacent girders (Fig. 10) are connected together by 
vertical longitudinal diaphragms, thus making a 
compound column having an H-section. The trans- 
verse column bents provide, alternately, fixed and 
expansion girder bearings. The rivets through the 
flange plates and diaphragms at the bottom of the 
expansion columns are of nickel steel ; the remainder 
of the steel work in the superstructure is carbon 
steel, all conforming to standard specifications. 

The columns supporting the exterior girders are 
made with 12-in. web plates }-in. to 1} in. thick, 
four 6 in. by 6 in. flange angles 3-in. to 1 in. in 
thickness, and two 14 in. cover plates ?-in. to 
2 in. in thickness. The colunns supporting the 
interior girders are made with 18 in. web plates 
from }-in. to 2 in. in thickness, four 8 in. by 6 in. 
angles from $-in. to 1 in. in thickness, and two 14 in. 
cover plates from 3-in. to 2 in. in thickness. A cast 
steel shoe takes bearing on the plain upper end of 


| top rail filled with grout. 


| 


same outline as the pin casting is placed on the top 
of the stub column at the end of the girders just 
above the top of the balustrading, which is made 
integral with the parapet, and has a riveted hollow 
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1: 2:4 mix, concreting being permitted between : 
continuous mild weather was predicted, and whe: 


between 50 deg. and 100 deg. F. The finishe«: 


surfaced with a 4-in. granite block pavement on « 
mortar bed foundation, and on the ramps the surface 
of the slab is waterproofed with 3-ply cotton fabric 
and asphalt, or with 5-ply tar felt and pitch. The 
remainder of the roadway is water-proofed with 
2-ply cotton or 4-ply tar felt. The lower flanges 
of all longitudinal girders are gunited between 
ornamental angles forming a fascia. All columns 
are filled with concrete or grout flush with the 
ornamental angles. 

Among the quantities involved in the construction 
of the first section of the highway the following 
may be noted: 60,000 yards of excavation, 24,400 
yards of concrete, 34,760,000 Ib. of structural steel, 
2,250,000 lb. of silicon steel, 4,930,000 Ib. of orna- 
mental structural steel, 715,000 lb. of cast steel, 
960,000 lb. of cast iron, 510,000 lb. of ornamental 
cast iron, 3,800,000 lb. of structural steel in footings, 
3,760,000 lb. of reinforcement bars, 13,000 cub. 





Figs. 12 and 14 give | yards of concrete slab and curb, and 56,000 sq. yards 


| details of the balustrade, and the section Fig. 18 | of granite block pavement. 


| 





shows the casing to obtain a finished effect. The | 
Fig. 28. ee 
SECTION A.A. Fig. 29. SECTION B.B. 
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Auxiliary work included a large amount of new 
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panels on both sides have vertical bars and angles, 
and on the exterior surface have, in several panels, 
the City seal cast in relief. Fig. 17 shows details | 
of the roadway structure at three typical sections. | 
Details of the roadway reinforcement, and of | 
expansion joints are given in Figs. 21 to 24, Plate 
XXXVIII. Fig. 21 is actually a section at the 
centre, but the arrangement is the same at the | 
sides of the roadway. | 

The light standards, about 90 ft. apart on the| 
centre line of the highway, are riveted steel columns | 
about 23 ft. high overall, standing on cast iron | 
pedestals. They have cross arms carrying two} 
powerful electric lamps in special globes. The 
emergency signal stations, about 500 ft. apart on | 
the centre line of the highway, are cast iron struc- | 
tures about 5 ft. high, and 14 in. wide at the base, | 
mounted on cast iron pedestals. They | 








have | 
bronzed tops glazed with orange glass, containing | 
electric lights. In the main control houses fire- | 
alarm and telephone boxes are installed. | 

Traffic signal booths, located at curves and | 
ramps on the centre line of the highway, are about | 
4 ft. square and 9 ft. high overall, and are made of | 
steel plates and cast iron, with the exception of that 
at Canal-street, which is made of bronze. 

The superstructure was erected at a maximum | 
rate of about 300 tons, or 50 linear ft., per eight-hour | 
shift by a crew of about 200 men, and an overhead | 
traveller having a stiff-leg derrick with 120-ft. steel | 
boom installed on a rolling timber platform. The | 
derrick had the reach and capacity required to} 
erect the columns one span in advance, and then | 
to place on them the longitudinal girders having a | 
maximum weight and length of about 120 tons and | 
60 ft. 

Great care was taken in concreting the roadway | 
slab which is 7} in. thick. It was made with a| 
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and re-located vitrified pipe sewers, concrete sewers 
up to 6 ft. 4 in. by 4 ft. 6 in., manholes, storm water 
overflow chambers, new and re-located high and low 
pressure water pipes from 4 in. to 24 in. in diameter. 
XC. 

The work was designed and constructed under 
the direction of Mr. C. M. Pinckney, Chief Engineer 
for the Borough of Manhattan, and was executed by 
James Steward and Company, contractors. 








STEAM RESEARCH IN EUROPE 
AND IN AMERICA.* 
By Proressor Dr.-Inc. Max JAKos. 
LECTURE IV. 


D.—SreciaL THERMAL PROPERTIES AND PROCESSES 
or WATER AND STEAM (DYNAMICAL PROPERTIES). 
(Concluded from page 746.) 

4. Heat Transmission through Water or Superheated 
Steam.—Up till the present, I have considered such pro- 
perties of water and steam as are essential for hydro- 
dynamic motion and heat transfer. I may now pass 
on to thermal processes in which these properties, in 
connection with those formerly treated, play an impor- 
tant part. I must, however, restrict attention to a selec- 
tion of investigations concerning the most simple cases 
suitable for physical treatment. Regarding pure {low 
problems it should be remembered that in stream-!ine 
motion, according to Poiseuille’s law, (equation 16). 
page 744, ante, the pressure drop in a tubeis proporti nal 
to the viscosity ; on the other hand, in eddying mo‘ion 

* Fourth of a course of four lectures delivere! in 
May, 1931, before the University of London. 





temperature of 30 deg. and 40 deg. F only, when 
the mixing water was provided at a temperature 


concrete was kept covered for seven days with two 
‘thicknesses of wet burlap. The concrete slab ix 
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this is almost proportional to the fourth root of the | 


viscosity. 

Coming now to heat transmission, I may begin 
with the simple case of heat transfer without change 
of state, and shall then deal with some more compli- 
cated cases, in which heat transfer is combined with 


changes of state, as for example evaporation and con- | 


densation. 

The heat transfer from a wall to a liquid or to a gas 
is usually defined by the equation : 

Q=alt,—%)- ~~ «~ (77) 
In this 
Q is the quantity of heat which passes in unit time 
from unit area of the surface to the fluid, 

t, the temperature of the surface, 

t, the temperature of the fluid, and 

a the coefficient of heat transfer. 

The latter quantity in physics was formerly called, 
in Germany, the “outer heat conductivity,” and was 


considered as a simple property of the fluid in question, | 


or even as a constant value. Actually, however, it is a 
complicated function of the geometric form, position, 
nature and temperature of the surface, and of the den- 
sity, viscosity, specific heat, heat conductivity, tempera- 
ture and form of motion of the fluid. In addition to 
this, radiation is superimposed over the convection 
heat, a point which I shall entirely ignore in the 
following parts of the lecture. One can imagine how 
difficult, or even impossible, it was, with single experi- 
ments, to understand the influence of all these quanti- 
ties on the heat transfer, but the application of the 


theory of similarity to the problem of heat transfer | 


immediately simplified the matter in an extraordinary 


way. Although Osborne Reynolds* suggested the | 


application of the principle of similarity to problems 


of heat transmission and Stantont took a first step | 


towards a realisation of this idea, as far as I am 
aware, the merit for having introduced the theory 
of dimensions into this branch of science, and to 
have proceeded farthest with it, is due to Professor 
Nusseltt in Munich, who, from about 1910, has 
published several fundamental investigations concern- 
ing this subject. Other prominent workers in this 
field are A. H. Davis and T. E. Stanton of England, 
L. Prandtl and L. Schiller of Germany, and Langmuir 
and Chester W. Rice of the United States. 

Here I can only bring forward a few characteristic 
examples, from which I should particularly like to 
show to what extent heat transfer depends on the 
viscosity and the heat conductivity of the fluid. For 
the case of a body of appreciable magnitude in a fluid 
which is not moved artificially, but only through the 
differences of density, that is by ‘‘ free convection,” 
Nusselt obtains the equation 


ad - Ym - Spm - By «(tm — ty) (78) 
Am Nees Ne 
where 
¢ is a function, 
a the coefficient of heat transfer, 
da characteristic length, for instance, the diameter 
of a tube, and 
y: B. 7. Cp, t, the specific weight, coefficient of expan- 
sion, viscosity, specific heat at constant pressure, 
and temperature, respectively, of the fluid. 
The suffix m refers to the mean between the tem- 
peratures of the wall and that of the fluid, while w 





refers to the temperature of the wall. The signification | 


of this equation consists in the fact that a as a function 
nese , A d 
of eight variables is superseded by the term — as 


m 

the function ¢ of a single variable, both terms being 
dimensionless. So, if, for instance, one varies the dia- 
meter d, all other quantities remaining unchanged, 
one is able to determine the function ¢ by this single 
series of tests, and knows then at once, for all variations 
of the eight variables, the coefficient of heat transfer 
in geometrically similar bodies, as, for instance, in 
pipes. 

If a does not depend on d, which is the case when the 
diameters are large, one can easily demonstrate that 
equation (78) becomes 

a=C, y Ym* An* “pm Bw (tw — tm) (79) 
Nm 
where C, is a constant. This equation shows distinctly 
the influence of the viscosity 7,,, and the heat con- 
ductivity 2,,, the heat transfer being proportional to the 
cube root of the first, and to the two-third (3) power of 
the latter. 

For very small diameters, on the other hand, one 

obtains 
An 


a=Cy— . . . (80) 





* 0. Reynolds, Proc. Literary and Phil. Soc., 
Manchester. (1874.) 
+ T.E. Stanton, Trans. Roy. Soc.,(A) Vol. 190, page 67, 
898. 

> W. Nusselt, Forschungsarbeiten auf d. Gebiete des 
Ingenieurwes. Nr. 89, Berlin, 1910. Gesundheits-Inge- | 
nieur, vol. 38 (1915), page 477, &ce. 


Expressing length in metres, time in seconds, tem- 
peratures in degrees Centigrade and heat quantities in 
keal, C, becomes about 1. 

Another instance refers to the flow of a fluid in a pipe 
with a mean velocity w; that is the case of ‘forced 
convection’. For this case, Nusselt derives 


= 0, (“2 (2 ==) . (81) 
m Nm Xm j 


depends 





| where C,, a and b areconstants. Here sf 
m 


| only on two variables, though a now is a function of 
| as many as nine variables, including the temperatures. 
| For streamline motion, this equation becomes 

| 
| 
| according to which a is five times the heat transfer on 
| a cylinder of the same diameter in a liquid at rest. 

| I cannot enter here into the further development 
| of these systems of equations, and can only repro- 
|duce an empirical formula for practical purposes, 
| originating from Schack :— 


2,030 

| aia 
| This equation is said to reproduce equally well, or 
|equally badly, the most important experiments with 
water published up till 1929, its accuracy sufficing 
for rough calculations. The mean deviation is about 
|8 per cent., but is more for diameters as small as a 
few millimetres. 

A summary of the available experiments gives the 
following limiting values for the coefficient of heat 
transfer of water: The smallest values (less than 200) 
exist for forced streamline motion, the values for free 
| motion lying between 200 and 1,000, while those for 
| forced eddying motion in pipes lie between 1,000 and 
8,000, the dimensions in each case being kcal. per 
square metre per hour per deg. C. I should like 
to mention also the English experiments, of J. A. 
Smith* in 1904, who, in water at 80 deg. C. and 
over, found a jump to a higher rate of heat transfer 
because the streamline motion of the surface film was 
disturbed by the dissolved gases, especially air, becom- 
ing free to a greater degree at 80 deg. C. and above, 
and so diminishing by turbulence the resistance to 
heat transmission. 

Referring to gases, Nusselt}, also from dimensional 
considerations, derived a general equation for the heat 
transfer in a tube of length 7, which, according to the 
| derivation, holds also good for superheated steam. 
| His formula is 


| / 0.054 € 0.786 
5 : 22-6 a d.w-¥m Spm (84) 
| Am l Xr 


m 


A 
a=(, = with, = 5-15 (82) 


+ 0-014 t) . (83) 


| a 





'the velocity w being expressed in metres per second 
| and g being 9-81 metres per sec. per sec., but being 
expressed in kcal. per metres per hour per degree 
Centigrade. The dimensionless term in the second 
| bracket originates from the two bracket terms in equa- 
tion (81) the exponents a and b being equal. In this case, 
| the viscosity 7 has no influence on a, and there remains 
only a small influence on heat conductivity, namely 
| A214, This formula holds good for a referring to 
the total length 1, including the inlet length. 

Recently, Nusseltt, assuming similarity between 
the velocity field and the temperature field, derived, 
from the impulse theory of heat transfer, another 
formula, showing particularly the influence of the differ- 
ence of temperatures between the gas and the wall, 
namely 


Nw I t Tim y , 4 
142-4 = on W.Ym)i (85) 
a Cpw ( a ) je ( m 


7 here being expressed in kg. second per square metre. 
Since A is about proportional to 7, as we have 
| seen, it does not matter, that in contrast to equation 
| (84), a appears here as proportional to 7°-*5, instead of 
| N-214 (ef. equation 84). 
Equation (85) refers to the state after a sufficient inlet 
length, the influence of / on a then vanishing. This 
| equation is of special importance in the case of great 
| differences between the temperatures of the wall and 
| the gas. 

Among the more recent experiments upon the heat 
transfer of superheated steam, I should like to mention 
those of Poensgen§ in Munich, who used pipes of 39-4 
and 95-7 mm. diameter and 3-5 m. long, with steam 
at 1 to 9 kg. per square centimetre up to 305 deg. C., 
flowing with velocities up to 15 m. per second. Poens- 
gen measured the distribution of the temperature over 





* J. A. Sn:ith, ENGINEERING, vol. Ixxviii (1904), 
page 486. 
+ N. Nusselt, Zeitschr. d. Ver. deutsch. Ing., vol. 61 


| (1917), page 685. 


+t W. Nusselt, Techn, Mechan. and Thermodyn., vol. 1 
(1930), page 277. 

§ R. Poensgen, Zeitschr. d. Ver. deutsch. Ing., vol. 60 
(1916), page 27, and Forschungsarbeiten auf d. Cebiete 
des Ingenieurwes. Nr. 191/192. Berlin, 1917. 





the diameters of the pipe and over its whole length. 
From his results (extending from a = 5 to a = 350) he 
derived an empirical formula, which is not quite satis- 
factory and does not agree with his own values so well 
as with Nusselt’s equation (84). Nusselt’s equations 
for the determination of heat transfer in superheated 
steam are therefore to be recommended as the best 
at present available. 

5. Evaporation and Superheating of Water—Among 
the processes involving changes of state, we are particu- 
larly interested in evaporation and condensation. The 
more purely chemical processes of dissociation and 
decomposition, though very important in connection 
with the deterioration of superheater tubes and the 
highest possible limit of steam temperature, cannot be 
treated in these lectures. It is very strange that so 
little is known about evaporation, which is the funda- 
mental process of the whole of steam practice and 
steam research. Evaporation seems such a self- 
evident process that apparently it has not been con- 
sidered necessary to inquire into it more thoroughly. 
The process is, in general, also so violent that it is 
difficult to observe what happens, all the more so as at 
high pressure it usually takes place in opaque con- 
tainers. Cases of delayed evaporation, however, direct 
attention to this problem, because the sudden evapora- 
tion sometimes causes explosions. 

I should like, first, to make a few general remarks 
regarding the process of evaporation. When the 
liquid and the gaseous phase of a substance exist 
together, one of the conditions of equilibrium is that 
of the equilibrium of masses; that is, the same 
quantity of molecules must always pass in both 
directions through an area separating the two phases. 
Therefore, the process of evaporation—that is, the 
continual one-way migration of molecules into the 
space of the steam phase—is not strictly in accordance 
with the conditions of thermodynamical equilibrium. 

It may be asked how a steam bubble originates in the 
liquid. If steam is able to exist as a separate phase, 
a surface of separation is necessary, as, for instance, 
in a globule, but the liquid offers resistance to the 
formation of such a curved surface, and the question 
of surface tension has to be considered. This tension, 
in the interior of such a small bubble surrounded by 
the liquid, causes a lower steam pressure than at the 
same temperature on a plane surface. The laws 
applicable in this case have been set out by William 
Thomson (Lord Kelvin). From these it follows (1) that 
smaller bubbles are unstable compared with larger 
ones, and (2) that, in equilibrium, the liquid in the 
neighbourhood of a steam bubble must have a higher 
temperature than the temperature of saturation for a 
plane surface at the same pressure. Therefore, if, in a 
liquid, a very great number of small bubbles exist, the 
liquid, on an average, has a higher temperature than 
that corresponding to the saturation pressure at a 
plane surface ; in other words, the water is superheated, 
and this is still more the case the smaller the bubbles, 
the radius of curvature determining the degree of 
superheat. 

From this follows the strange result that in an 
absolutely pure liquid no vapour bubbles at all could 
originate, the initial diameter of such bubbles being 
infinitely small and the superheat infinitely high. 
Indeed, pure water at atmospheric pressure could be 
superheated to a high degree without evaporation. 
Actually, however, water can be evaporated without 
considerable superheating if care is taken that in the 
liquid sufficiently small curved surfaces exist on which 
the steam molecules can collect. Such curvatures, for 
instance, exist in the rough surfaces of the walls, and 
in the little bubbles of gas adhering to the walls, into 
which the liquid can evaporate. According to this 
idea, a rapidly boiling liquid could not be greatly 
superheated, since the bubbles arising on the curved 
surfaces would disturb the state of surface tension, 
especially as, owing to the convection of the rising 
bubbles, the temperatures become equalised. On the 
other hand, the heat transmission from the heater to 
the places where the bubbles originate causes differences 
of temperature in the liquid. 

To what extent the actual facts correspond to these 
ideas is difficult to state exactly, since, in the experi- 
ments carried out up till the present time, the measure- 
ment of temperatures and their distribution, as well as 
the calorimetric arrangement, were not very reliable. 
Therefore, to clear up the problem of evaporation, 
especially the practically important case of intensive 
evaporation, in which greater differences of tempera- 
tures are to be expected, I have begun experiments 
in the Reichsanstalt in co-operation with Dipl.-Ing. W. 
Fritz. 

We had already, in our measurements of the latent 
heat of water up to 100 atmospheres,* observed 
differences between the temperatures of the intensively 
boiling water and the steam above the water surface 
of 0-1 deg. to 0-3 deg. C. The steam had the normal 


* M. Jakob and W. Fritz, Tech n. Mechan. u. Thermo- 





dynam., vol. 1 (1930), page 177. 
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temperature of saturation and no influence of the | but provided with two oblong windows through which 
rate of evaporation on this temperature difference was | the evaporation may be observed. 


observed. Starting from our experiments and those 
of Grumbt,* who actually found that the temperature 
differences did not vanish, even by stirring, Bo8n- 
jakovié,t of Dresden, has developed a theory of evapo- 
ration. His fundamental assumptions are the follow- 
ing :—The steam bubbles formed on the heating surface 
are very small and in rising become larger, water 
evaporating into the bubbles, the water being super- 
heated and hotter than the saturated steam in the 
bubbles. Quantitatively, this leads to very great 
coefficients of heat transfer (2 = 35,000) between the 
water and the bubbles. I cannot enter into the details, 
but would say that some of the assumptions of this 
theory do not agree with our observations. 

In the development of our apparatus, the following 
points required consideration: The arrangement 
should be very simple, and should allow direct obser- 
vation of the evaporation; the heating surface should 
be of metal, as is the case in boilers in practice; and 
both smooth and rough surfaces should be investigated. 
As some investigators state that they have observed, 


with continuous boiling, a high degree of superheat, | 
which, we think, might be caused by the extraordinary | 


smoothness of the glass forming their apparatus, we 
intend, at a later date, also to carry out experiments 
with glass apparatus. Further, it should be possible 
to observe the temperatures accurately, and particu- 
larly without disturbance from outside. 
rate of evaporation or, more exactly, the weight of 
steam formed per unit area and in unit time (kg. per 
square metre per hour), should be as high as in large 
boilers. 

With these conditions in mind we developed the 
apparatus illustrated in Fig. 41. In this figure, which 
has not previously been published, a is a heating plate 
of 100-mm. diameter, 6 an insulating section of asbestos 
with air spaces, which prevents any heat transmission 
downwards, c a glass vessel in which water evaporates 


Fig #2. B-Rate of Evaporation 
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Fug.44. POINTS OF EVAPORATION FROM A 
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at atmospheric pressure, d a lid closing the evaporation | plate. The temperature in the water and in the steam | 


Finally, the | 








The temperature is observed by thermocouples t,, 
inserted in deep horizontal holes in the heating plate, 
and giving the temperature at several points of the 


Fig 41. \ y 









































temperature than the water. Fig. 42 shows the rate 
of evaporation B in kilogrammes per square metre per 
hour as a function of the difference At = t, —?t, for 
a smooth, chromium-plated surface. The curves show 
that, at the high rates of evaporation of 50 to 100 kg. 
per square metre per hour, corresponding to the 
evaporation in a modern boiler, the difference in tem- 
peratures, At, is 8 to 12deg.C. Upto B = 50 kg. 
| per square metre per hour, no points are off the curve ; 
| at still higher rates of evaporation, the process appears 
|to be somewhat unstable. With rough plates, A ¢ is 
| smaller, and the process is more stable. 

(2) With the exception of the neighbourhood of the 
heating surface, only very small differences of tem- 
perature exist in the water and steam. On the con- 
trary, the temperature of the water is always higher by 
0-2 to 0-6 deg. C. than that of the steam, the smooth- 
ness of the surface seeming to influence this difference. 

(3) From the mass of water evaporated in unit time, 
and from the difference of temperatures A #, one can 
calculate the coefficient of heat transfer a. According 
to Fig. 43, the data for which were obtained under 
conditions of test fixed more definitely than any others 
| known to us, the coefficient of heat transfer rises 
from 1,000 to about 4,000, and, for rough surfaces, 
even to 6,000, the rate of evaporation B increasing 
to 90 kg. per square metre per hour. This coefficient 
of heat transfer corresponds to the usual definition, 
| but our observations showed that, even at high rates 
|of evaporation, the water does not evaporate uni- 
formly, but only at a few points of the heating surtace. 
| From these points, columns of steam seem to rise. 
| but actually these columns consist of many single 
| bubbles following rapidly one after another, as we 
| observed photographically. The places where the 
| steam originates can be seen after the test as small, 

slightly coloured spots on the surface. Fig. 44 shows 

| such spots produced in two tests. It will be seen how 
| small the total area of these spots is, being less than 
!1 per cent. of the plate surface. 
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chamber, e the steam outlet, f a second glass vessel (in | is determined by means of a movable thermocouple ¢, ; 
the space between the vessels c and f water is boiled, so | that of the steam in the vessel c being further measured 
that ¢ is entirely surrounded by a jacket at the same | by the thermocouple tj, and that in the vessel f by the 
temperature), g is a lid closing vessel f, h is a funnel | thermocouple £: , 


directing the steam bubbles radially to the outer part 


of the vessel, i is the steam outlet of f, and finally, & is | 


From our unpublished measurements,* carried out 
with this apparatus, I may quote the following as a 


an asbestos insulator enveloping the whole apparatus, | preliminary result :-— 


* J. A. Grumbt, Techn. Mechan. u. 
vol. 1 (1930), page 309. 

+ F. Bosnjakovié, Techn. Mechan. u. 
tome 1 (1930), page 358. 


Thermodynam., 


Thermodynam., | 


(1) The heating surface has a markedly higher 


* The investigation is being dealt with in the December 
issue, 1931, of Forschung auf d. Gebicte d. Ingenieurwesens. 
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We hope in a short time to obtain still more in- 
teresting results. I should like to mention, that, in 
contradiction to BoSnjakovié’s assumption, the steam 

bubbles generally increase very little. Only in the 
| case of glass as a surface of evaporation does his assump- 
|tion seem to hold good. Perhaps in this case the 
| smoothness of the glass, or the surface tension of the 
| water, is the deciding factor. 

6. Supersaturation of Steam.—The process correspond- 

ing to the superheating of water in evaporation is that 
| of undercooling of steam in condensation, which is 
‘usually called supersaturation. If saturated steam 














ler 


seS 
BS, 
ng 
‘nt 
mm, 
tes 


ce. 
se, 
yle 
we 
he 
ill, 
ws 
ow 
an 





DEC. 25, 193I.] 


ENGINEERING. 


803 








free from nuclei (particles of dust, ions, &c.) expands, 
drops of liquid can only form with difficulty. According 
to William Thomson (Lord Kelvin)*, the steam 
pressure at constant temperature on a concave surface 
is lower than on a plane surface (the case of the steam 
bubble in water), and on a convex surface higher than 
on a plane one (the case of the drop inthe steam). If, 
therefore, in the expansion of saturated steam, small 
drops of water begin to form, their steam pressure, 
owing to the great curvature, would be higher than that 
of the surrounding steam, and the drops would imme- 
diately re-evaporate. If, on the other hand, particles 
of dust exist in the steam, a liquid film can be formed 
on their curved surfaces ; on these particles, therefore, 
as on large drops, condensation progresses and the 
drop increases. By what mechanism condensation 
takes place in supersaturated steam freefrom extraneous 
particles, is not yet sufficiently known. Theoretically, 
supersaturation has been treated more particularly by 
W. Thomson and by J. J. Thomson.{ If p, signifies 
the steam pressure in equilibrium with the drops, p, 
the steam pressure on a plane surface of the liquid, 


Fig47. _HEAT TRANSFER WITH 
DIFFERENT WALL TEMPERATURES. 
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Fig49. THICKNESS AND VELOCITY OF THE WATER FILM. 
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the logarithm of 7? is proportional to the surface 
. F 1 . 

tension, and inversely proportional to the absolute 

temperature and to the radius of the drops. The 


fraction ?? is often simply called ‘‘ supersaturation.” 


Two principal experimental difficulties must first be 
mentioned, that is, the impossibility of the direct mea- 
surement of temperatures, condensation always taking 
place on the thermometers, and, secondly, the influence 
of time on supersaturation. Supersaturation always 
seems to exist for a short period before condensation ; 
therefore, in the short time available for condensation 
when steam passes through thenozzles of steam turbines, 
condensation often cannot take place, a point which 
must be considered in turbine design. Of the earlier 
experimental work, I should like to mention that of 
Wilsont and that of Stodola§. Wilson expanded air, 
Poe W. Thomson, Phil. Mag. (4), vol. 42 (1871), page 

8 

* J. J. Thomson, Anwendung der Dynamik, Leipzig, 
1890, page 201. 

i C. T. R. Wilson, Phil. Trans. (A), vol. 189 (1897), 
page 265, and vol. 192 (1899), page 403. 





Saturated with steam, adiabatically in a glass vessel, 
and at — 16 deg. C. obtained 7-9-fold supersaturation 


(22 = 7-9), before condensation took place as a 
1 
dense fog. Stodola, on the other hand, investigated 


the steam flow in glass nozzles and observed 3-1-fold 
to 3-3-fold supersaturation at 95-5 deg. C. 

Recently, Powell* continued Wilson’s experiments 
at higher temperatures, using a better arrangement of 
apparatus. His results agree perfectly with those of 
Wilson, but show, at 100 deg. C., a much smaller value 
than Stodola’s, because this worker, as Powell suggests, 
could not determine the first instant of fog formation. 
Martin,t in a very interesting series of articles, using 
Thomson’s formula, calculated the supersaturation, 
first assuming that this would be 8-fold at 20 deg. C., 
later basing his calculations on Stodola’s values. 
The utmost limit to which supersaturation can be 
carried (expanding very rapidly and with extremely 
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pure steam) is called the Wilson line. 
Powell recalculated its course, and found 
that steam can be under-cooled 
by 26 deg. C. at 0-03 kg. per square 
centimetre, 
by 18 deg. C. at 1-9 kg. per square 
centimetre, and 
by 8 deg. C. at 18-7 kg. per square 
centimetre. 
These are about half the amounts obtained 
from Stodola’s experiments. Generally, 
it seems that the energy losses in nozzles 
and steam turbines caused by super- 
saturation have been overestimated. 

7. Heat Transfer in Condensing Dry 
or Superheated Steam.—Passing to the 
question of heat transfer in the condensa- 
tion of steam, we must confine our 
attention to steam condensing normally 
without supersaturation. Further, we 
can deal only with steam with practically 
normal air content. The influence of the 
latter has been investigated in Germany 
by Josse,t and in America by Othmer.§ 
According to these investigators, 0-5 per 
cent. air contents by volume diminishes the heat 
transfer to half, and 1 per cent. to one-third. 

For heat transfer in steam condensing normally 
without supersaturation, Nusselt|| has developed an 
interesting theory. He assumes that there is formed 
on the cooling surface an adhering film of condensate, 
the thickness and conductivity of which determines 
the resistance to heat transfer, whereas as regards 
the motion of this water film—either against gravity 
as driving force, or against the action of steam flow, 
as, for instance, in pipes—viscosity exercises a deter- 
mining influence. The side of the water film in contact 
with the steam is supposed to be at the saturation tem- 
perature 45, whereas the other side, being in contact with 
the wall, is assumed to have the wall temperature 0p. 
By these hypotheses for saturated steam, otherwise 
at rest and free from air, near a wall or in a pipe of 
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* C. F. Powell, Proc. Roy. Soc., vol. 119 (1928), 
page 5538, and ENGINEERING, vol. 127 (1929), page 711. 
+ H. M. Martin, ENGINEERING, vol. evi (1918), page 1, 
vol. eviii (1919), page 483, vol. exv (1923), page 607. 
t E. Josse, Zeitschr. d. Ver. deutsch. Ing., vol. liii 
(1909), page 32. 
§ D. F. Othmer, Industr. Engin. Chemistry, vol. xxi 





§ A. Stodola, Dampf-und Gasturbinen, Berlin, 1924 
(page 870), and Zeitschr. d. Ver. deutsch. Ing., vol. 57 
(1913), page 1776. 





(1929), page 576. 


appreciable diameter, Nusselt obtains, as mean coeffi- 
cient of heat transfer, 


i f°> > See 
Ay, Cont ee . (86) 
nh (9s ~ xm) 


and 
t/a 
te = af — . (87) 
, \ nd (6, . 9xm) 
with 
C, = 7-30 fora vertical wall or tube of the height h, 
C, = 5-92 for a horizontal tube of the diameter d, 


r in keal. per kilogram being the latent heat, 
y in kg. (weight) per cubic metre, the mean specific 
weight of the water film, 
A in keal. per metre per hour per deg. C. the mean 
heat conductivity of the water film, 
m in kg. (weight)-sec. per square metre, the mean 
viscosity of the water film, and 
Pam, the mean wall temperature, an average being 
taken over the whole length of the wall. 
According to this equation, the coefficient of heat 
transfer depends essentially on the heat conductivity 
of the water, namely, on its 0-75th power, whereas the 
viscosity » appears only in the fourth root, this being 
the influence of the flowing-water film. According to 
this, the proportion of the coefficient of heat transfer 
ay (for a horizontal pipe) to a, (for a vertical pipe) is 
given by the formula 


_oaza/e |. os 
‘ ie (88) 
Therefore, for pipes of a length greater than 2-84 d, 
the heat transfer in the horizontal position of the tube 
is always greater than in the vertical position. For 
superheated steam the conditions are similar, except 
that instead of r, the sum of r and the energy of super- 
heat must be taken. 

Nusselt also drew up a theory for steam condensing 
whilst flowing through a pipe, in which, as a new 
parameter, the steam velocity w plays an important 
part. Nusselt’s theory was checked by the experiments 
of Schmidt, Schurig and Sellschopp* in Danzig, and by 
myself, in co-operation with Dr. Erk and Dipl.-Ing. 
Eckf, in the Reichsanstalt. Schmidt and his co- 
workers condensed the steam on a vertical copper plate, 
the reverse side of which was cooled by a water jet, 
and they observed and photographed the process of 
condensation through a glass slide closing the test 
chamber. They found that, on surfaces not entirely 
clean, or on rough surfaces, the steam condensed in the 
form of an adhering film, as Nusselt’s theory assumes, 
but that on very clean and smooth surfaces, condensa- 
tion took place in the form of drops. e presence of 
petroleum-gas oil favoured the formation of drops. 

In the case of pure film condensation, in agreement 
with Nusselt’s theory, the observed coefficient of heat 
transfer a was of the order of 6,000 kcal. per square 
metre per hour per degree Centigrade; if, on the 
contrary, drop condensation took place, the coefficient 
had values of 30,000 to 40,000. According to this, 
Nusselt’s theory gives the least possible values of a. 
Practically, I think the first values generally will hold 
good for condensers and similar apparatus, the higher 
ones possibly for steam engines, owing to the smoothness 
of the cylinder walls and the presence of oil. 

By our experiments in the Reichsanstalt, on the 
other hand, we found Nusselt’s theory qualitatively 
confirmed, whereas quantitatively there existed con- 
siderable differences. The steam to be condensed 
passed through a brass pipe, of 17 mm. diameter and 
460 mm. length, arranged vertically and also horizon- 
tally, the outside being cooled by circulating water. 
Generally, only a part of the entering steam was 
condensed in the test pipe, because otherwise the 
steam velocity would have varied from the velocity at 
entrance, wp,, to zero at the exit, whereas the influence 
of velocity can best be determined when only slightly 
decreasing. The rest of the steam was condensed in a 
second tube, the total condensate giving the mass and 
the velocity of the steam entering the test pipe. 
Further, we measured the temperature at entrance of 
the steam, and the mass and the rise of temperature 
of the cooling water, this giving the amount of heat 
transferred from the steam to the pipe. A last and 
very important observation was that of the tube 
temperature which was measured by thermocouples, 
movable in fine tubes soldered to the outside of the 
test pipe, giving the distribution of the temperature 
along and around the wall of the pipe. 

Fig. 45 shows some of our results for saturated steam 
at 101 deg. C. The abscisse are the mean tempera- 
tures Dp,, of the wall, and the ordinates the values of 
heat transfer up to 180,000 kcal. per square metre per 
hour. The individual curves refer to different entrance 


* KE. Schmidt, W. Schurig and W. Sellschopp, Techn. 
Mechan u. Thermodynamik, vol. 1 (1930), page 53. 

+ M. Jakob and 8S. Erk, Forschungsarbeiten auf d. 
Gebiete d. Ingenieurwes, Nr. 310, Berlin, 1928 (p. 1). 
M. Jakob, S. Erk and H. Eck, Zeittschr. d. Ver. deutsch. 





|| W. Nusselt, Zeitschr. d. Ver. deutsch. Ing., vol. 1x 
(1916), page 541. 


Ing., vol. 73 (1929), page 1517, and Techn. Mechan. 
and Thermodynamik, vol. 1 (1930), page 46. 
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velocities wp, of the steam (20 m. to 60 m. per second). 
Of course, the heat transfer decreases with rising wall 
temperature D,z,,, but increases with rising steam 
velocity. If the wall temperature is equal to the 
entrance temperature of the steam at 101 deg. C., the 
heat transfer naturally becomes zero. Fig. 46 shows 
the case of superheated steam at 325 deg. C., the steam 
velocities lying between 45 m. and 105 m. per second. 
The character of the curves is quite similar to that for 
saturated steam. The full curves refer to the hori- 
zontal position and the dotted ones to the vertical 
position of the pipe. The curves clearly illustrate how 
much better the horizontal tube transfers the heat. 

For the velocity of 50 m. per second, in Fig. 47, 
superheated steam of 200 deg. to 300 deg. C. (upper 
curve) and saturated steam (lower curve) are compared. 
In agreement with Nusselt’s theory, the heat transfer 
of superheated steam is generally somewhat better. 
The curve for 101 deg. C. cuts the horizontal axis at 
101 deg. C., the corresponding point for superheated 
steam lying far outside the figure at the right (at 
200 deg. to 300 deg. C.). The highest value of about 
200,000 kcal. per square metre per hour, which we 
obtained with a wall temperature about 25 deg. C. 
below the temperature of saturation, should be noted. 

The better heat transfer for the horizontal pipe is 
chiefly caused by the fact that the water tends to 
leave the top of the horizontal pipe, so that the water 
film there becomes very thin, and the heat transmission 
very great. As shown in Fig. 48, the wall is much 
hotter on the top (at a) than on the bottom (at 6). 
The figure shows the variation of wall temperature 
6, along the length of the pipe, the base being the 
cooled length of 460 mm., and the entrance tempera- 
ture of the cooling water, @w,, 10 deg. C. The full 
lines refer to the entrance velocity of steam wp, = 20m. 
per second, the dotted lines to wp, = 64 m. per second. 
The differences of temperature in the wall between 
a and 6, in the first case, attain 35 deg. C., the mean 
wall temperature being about 73 deg. C. 

Still more instructive is Fig. 49 for superheated 
steam at 4), = 325 deg. C., entering with velocity 
Wp, = 95 m. per second. In the upper part of this 
figure, the thickness of the water film is recorded, 
the scale being- 30 times as great as the scale of the 
pipe diameter, the thickness of the film on the top 
being only 0-026-mm.; on the bottom it is0-115-mm., 
which is almost five times as great. In the lower 
part, the lower curve once again shows the distribution 
of the thickness (as a function of the angles + 180 
degrees of the perimeter), the upper curve representing 
the velocity of the water film, with a maximum of 
0-80 m. per second at the bottom, the inner film at 
the top of the horizontal pipe being moved much 
more slowly by the flow of steam. The small table 
on the right in Fig. 49 gives the observed mass of the 
condensate (Gy, = 6-28 kg. per hour), whereas from the 
distribution of the water film and its velocities, we 
calculate 6-47 kg. per hour, which is in good agreement 
with the observed mass. 

Finally, I should like to mention a very strange 
observation which we made with superheated steam. 
If the superheated steam always entered with the 
same temperature and velocity into the test pipe, 
which was cooled outside by water, the steam tempera- 
ture in the axis at the end of the test length increased, 
if the wall temperature was reduced by more intense 
cooling. For instance, the temperature of the steam, 
entering at 325 deg. C. was near the end of the pipe, 
280 deg. C. in the axis, the wall temperature being 
95 deg. C., but became 315 deg. C. (that is 35 deg. C. 
higher), if the wall temperature of 95 deg. C. was lowered 
by 20 deg. C. This paradoxical behaviour could be 
explained in the following way: the superheated 
steam is cooled by steam particles which, from the hot 
centre of the fluid, come to the wall, and, after being 
cooled there, return in a colder state to the interior. 
Now, if these particles become condensed on the wall, 
they do not return into the interior of the fluid, and 
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this therefore remains uncooled. We also succeeded 
in confirming quantitatively the correctness of this 
conclusion by measuring, at the same time, the dis- 
tribution of the temperature and of the velocity over 
the section of the fluid. We hope also that the further 
thermometric and calorimetric investigation of this 
phenomenon will give new hints regarding the mechan- 
ism of the eddying motion of fluids. 

In conclusion, I would like sincerely to thank Dr. 8. J. 
Davies, of King’s College, London, for his assistance 
in checking the English of these lectures and preparing 
them for publication. 








TIMBER PIT PROPS. 

CERTAIN problems which arose during the survey of 
current practice in the coalfields of Great Britain, made 
by the Support of Workings in Mines Committee of 
the Safety in Mines Research Board, led to a compre- 
hensive series of tests on timber pit props being carried 
out during the years 1925 to 1930 in the laboratories 
of the Civil Engineering Department of the Imperial 
College of Science and Technology. The results of 
these tests have now been published in Paper No. 72,* 
which provides information of interest and of great 
practical value to all users of timber pit props. 

With the object of obtaining fair samples, props 
were not selected, but taken at random from colliery 
stocks, or purchased in the ordinary way from timber 
merchants. At the outset, the fact must be emphasised 
that timber is a very variable material; thus, in the 
most variable batch of props tested, it was found that 
the strength of the weakest prop was less than half 
the average strength, and only about a quarter the 
strength of the strongest, although all the props were 
nominally similar. This variability is clearly shown in 
the results of the tests given in the paper, and is im- 
portant as demonstrating one of the disadvantages of 
timber pit props for mining use. 

Another important point brought into prominence 
by the tests is that excessive moisture content of the 
timber seriously reduces the strength of pit props. 
This could be avoided by seasoning and drying, but, in 
practice, props are stored in the open and absorb 
moisture in wet weather; in winter they become 
saturated, and are liable to be sent below ground in 
this condition. It should, therefore, always be borne 
in mind, when studying the strength of timber props 
in relation to roof control, that the strength of props 
is greatly affected by their moisture content. Room- 
dry (i.e., with 10 per cent. to 15 per cent. of moisture) 
timber is about half as strong again as saturated timber. 

The tests on plain round props were made in the 
course of an investigation of two other problems, viz., 
the relative strengths of round and quartered props, 
and the relative strengths of home-grown and imported 
props. Home-grown props were obtained from a 
colliery in the East of Scotland, and later specimens 
through a timber merchant in Lanarkshire, the latter 
having been grown in Elgin and Aberdeen and being de- 
scribed as hard pine (Scots pine, pinus sylvestris). A 
number of larch props from Shropshire were also tested. 
Imported props were obtained from various sources, 
most of these being described as Norway props, a term 
which covers any hard pine of Scandinavian or Baltic 


| origin; and further a consignment of French props 


(maritime pine, pinus pinaster). 

The machine used was a Riehié multiple-lever 
testing machine in which the props were tested to 
destruction. Stress was applied by the upper cross- 
head being made to approach the lower at a uniform 
velocity of 0-109 in. per minute. When the shortening 
of the prop was not being measured, the test occupied 
about 2 or 3 minutes; when shortening was being 
measured, the movement of the upper plate was the 
same, but with frequent stops, e.g., at every 1,000 lb. 
increment of load, for the purpose of recording the 

* Tests on Timber Pit Props. By 8S. M. Dixon, and 
M. A. Hogan. Safety in Mines Research Board Paper 
No. 72. H.M. Stationery Office. [Price 2s. net.] 
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shortening. The test of a 6-ft. prop, under these 
conditions, generally occupied about 14 hours. 

As a rule, the props tested were either air-dry (15 per 
cent. to 19 per cent. moisture), or room-dry (10 per 
cent. to 15 per cent. moisture), and were tested with 
squared ends under a steadily applied axial load ; 
hence the results obtained are probably higher than 
could be expected from props used in less favour- 
able conditions. Failure was either by buckling and 
breaking near the middle, or by crushing, generally 
near one end. 

The highest strengths were obtained with dry 
Norway props, the breaking strengths being: 2-ft. 
props, 15-4 tons; 4-ft. 6-in. props, 29-3 tons; 6-ft. 
props, 50 tons. When tested wet, 6-ft. Norway props 
gave an average strength of 32 tons. Home-grown 
Scots pine gave the following average breaking 
strengths : 5-ft. props, 32-2 tons; 6-ft. props, 40-7 tons. 
Home-grown larch props which, however, were very 
irregular in section, thickly coated with bark and not 
very straight, gave strengths of 17-3 tons for 5-ft. 
props, and 18-4 tons for 5-ft. 6-in. props. The French 
props contained about 140 per cent. moisture when 
received, and the strength of 5-ft. props in this condi- 
tion was only 12-9 tons. However, after prolonged 
drying, another group gave 25-8 tons, and after 18 
months in the laboratory, the strength of a batch of 
6-ft. 6-in. props only averaged 32 tons. 

The rigidity of round, untapered props is greater 
than is generally realised. The amount of shortening, 
or *‘ give,” is so small as to be comparable with that of 
rigid steel props; thus, in the tests, the shortening at 
maximum load varied from 0-20 per cent. to 0-52 per 
cent. As an example, it may be mentioned that a 
4-in. by 4-in. joist prop which failed by buckling at 
a unit stress of 18 tons per square inch would show a 
shortening of 0-15 per cent.; hence, for practical 
purposes, there is no difference in rigidity between steel 
and untapered timber props. 

Tests on tapered props showed that round tapered 
props of the dimensions usually used in collieries yield 
gradually under load, the taper permitting the prop 
to shorten considerably before breaking ; on the other 
hand, square and chisel tapers were found to be 
unreliable. The area of the small end of the taper 
must be less than half the area of the cross-section of 
the prop, otherwise it will not burr, but will fail 
suddenly like an untapered prop. To be certain that 
burring will take place, it is suggested that the diameter 
of the small end should be made half the diameter of 
the prop, i.e., with an area equal to one-quarter of 
that of the prop. Although individual tests varied 
considerably, it would appear that the extent to which 
a prop shortens before failure is in proportion to the 
leagth of the taper. It is important to note that the 
strength of a tapered prop is considerably less, as regards 
the maximum load it will carry, than an untapered 
round prop of the same size. This, it is suggested, is 
due to the eccentricity of loading produced by the 
burring of the tapered end. Wet tapered props 
shortened in a slightly different manner to dried props, 
but the amount of shortening was about the same; 
the average ultimate strength was about 70 per cent. 
of similar props tested dry. 

In order to ascertain how the moisture content of 


| props stacked in the open is affected by the weather, 


weekly moisture determinations were made over a 
long period with a stack of 4-ft. Norway props laid 
horizontally in nine layers. It was found that the 
moisture content varied with the rainfall and evapora- 
tion, reaching the fibre saturation point of the timber 
in winter and becoming air-dry in summer. This is 
of importance, in view of the fact that, in practice, 
props are stacked in the open at all times of the year, 
and thus, in winter particularly, are liable to be sent 
underground in a state of saturation. Moreover, @ 
prop undergoes a change in size when its moisture 
content varies, and tests showed that shrinkage con- 
tinued even after the loss of moisture had apparently 
ceased. 
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examinations held by the Institutions of Civil, 
Mechanical, and Electrical Engineers. Evening and 
Correspondence work arranged.—60, Chancery Lane, 
W.C. Telephone; Holborn 5776. K 109 


T.1.G.B. 
CORRESPONDENCE 
COURSES 
FOR THE PROFESSIONAL 
EXAMINATIONS. 


A.M.Inst.C.E., A.M.I.Mech.E., Grad.I.E.E., 
A.F.R.Ae.S., etc. 


Convincing proof that The T.1.G.B. training is 
markedly successful is found in the many pages of 
‘The Engineer’s Guide to Success "’ which are filled 
with hundreds of typical results of T.1.G.B. Students 


Write to-day for “The Engineer's Guide 

to Success’’—140 pages—containing the 

widest selection of engineering courses in 

the world, and mention the branch, post or 

qualification that interests you. The 

7 .1.G.B. guarantees training until success- 
ful for the one fee. 


THE TECHNOLOGICAL INSTITUTE OF 
GREAT BRITAIN. 
78, Temple Bar House, London, E.C.4. 


(Founded 1917. 6470 


18,000 Successes.) 
( Yorrespondence 
) OF 
PREPARATION 


0 ourses 
FOR THE 


K xaminations 
OF THE 
INST. OF CIVIL ENGINEERS. 
ENST. OF MECHANICAL ENGRS. 
INST. OF STRUCTURAL ENGRS. 
UNIVERSITY OF LONDON, &c. 
AKE PERSONALLY CONDUCTED BY 


Mr. Trevor W. Phillips, 


B.Se., Honours. Engineering, London University, 
Assoc.M.Inst.C.E., A.M.LStruc.£., M.R.S.L., 
F.R.S.A., Chartered Civil Engineer, &c. 

For full particulars and advice, apply to :— 
36, DALE Street, LIVERPOOL. 
LONDON OFFICE :—65, CHANCERY LANE, W.C.2. 
6278 








TENDERS. 


BENGAL NAGPUR RAILWAY COMPANY, 
DD. 


LIMITEL 
fhe Directors are prepared to receive 


[| tenders for :— 


tooo =STEEL CARRIAGE AND WAGON 
rYRES. 

Specification and Form of Tender can be obtained 
it the Company's Otfices, 132, Gresham House, Old 
Broad Street, London, E.C.2, on or after Monday 
Ist, December 1931. 

A fee of 10s. will be charged for each copy of the 
Specification, which is NOT returnable. 

Fenders must be submitted not later than NOON 
on Monday, 1lith January, 1932. 

The Directors do not bind themselves to accept 
the lowest or any Tender, and reserve to themselves 
the right of reducing or dividing the order. 

By Order of the Board, 
R. GRANT, 


Secretary. J 903 








APPOINTMENTS OPEN. 


ypgineer Salesman Required 
4 at once, part time, having connection with 
steam users, London, Birmingham. Wales, and 
West of England filled.-Address, J 900, Offices of 
ENGINEERING, 





rogress and Planning 
ENGINEER WANTED by expanding firm 

of Ventilating Fan makers; London district; pro- 
gressive position to right man; age 30 to 35; good 
education, initiative and drive; preferably with 
practical and administrative experience in modern 
engineering works; familiar with progress charts; 
able to organise and run an efficient Planning and 
Progress Department; rate setting experience an 
asset. Reply, stating age, details of training, 
positions held, and work done in each and respon- 
sibility, salary desired and date when free. Give 


references. Address, J 901, Offices of ENGINEERING. 
\ echanical Draughtsmen 
‘ REQUIRED Immediately for works near 
Woolwich, for Machine Design and Plant lay-out. 
Only capable men with above experience need 
apply.—Address, J 908, Offices of ENGINEERING. 


Bx No. J777 thank those 


who answered advertisement and inform 
them that the post has been filled. J 905 








PATENT AGENTS. 


| ings Patent Agency Ltd. 
(Director, B. T. King, C.1.M.E., Registered 
Patent Agent, G.B., U.S., and Canada). ‘‘ Advice 
handbook "’ and Consultations on Patents and Trade 
Marks free.—146a, Queen Victoria Street, London, 
E.C.4. 45 years’refs. ’Phone: Central 0682. 








AUCTION SALES. 


Wheatley cz: | drice& Co. 


(ESTABLISHED 1850) 


SPECIALISE IN 


Valuations 


AND 


Sales by Auction 
or 


Engineering Works and Plant. 


46, WATLING STREET, LONDON, E.C.4, 
[yPWARD RUSHTON, SON 
4 anp KENYON. 
(Established 1855.) 
AUCTIONRERS, VALUERS AND 
FIRE LOSS ASSESSORS OF 

ENGINEERING WORKS, 
PLANT AND MACHINERY. 

13, NORFOLK ST., MANCHESTER. 


Telephone : 8895 and 8896 City, Manchester. 
Telegrams: ‘* Russonken, Manchester.” 








PEABODY LIMITED, 
161, VICTORIA STREET, LONDON, S.W.1., 
are associated with the 
PEABODY ENGINEERING CORPORATION, 
NEW YORK, 
and have the continuing advantage of their 
wide experience. Peabody Equipment for British Use 


Made in England. 6226 
BURNERS FOR COAL, OIL & GAS. 








-— 


The 


1932 


Publisher of ‘‘ ENGINEERING ”’ 
favour if Subscription re1ewals reached him as early as pos- | 
sible before the end of the year. an 


would esteem it a | 


This will ensure that no 


break in the regular delivery of the Journal will occur. 


If you are not already a regular subscriber 
the inland rates are as follows: 


12 months (U.K.) 
6 * ’° 









23 - it 
£1-12-6 9 9 (2 


Further particulars can be had on application to the Publisher— 
** ENGINEERING,”’’ 35-36, Bedford Street, Strand, W.C.2. 


5-O post free 




































R-WHITE & SONS, 


Engineers 


WIDNES 
















































LAMBETH COTTON DRIVING ROPES 


4 or 3 STRAN'S. 







SESS, 
SSS 










THE ROPE WHICH MEETS EVERY REQUIREMENT OF POWER 


THOMAS HART, L™. 


(ROPE DRIVING SPECIALISTS), 
Lambeth Rope Works, 5880 


BLACKBURN, ENGLAND. 





TRANSMISSION, 


















































AND BOILERS, 
WEIR PUMPS, WINCHES, 
GENERATING SETS, 
ELECTRIC FANS, 
STEERING GEAR, 
TANKS, PLATES, 
PLANKING, PIPES. 


MACHINE 
TOOLS. 




























Contractors’ 
Plant. 


RAILS and 


Accessories. 





“ ALBION” 
MACHINERY 
CATALOGUE 
10,000 LOTS 
Pest Fres. 









Structural Steelwork. 
Non-ferrous METALS. | 


SCRAP IRON and STEE!. 


Old Works and Obsolete Pian: | 
Dismantled, 


KETTON PORTLAND CEMES 


London Office : 
FENCHURCH ST., E. 3} 


=| 





116, 
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PATTERNS ||| = GRIFFIN” = 


IN WOOD & METAL In Medium Octavo.'113 pages. Complete with Charts and Diagrams...8s. Post free. 8s. 2d. Abroad. 
FOR ALL BRANCHES OF ENGINEERING HE PROBLEM OF FLUCTUATING LOADS ON 
B. LEVY & EO... BOILERS By G, E. HIDER, A.MLInst.C.E., M.I.Mech.E. P ETER—WwitH 


94, MARSHAM ST., WESTMINSTER, LONDON, S.W.1 CONTENTS. —-INTRODUCTION.—-Types of Boiler Loads—The Effect of Fluctuating Demand— 
Telephone : Victoria i073, Effect on Boiler Efficiency—Effect on Efficiency of Prime Movers—Analysis of Effect on Water 

: Content of Boilers—Water-tube Boilers—The Importance of the Water Capacity—The Relative 

Economy of Various Types of Small Shell Boilers—Thermal Storage: The Principles of Steam 


Accumulation—The Storage of Steam as Steam—The Storage of Steam in Water—Properties of 
i W ater—Variable Pressure Principle of Steam Accumulation—Constant Pressure or Feed Water 
CLI & D. Principle of Steam Accumulation—Thermal Storage Systems: Variable Pressure Type: Rateau 
9 


Regenerative Steam Accumulator, The Ruths Accumulator—Thermal Storage Systems: Feed 












































































































































5 x x ioe Water Type: Halpin’s System—The Kiesselbach Accumulator—Therimal Storage in Conjunction 
Metal Sawing Machine Specialists. with Waste Heat Boilers—Thermal Storage: Comparison of Constant and Variable Pressure 
? Systems—Feed Water Storage as an Extension of Boiler Water-content. APPENDIX: The 
{ EMPRESS WORKS 5986 Marguerre System of Feed Water Thermal Storage. INDEX. 
| JOHNSTONE, SCOTLAND. recommend the book to ou reuders"-SHERE Mezan INDUSTAIES, TR o.com: PEE 
i ordinary little fellow. Chubby, like- 
SIXTH EDITION. Large Octavo. 309 pages. Fully Illustrated. . 15s. 9d. Post free. 16s. 2d. Abroad. ° Ie 
; able, just five-and-a-half, full of life 
Ww AND & MARINE DIESEL ENGINES. ; 
DAWSON & DO NIE, By GIORGIO SUPINO. rranalated by ae ‘apt. A. G. BREMNER, R.N., and JAMES and fun and on occasions—be it 
” CHARDSON, B.Sc., A.M.I.¢ . ° 
—_—— ? CONTENTS.—_PART I.—Diesel Engines for Sts sitanaae Mente Mi: irine Diesel Engines—Fuels for admitted—of naughtiness. 
P U M Pp Ss 3151 Diesel Engines: Heavy Oil Explosion Engines and Constant Pressure or Diesel Engines— 
fo eee Cycles Efficiencies—Calculation of —— Dimensions. rhe = a ~Bed- 
»lates, Crankeases, Engine Framing, Cylinders—Crank-shafts, Connecting-Rods, Pistons— 
shied FOR LAND and MARINE PLANTS ‘ Cylinder Heads, Vi alves and Fuel "Ynjection Valves—Valve Actuating ‘Gears—Re versal of 
a SEE ILLUSTRATED ADVT. PAGE 53, Dec. 18. Marine Diesel Engines—Fuel Injection Pump and Fuel Regulation—Compressors, Air Reservoirs , . 
‘ and Scavenging Air Pumps—Engine-Room, Foundations, Accessories, Piping of Land Engines Just now Peter's rather important, 
4 -Marine Installations. APPENDIX: Rules of Classification Societies for the Classification and 1s . 
SHEET METAL — a Marine Diesel Engines—Tuning-up, Test Bench and Acceptance Trials of Diesel for this is his first term at school, and 
Engines. INDEX. " P Per ‘ 
" a ; Phos ag is very comprehensive, and being written by an engineer with a thorough he’s grappling with the intricacies of 
WORKING MACHINERY |] srvistscctssmisieostey scarey gun Guaument ecg standard work, and wisi )) «A BC” and “Twice-Two"”: difficult 
; subjects to all men of five-and-a-half, 
R. S$ .THACKER & Co., Ltd., 42 DRURY LANE, LONDON, W.C.2 : pict 
107, NEWINGTON CAUSEWAY, ut even more difficult in Feters case 
Telephone - Hor 5419, LONDON, S.E.1. ’ ‘Oo E N ‘ : | N E-; E; R S e because—bad luck—he’s totally blind. 
@/|| That's his One Exception. 
Mi When visiting LONDON aa: 
&§ Peter learns reading, writing, and 
ION. PRATGCHITT BROS., Ltd. stay at the ’rithmetic through the medium of 
Enalneers, Oarlisie er ; 
aa “Braille "—dull stuff compared with 
WI i } ON HO i E i the coloured picture books of most five- 
5 34 The MACFARLANE ENGINEERING 9 and-a-halfs. However, he’s a stout lad is 
Co., LTD. , _ 
iD. Netherlee Road, Cathcart. P6113 VICTORIA, S.W.1 Peter, and he’s making great progress. 
yas Seed DYN AMOS an d MOTORS (opposite Victoria Station—Continental Section). 
ee 
5 ‘ Specially convenient for professional men wishing to be near the West End. 
— lg : . a 
=] mone: Morryice 1655-_“Grame : Power Counca|/ One minute from Victoria Street. ‘Buses and Underground to all parts. |} Would you like to know more about 
CENTRAL. MFORTABLE. UIET. him? How, in spite of his “One 
The Motherwell Bridge & Engineering Co., Ltd. coanee feiiaitiae TE Ri te tele oneal 
muiiies Pye ho Contractors, aii Moderate Tariff, copy gladly sent. 6477 xception, he is being educated and, 
‘7 ° '° Tanks, Dock ° id ° t h i t i 
pracy Pressed Flooring, ete. Telephone: Victoria 2026/7. Telegrams: Tuffato, Churton, Lendea., when older, tec nically rained and 
/ wetter” MOTHERWELL, NB. 5° ,usefully employed. 
| London Office : 82, Victoria St., London, S.W.1. 
Grame: “ Mobricolim, Sowest, London.” Tel, : 4183 Victoria. 
See illustrated advt. last and next week. 5675 IN | ( | ‘RIN 
There is a long waiting list of ‘Peters ”’ 
NEW “THOMPSON” D I R E C ) j \ O R Y throughout the British Isles, for whom 
training and accommodation must be 
? rovided in the i late future. 
) The Buyer’s vade-mecum. pee Ge ee 
| EX STOCK : y An advertisement in “ENGINEERING 
‘ist DIRECTORY” works hand-in-hand with Will you help with a donation or 
ye - saeco. ‘ «<PNGA 7 199 a 
your advertising in ENGINEERING. annual subscription? Any sum, large 
One advertisement constantly backing up tL will be full mnt 
i the other, turns two individual advertise- OF GEREN, WEE Se Queleny Snseee: 
| ments into a Scheme—at very little extra cost ! 
9 | y 
| «J “ ENGINEERING DIRECTORY” is every Here is a suggestion. Your eyesight is 
ae. NS buyer’s vade-mecum all over the globe. It weit: She suite vee Se ae 
1c ore ontains a glossary in four languages, and : ‘ 
| ‘ST MODERN “DISH END” TYPE ye 2 y. guages 
} “VITH CORRUGATED SECTIONS thus establishes direct contact with the and his handicapped pals 3d. for every 
| No. world’s influential buyers, and supplies an year you've had it. Now, please, in 
| 20 fe. x 9ft. 3in. x 200 Ibe. WP. : y PP 
“| 8 x 8. Si. x 129 Ihe. WP. 2012. invaluable aid to your export trade. case it slips your memory. Good idea? 
30 ft. x 8 ft. 6in. x 160 Ibs. W.P. 6970/1. ~~ ; . . 
. 30 ft. x 8 ft. Gin. x 120 Ibe. WP. 6963/4 C?) A NEW EDITION of ‘ ENGINEERING 
30 ft. x 7 ft. 6 in. x 120 Ibs. WP. 6945, DIRECTORY” is shortly going to press. The Che; 
| 10 ; ‘fe Om <1 12h Ie: WE. aa Now is the _ to send - your — slineiti agin 
t. x in. X . W.P. 6574.(F.E.) tions . . . applications and enquiries shoul 
All th bove Boil 4 r 
ere Sane one oe om be addressed EARLY to: SCHOOL FOR THE BLIND 
‘0 WATER TUBE, ECONOMIC 
RNISH and VERTICAL BOILERS. ry (Founded 1838), 
SUPERHEATER AND PIPEWORK ] h P bl h 
TT 
-| INSTALLATIONS. e Uu Ss er 
"airs to all types of Boilers by first-class men. SWISS COTTAGE, LONDON, N.W.3. 
| u JHN THOMPSON E : 
9 | a 
3} (WOLVERHAMPTON) LTD., 4435 | 
= _.. J2LVERHAMPTON, ENG. _ 35 & 36, Bedford Street, Strand, London, W.C.2 
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In addition to pure aluminium sections, extruded or drawn, 
there are available, in B.A. Co’s metal, light alloy sections which 
will meet most needs for higher standards of strength. The 
illustration shows a few sections—extruded in aluminium-silicon 
(sills, mouldings, channels and cornices) used in the building 
trade. It is not possible to show all the sections available. he 
B.A. Co. have tools for producing a great variety of sections, and 
can meet any special requirements. 





G @ 
Tit at 
THE BRITISH ALUMINIUM CO. LTD. 


ALUMINIUM PRODUCERS, ADELAIDE HOUSE, LONDON, EC4 


Telephone: Mansion House 5561 & 8074 (5 lines). 
Telegrams: Cryolite, Bilgate, London. 


FUSES DAMAGED ELECTRIC OVERHEAD 
rom Whatace"a"p| || Connnesen Am Puawt| 1) QB oa bag... 2S 








Eng.*25.12.31. 




















Steam, Altitude, Sprinkler. i ’ CAPACITIES up to 125 TONS 
cai a eae ene ee ere TRAFFORD PAF SPANS up To 175 FEET. 
\REPAIRE D erate Tool Plant for all MANCHESTER. Designs Supervised by 
apg! magtelageens ier Industries.—Let us quote you. Sir HENRY ROYCE, Bart, 


All kinds of 165, QUEEN VICTORIA STREET, 
Instruments LONDON, E.C.4. 
overhauled : a 


pS INGERSOLL-RAND CO., LTD. PAINTS geen 
— | ENAMELS [tka 
VARNISHES [=a ae 



























































& FILLERS eo 


— — ENGINEER 
- \ Sor \ ® 


of acknowledged Excellence and Value. 


The products of half a century’s experience and research. 5900 
(Send us your enquiries.) 


a woes SONsWALLACE E2 
be 





Alotting Machines. |X \ | Generators 


or Heavy Poresir BS. for Worm Er 











al 


Tor LR ETeers. 
Oo 


Wn. Maire? 14 


Britannia Works, 
. Manchester. 


Toots Broughton, Manchester. 


for Ratlwey 
& Martine Work. | 














GOOLE LAL 1 Mt. 

















SUGDEN 5 PATENT STANDARD AND SECTIONAL 
SUPERHEATERS 


For all Types of Boilers. 





WROUGHT STEEL THROUGHOUT. 
by, ; g fo TECHNICAL ° 
THOUSANDS IN USE. GD JZ # ZEA gp  SOOKLET? 
ieee ini ‘ ZA hy ROPES ano 
Main advantages : 2 Y ROPE DRIVING * 
SIMPLICITY OF DESIGN y GZ, = y \ Sent Post Free. 
and / \ 
READY ACCESSIBILITY to all parts 








Write for illustrated Circular. 

% Why not m>ke a habit of consulting our 

T. SUGDEN, Lite., ) Technical Dept. when vou want information? 
180, FLEET STREET, N\ 

LONDON, E.C. W"KEN YON & SONS dy ae cag 


a BROT SS | & Telegrams: TUBULARITY, FLEET, LONDON CHAPEL FIELD WORKS, ‘Kenyon, °\ 
SUGDEN SECTIONAL SUPERHEATER Telephone: Holborn 4231. . DUKINFIELD, Near MANCHESTER. Dukinfield. 


applied to Lancashire Boiler | Saw <. 
with Temperature Control. Representatives in all principal towns. ZL IANS SAS AWS FS 
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Spiral Tube & Components 


Co. 
as 7 alae Coal & Iron Co., 
Steel Barrel Co., Ltd.,The 


Steel Co. of Scotland, Ltd. 12 


Stephenson, Robert, & Co. 
Sterling Foundry Special- 
ties, Ltd. a ée 
Stewarts & Lloyds, pe 
Stothert 2 ™ Ltd. .. 
Sugden, 
Taylor & TSinalle len, Ltd. 
Taylor,Chas, (B’ham. ). Lia. 





Ritchie-Atias E 
nates Bros., Ltd 


Ross, Courtney & Co,, Ltd. 


Ing 


60 





Tecalemit, L' 
Technological Institute of 


Thomas & Bishop, i iAd.. 


CLASSIFIED DIRECTORY OF CURRENT ADVERTISEMENTS. 


It contains the Telegraphic Addresses, Codes and Telephone Numbers of our Advertisers, also Trade Names of Articles Advertised, 
and Glossaries for the use of Foreign Buyers in German, French, Italian and Spanish. 
A copy of the current edition will be sent gratis on application to the Publisher. 


ow THE NEXT COLOURED ADVERTISEMENTS WILL APPEAR IN OUR ISSUE OF JAN. 8, 1932. 
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42 
Rushton, Edw. Son & Kenyon ; 


Eng’ng. Co., Ltd. on 
tee. #- F.J.,& sige ik 
Trier Bros., Ltd. 

United Slates Metallic” 

Packing Co., Ltd. ee 
Valor Co.. Ltd. 

Variable Speed Gear, Lta. 
Vaughan Crane Co., Ltd. 
Vickers - Armstrongs 


Ltd. 
ve Engineering Co.. 


ti 
Vokes, C. G.. Ltd. 
bat mag 7 Slipway & Eng’ g. 


. Ltd 
Wallwork, "Henry, & Oo. * 


Walton & Brown, Ltd. 

Ward, Thos. LFS Ltd. 

Watson, Hy., ns, 
Robt. Sauer (Pumps), 


33 


55 
8 
“1&2 


57 


White, Rd., & Sons oe 
Wiggins, F..& Sons... 
Wilson Bollermakers, Ltd. 
oe John H., & Co. 
(1929), Ltd. .. oe 
Wilton Hotel 3 
Yarrow & Co:, Lid. 1& 19 
“—— Copper hein 











TWINTITE PLUNGER VALVES 


ln Oe Oe 


“* Twintite” Plunger Valves are superior 
to all other types. 


Being a combination of a plunger valve 
with a mushroom valve, they possess a 
greater efficiency than is possible with 


ether of these types alone. 


Positively steam tight under all condi- 
tions of pressures and temperatures. 


C'UMMERS [72 


Suitable for 


PIPELINES, DRAINS, 


of closing. 


BLOW-OFF SERVICE, ETC. 


To renew any working part, it is only 
necessary to remove the bottom gland 
and rotate the handwheel in direction 


Write to-day for Catalogue 
giving full particulars. 


EFFINGHAM VALVE WORKS 


ROTHERHAM 








orcaloro” 


999999999998 


0900900 


TUBES IN COPPER, BRASS, 


ALUMINIUM BRASS, CUPRO - NICKEL AND 
OTHER ALLOYS. 


(ALUMINIUM BRASS) 


(PROTECTED UNDER 8.N.F. PAT. NO. 308647—1929). 


THE MOST ECONOMICAL CONDENSER TUBE IN THE WORLD. 


THE  saaeeattinaniaitl COPPER WORKS, LTD., 


LEEDS 


TELEPHONE : 20031. 


LONDON OFFICE: 


ENGLAND. 


TELEGRAMS: “ TUBES, LEEDS.” 
53, NEW BROAD STREET, E.C.2. 
CONTRACTORS TO ADMIRALTY AND ALL GOVERNMENT DEPARTMENTS. 


SS 


OOONS 
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a CONVEYOR: ELEVATOR 


Telegrams: BULL BRIDGE WORKS, Telephone: 
agi se Accrington, Lancashire. ie eR 


Accrington.” 








CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS, BUCKET ELEVATORS, Etc. 



































| ; — 
wares | EXTRUDED BARS 
or any power or height of fall. 
Gilbert Gilkes & Gordon Ltd., 7 DELTA’ : _BRAN D 


KENDAL, ENGLAND. THE DELTA METAL CO., LTD. xasrordunwion, LONDON, 8.E:10. 


London Office: Windsor House, Kingsway, W.C.2. || And at BIRMINGHAM. 























6551 


corm | 








ANDREW BARCLAY, SONS & CO., LTD., Ey 
KILMARNOCK. 








All types of Tip 


LOCOMOTIVES.]  .. 


IMMEDIATE DELIVERY OF 


STANDARD ENGINES. 








Telegrams :— 5532 
“ BaRCLAYSON, KILMARNOCK.” 
London Agents: Joun Cawtey & Co. 
53, Victoria Street, S.W.1. 
Telephone: Victoria 1852. rm 
Pfr 
« 
F 





ee 

















~~ THE BRADFORD 


= |STEAM TRAP 


' A.—Piston Operated Discharge. 
Made in Two Types: B.—Weight Operated Discharge. 


Simple and Positive Action. Instantaneous Opening and Closing. No Wire Drawing. 
Discharge Full Open or Dead Closed. Thousands in Work. Fitted on Approval. 


THE UNITED STATES METALLIC PACKING CO., LTD., 


« Metailie Bradford.” SOHO WORKS, BRADFORD. 4705 and 4706. 


Branch Offices:—London, Liverpool, Bolton, Glasgow, Swansea, Newcastle, Sheffield, Cardiff, Portsmouth, 
&c., &c. 
“ue “a ws 


oszs 
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Hopper and Barge Loading 


MARINE DREDGE WM. SIMONS & CO., LTD, Bucket Dredsers. 













~ PLANT RENFREW - SCOTLAND. Reclamation Dredgers. 
— “Simons”’ Cutter Suction 
sy of all ——— Telegraphic Address: ‘“ Simons” Renfrew. Dredgers. : 
vain iaieeetaiaids sanatilinesomeumeenraeeaase Trailing Suction Hopper 
up to the highest | Dredgers. 


capacities. 





Passenger Shatin . 





Towing Vessels. 





LONDON OFFICE ; 


83, Victoria Street, 
Westminster, S.W. |. 
T.A. ‘“ Simonism,” London. 











Salvage Steamers. 






Cargo Vessels. 
Elevating Deck Ferry 








CODES : a ns St 
7 ae tae =. aS eamers. 
A.B.C. 5th & 6th Edition. << > on is : Pi Ts eran: Oo me ee ons ae a 0s os Oa eo 
5000-TON Twix SCREW SUCTION HOPPER DREDGER ‘‘ RIETBOK,’ 
Bentleys and Bentleys Second. CONSTRUCTED FOR THE GOVERNMENT OF SOUTH AFRICA, 1931. Hopper Barges. 






























“COMPANY “LIMITED ALTRINCHAM EST. 3 @ YEARS 














W. G. BAGNALL, L?2° STAFFORD, ENGLAND. 


BUILDERS OF LOCOMOTIVES 


weighing from 3 to 50 tons, for any gauge 
of highest-class workmanship and material 


London Office: 32, Victoria Street. Telephone: No. 1882 Victoria. 















MAKERS OF at competitive prices. 
Sugar CaneWagons, 
Tipping Trucks, 
. ‘ Turntables, ‘ oF fis EE EEE 
sUe Switches, &¢. ie: 
F 
ES. 





—— 


*°R.0.B."’ Pattern “DRUM” Pump 46 
ee DRUM PUMPS 
} ee x , oa at » ‘s * - Cor: ‘ a 
° 5 





an 





This is the pump that is used by the Beet Sugar 
factories throughout the country. 


Hundreds in use in caustic plants, by-product plants, 
process work and general pumping. 


ADVANTAGES. Easy working and high 
Continuous and uninterrupted efficiency. 

flow in one direction. No slip on passing return piston. 
No valves. Equally efficient at low speed. 
Slight frictional resistance. Works in either direction. 


THE “DRUM” ENGINEERING CO. LTD., 
BRADFORD, YORKS. 
London Office: 74, VICTORIA STREET, LONDON, 8.W.1. 


Telephone «= - VICTORIA 4866. 5798 


BPP OI ID PRP RPP PPRPPEPPBPBPB PBB BPD DOD ADAP APD A DA AI 
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IMPORTANT NOTICE. 
Better Value Than Ever in 


SMITH’S 


WORLD - RENOWNED 
ENGLISH WATCHES. 
PRE-WAR ADVANTAGES. 

One Standard of Quality, “THE BEST” 
ENGLISH 3 re 






ACCURATELY ADJUSTED 
Fully-Jewelled Perfection of 
$-Plate imekeeping 


IMPROVEMENTS 


18ct. A or Half- duane £31 10 0 
18ct. tal C £25 00 
Oct. Ful ~ Half-H Hunting Cases .. £21 00 
Oct. etal Cases £17 15 0 
Bilver Full or Half- Hunting Cases. £10 10 0 
Silver Orystal Cases $ £8 80 





** Guide to the Purchase of a Watch,’’ 
19381 Edition of our Catalogue Free on 
Application. 


$. SMITH & SON, az» L” 


Established 1851. 
HOLDERS OF @ ROYAL WARRANTS. 


WATCH & CHRONOMETER MAKERS TO THE 
ADMIRALTY & INDIAN GOVT. 


6, GRAND BUILDINGS, 
TRAFALGAR SQUARE, W.C. 




















, 





BOLTS, 
STUDS, 
NUTS. 





BRIGHT WoRK 
A 


SPECIALITY. 


5, Marspen & Son, L™- 


LONDON ROAD, 
MANCHESTER. 


Telegrams— Telephene— 
Bouts, MAncHEsTsR. CENTRAL 8695 (4 lines). 


\ 




















STEEL PRESSINES 


may 


l 


solve your problem, 


STEEL PRESSINGS 


represent maximum strength combined with minimum weight. 
Rough heavy castings or stampings involving costly machining may 
often with advantage be replaced by steel pressings—if a substantial 
quantity is required. 


The first outlay on tools is sometimes heavy, but once these are made, the 
articles produced from them are very cheap and of pleasing appearance. 


We offer you the benefit of nearly thirty years’ experience. Why not examine 
your purchases and send us samples or drawings to report upon, and if 
possible, quote against—remembering that the larger the quantity the 


lower the price will be. ; 


WALTON & BROWN, Ltd., Phenix Works, Downing Street, Handsworth, Birmingham, 


*Phone : Smethwick 1161 (3 lines). “*Walbrow,” Birmingham. 
















Telegrams : 












~ 


’ Where Other 
by ea 
“~ Fade Away 


under the extreme temperatures of 
high pressure superheated steam 
and compressed air 


TRADE MARK 


“PALMETTO” 


stands up and gives long satisfactory service 
because it is all asbestos of the very highest 
grade and carries such an amount of graphite 
grease lubricant that it does not 
harden in service. 


for Valves. 


Why not let us send you working samples 
to test out under your own conditions ? 


W. F. JOHNSON & Co. 
(London), Ltd., Agents. 


14-16, Farringdon Road, 
LONDON, E.C.4. 


GREENE, TWEED & CO., 
Sele Manufacturers. 





veneer nines HEE 


Ns 

















CRANES 


STEAM. ELECTRIC. PETROL. 


LEVEL LUFFING HARBOUR 
CRANES. 





MOBILE BATTERY CRANES. 


EXCAVATORS 
JOHN H. WILSON & C0. (1929) Ltd. 


BIRKENHEAD. 














LONDON OFFICE: 5708 15, VICTORIA ST., S.W.1, 





lOOOCUBIC FEET 
OF CLEAN AIR 
PER MINUTE 


is passed by this 
small Protecto- 
motor Air Filter 
and. Silencer, 
which is our 
standard design 
specially adapted 
for a particular 
installation. 

The small cost of installation and 
upkeep of such a unit fades into 
insignificance beside the immense 
saving it effects in the wear and 
tear of machinery, with resulting 
increase in efficiency. 
Protectomotor Air Filters are 
available for all air-using purposes. 
For large schemes of ventilation 
panels can be provided built up 
in similar filter units to any re 
quired capacity. 


PROTEC MOTOR 


AIR FILTER & SILENCER 


Dry Fabric Self-Cleanin 














Write for complete catalogue. 


ic. G. VOKES LTD, 


95-97, as: RICHMOND ROAD, PUTNEY 


DON, S.W.15. 
Telephone: Telegrams: 
Putney 6851-2. “* Vokesasess, Put, Londen." 











HUMPHREYS 


PATENT 


MAGNETIC 
CHUCKS 





We make different 
types to suit 

_ different require- 
ments. 





DEMAGNETIZERS 


Weshall be pleased 
to send you our 
complete cata- 
logue on request. 
WRITE NOW, our 
30 years’ experi- 
ence is at your 
service. 


J. H. HUMPHREYS & SONS, 
OLDHAM. 


Phone : 1651 
Telegrams : “ HUMPHREYS, OLDHAM. 


—_— 





5977 
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VICKERS -NASH 
LOAD INDICATOR 





“Safety first 


for Crane Ul Users 


This. ‘nde clearly shows to the 
driver when the lifted load approaches 
the Safe Working Load of the Crane (fama : 
at any inclination of the Jib. « BRITISH 


The only Indicator approved by the Home Office. 


DARTFORD WORKS, KENT. 











“DOBBIE - M°INNES” 


INDICATORS 


FOR 
ALL ENGINES AND SPEEDS. 








NEW “DOBBIE-McINNES” MARK V 


DIESEL 
ENGINE INDICATOR 


FOR LARGE SIZE DIAGRAMS 


WITH QUICK CHANGE DUPLEX 
PRESSURE SPRINGS 


INTERCHANGEABLE CYLINDERS 
IMPROVED PISTON, etc., 
and 


QUICK ACTING 
HEAT RESISTING 
DOUBLE-SEATED VALVE 





"Also “Makers of INSTANTANEOUS READINGS OF 


The “Hopkinson” Optical fatienter | OO ee 
** DOBBIE-McINNES”’ 


The “Farnboro”” "Electric Indicator | HORSE-POWER NOMOGRAM 
FOR HIGH SPEED AERO _AND AUTO ENGINES. PRICE 2/6. 2/6 NET. 











DOBBIE McINNES & CLYDE LTD., 57, BOTHWeLL STREET, GLASGOW. 





VICKERS-ARMSTRONGS LIMITED 








JOHN OAKEY & SONS, LTD., 


GENUINE EMERY, EMERY WHEELS, 
EMERY CLOTH, For all Purposes. 


we ELASS & FLINT PAPERS 


BLACKLEAD, ETC. 
WELLINGTON MILLS, WESTMINSTER BRIDGE RD., LONDON, 8.E.1. 








Hyatt equipped Idlers at Lister Drive Power Station, Liverpool. 
Conveyors by Robt. Dempster & Sons, Ltd., Elland, Yorks. 





Longer bearing life, smoother operation, capacity to withstand punish- 
ment and unusual strains, freedom from constant oiling, adjustments 
and shut-downs for repairs, are but to mention a few of the advantages 


of the HYATT “‘ Safety First ”’ protection. 


HYATT 


ROLLER BEARINGS. 


DELCO-REMY & HYATT LIMITED. 
111, GROSVENOR ROAD, LONDON, S.W.1. (Made in U.S.A.) 














TURBO TYPE ALTERNATORS 


FOR ANY VOLTAGE, OUTPUT OR PERIODICITY. 


MANUFACTURED BY: 


RICHARDSONS WESTGARTH & Co., Ltd. 





RICHARDSONS WESTGARTH-BROWN BOVERI 
TURBO ALTERNATORS. 





TURBINES, CONDENSING PLANT 
AND 
POWER STATION AUXILIARIES 


OF BRITISH MANUFACTURE THROUGHOUT. 





HEAD OFFICE: 


HARTLEPOOL ENGINE WORKS, 
HARTLEPOOL. 6220 
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CRANES 


FOR STEEL WORKS 





(Send for illustrated description of this new crane). 
PATENTED DESIGN OF 10-TON CRAB 


Showing :— 
One-piece cast-steel Crab Frame 
Instantly accessible steel troughing for cables 


Joseph Adamson z © 


PO. BOX 4 


HYDE 
Cheshire 


TELEPHONE 
HYDE 650 (2LINES) 


TELEGRAMS 
“ADAMSON HYDE” 



















SPECIALISTS 
IN 
HIGH-GRADE 


LUBRICATING GREASES 


ORIGINAL MAKERS 
OF 
STAUFFER AND OTHER TYPE 


LUBRICATORS 


SOLE MAKERS OF— 
















6278 




















REG, TRADE MARK. 


36, VICTORIA ST., LONDON WESTMINSTER, 
S.W.1. 
















































WROUGHT IRON 


Pubey” 


for sale running at high speeds. 


DOUGLAS, LAWSON C° LP 


TELEPHONE TELEGRAMS 
S50 BIRSTALL, LEEDS. S252 
$98 & S99 ¢ e BIRSTALL, 


BOSSES OF PULLEYS ARE MADE 

FROM A SPECIAL MIXTURE OF 

SEMI STEEL GIVING GREAT 

TOUGHNESS AND FREEDOM 
FROM FLAWS, 

ARMS & RIMS OF HIGH QUALITY 

MILD STEEL, 
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(ARRON 


Ships’ Sidelights—Saloon Windows— 
Steam and Electric Winches—Steam 

and Hand Steering Gear—Ash Hoists 
By Appointment —— LUIming-out Gear— Cargo and 
Hi. the Kin. Meat Ports—Deck Fittings, etc. 





Illustration shows 
Cast-iron Engine 
Room Skylights. 


Strongly constructed 
from the finest material. 
Made in several sizes for 
one, two and three lights. 


No. 32P Catalogue 
post free. 





Contractors to the Admiralty and 
Principal Shipbui ding Companies 
at home and abroad. 


Catalogue No. 40R. Post Free. 





(ARRON (COMPANY ENGINEERING DEPARTMENT : 


FOUNDED 1759. CARRON, STIRLINGSHIRE. 

















HERBERT 


“1% WHIT. 


MA 





TEMPLATE 






THREAD 


“me 


Showing the excellent form of thread cut 
with Zonic Lapped Dies. Pitch error was 
only °0007”’ in 9” of thread. 


THREAD GAUGE ACCURACY 


—can be consistently maintained at commercial 
cost by using ZONIC LAPPED DIES in a 
COVENTRY PATENT SELF - OPENING 
DIEHEAD. 


ZONIC LAPPED DIES ARE MADE FOR 
ALL THREADS WHICH CAN BE CUT 
WITH } in. TO 2 in. SIZES OF COVENTRY 
DIEHEADS. 


ASK FOR “THE BOOK OF THE COVENTRY 
DIEHEAD,” which gives full instructions for use and 


maintenance of Dieheads and Dies. 


ALFRED HERBERT LTD. COVENTRY 


























“AEROTO” 


Trade Mark. 


Patent Screw Fans 


HALVE YOUR RUNNING COSTS 





Aeroto 25 in. Induced Draught Waste Heat Fan. 
Delivery 15,000 C.F.P.M. at 2,900 R.P.M. against a total water gauge of 4 in. 


Efficient (to the order of 90%) 


COMPACT CONSTRUCTION—EASY INSTALLATION—SIMPLE 
—REVERSIBLE—RELIABLE—IMPOSSIBLE TO OVERLOAD. 


AEROTO LIMITED, 


BUSH HOUSE, ALDWYCH, Works : 
LONDON, W.C.2. LETCHWORTH, HERTS. 





a 











THE OPERATION OF A 


‘BABCOCK ’ 
VALVE 


Gives a feeling of security. 








Its generous proportions and 
non-scoring valve faces of 
special metal ensure steam 
tightnessand smooth working 
under all conditions. 


The illustration shows a ‘“Bab- 
cock’’ Cast Steel Parallel Slide 
Valve for steam pressures up to 
350 Ibs. per square inch. 





BABCOCK & WILCOX LTD. 


BABCOCK HOUSE, FARRINGDON STREET, 
LONDON, E.C.4 
Telephone CITY 6470 (8 lines) 
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CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— : 

MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes, 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES. —Locomotive Carriage and Wagon, to all 
requirements. 


SPECIAL STEEL ofall kinds for constructive purposes. 
T H E . s . 


STEEL COMPANY SCOTLAND 






87, RENFIELD STREET, LIMITED. 
GLASGOW. 
TELEGRAPH a 
AppRESs . 
‘SSTEEL”’ 


GLASGOW. 











Spencer - Hopwoop 
BOILERS | fo: 


COAL, COKE, OIL or WOOD FIRING. 


High Evaporative Capacity. 
No Expensive Brick Setting. 
No Expensive Chimney. 
Smokeless Combustion. 


Low Initial Cost. 
Quick Steaming. 
Economical in Fuel. 
Small Floor Space. 


res? 
rere 





SPENCER - HOPWOOD, 


SCOTSWOOD WORKS, NEWCASTLE-UPON-TYNE. 


LIMITED, 


6269 





Wi 


MOST 
EFFICIENT 
MODERN 
HEATING 


Circulates Ventilated Warmth 
30 times an hour. 


Trane Unit Heating sends the heat where it is 
needed—at the working level, instead of up the 
walls and under the roof. 

The Unit Heaters are suspended from or near 
the ceiling, and heated air is circulated down- 
wards, flooding the entire room with warmth, 
including the floors. Cold or uncomfortably 
hot areas are eliminated; warmth is uniform 
throughout the whole working area. 

When heating is not required, the fans of Trane 
Unit Heaters can be kept in operation to dispel 
fumes or to maintain a good circulation of air for p 
ventilation purposes. 

Efficient heat distribution—instantaneous heat 
control—this is what the Trane Unit System 
provides, with low maintenance and operating 
costs. Trane Units occupy no floor space, and 
require less piping ; they are constructed to with- 
stand steam pressures up to 150lbs. per sq. inch. 
Entirely British Made, Trane Unit Heaters can 
be utilised for Heating, Ventilation, Drying, 
Cooling or dispelling fumes. Ask for full par- 
ticulars and details of the different types and 
sizes to suit every heating requirement. 














Call and inspect Trane Unit Heaters under working conditions, 6444 


BRITISH TRANE COMPANY, LTD. 
26, Rosebery Avenue, London, E.C.1. Phone: Clerkenwell 6864. 
CARDIFF ADDRESS: 13, Edward Terrace. "Phone : Cardiff 5209. 


TRANE UNIT HEATERS 


























HENRY J. COLES, LTD. 


DERBY. Sar ee 





STEAM CRANES 


on Rail Wheels, 
Road Wheels or 
Caterpillars, 
also 

Diesel, Semi-Diesel, 
Petrol and Heavy Oils, 
Electric, Diesel-Electric, 

Petrol - Electric. 











MOBILE CRANES 


Latest “‘ Alisteel"’ Crane 
as recently supplied to 


6640 several Railway Companies. 











YY 





WY 


Y 
Uy 





Y, 
Wide 








Wy, 
YY 









FORGED STEEL 
RINGS & BLANKS. 


aise Crane Chains, Slings, Ete. 


im Netherton Iron. 


N.HINGLEY & SONS LTD. 


| Netherton lron Works,DU DLEY. 
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THE BRITISH-AMERICAN 
FLEXIBLE COUPLING. 


4 
; 





Reis 


MECHANICALLY FLEXIBLE AT HIGH SPEEDS. 
NO PERISHABLE MATERIAL. VIBRATIONLESS. 
NO SPRINGS. NO CROSS PULLS. NO END THRUST. 
SELF-LUBRICATING. 

Shafts aligned by simply applying a straight-edge to 

the flanges of the Coupling. 


Will work satisfactorily if erected within the error of 
1 degree angular and ;'; in. to +; in. off centre. 


CORRECT IN PRINCIPLE AND DESIGN. 


The acme of simplicity. Two sturdy flange sections 
with a floating member having bearing strips made 
from a hard, non-metallic material. 


SAVES THE BEARINGS WEARING. 
543 


R. HUNT & CO., LTD, EARLS COLNE, ESSEX. 


Manufacturers of Power Transmission Appliances of the highest quality. 
FULL CATALOGUE SENT ON REQUEST. 











DAVID BRIDGE & Co., Ltd., 
ENGINEERS. 


ome WE ARE MAKERS OF == 








Hydraulic Presses, Intensifiers, 

Reciprocating Valves and Operating 
Pumps, Gear 

Accumulators, Testing Machines 





Forging, Drawing, 

Bending, Extruding, 
Straightening, Blocking, 

Pressing, Staving and 
Nickingand Breaking, Bellmouthing, 
Shearing and Vulcanizing, 


Punching, Plastic Moulding 
os AS USED BY 





Medium andLow Pressure Engineers, Rubber 
Reciprocating Pumps for 
unclean fluids, oilysludge, Steelmakers, Manufacturers, 
— =. — a k 

uicrk-change Give nits 4 ¢ - 
Patent applied for), saving Shipbuilders, Cable Makers, 

to, e and Maintenance ° : 
Conte he Contractoreand boiler Shops, Sheet and Board 
eceeeumuabniin Loco. Works, Makers, 
Designers and Makers of - 
special Values and Tube Makers, Plastic Moulders, 
Machines to Customers’ P 
Specifications. EEE tr AChOn.. — EA 


6348 


CASTLETON nr. MANCHESTER 






















TECALEMIT FACTORY. 


Great West Road, Brentford. 
‘* Expamet ’’—Openwork Partitions. 
Architect: A. G. Stedman, Esq., 
M.I.Struct.E., London. 


og OT pa ee BE The 
essential 
qualities of an 


openwork partition. 


In factories, garages, schools and other 
buildings where they are required, openwork 
partitions must combine the qualities of 
strength, ease of erection and neatness of 
appearance; and must offer no obscurity to 
the sight or to the passage of air. If, in 
addition, the material used is a solid sheet of 
steel, manufactured into diamond-shaped 
meshes wherein there are no mechanical joins 
or welds, then “‘ Expamet” Expanded Steel 
. Provides all the features essential to a first- 
. * class openwork partition. 

EXPAM ET BRITISH THROUGHOUT—IN MATERIALS AND LABOUR. 


| ae 
| EXPANDED METAL 


THE EXPANDED METAL COMPANY, 


LIMITED, 
Patentees and Manufacturers of Expanded Metal, 


Burwood House, Caxton Street, London, S.W.I. 
Works: West Hartlepool. Established over 35 years. 



































Solid foundations are essential, 
especially where subsoils are 
marshy or waterlogged. Franki- 
Piles, with a large “clubfoot” 
and “collars,” giving maximum 
skin friction, stand firm and 
motionless as solid rock. Write 
for illustrated catalogue No. 3, 
with diagrams of the system 
and details of contracts carried 
out all over the world. 

The Franki system has been in 
operation since 1910, and more 
than 200,000 piles have been 
driven to the complete satisfac- 


tion of the architects, engineers, 
/ WC and contractors. 

gui" =~ FRANKIE ~COMPRESSED PILE 

7 co., LTD., 
15, Victoria Street, Liverpool. 
London Office : — Office ; 
1, 8, Br.ams Bid’gs, E.C.4. 22a, West Nile St. 

TN amen : 


{| 
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COMPRESSED PILES 


CARRY MORE TONS PER PILE 
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my 46Steam Turbines | 


HICK. HARGREAVES 
€¢O.LTD.BOLTON 


ae for Industrial Drives Be 


MachineCut Gear Wheels 
THE REID GEAR CO. 


6486 
° 


LINWOOD, near PAISLEY 
= 
MICHELL BEARINGS, LD., 


BRGINERES and MANUFACTURERS of 
Michell Thrust & Journal Bearings. 
Registered Office and Works: 6115 
Seuth Benwell, Newcastle-on-Tyne. 


SCRIVEN 


R 
MACHINE TOOLS 
SORIVEN & CO., 
York Street Ironworks, Leeds. 


FORGINGS 
ENGINEERS. 
HOSKING BROS., LTD. 


Leve Lane, Sumner Street, Southwark. 
Phone: Hop 2725. 


WORTHY 


OL ENGINES 
PUMPS and AIR COMPRESSERE 
THE EAMWORTHY ENGINEERING 00,, Ltd. 
Works :—Peens, Donsur. 



































76, Victorta DON. 
Branches Pgh Street See 


ROBERT STEPHENSON & CO., 


LOCOMOTIVE BUILDERS, DARLINGTON. LTD. 
London Odice >—25, Victoria &., Westmineter, 


LOCOMOTIVES ‘er .°U,sausee 
: Aistonepe. Landen. 


Da H . 
Codee—A BC Sth Raltion, ngineering Standards, 
Engineering Telegraph, 1180 


PURE 











WATER 
BY THE 


83, Kingsway, LONDON 6437 | 


HARDENING & TEMPERING 
STEEL BARS IN LONG LENGTHS 


The above illustration shows a typical Patent ‘‘ Incandescent” Side Charge Suspended Crown Type Recuperative Town’s Gas Fired 
Heat Treatment Furnace. This furnace has been designed for Hardening and Tempering bars, tubes, etc., in long lengths without 
distortion. Temperature up to 950°C. can be obtained on natural draught. Patent ‘‘ Duplex’ Burners are fitted so that tempera- 
tures in excess of this can be obtained with low-pressure air. 

The quenching equipment is unique and arranged at the discharge side of the furnace, the quenching tank incorporating a specially 
designed agitating mechanism to give rapid and even.cooling and at the same time maintain absolute straightness in the material under 
treatment. 

Where it is necessary to quench immediately from the furnace or a slow air cooling is required, the agitating mechanism is converted 
into a cooling table the arms of which are arranged at suitable points to support the longest and shortest pieces under treatment without 
distortion. 

These furnaces have been constructed for firing by coal, town gas, producer gas, oil and electricity, and also for continuous scale-free 


and intermittent operation. 
Write to us for fuller particulars. 


THE INCANDESCENT HEAT CO., LTD., 
BRITISH MILLS, CORNWALL ROAD, SMETHWICK, BIRMINGHAM. Telephone: SMETHWICK 275-276. Telegrams: ‘‘ REPEAT, BIRMINGHAM.” 
London Office: 16, GROSVENOR PLACE, LONDON, S.W.1. Telephone: Sloane 7803. Telegrams: ‘‘ Incandheat, Knights, London.” 
Northern Office and Works: SELAS WORKS, CITY ROAD, MANCHESTER. Telephone: City 2958. Telegrams: “‘ Selagas, Manchester.” 


INCANDESCENT 


GAS, OIL AND ELECTRIC FURNACES __ ,,, 


See | 








All Types of High Grade\XighingApparatus 
HEAD. OFFICE * Mipcanplron\X/orks Dewssury 
LONDON OFFICES Queen Victoria St.E.C. 4. 


Many exclusive features. including 
Patent lubricated Knife Edge System for 
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| JOSEPH BOOTH & BROS., Ltp., 
UNION CRANE WORKS, 
RODLEY, LEEDS. 


MAKERS OF HIGH-CLASS 
POWER-DRIVEN CRANES, 
STEAM, ELECTRIC or OIL. 


SEND FOR CATALOGUE, 



































CHEAP 


uel- 


In Decisive 
wold - advantages 
Wade for ALL 
Use INDUSTRIAL 
_—e APPLICATIONS. 


THE POWER-GAS CORPORATION, 


LIMITED. 
(MOND, LYMN & RAMBUSH PATENTS) 


Parkfield Works, Stockton-on-Tees. 


MODERN HEATING 
FoR FACTORIES 


with 


“SPIRAL TUBE” ge ? 
UNIT 
HEATERS. (632 


Uee Steam or }§ 
Hot Water. © 


BRITISH MADE. 
Wrtte for List ‘E.H.’ 


SPIRAL TUBE & 
COMPONENTS Co 


12, Pembroke Str Cr and at 
remem by Ad ym oe 
Telephones : North 2633 and Desby 871. 


HOLDEN 
BROOKE 


FEED WATER 
» HEATER 


HOLDEN & BR le 
SIRI WORKS NES 





S 


8 



































BRECKNELL, WILLIS AND COMPANY, LTD. 








ENGINEERS. JACOB STREET, BRISTOL 
Telegrams: Telephone No. : 
“ BRECKNELL, dean 
PHONE, 
BRISTOL.” 
EFFECTS 
A HIGH CLASS CONSIDERABLE 
SAVING 


BRITISH PRODUCT. 
IN SAW BLADES. 














USED BY BRITISH 
GOVERNMENT, 


WRITE FOR 
LEADING SHIPYARDS DESCRIPTIVE 
and PAMPHLET. 





STEEL WORKS. 














THE “B.W.” PATENT HIGH - SPEED CUTTING - OFF MACHINE. 


MADE IN TWO SIZES SUITABLE FOR 
CUTTING BARS UP TO 6in. AND 10in. DIA. 6430 


ACCURACY OF CUT ASSURED. 

















ee Senet 


GERATING 
MACHINERY 


INSULATION OF COLD SPACES 
THE , 
LIVERPOOL REFRIGERATION CL? 

LIVERPOOL 
DN Se 


“CLYNE' 


THE FIRST AND LAST 
WORD IN WATER-COOLING. 


Established in 1880, we were the first water- 
cooling experts in the country, and we now 
offer the most up-to-date plant on the market. 


To cool from 800 to 250,000 Gallons per hour 


in one unit. 


CLYNE ENGINEERING CO. LTD, 
NELSON STREET, BOLTON. 
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Aluminium Plant & Vessel Co. 
Alvis Car & Eng. Co. 

Armstrong Siddeley Motors, Ltd. 
Associated Equipment Co. 

Aston Martin Motors, Ltd. 
Austin Motor Co., Ltd. 


Bean Cars Ltd. 

Birmingham & Midland Motor 
Omnibus Co., Ltd. 

Bristol Aeroplane Co., Ltd. 

British Oil & Cake Mills, Ltd. 

J. Brockhouse & Co., Ltd. 

J. Buchanan & Sons. 

Carrimore Six Wheelers, Ltd. 

W. E. Cary Ltd. 

Cirrus Aero Engines, Ltd. 

Citroen Cars Ltd. 


= 


City Electricity Depot, Leicester. 

Civilian Aircraft Co., Ltd. 

Clement Talbot, Ltd. 

Commer Cars, Ltd. 

Corporation Light Railways & 
Transport Depot, Southend. 

County of London Electric Supply 
Co., Ltd. 

Crossley Motors Ltd. 

Daimler Co., Ltd. 

Darracq Motor Eng. Co., Ltd. 

Dennis Bros. 

Desoutter Bros. Ltd. 

Desoutter Aircraft Co., Ltd. 

W. & G. Du Cros Ltd. 





English Steel Corporation Ltd. 
Fairrie & Co. 

A. Ferraris Ltd. 

J. Fowler & Co. (Leeds), Ltd. 
Gallaher Ltd. 

Garner Motors Ltd. 


THE FLEXIBLE BEARING FOR 
ALL OSCILLATING MOVEMENTS 


Adaptable to machines of every type. 
Particulars from 
T. B. ANDRE & CO., LTD., 
VICTORIA GARDENS, LADBROKE ROAD, 
NOTTING HILL GATE, LONDON, W.11. 
Misani *Phone : PARK 9821. 


Electro-Mechanical Brake Co., Ltd. 


TUEUUCUGUEEOEAUUCOUACGUEEGOOGUOOEUAGOUAOGGUEOOAAAOUOAEOOSGGORAUUEEEUOUOGEOOGUAOCUUGRROGAUAUGUUUSUOOOUUOGO PRES DAOROO HHH Lat 


A FEW OF OUR CUSTOMERS. 


Gilford Motor Co., Ltd. 

Glennifer Motors Ltd. 

Gloster Aircraft Co., Ltd. 

Halley Motors Ltd. 

Hillman Motor Car Co., Ltd. 

Humber Ltd. 

Invicta Cars. 

Keighley Electrical Engineering 
Co., Ltd. 

Lagonda Ltd. 

London Electric Railway. 

London General Omnibus Co. 

i Motor Cycles (Colliers), 

td. 


Maudslay Motor Cc., Ltd. 

M. G. Car Co. 

Morris Commercial Cars, Ltd. 
Phillips Engineering Co., Ltd. 
Thos. Robinson & Son, Ltd. 
Rover Co., Ltd. 

Rowntree & Co., Ltd. 

G. Scammell & Nephew, Ltd. 
Shelvoke & Drewry. 
Standard Motor Co., Ltd. 

J. Stone & Co. 

Streamline Cars Ltd. 
Sunbeam Motor Co., Ltd. 

J. Thornycroft & Co. 
Andrews Toledo Ltd. 
Triumph Cycle Co., Ltd. 
Trojan Ltd. 

T. S. Motors Ltd. 

United Automobile Services. 
C. A. Vandervell, Ltd. 
Vauxhall Motors. 

Westland Aircraft Works. 
D. Wickham & Co., Ltd. 


Wolseley Sheep Shearing Co., Ltd. 


J. Woodhead & Sons, Ltd. 





There are now over 4,000,000 SILENTBLOCS in use. 
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at a glance. 





Two Strands of Renold Duplex Chain transmitting 250 H.P. 














DRIVE by RENOLD CHAIN! 


No other form of transmission can offer such 
advantages to the power user. Efficiency—Reliability 
—Lasting Quality—Economy in purchase and in 


Renold Chain Drives to transmit up to 100 H.P. 
with ratios up to 6: 1, can be supplied from stocks 
held at our Works or Depots, whilst from the very 
comprehensive Booklet Ref. No. 016/09, the most 
suitable drive to suit given conditions can be selected 


A new Industrial Products Price List is also 
available, Ref. No. 016/33. 


—, 

















HANS RENOLD LIMITED 
Branches and Stock Depots in: LONDON BIRMINGHAM MANCHESTER 


LIVERPOOL 


MANCHESTER 


LEICESTER LEEDS 


BRISTOL & 


_ ENGLAND 


———— 
— 
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GAIN 
30°/. 


IN WEIGHT, SPACE ( 
AND STEAM CONSUMPTION 





See. 
Illustration ) 


THE RATEAU NEW “STAR” TYPE BOOSTER embodies one or 
more STAR-shaped impellers. MILLED ENTIRELY out of the 
SOLID. WEIGHT—SPACE—COSTS REDUCED by ONE HALF 
to ONE THIRD. A REDUCTION in STEAM CONSUMPTION 
of ONE THIRD is also obtained, as this booster can be direct- 
coupled to our very efficient high-speed MULTISTAGE turbine 
which RATEAU manufacture for outputs DOWN TO 80 K.W. 


Rareau New 


BRITISH LICANSBES : 
THE BRYAN DONKIN Co. /ti., 
OHMSTERPIELD. 





RATEAU, ENGINEERS, 


*Phone : Museum 8780. 


One Electrically driven Classical Gas Booster and Two Rateau Single-stage Turbine-driven ‘‘ Star'’ Type Gas Boosters at 


| STAGE 


of the “STAR” TYPE 


T AR Gas Boosters 


The Marseilles Gas Co. 


4 STAGES 


of the CLASSICAL 


28, Russell Square, London, W.C.1. 
’Grams : Rateaulond, Phone, London. 























~NEWALLS 


85°, MAGNESIA 
COVERINGS 





The illustration shows Feed-water and Regu- 








lator Piping insulated by Newails at Kirkstall 
Power Station, recently completed for the City 
of Leeds Corporation. Newalls have also 
insulated the whole of the piping in the Engine 
Room together with the piping, Cyclones, Fuel 
Conveyors, etc., in the Pulveriser House. 


The most efficient, economical and durable 
insulating materials obtainable are essential for 
important work of this description and Newalls 
85% Magnesia Coverings have been extensively 
utilized not only for this plant but for the 
majority of the most up-to-date Power Stations 
| recently erected at home and abroad. 






































NEWALLS INSULATION CO., LTD., 
| CARLTON HOUSE, NEWCASTLE - ON - TYNE. 





Our wide experience in all 
insulation matters is at your 
disposal. 


oe 
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= Straight- on and 
Primary Resistance 
_ Control 


HE robust squirrel cage motor calls for control gear of 
7. equal simplicity. Straight-on Starting by means of an 
electrically-operated contactor, actuated by push buttons, 
closely approaches the ideal. Moreover the push buttons may be 


























placed at a distance—giving remote control—or they may ke 
replaced by a float switch, pressure regulator, or similar device. 


With Primary Resistance Starting a section of stator resistance 
limits the current peak and mechanical stresses. With either 
this method or with Star-Delta starting, a timing device between 


start’ and ‘“‘ run’ is necessary to secure the full advantages of 


Chain Link Barrel Elevator. 


automatic control. 


Whatever method of starting is employed, however, the control of squirrel cage motors 





is comparatively simple, and the 


’ : : TO:- BROOKHIRST SWITCHGEAR LTD., 
difference both in price and design CHESTER. 


between hand-operated and automatic Please send me a coty of your new 

apparatus, is less noticeable than in Catalogue, No. 15A. 
. comparable D.C. drives. NE de alihecislt eh vciccicancn nani iememm nda a 
NN isitiniy a a cecebitih ane iea Teiaitieealse. 


Full advantage should be taken of IN is hie oi ac oe Ce 
this fact ; fill in the form below for PT ee eT eT EC ere 
Straight-on Starter. our new Catalogue, No. 15A. —s_—_—Cds OL iccecctttcccccececceseeceees ceeecess cee seeeccee 


at ph, dll 


Cot 


CHESTER 


BRANCHES: LONDON, MANCHESTER, BIRMINGHAM, LEEDS, GLASGOW, BRISTOL, SWANSEA. 







































IW YY WS 


SS 


7 = 
approval. . or 


= al 


WN 


(77: 





— 


a a 


<0 WR 
Cg “Simp licity’ er = & 
as hoes lee 3S See 


| 2 | Bertes 
AN need marci min 
no attention or upkeep. «( AN Av 


Ke : 
oe Ke 
Queen Victoria St. RS 


Z 
SS 
London, E.C-4. ‘ 
& at Manchester~ = 
















Ss 





all 


X 







































atin 


















I. 





_ DEC. 25, 1931.] ENGINEERING. 19 











YARROW 


WATER-TUBE 
BOILERS 


ie eer §POWER STATIONS. 
:- ae FACTORIES 


AND ALL 


INDUSTRIAL PURPOSES 


UNITS OF ANY SIZE 
FROM 5,000 LBS. 
PER HOUR EVAPORATION 
UPWARDS 





6181 


, S YARROW «& CO., LTD. 

Ree Bee ee Rs Oe ee 
Yarrow Boilers at Brighton Corporation GL ASGOW 
Electricity Works 







































BOILERS ror POWER, PROCESS 4x» HEATING 


2 i \. - ties When you need Boilers, follow 
6 y “eo .g} the lead of the most discerning 
a tag buyers and install 


MARSHALL 


+ + 









a 
rs 


We make all the principal 
standard types in a huge range of 
sizes, and for all pressures. Superb 
designs, selected high-class materials 
and expert workmanship are utilised 
by us to their utmost advantages. 


+ + 4 


Operating one of the largest 
boiler-making plants in Great 
Britain, we can give prompt delivery. 
Large stocks of finished boilers are 
available at all times. 





4 + + 


We can also produce at the 
keenest prices boilers to clients’ 
own designs. 


ab ae ° eck mall : on x + 4 > 6804 

a Lin oe ali sei eee rye 
——" pu nll ez ies Ask for Lists. Inquiries invtted. 
iat (e380) 4 


MARSHALL, SONS & COMPANY, LTD., 
ENGINEERS & BOILER SPECIALISTS, GAINSBOROUGH, LINCS. 
and at 3, London Wall Buildings, E.C.2. 
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SX 
or 
: ENSURE 


BELT: ROPE 
GEAR CHAIN EASY STARTING 


pf ENABLE CHEAPER MOTORS TO BE USED OF MOTOR | 
pe REDUCE COST OF SWITCHGEAR AGAINST 
REDUCE STARTING CURRENT FULL LOAD 
ELIMINATE FAST & LOOSE PULLEYS. ~~ 


All Pewer Users should write for our New Catalogue. 



































TELEPHONE No. TELEGRAPHIC ADDRESS’ 
1581 HUDDERSFIELO BROADBENT, 
(4 Lines) HUDDERSFIELD. 


CENTRIFUGAL 2 CENTRIFUGAL 
CLUTCH PULLEY \ CLUTCH COUPLING 
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HYDRAULIC VARIABLE SPEED GEAR [*» 


THE IDEAL MEDIUM FOR CONTROLLING SPEED. the | 











PERFECT AND POSITIVE Also We 
CONTROL FROM ZERO V Ss G 
TO FULL SPEED, FOR- _ 
WARD AND REVERSE, ) 
WITHOUT STEPS. VA R I A B L E 
SIMPLE AND D E L I V E RY lem 
SELF-CONTAINED. 
PRESSURE 
VARIETY OF CONTROLS ment 
TO SUIT ALL REQUIRE- PUMPS. 
MENTS. / 
tage BRI 
HIGH STARTING he illustration shows 
TORQUE. an example of a V.S.G. 
Drive applied to a Cable 
SUITABLE Haul-off Drum, coiling 
FOR ALL CONDITIONS. — from Lead Covering 
ress. 








Send enquiries to : 


THE VARIABLE SPEED GEAR LIMITED 


6, BROADWAY, WESTMINSTER, LONDON, S.W.1. 


Works: ELSWICK WORKS, NEWCASTLE-ON-TYNE. Telephone: VICTORIA 6900. 
Telephone : NEWCASTLE 33101. Telegrams : VARISPEED, NEWCASTLE-ON-TYNE. Telegrams: VARISPEED, SOWEST, LONDON. 
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AGENTS: HARPER GILFILLAN & Co., Ltd., 
Ipoh, F.M.S. 


VW JE manufacture fans for 


every purpose for which 


fans can be employed—from 


the largest units to the smallest. 


We invite your enquiries aif 


you are considering any prob- 
lem necessitating the move- 
ment of air or gases. BUY 


BRITISH FOR QUALITY. 
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J. J. NIVEN & Co., Ltd., 
Wellington, N.Z. 
ALSO AT MELBOURNE AND CALCUTTA. 


KEITH- BLACKMA 


TREVOR WILLIAMS (Pty.), Ltd., 
and Durban. 


Johannesburg 
6327 


A large ‘‘ Keith’ Induced Draught 
Fan handling the products from 13 
oil-fired boilers consuming 5 tons 
oil per hour. Overall dimensions: 
23 ft. long by 17 ft. high by 7 ft. 


wide, 


JAMES KEITH & BLACKMAN CO., LTD. Head Office: 27, FARRINGDON AVENUE, LONDON, E.C.4. 


Telegrams: “ JAMES KEITH, PHONE, LONDON,” 


Telephones: CENTRAL 7091 (nine lines), 


D 
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PARSONS ‘ 
TURBO-ALTERNATORS 








oe. 





Nisin 


HIGH-PRESSURE TURBINE CYLINDER 





OF A 50,00O Kw. 
PARSONS TURBO- ALTERNATOR. 


THREE 50,000 K.W. TURBO-ALTERNATORS ARE UNDER. CON- 
STRUCTION FOR THE DUNSTON POWER STATION OF THE 
NEWCASTLE-UPON-TYNE ELECTRIC SUPPLY COMPANY, LTD. 


C.A PARSONS 


& COMPANY LIP 


HEATON WORKS, NEWCASTLE-ON-TYNE. 
London Office: 56, Victoria Street, Westminster, S.W.1. 


INUIT RITISH INUIT 
Te bR! VN A 


[.P.S. No, 451 P-83634 
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BROWN’S 


s| HOLLOW FORGED 
BOILER DRUMS 


oe ease: ie 








rid 


Reo 
oe 


The making of really satisfactory Solid Forged 
Boiler Drums for such purposes as modern high 
pressure boilers, chemical autoclaves, oil distillery 
plant, and other equally important processes, is the 
specialised work of the few. 


The existence of special plant is merely one of 
the obvious necessities. 


Far more important than having so many 
presses of such and such a capacity, is the resource 
of the manufacturer for research far into the metallurgy 
of special steels, resources of experience of scores 
of such jobs previously and the resources in ultimate 
skill of the men at the presses. 


Neither in this nor any other country in the 
whole world, is there to be found a similar record 
of unqualified success in the making of literally 
hundreds of such Hollow Forgings than that enjoyed 
by Thos. Firth and John Brown, Limited. 


- WRAY eee ee * 
JOH BROMINE: 
SHEFFIELD. 


THOS FIRTH & 
JOHN BROWNE" 


ATLAS & NORFOLK WORKS SHEFFIELD 
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ith Monel Metal equipment 
ANY manufacturers of small metal parts are just discover- 
ing how worthwhile economies may be effected by the 
employment of proper pickling methods and adequate : 
pickling equipment. : = 4 
In the case of steel forgings, for example, removal of scale 
by pickling is the only complete and positive method of re- 
vealing flaws and defective folds inthe surface of steel forgings. 
Whereassand blasting and tumbling tend to peen down minor 
defects, pickling brings out the flaws, assists the inspection 
department and prevents the deposition of grit which 
ordinarily dulls cutting tools. 
The most progressive manufacturers, now installing pick- 
ling equipment, are standardizing on Monel Metal for crates, 
racks, hooks, pins, tie rods, etc. They find in Monel Metal 
the only material combining both adequate strength and 
toughness with required corrosion-resistance. 
Perhaps our engineers can help you solve your pickling 
equipment problem. Your inquiry will have a prompt 


response and you will not be obligated in any way. 


WRITE today. 


MONEL WEIR. LimiteD. 


CATHCART + we GCLASGOW 





« 
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DIRECT-ACTING 


FEEDPUMPSa@ 


Tke first consideration in a Boiler Feed 
Pump is that it must be absolutely reliable. 
Under increasingly arduous conditions, 
higher boiler pressures and high feed 
water temperatures, Weir Simplex Pumps 
retain their reliability to the full, because 
they are designed and built to suit modern 
requirements. 


Y Z a / y) 


\\ 


\N 





Further, they have a number of definite 
advantages over other types. Compared 
with duplex pumps, they have but half 
the number of working parts, and operate 
at much lower speeds. Wear-and-tear 
and liability to breakdown are corres- 
pondingly decreased. Steam consumption 
is less. Working life greatly increased. 


SPECIAL 
FEATURES: 


Weir Patent Steam Vaive | ° —— 


Ensures low steam consumption owing 


to reduced cylinder clearances, and | Pair of Weir Direct-Acting Feed 
freedom from short-stroking. Action is | Pumps, capacity 21,000 lb. of water 
positive and dependable. per hour against 250 Ib. per sq. in. 


Few Working Parts Owing to the relatively small quantity of 
The valve gear is simple, and the ! . ae . 
pump operates at moderate speeds, | water in Water Tube Boilers, it is essential 


wear-and-tear is therefore reduced to 


sh ag that the supply should be steady and un- 


6) Efficient Pump End interrupted. Weir Direct-Acting Feed Pumps, 
Ample ports and passages, large valve | on account of their slow and regular movement, 


areas, materials carefully selected to 


©! are unequalled for maintaining continuous 
withstand corrosion, erosion and high . 

temperatures. steaming at any pressure, and are more 
extensively used than any other type for this 
important service. 








We have particulariy wide experience ofall feed pump- 
ing and feed heating problems and shall be pleased 
to quote for single units or complete installations, 


J.WEIR LID. ciscow 
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THE DARLINGTON FORGE L~ 


DARLINGTON 


Telegram: ‘* FORGE, DARLINGTON.” 














Telephone: No. 2610. 























CAST STEEL STERNFRAME FOR NEW CUNARD LINER 


APPROXIMATE 190 TONS. 


| CASTING 
FORGINGS 


Speciality: REPAIRS. 


STEEL, BRONZE 
& GUNMETAL 







IRON 
& STEEL 
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Repeat Orders 


are the proof of success 
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6 ai = ry Wiggin n & Co., Lid venoms Birnie am 


“aarce 
Tie Ref No most be quoted 
on all deliveries and laveices 


CARBORUNDUM 
CRUCIBLES 


Monit TATA 


Oy. CARBORUNDUM CO LTD 
TRAFFORD PARK 
MANCHESTER 


2 MTT HT 





REQUIRE NO ANNEALING | 





These reproductions of 
orders are from firms 
of National importance 
who have been regular 
and satisfied users of 
The Carborundum 
Crucible for several 
years. 


Each of these firms has 
proved by extensive 
tests that The Carbor- 
undum Crucible shows 
a decided saving in cost 
per |b. of metal melted. 


Why not benefit from the 
experience of these firms 
and send for details, or 
allow us to arrange for 
trials in your own 


foundries ? 
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Nice: how few 


do we need 








How many 


could we use ? 


The 


more points at which you 


measure, the more points 





where money can be saved 






































ee eye 


me i . © ee EVEN a mania for meters would be cheaper in the 





- * long run thana dearth, Are you quile satisfied 
that there are steam or water meters in every 
critical line of your plant? In every one? If not, 

Dee surely money is being lost? Only with a meter can 


you appreciate the exact performance of each 














Bm ‘ - y section of the plant—only through this exact appre- 
ciation can you secure the most economical working. 
Kent's are meter engineers, and design meters of 
the right capabilities for tracing the slightest cause 


for inefficiency in either the steam or the water 
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section of any plant. We make Venturi Meters 
(they measure accurately hot-water pulsating dis 
charges such as Boiler Feed or Condensate) ; all 
kinds of steam meters (even for the smallest pipe 
lines); and Telerecorders (for transmitting flow 


records electrically to a central point). 


























GEORGE KENT LTD 


ie 1 ae B & Mew kK D S A 





London Office—199 High Holborn, W.C.1. Calcutta Office —1 Old Post Office St. Johannesburg Office —37 Upper Railway Rd 
Western Australia—62 66 Railway Parade, Perth Agents in New Zealand—Cory-Wright & Salmon, 144 Featherstone . >tree! 
Wellington Agents in Melbourne—Gibson, Battle & Co., 84 William St Agents in Sydney —Gibson, Battle & Co., 535 Kent >! 
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every 





7 It is still the No.4 


- but even better than it was 


on 1. Improved undercarriage and travelling gear of the type now standard 
opre- for four of our latest and larger models, and successfully used on more 
‘ than 1,000 machines over a period of 5 years—stronger—simpler—better— 
_ greater mobility, lower maintenance cost, fewer delays. 
ers of . P , , 

2. Box girder shovel boom—modern big shovel design applied to the half-yard 
cause machine— increased strength in a vitally important place. 
—_ 3. Improved shovel bucket—cast steel back—better shape, stronger construction. 
_ 4. More weight in the base—greater stability—wider working ranges for 
5 dis dragline, grabbing crane and dragshovel. 

8 8 8 “ 

); al 9. Increased weight for strength at important points—but no increase in ground 
an pressure. 
pipe 


flow 6. Improved cab—neater appearance—better ventilation—more light. 


7. All necessary ballast supplied—no loose ballast needed (except machines for 
export). 





Greater Value throughout— 
but no Increase in Price... 


RUSTON=-BUCYRUS Lot. 
Ta's:ttiky LINCOLN - - - ENGLAND. 
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Cutter 


TWIN-SCREW SUCTION CUTTER HOPPER DREDGER “OCEANUS.” 


Telegrams : ““ YALDNIF, WESTCENT. LONDON.” 


Agitators, 


FERGUSON BROTHERS £(Port Glasgow), LTD. * 


London Office: 6, Bloomsbury Square, Holborn, W.1. NEWARK WORKS, PORT GLASGOW. 


DREDGING PLANT 


Up to the Largest 


Dimensions and Capabilities. 





Grand Prize at London Exhibition, 1909. 
Gold Medal, Japan-British Exhibition 1911. 


Bow and Stern Well Centre and Side Ladder Bucket, 
Barge Loading and Hopper-Dredgers, Suction Dredgers, 
Reclamation 
Dredgers, Grab Dredgers, Hydraulic and Mechanical 
Discharge Pipes and Pontoons, Hopper 
Barges, Sewage Steamers, Caissons, Tugs, Ferries, 
Paddle and Screw Steamers, Delivered Complete or 
Shipped in Sections. 


Dredgers, Trailing Dredgers, 





Spare Gear and Renewals Supplied. 
















ipbuilders and 


Engineers, 
On War a and Admiralty Lists, 
Tele. Address: DREDGER, PORT GLASGOW. 






























6152 





THOS. FIRTH & JOHN BROWN, LIMITED, SHEFFIELD, 
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‘*Paxman” 


You can probably make 
big savings too by generating 
your own electricity. 

Unless you are enjoying 
exceptionally favourable rates 
from your Mains supply it will 
pay you handsomely to instal 


Davey, Paxman & Co., Ltd., (Est. 
33-36, Aldwych House, Aldwych, London, 








The Army & Navy Stores 


make big savings by generating all electricity with 


* e 
Oil Engines 
your own power station driven 
by Paxman Oil Engines. 

If you will let us know 
your demand, we will put 
forward a scheme to fit your 
needs—it will place you under 
no obligation. 


1865). ’Phone : Holborn 4966. ( 


W.C.2. Works : Colchester. 







aac 


Assoc. Firm 
of AGE Ltd.) 






























iad Whhibbbblibdbld, 
HADFIELD’S PORTRAIT TRADE WE LA * ARK & waame _ 
GALLERY OF ENGINEERS AND Zrrnnygnyenyy Tt YS ZINN TEEPE YS 


METALLURGISTS, 


HIGH GRADE STEELS 


FOR 


MOTOR VEHICLES & AIRCRAFT 


SUPPLIED IN THE FORM OF 


BILLETS & BARS 


FOR 


DROP FORGINGS. 


NILS SEFSTROM, SPECIALITY: 


incite “HECLA” STEELS FOR DROP STAMP DIES. 
DISCOVERED VANADIUM, 





Group of Hadfield’s 


HADFIELDS LTD. 


Works Area over 200 acres, 





Forged ‘‘ Hecla”’ Steel Drop Stamp Die Block Blanks. 


PER UREE tim: TS. Manufacturers of Steel Castings and Forgings of all descriptions. 


East Hecla & Hecla Works, 
SHEFFIELD - ENGLAND. 


Buildings cover 61 acres. 


No. 1007 


4696 
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Brotherhood three cylinder engines, as here illus- 
trated, were lighting with arc lamps the ships of Her 
Majesty's Navy, and running reliably at 1,000 R.P.M. 


Modern Brotherhood High Speed Generating Plant 
includes Steam Turbines working at speeds up to 
10,000 R.P.M., and the Brotherhood-Ricardo Diesel 
Engine at 1,000 R.P.M., so maintaining the traditions 
of the makers of the first high speed generating sets. 


PETER BROTHERHOOD LTD. os 


Head Office & Works : 
PETERBOROUGH - ENGLAND 


BRANCHES :—LONDON, MANCHESTER, LEEDS AND GLASGOW. 





Ti i i im mmm mm mm. 


ELECTRIC LIGHTING IN 1879 


Long before the invention of the incandescent lamp, 
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GOODALL,CLAYTON & C? L'’? LEEDS 


ELEVATING & CONVEYING MACHINERY, ROOFS, BUNKERS, COLLIERY SCREENING PLANTS 
| PICKING BELTS, PIT HEAD GEARS , HEAPSTEADS , GAS. RETORT INSTALLATIONS. 











HE simplicity and 

ease with which 

lubricant is forced 

into every bearing 

by a hand gun de- 

livering 5,000 Ibs. 

pressure per square 

inch is the outstanding feature 

of the Tecalemit High Pres- 
sure Lubrication system. 
Write for particulars 


TECALEMIT LTD., GT. WEST 
RD., BRENTFORD, LONDON 
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FOSTER “VALVES OF PRECISION” 





WHICH DO WORK UNATTEMPTED WITH ANY OTHER DESIGN. 





ia 


FOSTER CLASS *U"’ 
REDUCING VALVE. 






FOSTER CLASS **G* REDUCING VALVE. For Air and Water Pressures. 


(New patent.) Fig. 1770.—CLASS **W*’ STANDARD REDUCING VALVE. Steady Control. Dead-tight. 
Most compact. Single Seat. Works any way . “Water Drawn—off or not."' 
up. oeen -tight. Self-contained. Closest Adapts itself instantly to all demands No outside Levers, Pipes, &c. 
Regulation. For the h.ghest pressures and 
superheat. 









~ 


THE “FOSTER 4-DUTY BOILER 
STOP VALVE ”— 
EMERGENCY AND ISOLATING. 


1.—AN AUTOMATIC BOILER ISOLATING VALVE. 
2.—AUTOMATIC CLOSURE IF PIPE BURSTS, 


3.—CLOSED IN AN INSTANT FROM DISTANT 
POINTS. 


4.—A HAND STOP VALVE. 














Fig. 1929.—_FOSTER CLASS “Z*’ HYDRAULIC 
REDUCING VALVE. 
For initial Hydraulic and Air Pressures of 3000 ibs. FOSTER CLASS “Y’’ REDUCING VALVE. 
For Reducing Initial Pressures of 3500-2000 Ibs. 
FOSTER CLASS *“ Y*’ REDUCING VALVE to 250 Ibs. 
For High Pressure Gases. wee 
MANUEACTURED BY - 


Sr VW. EX. BaxriEew « Co. Ip. 
EE“ IW 


AT THE ALBION WORKS, SALFORD, MANCHESTER. 
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ENGINEERING COMPANY, LTD. 
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THE WALLSEND SLIPWAY 


AND 















Builders Steam Reciprocating, Turbine and 
of: Wallsend-Sulzer Diesel Oil Engines 




























TRIPLE EXPANSION ENGINE WITH BAUER-WACH EXHAUST TURBINE FOR AN OIL TANKER. 


Boilermakers, Shiprepairers & Oil Burning 
— Specialists — 


Head Office & Works : : : WALLSEND-ON.-TYNE. 
London Office: : : 34, Great St. Helens, E.C.3. 
LIVERPOOL OFFICE : % >: : : Cunard Building. 





a 
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The Perfect Stoker 
at last! 








IS: 


LONGITUDINAL SECTION 


The new Bennis Forced Draught 
Carrier Bar [Travelling Grate 
with 
Multiple Air Control 





Edward Bennis & Co., Ltd. 


Little Hulton, Bolton, & 28, Victoria Street, London, S.W.1. 
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B. ILWELDERS 


$ | Resistance Welding Machines 
| 





are now used for all kinds of 
jobbing work, and in every 
engineering repair shop there 
are a large number of odd jobs 
which can be welded economi- 
cally ona 


B.I. 


RESISTANCE WELDER 


and its cost is soon recovered. 
The illustration shows a No. 97 
B.I. Butt Welder, which will 





N° 97 WELOER 


BRITISH INSULATED CABLES {1° | 6 | weld mild steel up to | sq. in. 


PRESCOT (@* ENGLAND 


section. With current at ld. 
per unit, it costs ‘175 pence to 
weld the maximum section. 


Further particulars will be sent on 
application. 











BRITISH INSULATED CABLES LTD 


CABLE MAKERS AND ELECTRICAL ENGINEERS 


PRESCOT, Lancs. 


Telephone No.: PRESCOT 171 


London Office: Surrey House, Embankment, W.C.2. Tel. Nos.: Temple Bar 4793, 4, 5 and 6. 
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SINNTOME SA \WVs DO MEST IUIN 


6-in. 8-in. 9-in. | O-in. & | 2-in. DIAMETERS. 








Sp TIAnn, 





WITH 
OR 
WITHOUT 
SAFE — SOUND — SATISFACTORY —— ™ 
SPIGOTS 


SAND STAVELED SPUN 
PIPES 


MORE MILES FOR THE SAME TONNAGE 








| 6-FEET LENGTHS. 





i, >, 






















SAVE | JOINT IN EVERY 4 
STRONGER — INCREASED TOUGHNESS. ELASTICITY & RESISTANCE TO SHOCK. 








WILL JOINT WITH PIPES & SPECIALS TO BRITISH STANDARD SPECIFICATION. 





THE STAVELEY COAL & IRON Co. Lb. sas 
HEAD OFFICE & WORKS CHESTERFIELD. ‘ 


TELEGRAMS: STAVIRON HOLLINGWOOD. TELEPHONE: STAVELEY 7251, 


WERF GUSTO) | ° 


Firma A. F. Smutpers 


SCHIEDAM «ouano 
ne aMAY = 


Ba Telegrams : ASMULDERS. Telephone : 69030 (3 lines). 






































a aaggeel! 








we sco ia 
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200 tons Electrically Driven, Derricking and Slewing Floating Crane 
‘* Mammoth ’’ removing a Landing Stage Bridge at New Brighton. 


FLOATING CRANES OF ALL CAPACITIES 
- DREDGERS OF ALL KINDS 
COALING VESSELS 
COALING ELEVATORS 
PASSENGER AND CARGO VESSELS 
TANKERS — FLOATING DOCKS 
TUGS, ETC., ETC. = ; 














Sea-Going Twin Screw Bucket and Suction Dredger ‘‘ Hsin-Ho’’ 
with Force Pump, supplied to the Hai-Ho Conservancy Commission. 
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17, GROSVENOR GARDENS. LONDON, S.W.!. 


Challenges World Competition 


against all makes A Bold Claim but True! 
| | Can YOU afford to 


disregard and rest 
content with: 


Output rates which can be trebled 
Power costs which can be halved 
Operation fatigue which can be 
cut out 


Works which have tested our claims are 
replacing machines with our latest types 
—and getting great production cost 
savings, even with a smaller number of 
machines. 


YOU ought to obtain such gains. 
Sizes 3 ft. 6in. to 12 ft. radius. 








Write for particulars. 





















































Awarded Grand Prix at Liege Exhibition, 1930. , WILLIAM ASQUITH, LTD., 
Park Works, Halifax, England. — 
QMEDULUU PUA D OULU PUA ESAOEAUUUA OOTY UOOU A ADEA EAE 





JAIN (PARKSON ) MILLERS 
No. 2J. 


TABLE MOVEMENTS : 30in. by 10in. by 18} in. 
TABLE SURFACE~ - - 5lin. by 12; in. 


QUICK POWER TRAVERSE TO 
ALL TABLE MOVEMENTS 
CONTROLLED BY ONE LEVER. 


WHICH IS ALSO USED FOR 


ENGAGING and DISENGAGING 
FEED TRAVERSES. 


ALL FEED CHANGES MADE 
AT FRONT OF KNEE. 


RESULT—MORE WORK DONE 
WITH LESS EFFORT. 


J. PARKINSON & SON, SHIPLEY. 
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: Bus. 
Belfast Corporation 4L2 Engine 


a Gardner 
yerated by (38/50 B.H.P.). 


Watts Milk Tank. 
Operated by a Gardner 5&5 L2 Engine 
(473/613 B.H.P.). 














s 


HIGH SPEED 


OIL ENGINES 


19 to 102 B.H.P., 2to 6 CYLINDERS 
OF PROVED RELIABILITY 
AND EFFICIENCY. 


ADMIRABLY SUITED FOR 


ROAD TRANSPORT. 


o~ 


@ 


Compared with a petrol 
engine, they effect a saving 
of 80° in fuel-cost. 


They start by hand, with- 
out preliminary heating or 
electrical device of an» 
description. 


They are immune _— from 








‘ AMe “TON Ray WEE OM tee 
- ‘ i | 
‘ <b =) mg=mp IER 


BAR TON 


thitaes peng Transport Co, Bus 
re by a Gardn er 5L9 2 . 
(473/613 B.H.P.), "8ine 


Pagefield Van. 
Operated by a Gardner 4 L2 Engine 
(38/50 B.H.P.). 











L. GARDNER & SONS, LTD., 
(Proprietors of Norris Henty & Gardners, Ltd.) 


MANCHESTER. 


PATRICROFT 


fire risk. 
~ 


LONDON OFFICE: 


115, Queen Victoria Street, 
E.C. 4. 

















MECHANS LIMITED, 


Scotstoun Ironworks, Glasgow. 


LONDON OFFICE: 
10, Princes Street, Westminster, S.W.1. 





Head Gears 

Bunkers 

Steel Chimneys 

Blast nine Ria 
Riveted Steel Pipes 
Steel a 
Elevators & Conveyors 
Gas Producers 


Steel Buildings 


6418 


Steel Structural Work 





Riveted, Welded & Pressed Steel Plate Work of every Description for Mines, Gasworks, Oilworks, etc. 


Ask for Sectional Catalogue -—No. 2. Structural & Mining Plant. 





No. 4. Steel Pipes. 


No. 5. Forging & Flanging. 


No. 9. Elevato-s & Conveyors. 
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Shipbuilders a 


BUILDERS OF: Torpedo Boat Destroyers, High-Speed Steam and Motor-driven Passenger and Cargo 
Steamers, Special Service Vessels, Shallow Draught Vessels, Steam and Motor Launches of every class. 


+ EAST COWES*¢ ISLE OF WIGHT + 


elephone ; Cowes 103 (3 lines) 


Telegrams; “ White,” East Cowes, 


MANUFACTURERS OF : Marine Steam Turbines, Reciprocating Engines. ‘‘ White-Forster ” Water Tube 


Boilers, Marine Return Tube Boilers, T 


“J. Samuel White ” 


Semi-Diesel Eng‘nes, The “J. Samuei 


White” Oil Fuel Burning Installations (Low Pressure System) for Marine and Land Purposes. 








| rere 


TYPE AH 


MODERN 


INCE the “‘F”’ Type Patent Mechani- 
cal Lubricator was introduced two 
years ago it has met with a 

wonderful reception—it has become 
firmly established in favour among 
Engineers covering a wide field of 
application. 


Many thousands of these Lubricators 
are giving reliable service in installa- 
tions all over the World, and users 
have proved for themselves that the 
‘““F”’ Type is all that we claim. 


LUBRICATION 


Every Engineer should write us for 
a copy of our new FREE booklet on 
the ‘“‘F” Type Patent Mechanical 
Lubricator. It is profusely illustra- 
ted and embodies all the latest 
developments. 


HUNT: MITTON 


OOZELLS St NORTH BIRMINGHAM 
Telephones Miovano 393-4 Telegrams: Mitton BirmincHas 


Combining Fletcher Bros. (late of Ashton - under - Lyne.) 
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STOTHERT & PITT I 
BATH , ENGLAND. 





























EEAIDE, SOUTH AUSTRALIA: 
FEAM "FLOATING CRAN 





























Makers of all kinds of 


Hydraulic Plant 


and 


Steam and Motor - Driven 


Air & Gas Compressors 


As 
ct 




















Motor Driven, Horizontal, Three Throw, Single 
Acting, Hydraulic Pump with single acting Jack 
Pump, driven off main shaft. Made for Port and 
Harbour of Greenock. 


R.P.M. 360. Made for London PA "vs 
and North Eastern Railway Co. 


Vertical, Two Crank, Two Stage, Fal [ H dart 2h | 4 td 
Sa ee UHerOn.! agar LaDarclay.L. 





=) 








DEC. 25, I931.] ENGINEERING. [SUPPLEMENT page XI] 


GUEST- LENOX PATENT PRESSED STEEL SECTIONAL TANKS 





As Supplied to 
H.M.War Office, 
Admiralty, 
H.M. Office of 
Works, G.P.Oc, 
Angio - Persian 
Oil Go., Ltd., 
Eto. 
oogooao 


When Ordering 
Tanks for Shipment, 
Reduce 
the Cost of Freight 
by 
specifying our make. 
oaqaqa 

Light. Cheap. ”” 
Bolted Joints. 
Easily Erected. 
Noskilled labour required. 
Joints made with plastic 
compound capable of 
resisting the action of 
Raw Ammonia, Oil, 
Alkali, Brine and Sugar 
Liquid. 
Efficient and Strong. 
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The above tank is fitted with special round corner pieces to facilitate cleaning, and measures 61 ft. by 61 ft. by 12 ft. 6 in. deep. 


makers: BROWN, LENOX & CO. (LONDON), LTD., POPLAR, E. 


ine, “LENOX, MILLWALL” 








NMcCLAREN - BENZ 


LIGHT WEIGHT - HIGH SPEED 


DIESEL 


OIL ENGINES 


€ =r, 


RELIABLE AN 


300 B.H.P. ENGINE AT 1000 R.P.M. 
FOR - 
LOCOMOTIVES, RAILCARS, CRANES, 
EXCAVATORS, COMPRESSOR’ SETS, 
PUMPING PLANT, WATERCRAFT, 
LIGHTING & POWER SETS, Etc, Etc 


pall “od. & H. McLAREN, 


G 
LIMITED —== waar RANGE OF SIZEs, 


—_— LEEDS, ENGLAND. B001-2 Leeds. 


cLaren, 
All Codes used. 
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The Best—and British Throughout 


Heap’s 
Patent Screwing Machines 
with Tangential Dies 




































are the last word in Screwing Machines. They are designed from beginning to 
end as high-class Machine Tools, and embody features not found in any other 
make of Screwing Machine. The Die Head is of our own Patented design. 


All parts of the Head, and also of the Die Holders which are liable to wear, are of 
hardened Steel. The Thrust of the Dies is taken on the four-throw Cam which is fitted 
with hardened Steel Strips. The wall of metal which surrounds the Die Holders solidly 
supports them, and also eliminates the danger of the Operator being caught by pro- 
truding Die Holders. The Hardened Steel Contact Blocks of the Die Holders bear 
for their full width onthe Cams. These features render the Die Head when closed as 
rigid as asolid Die, and enable us to guarantee the Heads to Screw perfectly parallel 
and uniform threads. 





Responsible representatives of firms interested are invited to visit our Works 
to inspect the Machines in construction and completed, and test them in actual use. 


6272 


Joshua Heap & Co., Ltd., Ashton-under-Lyne, England. 























The MILLETHERM (PATENT) 
HEATER -CONDENSER 


will give you a HIGH EFFICIENCY 
and ECONOMY IN HEAT 











TRANSFERENCE 
= — - » REFERENCE, 
— Sena WATER INLET. 

oss WATER OUTLET. 

eee STEAM INLET. 

ae STEAM OUTLET OR DRAIN. 

ee HAND-OPERATED BYE-PASS. 

, ee: BLOW-DOWN COCK. 


Reneomseeees RELIEF VALVE (WATER). 
















THE ILLUSTRATION SHOWS THE STANDARD FORM OF 
HEATER, COMPLETE WITH HAND-OPERATED BYE- aner taae 
PASS, THE BODY BEING CUT AWAY TO DISCLOSE THE 

INTERNAL TUBES AND FLOATING HEADER. 
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WORK ELECTRICALLY 


with LITTLE GIANT 
PORTABLE ELECTRIC TOOLS 

















The No. 37 
Electric 
Screwdriver 
and Nutrunner. 
Will tighten nuts 
from in, to fin, 


No, 8 CP 
Electric Grinder 
for general work, 






The No, 37 
Universal 
Electric Drill, 
Capacities in 


mild steel }in, ECONOMICAL IN USE. 


RAPID WORK IN COMPARATIVELY to gin, WRITE FOR CATALOGUE 16 


UNSKILLED HANDS. 
THE CONSOLIDATED PNEUMATIC TOOL CO., LTD. 


EGYPTIAN HOUSE, 170, PICCADILLY, LONDON, W.!. 
BRANCHES ALL OVER THE WORLD. 








FACTORIES at:—London, England. Fraserburgh, Scotland. Melbourne, Australia. Montreal, Canada. Berlin, Germany. Detroit, Cleveland & Franklin, U.S.A. 


STEEL WELDINGS 


v“ MONARCH OF BERMUDA” 
FOR SETS} FOR MAIN. PROPELLER MOTORS. 








_-—x 














Strength with Lightness. 





Reliability with Economy. 





Send your Casting Problems 
for Welding Solution. 





Make use of our experience. 








MILD STEEL STATOR CASE FOR 5,000 H.P. MOTOR. a 
THE STEEL BARREL C° L™ 
Tolenesene ; weenie, UXBRIDGE 9 MIDDLESEX. uuaenaane 25 1. 
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Conveyors. 
For iHustrated advert. see page 63, Dec. 18 


BARRY, HENRY & COOK, LTD., 


Engineers, ABERDEEN: 













FOSTER BROTHERS, Limited, 
TUBES & FITTINGS, 
Main Steam Pipe Installations, 103. 


WaADNPSBURY.Y. 














Q TTING OFF > MACHINES 


Haak ron ssevion 116. 0aTao we (( 


© ENGLAND 


CEARLES TAYIOR BIRM” 








The Firm with Smart Service. |' 


PAGKINGS for every purpose. 

ENGINEERS’ SMALL TOOLS. 

VALVES, W.I. TUBING and 
FITTINGS. 

PULLEYS, SHAFTING, 
BELTING. 4770 


IVY-GRIP BELT DRESSING 
ALEXANDER KENYON 


& co., LTD. 
Engineers’ Stores, Teols, 


Victeria Bridge, MANCHESTER. 


ehie-A}| 


™ 


NG, CO. LTp 
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ATLAS WORKS TEMPLE - GLASGOW 


JOHN GRIEVE & CO., 


MOTHERWELL, 
CRANE MAKERS 





Bee last and next week’s advertisement. 6104 
JOHN SPENCER, L* 
WEDNESBURY. 
IRON & STEEL 


TUBES 


oLES, STEAM MAINS, PIT PROPS, &ca 
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Complete Boiler House, with three 
125,000/150,000 Jbs. per hour Simon- 
Carves Multiple Drum Boiler units, 
now being equipped at Hackney 
Power Station. 


SIMON-CARVES BOILERS AND 
PATENT WATER-WALL COM- 
BUSTION CHAMBERS ARE UN- 
SURPASSED FOR EFFICIENCY 
AND RELIABILITY AT HIGH 
RATINGS. 
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SIMON-CARVES LTD. 


CHEADLE HEATH, STOCKPORT 

























Clg Surface 
ee. ony Si TIOnHT Noctis 


enables belts to run slack without slip. 
Thomas & Biswor Ltp., 87, TABERNAQLE Sr., B.C 

















BRIQUETTE MACHINERY 


FOR 
Coal, Coke, Ores, etc. 
Write: Herbert Alexander & Co., Lid., 
Charmouth Street, Leeds. coer 


AMSLER 
TESTING MACHINES 


Send for catalogues to British Agents :-—- 


T. 6. HOWDEN & CO., ...: 


5 & 7, Fleet Street, Birmingham. 


Sterling 


FOUNDRY MOULDING BOXES 
WHEELBARROWS 


Sterling Foundry Specialties, Ltd. 


BEDFORD. 5682 























F. WIGGINS & SONS. 
FOR INSULATION, sicht tote snc. 


Largest Stock in the world. 
102, 103 & 104, Minories, LONDON, 


CENTRIFUCAL 


i. & HIGH SPEED ENGINES 
gon aad ive WEEKS ISS 
ORYSDALE & COLT YOKER. 
GLASGOW. W. 


Telephone: Royal 8029. 
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SWITCH 6, 
GH SERVICE 


Ironclad, damp-proof and robust, and in 
addition mistake-proof, the ‘‘ Vickers’ 
Switch-Fuse is just right for rough service. 
Any size or combination of sizes can be 
assembled on a common busbar chamber 
to meet every distribution requirement. 
Can now be supplied with cable boxes 
suitable for paper insulated, | 
bitumen insulated or V.I.R. 
3-core cables. Enclosed car- 
tridge fuses are standard for 
ordinary duty, and where a 
higher rupturing capacity is 
necessary, special light duty 
‘* Aeroflex ’? Fuses are supplied. 


Send for Leaflet 276/1-1. 


METROPOLITAN a 
J | straight or curved track. 

Vickerg =A GILT-EDGED 
ELECTRICAL Cco., LTD. 


TRAFFORD PARK --- MANCHESTER 





Vaughan 


Electric 
Block. 



































Up to 250 Amps. at 250 Volts. 
” 200 ” ” 500 ” 
” 100 ” ” 600 ” 


LOW IN COST. 





ALSO MAKE ECONOMIC 
or DRYBACK BOILERS 


VO3 
6280 














ola 
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If you require . 


IRON CASTINGS 


to fit your jigs, without blow holes and 
easy to machine, apply to 


HAM, BAKER 


& CoO., LTD., 


ENGINEERS, IRON and BRASS FOUNDERS 
LANGLEY GREEN, BIRMINGHAM. 
If you require 
‘RON CASTINGS OF EXTRA STRENGTH, 
we can supply in our special ‘‘ FERAC ’’ Mixture 
> Guaranteeing a transverse breaking load ona 
2in. by lin. bar 36 in. long between s 


supports, of 38 cwts., with a deflection of 
half an inch. 





Telegrams : PENSTOCK, LANGLEY, WORCS. Telephone : 1445 & 1447 BROADWELL. 
‘*PERAC ''is our Registered Trade Mark and no authority has been given to anyone to use ae ie 
6164 


this mark, and its use by anyone else is an infriagemeat of our rights. 
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LEADING MANUFACTURERS 
ARE NOW ADOPTING 


Dardebet 


Self-Locking Screw Ihread 


BOLTS, NUTS AND STUDS 


ADVANTAGES : 
41. Greater strength. 


2. Self-locking without 
accessories. 





3. No wear. : | 
4. Speedy fitting. 
§. Moderate prices. 


6. Immediate deliveries 
from stock in princi- 
pal industrial centres. 





WRITE for descriptive | 
booklet, N.P.L. official | 
tests report, samples and 
testimonials. 


BRITISH DARDELET THREADLOCK 
LTD., CHASE ROAD, LONDON, N.W.1o 


. NUT LOCKED 
























Have You Heard 
of our Latest 

Achievements ? 
Jf not ~ Please 
let us know ~ 


5531 


PENMAN «CoLtpD 


CALEDONIAN IRONWORKS, GLASGOW, S.W. 











ew 
a ilations 





This group of 4’ and 3” mild steel 
Flanged Galvanised pipes is illustra- 
tive of the pipework manufactured at 
our Millwall works. Nothing is too 
difficult for us, and no matter what 
H.P. Steam pipework you require, 
we can make it. Write to: sae 


LE BAS TUBE CO., LTD., 


Dock House, Billiter Street, London, E.C.3. 


Works: CyoLops IRON WORKS, MILLWALL, E.1 
@LASGOW: 9, Howard Street. MANC HESTE R: 16, een 
BELFAST 45, Rosemary Street. E.1.H. 











* DEARN” 


NEW DESIGN TURBINE PUMP. 








High Efficiency with Reliability. 








Made in all sizes for heads up to 1500 feet. 





ec FRANK PEARN & CP LEP snes 
Phone : East 1141, ANCH ESTER a Phone : 9557 Central. 
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po you KNow| [| ‘“* VISCO” 
VIENTILATI ON Ry 
PAYS? pi 











‘Visco ’ Engineers 
areatyourservice. 
They are special- 
ists in Dust Collect- 


THE NON-CORRODING Glanng,AirGon 


STRONG LIGHT ALLOY? and. : Ventilating, 


etc. 


THE SOLE MANUFACTURERS:— || @en oe ng " 

JAMES BOOTH & VYISCQO 

COMPANY aos1s) LIMITED, GINEERING 
ARGYLE STREET WORKS, 162, GROSVENOR ROAD, LONDONSWi 














Telephone: Telegrams: 

NECHELLS, BIRMINGHAM. vaseeedies a... ee 
Telep hone : Telegrams : 

EAST i221 P.B.E. “BOOTH BIRMINGHAM.” 














SMOOTH-ON No. 1.—an excellent first 
aid for stopping leaks at joints, making 
tight repairs at cracks, in castings, etc. 
cub,ft.per.main. SMOOTH- -ON No. | makes new or old 


joints absolutely tight at any temperature 
and pressure, repairs cracks in cast pressure 








Portable eel contained motor “ h il | J d | k A i 
mining set Capacity 7 ee shells, seals rivet and seam leaks in any meta 
th 17-0". : . 
Height. £6 ici oe ene restores corroded parts, and can be used for at 
least a thousand odd repairs in power and 
A complete range factory plants with £1 to £100 saving on almost 
for all purposes. every job. 
OE an ae NRT On Smooth-On No. | adheres well to any metallic 
Compressors, fixed and portable—all surface, and makes a perfect and lasting repair. 
ypes of drive. | ‘ 2 
I ia acai Be the first to suggest it and get the credit for 
air requirements may be, there is a the saving. 
‘‘Broomwade”’ Compressor of a size . . 
aud type to exactly suit his duty. Sold in | and 5-lb. tins and 25, 50 and 100-lb. kegs. 
Petrol E Dri ; a 3 i i 
rere Ont Ch by io el ised experience in the man corel Six other grades, each for specific purposes. 
pe ee. 2S ane ee f “Broomwade” Air Compressors are Get the free Smooth-On Handbook and see for yourself. This 


book will post you on the theory of 
Smooth-On, when and how to use 
each grade, and what resul's to expect, 
based upon data and pictures from 
several hundred typical applications. 


working and giving absolute satis- 
faction in all parts of the world. 


We solicit your enquiries. 


BROOM & 
WADE, LTD. 


. HIGH WYCOMBE. BUCKS. 
Twin Cyt. Belt. Driven Compressor 
Sizes 28 to 800 oub. fe 


ALSO 8 & 4 Gylinder machines up to 1200,oub. ft. 


“BROOMWADE” 


AIR COMPRESSORS “ 
















Distributed by : 


Messrs. WALTER P. NOTCUTT, LTD., 
Notcutt House, 
Southwark Bridge Road, London, S.E.I, 
and carried in stock by leading dealers and 
supply houses. 
Made by Smooth-On Mfg. Co. 
Jersey City, N.J., U.S.A. 














TWENTIETH 
t £01TION 
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ACCURATE 





















Notice the headed 
key here illustra- 
ted. Itis grooved 
to allow easy and 
quick fitting. 


K 2 Y S supplied 

tapered 
without grooves or with 
hollow backs, or grooved 
on one or both sides. 


PLAIN STEEL KEYS 
with square ends, tapered, 
or round ends parallel, 
square ends _ parallel, 
grooved, hollowed, etc. 


WOODRUFF KEYS 
stocked in Carbon and 
Nickel Steels, and can be 
supplied Heat Treated or 
to Customers’ own speci- 
fications at short notice. 


Please write for copies of 
Catalogue 
various 


our General 
showing our 
machine parts. 





COTTERS 
KEYSand 
PINS 


Exors. of James Mills Ltd., 
Bredbury, Nr. Stockport. 


than your own key-ways 








VALOR 


Storage Equipment 
Lubricating Oils 



















HREE 150-gallon tanks fitted wth adjustable self-measuring 


pumps, barrel cradle and dash for indoor storage. 


These can also be supplied in 50, 100, 200, 250, and 300-gallon 
sizes fitted with quart pumps, semi-rotary, or gear oil pumps 
as alternatives. 

We are manufacturers of all types of outdoor Storage Equip- 
ment, comprising a Sliding-door Cabinet of 55 gallons capacity, 
barrel covers, drum, shelters, portable outfits, etc., fitted with 
pumps as above or customers’ own pumps where desired. We 
are In a position to give prompt delivery of standard models, and 
are prepared to quote customers’ own design and finish where 


desired. Write to-day for List 6/V 53 and prices. 


THE VALOR CO., LTD., 


VALOR WORKS, Bromford, Erdington, BIRMINGHAM. 
LONDON : 120, Victoria Street, S.W.1, 
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a [gael ol ie opHleating 
Le USGRAVE STOVES | 
PAS are built for economy. 
. Economy in fuel, economy 
in attention, and economy ' 
through efficiency. ' 
They will keep your Shop t 

warm all over at a trifling 

cost, preventing loss of 

time and low output on 
the part of workmen. \ 
Musgrave stoves have a ‘ 
50 years’ reputation for : 

long and efficient service, 

; Telephones : with low fuel costs. € 
CONDON, HOLBORN | stortee, Write for Catalogue S /3 
MANCHESTER, CITY 1838. or "phone our nearest p 
BIRMINGHAM, NORTHERN o471, Oranch for _ personal F 
GLASGOW, CENTRAL - 4029. interview and advice. 

Indian Agents: Messrs. Keymer, Bagshawe & Co., 5, Mangoe Lane, Calcutta. n 
S. African Agents : The Dryden Eng. Co., Ltd., Box 815, Johannesburg. 
USGRAVE‘:’ 
( 
b » 
ENGINEERS - or 
LONDON: CARDIFF-MANCHESTER |™ F 
GLASGOW: BIRMINGHAM ™ 



















HL 








r DEC. 25, 1931.] 


ENGINEERING. [SUPPLEMENT page XIX] 








This casting is 8 ft. 3in. in length 
and weighs 14 cwts. It is, we 
believe, one of the most massive 
aluminium castings ever turned 
out as a production job. 


ALUMINIUM 


gate the matter? 








oo 


WILLIAM 











GROVE STREET .-,,, BIRMINGHAM 


6500 








Some up-to-date 
applications of 


f CASTINGS 


The illustration is typical 
of the wide range of jobs 
for which Aluminium Alloy 
Castings are an economical 
proposition. It may be 
suggestive of possible 
uses in other directions. 
May we help you investi- 

















> 


THE “THRAPSTON” PATEN 


INDUSTRIAL © ) 





ENDLESS 
“VEEFLAT” 
DRIVE. 


Patent No. 346250. 


AVOID 


Belt Slip, Belt Guards, | 
Stoppages, Oily Chains 
and Chain Cases, noise |j 
and dust, and have no | 
transmission trouble. 


With a ratio of not less 
than 34 to 1, Smith's e ' 
Patent “ Veeflat” drive |) 
eliminates the expensive 
“V" grooved driven 
Pulley. An ordinary Flat F 
Face Pulley is all that is | 
necessary. 





i i incl iz 


Illustration of an ideal Motor Drive to Main Shafting. 


SMITH & GRACE, LTD., 


Engineers and Ironfounders, 4041 
19" ‘Threpeten, THRAPSTON, NORTHANTS. = «Grace Thrapston.”’ 
LONDON : 35, Queen Victoria Street, E.C.4. 9531 Clty. 





| 


















(REDDAWAYS PATENT) 


for 


pressures up to 


IO TONS 


per square inch 

















































HE fact that Reddaways 
manufacture their Patent 
Hydraulic Hose to stand 

Pressures up to 10 Tons per Square 
Inch is evident proof to all Hydraulic 
Engineers of its sterling qualities. 
It will not kink, nor will it collapse, 
and yet it is exceedingly flexible; 
and Reddaway’s Patent High Pressure 
Couplings, too, are of equal importance 
because they cannot possibly blow out 
or give way under any pressure. Used 
throughout the world. 


F REDDAWAY V 





AND COMPANY LIMITED. 


PENDLETON~MANCHESTER 
& BUSH HOUSE, LONDON, WC. 


REDDAWAY For RELIABILITY |_-— 
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— PATENTS — 


DIPPER DREDGERS, 
ROCK DREDGERS, 
ROCKCUTTERS, 
HOPPER BARGES 


FOR ROCK. “VERA CRUZ” SUCTION HOPPER, DREDGER 











LOBNITZ, RENFREW, 


RENFREWSHIRE. RENFR EW, 





LOBNITZ DREDGING PLANT 


canzaooresss: LOBNITZ & C° L™» encineers & SHIPBUILDERS. = 


SCOTLAND. WESTERN UNION. 


BUCKET DREDGERS, 
CUTTER SUCTION DREDGERS, 
TRAILING SUCTION DREDGERS, 

TIN DREDGERS, 
GOLD & PLATINUM DREDGERS, 
GRAB DREDGERS, 
TUGS & PILOT VESSELS, 
STERNWHEEL STEAMERS. 














PECKETT’S 
LOCOMOTIVES 


or au, SIZES AND GAUGES 


PARTICULARS ON APPLICATION. 


PECKETT a SONS Lro., 











BRISTOL Telegraphic Address: “PECKETT, BRISTOL.” wie 
London Representatives: FERGUSON & PALMER, 9, Victoria St, Westminster, 8.W.1. 











TRADE MARK, 








— AUTOMOBILE STEELS ~ | Seom 


sateumiies FOR BACK AXLES, PROPELLER SHAFTS, GEARS, &c. BAYLEYS 
BROWN BAYLEY’S STEEL WORKS LTD., SHEFFIELD. | (=<... 




















THE “FROUDE” PATENT HYDRAULIC DYNAMOMETER 


PI a OTE EO ‘‘ Froude Brakes make no mistakes.”’ 


SOOO SO OOS OOOO SOOSS 


, For 

; TESTING 

: the B.H.P. of 

- AUTOMOBILE, 

> AERO, OIL, GAS, 
DIESEL and 

+ STEAM ENGINES, 
TURBINES, 





66646 e 66666066hh 06666 


ELECTRIC MOTORS, 
ETC. 
4 ¢ 
4 


INEXPENSIVE, 
CONVENIENT, 
SCIENTIFICALLY 
ACCURATE. 


SOOO SSSSSOSS SSS SSSSSSOSOSSSSSSESOSOOOOOOSD 


$OO600666606555b55bsbbb5bbbbb6b6bb6b6666 066666666 
> 








eee 


466b6b6b60bbb666666666666666666 








a i PLEASE SEND FOR OUR LITERATURE. 


Heenan & Froude Ltd. Worcester 





$$6666$bb$5bHbOOb0$OObO0000060 
SOSSSOSOSOSSOSSSOSSOOSOOOOOOOOSD 





SCHNEIDER 
TROPHY 


All Rolls-Royce 
Schneider Trophy 
Engines were fully 
tested on a new type 
of FROUDE 
DYNAMOMETER. 
SimilarDynamometers 
have been supplied to 
France and Italy. 


$O00O06506050555bbb06 





OOOO OOOO FOS 45S FHS }HHFH}}HSH}HH}4H5S 455s b4bb5b6h04 
DOSS SSOSOSS OSH HHHHHHHHSHGHHHHGGHGOSHOOOO65OHHHOOH 





POPS O SSO SOOO SSO GOSS SOOO SSS SHSOSSSSSOSSOOOSSOOOOOD 


46666666666068660880464444s 


$646666666$666666006066 66e6 
SHSSSSSSSSSSSSSSSSSOSOOOOOOOY 














ue 


= 


ail 


Bt] 


Pe TTETELLLLLLELLUAACUCHPLLLLLACeCeeUUULLLUUTECUUeUUeeLOUTTHEeCUe LEAL 


GOTT TTTTTLL LLU LLU LLU LLLA LLL LL LLL OL LUC 





i 








E 
| 
= 
E 





IL 


6210 


J 





i 


d. 





DEC. 25, 1931.] ENGINEERING. [SUPPLEMENT page XXI] 51 










x % : Part of the Hydraulic 
é : LZ Moulding Section in the 
Se: ~~... an new Harper Foundry. 


~~~ Pe 


oe ~ “~ < — <a = 
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HARPER . Lite AR ie 
CASTINGS 8/8! hs! Smee 7 
cost less i ea — 
because _s tne 
they save more 





oa 





















In buying grey iron castings, An increasing number of pro- 
price per ton really matters very duction engineers are insisting 
little — it is the cost per ton on Harper Castings because 
that is so important. 





1. Higher machining speeds 


Castings are raw material and are possible. 

can only be considered in con- 

junction with tool charges, 2. They are mace to more 
machining and assembiing uniform dimensions and 
time, etc. tolerances. 

If, for example, you are buying 3. Tool charges considerably 
at {x per ton and add these reduced owing to a much 
charges to the price, you may longer life. 

find you are paying an_ exor- 

bitant figure. 4. Each manufacturing pro- 


cess is laboratory controlled. 
Castings, say, at £Y per ton 


JOHN HARPERE COE? May nas Your fool pil, 472 Wherever Harper Castings are 
ALBION WORKS ILLENHALL first instance, they may be the used they cost less because 
TELEPHONE: TELEGRAMS cheapest castings to use. they save more. 


WILLENHALL 124 (4LINES) HARPERS, WILLENHALL 





5.31 



















eee 


‘7 ae) ‘SENTINEL’ 
io OC VALVES 


je 





BALL BEARINGS 
FITTED IN ALL \ DE Se 

JOURNALS WITH ee” F 

BATH LUBRICATION 


‘soit <a POWER PLANTS 


For Circulating Water and Exhaust 

Steam, are supplied with hand, 

motor or hydraulic operation with 
remote control. 


Valves up to largest bore made 
supplied to Super Power Stations in 
this country and abroad. 


a “ SENTINEL.” 


Prices and full particulars sunplied free. 
Ask for catalogue W.3. 





th “ SENTINEL” .Traps— 


GROUP OF 60” DIAM. MOTOR OPERATED CIRCULATING WATER VALVES. Ask for Catalogue W 6. 


ALLEY & MACLELLAN, LTD. 


SENTINEL VALVE WORKS, WORCESTER. 


Telegrams: ‘‘ Alley, Phone, Worcester.”’ 
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Telephone: Worcester 15. 
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TAYLOR & CHALLEN, L' Engineers, 


Derwent Foundry, Works & Showrooms, 
B® CONSTITUTION HILL, BIRMINGHAM. 


COMPLETE PLANTS 
MADE AND ERECTED 
FOR THE PRODUCTION 
OF ALL KINDS OF 


PRESSWORK, 
MINTING & 
MILITARY 
CARTRIDGE. 





ROLL-FEED FOR 
ARMATURE D'SCS. 





FOR MOTOR PARTS. 





DRAWS SEAMLESS METAL CYLINDERS. 



















































DONKIN GAS REGULATORS 





Will Save Gas and ensure a Constant Pressure 
at your apparatus 





We supply them for 
GAS METERS, FIRES, STOVES, GEYSERS, RADIATORS, ETC. 


They can be relied upon to 
MAINTAIN A CONSTANT PRESSURE KEEP LIGHTS AND HEAT REGULAR 


SAVE GAS BY PREVENTING WASTE 6107 








THE BRYAN DONKIN CO., LTD., cucMists, Mterofu Reguaors & Governor 






















| 
| 
} 
| 








ROPEWAYS 
CABLECRANES 


BELT CONVEYORS: 
BUCKET ELEVATORS 


THIS Bieichert Ropeway in the Chilean | 

Cordilleras with a length of 24 kilo- | 
metres, has 255 cars in service for the 
transport of copper ore, each with a 
carrying capacity of 200 kilos. The differ- 
ence in level between terminals amounts 
to nearly 1700 metres, and the largest span 
has a width of 1665 metres. Despite this 
great length, the reliableness of the 
traffic is quite up to the high standard 
to which we are accustomed on Bleichert 
Transporting Machinery. 


BLEICHE 4002 C 


Detailed Prospectus supplied Gratis. 


TRANSPORTING MACHINERY & ENGINEERING-CO-LTD 
F76,VICTORIA STREET” WESTMINSTER~¢ LON DON/S‘W14 
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ELECTRIC MOTOR CONTROL GEAR 


for all classes of 


ENGINEERING SERVICE. 


IGRANIC Electric Motor Control Gear is trustworthy 
and designed and built for maximum efficiency. For 
every purpose for which an electric motor can be used 
there is a standard IGRANIC Controller. 

















x nt aU, Bu ¥ Ra + S % PS When planning electric drives take advantage of IGRANIC 
“ Experience. 
ous S35 Bis S23 > <a | ? Specialists in: 
Skip Hoist Controllers. Ore Transporter Control. 
HAN } a i Vi ’ : M Ng x ‘Oe: u Steel Mill Controllers. Sewerage Plant Control Gear. 


et Se Aa oS . Electric Steering Gear Control. Movable Bridge Control. 
a ee Crane Control, etc., etc. 


Let our experienced engineers advise you. 
Address your communications to Dept. C 128. 





QueenVictoriaSt 





Direct-Current, Full Reverse, 











Etcceiealy-Driven Pamper (6800 Vote) [GRANIC cad Master Switch for Ste 
ELECTRIC Co.Ltd. Mill Service. 
LOND OY 
10rs Works: BEDF ORD. 3 6224 
i Pioneers in Motor Control Gear Manufacture. 


























We supply every kind of 
Welded Steel Structure 


In any shape or any size, from a few lbs. up 
to 20 tons, from your own specifications, or we 
will prepare designs for you. Tanks, Pans, 
Casings, Chemical Plant, Pressure Vessels, 
Rail and Road Wagon Tanks. Welded Fabri- 
cated Work, such as Engine Bed Plates and 
Stator Frames. Tanks and Vessels prepared 
for Rubber or Lead Lining, or made from 
Acid Resisting Materials. 





STEEL GROUND MANHOLE COVERS MADE OF 
UNBREAKABLE STEEL CHEQUER PLATE, MAKING 


A SAFE LOAD FOR 5, 10 OR 15 TONS. 


Send for Folder giving Sizes and 
CONSIDERABLY REDUCED PRICES. 



















Welded a Open 
ia OUR 75 YEARS’ EXPERIENCE IS AT YOUR SERVICE. 
WHATEVER YOUR REQUIREMENTS, LET US QUOTE YOU. 


Telegrams: 
354, Abbey House, ‘o td “Jenkins, Rotherham.” 
Victoria Street, S.W.1. aii 
a IVANHOE WORKS =a 
£s70.1656 ROTHERHAM a 


London Office : 
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Complete 
Galvanising 
Plant. 


THOMPSON BROS. (BILSTON), shia 
Bilston, 
M & Cc 


CONVEYORS — 


for all material in bulk | 


47 BROAD STREET, GLASGOW, bs ey 
36 VICTORIA STREET, LONDON, S | 


MAVOR & COULSON "LD 


Governors 








—* | 








(PICKERING TYPB), and with 
“SMITHS” PATENT KNOCK-OFF GEAR 
Simple. Efficient. } 
Jockey Pulley abandoned. | 
Operates should Governor stop | 
from any cause. | 


Sole Licensees and Makers: 


Pollock, Macnab & Highgate 


SHETTLESTON, 
GLASGow . 


Makers to War Office and Admiralty. 















| 
| 
| 
THE 


CLEVELAND 
BRIDGE an 
ENGINEERING €0., Lio. 


Specialists in the Design, Manufacture, 
and Erection of Bridges, Girders, 
Roofs, Warehouses, and all classes of 
Iron and Steel Constructional Work. 


Head OFFICE AND WorKs— 


DABHRLINGTON. 

















Announcement | 
| E have pleasure in announcing | 
that we have taken over the 

manufacture and distribution of the 

Linfield Heater Circulator previ- | 

| ously carried out by the late Darcy 

| Wentworth, Esq., of 26, Victoria 

Street, Westminster, S.W.1 Will 

all existing and prospective users 
| please note this in their records. 

The Linfield Heater Circulator | 

is a patented device for the direc: | 

injection of steam, to heat, acceler- | 




















| ate and contro! low pressure hot | —— 


water circuits for central heating or | 
hot water supplies. 
Entirely British. 


A large number already in successful operation. 
Used by the Air Ministry. 


The Sihi Self Priming Pump Co., 
Standish Road, Fallowfield, 
Manchester, 





Phone: 
Wid. 1611 








<W-AZ>c0O <Z> 
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DIALS FOR EVERY TYPE OF GAUGE AND 
INDICATING MACHINE, IN ANY MATERIAL OR 
FINISH "REQUIRED. 


JAMES COOKE & SON, LTD.. 


& & 8, WRENTHAM 817.. BIRMINGHAM 
Specialists in Dials since 1840. 














yy 


POWER FOR SIXPENCE PER HOUR 


—_j 





38 B.H.P. National Heavy Oil Engine at the Boot and Shoe Factory ot Mr. S. A. Wiltshire Dublin. Al.hough the 


photograph was taken while engine was running the.e is no sign of vibration. 














National Engines totalling millions of horse power are in | Mr. S. A. Wiltshire, Boot and Shoe | a “ 
use in all parts of the world and in all classes of industry. | yfanufacturer, Dublin, installed a 38 Ph 
The saving over other forms of power has, in countless B.H.P. National Heavy Oil Engine Li 
instances, been such that the capital expenditure is repaid | two years ago. He has expressed 2; 
very quickly. Please allow us to submit a scheme, ASO | EEE NEE Oe . 
¢ i d aa to start and economical to run, the FI 
which will not place you under any obligation. average cost for fuel oil being 20 to 25 RE 
shillings per week of 48 to 56 hours, or A 
THE less than sixpence per hour. This is IN 
° ° typical of the many hundreds of 
National Gas Engine Co. TAd. | Nations on Engine installations in 
ASHTON-UNDER-LYNE . Nr. MANCHESTER. | #!! parts of the world. | 
London Office 117, Queen Victoria Street, E.C.4 —— eco C 





NATIONAL 





VIINAM IIT EA ‘ 














[IRON PLATE WORK, 
TANKS, &c. 
GALVANIZING 


Send your enquiries to; 6078 


ARKINSTALL Bros., Ltd. 


COVENTRY STREET BIRMINGHAM. Eng. 


‘Boring Connecting Rods 
—on a small DRUMMOND 





CHESTER 


See our Advertisement in last and 
next issue 





























SAFETY WHISTLES. 
VALVES. GAUGES. 
TEMPERATURE CONTROLS. 
REDUCING VALVES. PRESSURE REGULATORS. SP 
Crosby Valve & Engineering Co., Ltd, 
41-42, FOLEY STREET. LONDON. Wl. ee 
cu 


Showing how large rods can be bored on a fixture 
in a Drummond Lathe. Rods up to 14in. centres 
can be bored ona 5in. Lathe. Lined up by gudgeon 
pins— minimum resetting. One example of the 


VALVES 


REDUCING, SURPLUS, SAFETY, 











Catalogues post free. : ob shaes 
money-saving possibilities of these all-round tools. EMERGENCY, SHOP, <c. od BAKE 
DA Limit 
DRUMMOND Bros. Ltd. "22, Works| DAVID AULD & SONS, time | Te 


See displayed Advertisement, page 60, })cc. hi 
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‘The Lancaster’ 


HiGH PRESSURE 











BUCKET Tra 


SPECIALLY DESIGNED FOR 
PRESSURES UP TO 700 Ibs. 


LIFT& DISCHARGED WATER 
2 ft. FOR EACH LB. PRESSURE 
OF STEAM. 


FITTED WITH AUTOMATIC AIR 
RELEASE VALVE, 10 KELEASE 
ANY AIR THAT MAY COLLECT 
IN PIPES. 





FIRST ORDERS 
ON “APPROVAL” 


LANCASTER 


AND 


TONGE, LTD. 


PENDLETON, MANCHESTER. 

















"Graeme: Tel. : 
“ Pistons,” MIC. Pendleton 1484 (2 lines). 


ENGINEERING. 
Smedley Brothers [* 2:2" 






REVOT.VING or 
STATIONARY PANS. 
PERFORATED or 
SOLID BOTTOMS 
Over or Underdriven 


Mixers 


AND 


Edge Runner Grinding Mills 


( h ) of all kinds for all purposes 

to drive by Bel o¢ 

! combined with 

Steam, Oil 
or 























GRAPHITE 
PRODUCTS 


FOR ALL PURPOSES OF 
LUBRICATION, ETC. 





WRITE FOR A COPY OF 
OUR 


GENERAL CATALOGUE 
GRAPHITE PRODUCTS LTD. 


52, CHURCH ROAD, BATTERSEA, LONDON, §S.W.11. 


4911 

















Repetiti 
Iron 
Castings. 


GENRY WALLWORK & CO., Ltd., MANCHESTER, 


FOREIGN FIRMS 


REQUIRING _ENGINEERING 
SPECIALITIES MANUFACTURED 
IN ENGLAND — LOW PRODUC- 
TION COSTS, ACCURATE WORK 


Apply: 4757 
MELDRUMS LIMITED, 


Timperley, Nr. Manchester. 











MACHINE CUT GEARS 


SPUR. BEVEL. SPIRAL. 
WORM. RACK. 


COMPLETE GEARS 
or 
CUTTING YOUR BLANKS. 





RODGERS BROS. LTD., 
BAKER ST. BRIXTON RD., S.W.9. 








| Trzrnong: RELIANCE 2851 (2 wines) 














FOR 
ALL 
PURPOSES 
AND 
DUTIES. 


QUOTATIONS AND 
FULL ADVICE ON 
APPLICATION. 





% 


a aaa 


HAYWARD-TYLER & C® L7™- 








Works: LUTON, BEDS. 99, Queen Victoria St., London E.C.4, 








CHADBURN'S 


(SHIP) TELEGRAPH CO., LTD. 





Patentees and 
Original Manufacturers 
of Ships’ Telegraphs. 





TELEGRAPHS For STEAMERS 


OF ALL TYPES 





PATENT SPEED ano 
DIRECTION TELLTALES 


ror TURBINES. 


GLASGOW. — 112/114, Broomielaw. 

NEWCASTLE-ON-TYNE.—18, The Side. 

BELFAST.—39, Donegal Quay. 

LONDON.—Wellingtom House, Buckingham 
Gate, S.W.1. 


LONDON DOCKS.— 93, Victoria Deck Read, 
E.16. 


HULL.—38, Charlotte Street. 
LIVERPOOL.—47, CASTLE Street, and Li, 
Waterloo Road. 





HEAD OFFICE, 
CYPRUS RD., BOOTLE, 
LANCS. 
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ALFRED BEEBEE 
WEDNESBURY. 


ENGINEERS’ HIGH-CLASS BRIGHT 
BOLTS, STUDS, SET PINS, HEX 
NUTS, WASHERS, TAPER PINS, etc. 


Manufactured only from 100% British Material. 


H+ 











3696 


All Threads Guaranteed and Tested by 
Wickman Gauges set to 
Fine Limits. 








Telegrams: “Beebee, Fallings Heath, Wednesbury.” 
Telephone: Darlaston 181-182. 
Code: Marconi. 
























THE SENSITIVE 


‘ETTCO 


TAPPING 
ATTACHMENT 


This wonderful accessory taps quicker, better, and 
will not break your taps...... should tap seize, hit 
bottom, or if operating pressure is relieved, chuck 
halts at once before damage can be done. Thousands 
of “‘ Ettco” Tapping Attachments are in use, speeding 
up production, saving money... .. 


Now available in FIVE sizes. 


OOO OOOOFOO565555555555555550565565565556656605 


— PRICES. — 
(Including Chuck and No. 1, 2 or 3 Morse Taper Shank). 
No. 1—up to 3/16” in steel—1/4’'in cast iron £7 5 10 
No. 2—up to 5/16” in steel—3/8” in cast iron £10 8 4 
No. 3—up to 1/2” in steel—5/8"’ in cast iron £16 13 4 
*No. 4—up to 5/8” in steel—11/16"’ in cast iron 
with No. 3or4M.T. Shark  ..._ ... £15 12 6 
*(Special Model) ; 
No. 5—up to 7/8’’ in steel—1’’ in cast iron 
with No. 3, 4 or Te Shank 


ss 20%. 


NOTE.—T he special 
Tap-holding Chuck form- 
ing part of the “ Ettco™ 
Attachment is unique in 
itself. It gives a visible 
grip on the square. Sure 
—cannot loosen. 











0666666 


OOOO OOEOSOCOOOO 








0$6666466656666666656 
POOSOSOO OOOO OOOOOOOSD 


0666666666666 


eeeeeee 000006666606666666666 06666666 00006 
FOO OOO SOS OD OO SOOO OS SO SO SO SOOO SS SOOO SS OSOSSOOOS 





Let us send you an “ Ettco” Tapping Attachment 
on 7 Days’ Free Trial—you may return it afterwards 
—if yor can spare it! 


Sole Agents for .li> British Isles: 


FREDK. POLLARD & CO. LTD., 
CORONA MACHINE TOOL WORKS, 
LEICESTER. S 


*Phone : 27534-5. 
EE OREN tag RE IRAO. 


5820 







\} 





SIMON Jf 
HANDLING 
PLANT fj 


or RAPID AND ECONOMICAL 
DISCHARGING, HANDLING 
AND LOADING OF ALL 


















COAL HANDLING AT CLARENCE DOCK 
POWER STATION, LIVERPOOL. 

The mechanical coal-handling plant at this new super-station 

has been installed by Henry Simon Ltd. The conveying plant 

has a capacity of 220 tons per hour. Total length of 

conveyors 1530 feet. The illustration shows the mechanical 


coal conveyor over the Boiler House Bunkers. ai 


HENRY SIMON LTD. 


HEAD OFFICES CHEADLE HEATH. STOCKPORT. 


AND WORKS. 


























2 BAN EEE 











B gems 








LANCASHIRE 
BCILERS 


CORNISH BOILERS 3 


VERTICAL BOILERS 


“BLAKE” VERTICAL 
MULTITUBULAR 
BOILERS 
FOR FURNACE WASTE HEAT 


BOILER REPAIRS, 
STEEL VESSELS, TANKS, RECEIVERS, RIVETTED PIPES, Etc. 


WELDED GOODS INCLUDING GEAR CASES, GUARDS, PIPES, Etc 
“FIRTH STAYBRITE” VESSELS AND TANKS. 











FORGING PRESSES. ROLLING MILLS. STEELWORKS MACHINERY. 








aac 


es ah Me 








RES 








DEC. 25, 1931.] 


ENGINEERING. 


[SUPPLEMENT page XXVI1] 





odern leary Cinemas 


instal ‘CROSS LEYS’ 


nee is of 3-cylinder, 

.P. engine, two of 

or ick have been installed 

in the REGAL CINEMA 
LEAMINGTON. 


Yhere is to-day an increasing tendency towards 
the installation of independent generating plant 
of the best possible design in modern luxury 
cinemas. Such a tendency has resulted in the 
adoption of the Crossley Compressorless Diesel 
Engine, which is the most modern and most 
satisfactory power unit available. Robust in 
construction, steady, clean and quiet in operation, 
the Crossley Diesel Engine is extremely simple 
to handle. Starting is effected merely by 
swinging over a lever—as simple an operation 
as using a knife switch on an electric control 
board. The Crossley features of reliability and 
economy reach a very high standard in the 


Available in various sizes and cylinder units up to Costing, 
75 to 450 B.H.P. Full particulars upon application. 


CROSSLEY BROTHERS LIMITED, OPENSHAW, MANCHESTER. 








0z40 








FOR HIGH PRESSURE WORK AND DURABILITY 
SPECIFY 


MERRY WEATHERS’ 
‘“DUB-SUB” 


LONDON MADE CANVAS HOSE 


WOVEN AT OUR GREENWICH WORKS. 


Supplied to 
British and Foreign Government Departments, 
Fire Brigades, Harbour Authorities, Companies, etc. 
Write for sample of this excellent hose. 6109 


MERRYWEATHER & SONS, LTD. 





FIRE ENGINE WORKS, GREENWICH, S.E.10. 

















PT 


ROGLER - HOERBIGER 


PATENT 


RING PLATE VALVES 


| re nner 
FOR AIR AND GAS 
COMPRESSORS, ETC. 


5623 


THE 


METALLIC VALVE CO., LTD. 
661, ROYAL LIVER BUILDING, 
LIVERPOOL. 


UT 




















YOU CAN SEE 


WE MAKE EVERY 
TYPE OF PUMP 


SEND YOUR ENQUIRIES 


Steam, Ram, Centrifugal & Hand Pumps 
for every Industrial Service 


Henry Watson & Sons and Robt. Warner (Pumps) Ltd., 
Pottery Lane, Newcastle-on-Tyne. 


London Office : 17, Victoria St., Westmiuster, S.W. 1. 5518 








Hydraulic Wheel Presses 
from 50 to 500 Tons 
ower). 








We can supply any Hydraulic Machinery you require, and 
shall be glad to receive your enquiries for any special 
machine—designs submitted if required. 

We also supply, or make to specification, Benders, Straight- 
eners, Pumps, Accumulators, Rivetters, and all sorts of 
Presses, etc. 


Your enquiries will receive prompt and skilled attention. 





Makers of Cold Starting Heavy Oil bngines- 
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SORA LONDON OFFICE 
FINSBURY PAVEMENT | 
«HOUSE E.C.2 

: : TELEGRAMS. | 
PRESS LEEDS. 
F TELEPHONE. 26305. 














RIVETTED AIR RECEIVERS 
350 Ibs. Din. Working Pressure. 





MULTITUBULAR BOILER 16 ft. Olin. x 7 ft. 6 in. Dia 
ECONOMIC TYPE. 


LARGE STOCKS OF VERTICAL CROSS-TUBE VERTICAL BOILERS. 


BOILER. 


CRADLEY BOILER CO.. LTD.. CRADLEY HEATH, STAFFS. 











LEYS 


_ ‘BLACK HEART™ ...... 
Journal dated Dee. 11. iva ALLEABLE 


LEY’S MALLEABLE CASTINGS COMPANY, LIMITED, DERBY. 





anal 











GERETTI« TANFANI 6 L™ 


702, SALISBURY HOUSE, LONDON WALL, E.C.2 


AERIAL ROPEWAYS 


FOR THE TRANSPORT OF MATERIAL AND PASSENGERS. 
FUNICULAR RAILWAYS—CABLEWAYS 
TELPHERAGE PLANTS 


recpuers ~ GRANES -cvevators 6 | 


SOLE AGENTS FOR THE BRITISH EMPIRE: MESSRS. WRIGHTS'’ ROPES LTD., B| 




















5943 
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BRELIABILITY 
a 
™ gD pY 


pssu® 


which are guaranteed to stand 
up to any amount of hard service. 
All types can be fitted wita 
reversing gear. 



















HIGH LOADER MODEL 
Vibrationless 2 cyclinder engine 7h.p. R.A.C 


MADE BY 


BRETT’S PATENT LIFTER CO, LTD., 


FOLESHILL WORKS 





















IR COMPRESSORS 
for DIESEL SHIPS 








This shows our latest 3-stage Vertical Enclosed 
Marine Type Diesel Auxiliary Compressor, with 
Forced Lubrication, direct coupled to an Electric 
Motor. Machines may also be arranged for Steam 
Driving, and have either one or two cranks, de- 
pending on the output. 


For fall particulars, write to Dept. B. 


REAVELL & CO., LTD., 
Telegrams: REAVELL, IPSWICH. I P S W I C H. 


Telephone Nos.: 2124 & 2125. 








COVENTRY... ENGLAND. 








Reprinted from ‘‘ ENGINEERING.” 


Third Edition. 


“THE LAWS OF HEAT TRANSFER.” 





BY 


H. MEDWAY MARTIN, Wh.Sc., A.C.G.I. 


Crown 4to, 20 pp. Paper Cover, 


Price 2/- net. 


LONDON! 


Offices of ‘ ENGINEERING,” 35 & 36, Bedford Street, Strand, W.C.2. 














DIE-PRESSINGS 


(SOLID) 


IN BRASS. 





ADVANTAGES— 
Smoothness, Uniformity, Reliability, Machines Freely. 





BROOKES & ADAMS, Ltd., 


BARR STREET, ; MAY WE 
HOCKLEY, BIRMINGHAM, ADVISE OR 
ENGLAND. QUOTE YOU? 


Tel.—Northern 1213. Tel. Add.—** Teleba’’ 3556 
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THE “ROTELLIP” Pun p 


Embodies an entirely 
new principle in pump- 
ing, and combines 
efficiency of perform- 
ance with simplicity 
of design. 
SUITABLE FOR OIL, 
SUDS, PETROL 
AND PARAFFIN. 
Light in weight, volu- 
metric efficiency high, 
no valves employed, 
and flow is reversible 
according to direction 
of rotation. 
Price 5O/= each, 
pulley extra. 


ROTHERHAM 


‘PHONE: 4154. 





ENQUIRIES TO— v7 


& SONS, LTD., COVENTRY, 


'GRAMS : ROTHERHAMS, COVENTRY, 


———s, 


** SECOND 
SIGHT” 
SUPPLEMENTAR 
WINDSCREEN 
WIPER 


Can be fitted without 
drilling windscreen 
or frame. 











——$—— 





























—PRICES— 
Black = = + 7/6 each 
Nickel Plated 8/6 each 
Chromium Plated 

9/6 each 























ARMSTRONG, STEVENS & SON 
WILLENHALL, 


6256 


ENGLAND. 








TURNED AND PRESSED PARTS IN ALL 
METALS. 


A wide range of sizes of 
TAG TERMINALS in stock. 


Let us quote for your requirements. 
TO DEPT. A. 5735 


ASHBROOK ROAD, 
LONDON, N.19. 


& co., 
LTD. 















STAFFORDSHIRE, 
































HOW DO YOU 














ENERGISE YOUR MAGNETIC CHUCKS ? 
WHY NOT USE YOUR A.C. SUPPLY ? 


This is much easier, more economical and 
satisfactory than any other method, par- 
ticularly if you make use of 


A 
® [WE STINGHOUSE]® 
METAL RECTIFIER. 


This apparatus will provide 
direct current from A.C. 
mains continuously—year 
in and out—with no re- 
placements of any sort, and 
no attention whatever 
required. 





A TYPICAL INSTALLATION. 


Life tests on full load have 
failed to produce deteri- 
oration after more then 
30,000 hours. 


There are many industrial 
uses of this rectifier. Our 
booklet D.P.11 describes 
some of them. May we 
send you a copy ? 


The Westinghouse Brake & 


Saxby Signal Co., Ltd. 


82, York Road, King’s Cross, 
LONDON, N.1. 






































* DIAMOND” & ‘*KEYSTONE.” 


Mlustrated Lists and Particulars on application to the 
SOLE AGENTS— 


Ex. L.UBRE, L-7-. 


12 & 14, Brazennose Street, Manchester, Eng. 


6412 











—— 
— 


PROPELLERS 


EITHER SOLID 02 
WITH LOOSE BLADES. 


Any Size made at the 
Shortest Notice. 


HIGHEST 
EFFICIENCY. ., 


LOWES? 
CONSUMP1iON. 


FRIEDENTHALS 17> excntt”23ans, PRES 108 














. 




















6) rt 


— 
ne etd 


fer} 


Illustrated descriptive Price List free on application. 
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[) 
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ithout 
screen 


[6 each 
" each 


i6 each 
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LEROY’S COMPOSITION 


FOR COATING BOILERS, STEAM PIPES, &c. 


Prevents the radiation of heat, saves fuel, and increases the power of Steam. 
It is reckoned the cost of the covering is saved in about six months. 
ALSO — 
Asbestos Composition, Asbestos Mattresses, Asbestos Rope, 
Silicate Cotton, Plastic and Sectional Magnesia Coverings. 


F. LEROY & CO., L> 20, Gray St., Commercial Rd., Londen, 


Established 1865. 


_— ‘ - emaeen 




















For the 


ECONOMY 


OF LONG LIFE AND SUSTAINED 


EFFICIENCY 


FLEXIBLE 





SOLID LEATHER 
VIBRATIONLESS — NO FASTENERS — ANY LENGTH ENDLESS 


HENDRYS' 


LAMINATED 


BELTING 


Sole Mfrs.: JAMES HENDRY LTD. BRIDGETON, GLASGOW 


Branches in London, Birmingham, Manchester and Johannesburg 




















GRAFTON & CO. 


BER CONTRACTORS TO H.M. GOVERNMENT. 
<> CYCLOPS WORKS, 


Say ae 


Telegrams— 
Grafton, Bedford. 


<2 Illustrated descriptive Price List free on seaman 





a “MEDAL, incomes nia. fisdes 1885. GOLD ) MEDAL, Paris, 1900. 
‘\0 PRIX and GOLD MEDAL, Franco- British Exhibition, London, 1908, 


“* P.1.C.”’ 


oO 


SLIDE RULES. 































THYYPT TTT TrTT 
vskononimimaty ENE. © 
Lstushal 
=e ¢ 
O 
“P.LC."* Engineer’s New Pattern Rule (Just Introduced). ete 





Sold by leading Drawing Office Stationers, Opticians, ete., and 





Catalogues A. G. THORNTON, Ltd. 
Series A17 Manufacturers of Drawing Instruments and Slide Rules, 
Post Free. PARAGON WORKS, 


MANCHESTER. 








Kl ST. WEST, 





























REFRIGERATING 
MACHINERY 


FOR 
CONTINUOUS SERVICE 
AND ADVERSE HEAT 

CONDITIONS. 


SEAGERS L"- 


DARTFORD. 











3738 























LUBRICATORS WE SPECIALISE IN 


ALL TYPES OF LUBRICATORS, 
COMPRISING MECHANICAL 
FORCE-FEED, DISPLACEMENT (= 
AND GRAVITY TYPE, SIGHTE 
AND DROP LUBRICATORS. 


Suitable for Steam and Gas Engines, 
Air Compressors, etc. 


Prompt deliveries of Brass and Iron , 
Stauffer Lubricators, Tallow Cups, Oil 

Syphons and Grease Lubricators, in 

all sizes. 


BRITISH STEAM SPECIALTIES 
BEDFORD sT., LEICESTER. 




















LTb. 























GRAND PRIX, Buenos Aires Exhibition, 1910. 


CROCKATT SIMPLEX 
PATENT ELECTRIC 


SALINOMETERS 


show by direct scale reading 
the smallest trace of salt, and 
give ample warning of exces- 
sive concentration long before 
any damage is done. 

Fitted in Power Stations 
all over the world and used in 
many industries for process 
control. 

Write for fully illustrated 
catalogue post free on demand. 
W. CROCKATT & SONS, LTD. 


66, DARNLEY STREET, GLASGOW, S.1. 


LONDON := E.pon St. House, ELDON Sr., E.C.2. Liverroot *= 25, WATER St 
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Manufacturers of Forgings of all kinds 
for Aircraft, Automobile and General 


Engineering Works. 
Alloy and Carbon Steel in Bar or Billet, 
Bright Drawn Steel. 


Weldless Steel Rings and Cylinders, 
Circular Blanks for Gears, Stampers’ 


Die Blocks. 


High Speed and Crucible Cast Steel for 
Engineers’ Taps, Dies, Punches, etc. 


Best Cast Steel Files, Saws, Twist 
Drills, Hammers, Hack Saws, etc. 


JOHN HOLDING & CO., LTD. 


Union Forge & Steel Works, 
Telegrams: 
“4 Central 21271. _ S fa FE F F | EF L D " ¢ Holding, Sheffield.” 








HOWELL & COL? siti Worcs SHEFFIELD. 


wre MA p ys 


oF - Wy ae 8 EEL ) 


Look 














| THOMAS SMITH & SONS (Rodley) LTD.| 


CRANES 2 EXCAVATORS 


|]|RODLEY LEEDS EST. 16208 


UPwaRDs oF 


Telegraphic Address: BRAKE, PHONE, MANCHESTER. 300,000 


GRESHAM’S PATENT 


INJECTORS 


OF ALL CLASSES NOW IN USE 
GRESHAM & CRAVEN, LTD., 


HEAD OFFICE AND WORKS: 


ORDSALL LANE, SALFORD, LANCS. 
LONDON OFFICE - - - - = 40, WOOD STREET, WESTMINSTER, =.W.! 


GLASGOW OFFICI Wa. LESTER & SONS, 38, BATH STREET, GLASGOW, NEWCASTLE-ON-TYNE ged FRED CRIPWELL, 18, BIGG MARKET. 
BELFAST OFFICE: R. PATTERSON & SONS, 13 & 15, BRIDGE STRE 


OVERSEAS AGENTS: 


FRANCE, BELG — SPAIN AND Pt IRTUGAL a Vacuum Br Ci “ an Pulley 51, Boul Paap des Batig orn Paris HOLLAND: Th. M. De Grijs, 39, Lindenlaan ae 
Hag ut ITALY a anni ( hecchetti, Piazza Sicil » Milan Ada ms & Co _521- , Collins St., Me urne INDIA: Hea & Gresham, I.td ; 6, Waterlo ) Stre 
Forbes St... Bom > 14-15 Pe yham’s Bri ene uy, Madras; 31, Tl Niall I ihore. SoU TH AME R IC me wnat Thornton & Co., 465 Defensa, Bueno: s Aires Norton Me gaw &C ‘Li 
M ayrink Veiga No. 6, ‘Ri » de leark 5 Rua Alvares Penteado, No. 21.-sob-Sao Paulo. SOUTH AFRICA: Rogers Je ankin & Co. (Pty. ) Ltd. “12 14, Greenmarket Square , Cape Town ; Mes 
yu Ben: Marshall & Nugget Streets. Fol hannesburg 























Telephone: CENTRAL 0613 
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